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Abstract

Toxoplasma gondii infections are usually asymptomatic in pigs, and an acute clinical disease is rare in this host. This
study aimed to determine the pathological and molecular aspects of an outbreak of fatal systemic toxoplasmosis
in finishing pigs in Brazil. The outbreak occurred on a commercial finishing pig farm in the state of Santa Catarina
in southern Brazil. The farm had 1500 pigs and 3.8% of mortality rate during the outbreak. The pigs had fever,
anorexia, apathy, and locomotor deficits. Seven pigs were necropsied. Gross findings included multifocal to
coalescent pale areas in skeletal muscles, lymphadenomegaly, hepatosplenomegaly, and non-colapsed lungs.
The histological findings included granulomatous lymphadenitis, hepatitis and splenitis, necrotizing myositis, and
lymphoplasmacytic interstitial pneumonia. Lung and liver lesions were occasionally accompanied by T. gondii
parasitic structures. Positive immunolabeling for T. gondii tachyzoites and encysted bradyzoites was detected in
all examined pigs. PCR-RFLP (11 markers) and microsatellite analysis (15 markers) identified the non-archetypal
genotype #278 in pigs. This is the first report of systemic toxoplasmosis in pigs with muscle lesions and additionally
shows the diversity of disease-causing T. gondii genotypes circulating in animals in Brazil.
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Resumo

As infec¢des por Toxoplasma gondii sdo geralmente assintomaticas em suinos, e uma doenca clinica aguda é
rara nessa espécie. Este estudo teve como objetivo determinar os aspectos patolégicos e moleculares de um
surto de toxoplasmose sistémica fatal em suinos em terminag¢do no Brasil. O surto ocorreu em uma granja
comercial de suinos em terminagdo no estado de Santa Catarina, no sul do Brasil. A granja tinha 1500 suinos
e a taxa de mortalidade durante o surto foi de 3,8%. Os suinos apresentaram febre, anorexia, apatia e déficits
locomotores. Sete suinos foram necropsiados. Os achados macroscopicos incluiram areas palidas multifocais a
coalescentes nos musculos esqueléticos, linfadenomegalia, hepatoesplenomegalia e pulm&es ndo colapsados. Os
achados histolégicos incluiram linfadenite, hepatite, esplenite granulomatosa e miosite necrosante, assim como
pneumonia intersticial linfoplasmocitica. Lesdes pulmonares e hepaticas foram ocasionalmente acompanhadas
por estruturas parasitarias de T. gondii. Aimunomarcagao positiva para taquizoitos e bradizoitos encistados de T.
gondii foi observada em todos os suinos examinados. PCR-RFLP (11 marcadores) e analise de microssatélites (15
marcadores) identificaram o genotipo ndo arquetipico #278 em suinos. Este é o primeiro relato de toxoplasmose
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sistémica em suinos com leses musculares e, adicionalmente, demonstra a diversidade de genoétipos de T. gondii
causadores de doencas circulantes em animais no Brasil.

Palavras-chave: Doencas dos suinos, Toxoplasma gondii, miosite, genotipagem, PCR-RFLP, andlise de
microssatélites.

Introduction

Toxoplasmosis is a zoonotic disease caused by Toxoplasma gondii, an obligate intracellular protozoan. Domestic
and wild cats are the definitive hosts that excrete oocysts into the environment, with other species of mammals,
including humans, acting as intermediate hosts (Tenter et al., 2000). Infections occur after the ingestion of food
or water contaminated with oocysts or through the consumption of uncooked or undercooked meat containing
tissue cysts, which usually results in subclinical disease in immunocompetent hosts (Dubey & Jones, 2008; Dubey,
2010a; Dubey & Lappin, 2011).

Central and South America are major hotspots for T. gondii genetic diversity, with almost 200 genotypes having
been identified in the region. In contrast, North America, Europe, and Asia have fewer circulating genotypes,
with a predominance of classical types Il and Il (Shwab et al., 2014). This genetic diversity can be associated with
more severe forms of human toxoplasmosis; however, this association is unclear in animal hosts (Carme et al.,
2009). Pork consumption may be an important source of T. gondii infection in humans (Feitosa et al., 2014). Acute
toxoplasmosis in pigs is rare, and cases have been reported only in neonates (Dubey et al., 1990; Thiptara et al.,
2006) and weaners (Liao et al., 2006; Klein et al., 2010). This study aimed to present the pathological and molecular
aspects of an outbreak of fatal toxoplasmosis with muscular lesions in a herd of growing-finishing pigs caused by
an atypical T. gondii genotype infection.

Material and Methods

Farm description

The farm had approximately 280 sows and 1500 growing-finishing pigs. The grower-finishers were housed in
shared pens (1 m? per pig) in pig-sheds with sidewall curtains. The pens were separated by compact walls with a
compact floor, pacifier-type drinking fountains that formed the water depth, and automatic feeders. There was
no perimeter fence surrounding pig-sheds to prevent close contact between the housed pigs and other animals
(domestic and wild). Domestic cats were raised by the producers and had free access to the swine sheds. All pigs
were fed commercial diets, and the water provided to them was obtained from an artisanal well. The pigs were
vaccinated against Mycoplasma hyopneumoniae, Glaesserella parasuis (autogenous vaccine), and porcine circovirus
type 2 (PCV-2) (two doses at 15 and 35 days of age).

Sampling and histopathology analysis

The outbreak of pig mortality occurred on a farm located in the municipality of Nova Veneza in Santa Catarina
state (SC), in the southern region of Brazil (5-28.636908359871796, W-49.50109523771801). During the outbreak,
one pig that died and six euthanized because of a poor prognosis were subjected to necropsy. Fragments of the
main organs of the thoracic and abdominal cavities and samples of the skeletal muscles, brain, and spinal cord were
collected. These fragments were fixed in 10% buffered formalin solution, routinely processed for histopathology,
and stained with hematoxylin and eosin (HE). Additionally, fresh samples of several tissues were collected and
stored at -20°C for subsequent molecular analysis.

Immunohistochemistry

Immunohistochemistry (IHC) for T. gondii was performed on selected sections of the lymph nodes, skeletal muscle,
brain, and lungs from all pigs (7/7). For antigen retrieval, samples were incubated for 10 min with a polyclonal
antibody (VRMD, Pullman, WA, USA) at a 1:1000 dilution with 0.1% trypsin. A modified avidin-biotin-peroxidase
complex method (LSAB Universal kit, Dako Cytomation, Glostrup, Denmark) was employed using 3-amino-9-
tilcarbazoln (AEC, K3469, Dako Cytomation, Glostrup, Denmark) as the chromogen. Brain sections from a case of
T. gondii encephalitis in a dog were used as positive controls as previously described by Nascimento et al. (2017).
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Sections of the skeletal muscle and lymph nodes from all cases were subjected to IHC anti- porcine circovirus type
2 (PCV2) with a polyclonal antibody, as previously described (Corréa et al., 2007). Sections of lymph nodes from a
pig with circoviruses were used as positive controls. Primary antibodies were replaced with a universal negative
control serum (BioCare Medical, CA, USA) in selected sections as negative controls for both tests (Toxoplasma
gondii and PCV-2).

Molecular analyzes

DNA extraction from the tissues (lymph nodes, liver, lungs, spleen, muscle, or blood) of six pigs was performed
using a Dneasy® Blood & Tissue commercial kit (Qiagen® Inc., USA) according to the manufacturer’s protocols.
Polymerase chain reaction (PCR) amplification of T. gondii was performed as described by Homan et al. (2000), using
a 529 base pair (bp) repeat element (REP529) fragment as a target; DNA from the RH T. gondii reference strain was
used as a positive control. The amplified DNA was visualized by electrophoresis on 2% agarose gels stained with
SYBR® Safe DNA gel stain (Invitrogen, USA). Negative controls (ultrapure water) were included in all PCR reactions.

Three of the four T. gondii positive PCR samples were then genotyped by multilocus PCR Restriction Fragment
Length Polymorphism (PCR-RFLP), compared and classified according to other previously characterized T. gondii
Brazilian strains available in the ToxoDB database (http://toxodb.org/toxo/) and recent publications.

PCR-RFLP was performed as described by Su et al. (2010), using the genetic markers SAG1, SAG2 (3'5'SAG2 and
alt. SAG2), SAG3, BTUB, GRA6, C22-8, C29-2, L358, PK1, Apico (Su et al., 2006), and CS3 (Pena et al., 2008). Reference
archetypal strains RH (Type 1), PTG (Type Il), and CTG (Type Ill) and T. gondii non-archetypal strains (TgCgCaf,
MAS, and TgCatBr5) were included as positive controls and ultrapure water was used as negative control in all
reactions. To refine the genotyping results, microsatellite analysis (MS) using 15 markers (TUB2, W35, TgMA, B18,
B17, M33, IV.1, X1.1, N60, N82, AA, N61, N83, M48, and M102) was performed according to the protocol described
by Ajzenberg et al. (2010), and the results were analyzed using Genemapper 4.1® (Applied Biosystems, Waltham,
MA, USA). The classical Type Il reference strain ME-49 was used as positive control and ultrapure water was used
as negative control in all reactions.

This study was registered in the Sistema Nacional de Gestdo do Patrimdnio Genético e do Conhecimento
Tradicional Associado (SisGen; idenfication number: A3C5173).

Results

A pig farm owner contacted the Setor de Patologia Veterinaria at the Universidade Federal do Rio Grande do
Sul, after observing a significant increase in pig mortality in February 2020. A disease with a sudden onset was
observed, affecting previously healthy grower-finishers. The affected pigs had anorexia, respiratory distress, and
locomotion deficits characterized by muscle tremors, the inability to stand, or lateral recumbency, sometimes
accompanied by a fever of up to 41.5°C. The clinical course from the onset of clinical signs to death ranged from
one to three days. Two disease peaks were also observed. In the first case peak (February 2020), 30 pigs died.
One of these pigs was subjected to a postmortem examination by a field veterinarian, and tissue samples were
submitted for histopathology. The microscopic findings in this case included interstitial pneumonia, interstitial
nephritis, histiocytic and necrotizing hepatitis, and lymphadenitis. Based on these findings, a presumptive diagnosis
of porcine circovirus-associated disease was established. The second peak occurred 30 days later (March 2020),
in which 27 pigs died within three days. A total of 57 grower-finishers (57/1500) died in the first and second peaks
of the disease, resulting in a mortality rate of 3.8%. During the second peak, an on-site visit to the pig farm was
conducted to investigate the outbreak and collect samples.

During the on-site visit, six grower-finishers pigs aged 102-135 days were euthanized and submitted to postmortem
examinations. Gross findings included marked enophthalmos (dehydration) (4/6) and skin abrasions on the lateral
aspect of the pelvic limbs (2/6). All pigs had markedly enlarged lymph nodes (generalized lymphadenomegaly),
which were more prominent in the mesenteric and internal iliac lymph nodes (6/6). On the cut surface, the nodal
parenchyma was nearly effaced by white tissue with a loss of corticomedullary differentiation. Mild to marked
splenomegaly (Figure 1A) and mild ascites were observed in 5/6 and 4/6 cases, respectively. Liver enlargement
was noted, accompanied by random multifocal white spots <2 mm on the capsule surface and on the cut section
(4/6). Mild kidney enlargement with multifocal to coalescing white areas <2 mm on the surface and the cut sections
were also seen (3/6). In four cases, mild to severe and focally extensive to diffuse areas of pale discoloration were
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Figure 1. Macroscopic lesions of systemic toxoplasmosis in finishing pigs in Brazil. a. Abdominal and thoracic cavities. There is
marked splenomegaly (white asterisk), and the lungs failed to collapse upon opening of the thoracic cavity (black asterisk). b.
Skeletal musculature of the right pelvic limb, cut section. Psoas major and psoas minor muscle groups show diffuse and marked
pale discoloration in comparison to the adjacent unaffected muscles (asterisk).

observed in the skeletal musculature. These areas were more evident in the muscles of the pelvic limbs, psoas
major, and psoas minor (4/6) (Figure 1B).

Histopathological findings were compiled for all cases; tissue slides from the first case submitted prior to the
on-site visit were revised and assessed in conjunction with the six cases examined during the field visit. Microscopic
findings included multifocal to coalescing areas of marked coagulative necrosis in the lymph nodes with intense
fibrin deposition, moderate infiltration of neutrophils and macrophages, and variable numbers of multinucleated
giant cells (7/7) (Figure 2A). Muscle lesions were characterized by multifocal areas with multiple hypereosinophilic
swollen muscle fibers with a loss of cytoplasmic striations (hyaline necrosis) and cytoplasmic fragmentation
(flocculate necrosis) (Figure 2B). Affected muscle fibers were surrounded by, and sometimes contained, a cytoplasmic
influx of satellite cells and mild inflammatory infiltrate of lymphocytes, plasma cells, and macrophages (6/7), and
fewer multinucleated giant cells (1/7). Less commonly, necrotic myocytes had cytoplasmic mineralization, and the
affected areas had regenerated muscle fibers (1/7).

Lung lesions were characterized by mild to moderate diffuse interstitial pneumonia with an inflammatory
infiltrate composed predominantly of lymphocytes and plasma cells (7/7), accompanied by intense proliferation
of type Il pneumocytes (7/7) and syncytial cells (3/7). Other lesions in the lungs included multifocal areas of mild
necrosis, with a central area containing neutrophils and fibrin deposition, often accompanied by macrophages
and multinucleated giant cells (5/7) and multifocal thrombosis (2/7) (Figure 2C). Multifocal, mild to moderate
histiocytic splenitis was observed in 6/7 cases, sometimes accompanied by multifocal areas of mild necrosis (3/7)
and multinucleated giant cells (1/7).

Random foci of coagulative necrosis forming small nodules were observed in the hepatic parenchymain all cases
(7/7). These areas were accompanied by fibrin deposition and inflammatory infiltration of neutrophils, lymphocytes,
and macrophages, fewer eosinophils, and multinucleated giant cells (Figure 2D). Similar necrotic foci were also seen
in the adrenal glands (1/7) and pancreas, accompanied by moderate peripancreatic fat necrosis (3/7). Multifocal to
coalescing moderate lymphoplasmacytic interstitial nephritis was observed in 4/7 cases. Central nervous system
lesions were present in three cases and were characterized by mild multifocal perivascular lymphoplasmacytic
infiltrates in the leptomeninges and parenchyma (3/7), and mild multifocal areas of microgliosis, especially in the
white matter of the telencephalon (2/7).

In 4/7 cases, rare small, and rounded structures measuring 15-30 pm and filled with basophilic granules
(encysted bradyzoites) were observed in areas of necrosis, mainly within the cytoplasm of type Il pneumocytes
and macrophages in the lung, and in macrophages in the liver (Figure 2E). In these cases, oval or round structures
measuring-3-5 pm, consistent with free tachyzoites, were observed in areas of inflammation and necrosis. T. gondii
structures were not observed in histological sections of the remaining tissues.
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Figure 2. Microscopic lesions of systemic toxoplasmosis in finishing pigs in Brazil. a. Lymph node. There is an area of marked
necrosis (asterisk), with intense fibrin deposition, accompanied by degenerate neutrophils, lymphocytes, plasma cells,
macrophages, and multinucleated giant ells (head arrow). HE. 200x. b. Skeletal muscle. Marked and diffuse muscle necrosis,
characterized by hypereosinophilic fibers with loss of striation, and cytoplasmic fragmentation (asterisk). Mild interstitial infiltrate
of lymphocytes, plasma cells, macrophages and satellite cells are observed. Mild influx of macrophages in the cytoplasm of necrotic
myocytes is also seen. HE. 200x. c. Lung. Alveolar septa are markedly thickened due to proliferation of type Il pneumocytes and
interstitial infiltrate. Alveolar spaces are filled with large numbers of free type Il pneumocytes and syncytial cells (head arrow).
HE. 200x. d. Liver. There are random foci of coagulative necrosis (asterisk), with inflammatory infiltrate of lymphocytes, plasma
cells, macrophages, and multinucleated giant cells (head arrow), sometimes accompanied by moderate fibrin deposition. HE.
200x. e. Liver. Focal area of mild necrosis and fibrin deposition, accompanied by inflammatory infiltrate of ymphocytes, plasma
cells, and fewer eosinophils. Adjacent to this area, there is a T. gondlii cyst within the cytoplasm of a hepatocyte. This parasitic
structure is morphologically compatible with encysted bradyzoites, measures approximately 25um (cyst), is well delimited by
a thin capsule, and contains small eosinophilic nuclei (head arrow). HE. 400x. f. Lung. Moderate multifocal immunolabeling of
T. gondii tachyzoites, observed freely or within the cytoplasm of pneumocytes (1-3 um), and of cysts (10-15 pm) (head arrows).
IHC. AEC chromogen. 400x.
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Positive immunolabeling for T. gondii was observed in the tissue sections from all pigs (7/7). Positive
immunolabeling was detected in sections of the lymph nodes (7/7), lungs (7/7), and brain (3/7). Granular
immunolabeling of parasitic structures compatible with free tachyzoites was observed and was less frequent with
encysted bradyzoites amid areas of necrosis and inflammation (Figure 2F) in sections of lymph nodes, lungs, and
amid foci of gliosis in the brain. Encysted bradyzoites were more readily detected in the lung sections. No positive
immunolabeling was detected in skeletal muscle tissue sections. All the cases were negative for IHC anti-PCV-2.

PCR for T. gondii was positive in four of the six cases examined (case 1: spleen; case 4: mesenteric lymph node;
case 5: lungs; case 6: mesenteric lymph node). Genotyping was performed on three samples (spleen was not
included in the study because DNA showed a very weak band in agarose gel using 529REP target). The strains
were designated PS-TgPigBrSC1, PS-TgPigBrSC2, and PS-TgPigBrSC3 (PS, primary sample). The three strains were
genotypically identical and corresponded to the atypical genotype PCR-RFLP #278 previously described by Pena et al.
(2018) in a chicken isolate (TgCkBrSC4) from SC in Brazil (Table 1). Using MS, the three strains showed the same
15-allele profile, corresponding to a non-archetypal genotype and identical to the MS genotype from TgCkBrSC4
isolate (Table 2).

Table 1. Multilocus genotyping of Toxoplasma gondlii by PCR - Restriction Fragment Length Polymorphism (RFLP) from pig samples
during a toxoplasmosis outbreak.

RFLP markers PCR-

Strains Municipality  State SAG1 5'3'SAG2 alt. SAG2  SAG3 BTUB GRA6 c22-8 €29-2 L358 PK1 Apico CS3 RFLP
genotype

PS- Nova Veneza Santa | 1 1] 1 I 1 #278*

TgPigBrsC1,2,3 Catarina

*The same genotype was identified in an isolate from chicken (TgCkBrSC4) from Florianépolis, Santa Catarina state by Pena et al. (2018).

Table 2. Multilocus genotyping of Toxoplasma gondii by microsatellite analysis (MS) from pig samples during a toxoplasmosis
outbreak.

Microsatellite markers

Strains  Municipality ~State TUB2 W35 TgM-A B18 B17 M33 MIV.1 MXL.L1 M48 M102 N60 N82 AA N61 N83 MS
genotype
PS- Nova Santa 289 248 205 160 336 165 278 356 213 166 147 109 265 87 306 Non-
TgPigBrSC1, Veneza  Catarina archetypal*
23

*This genotype is a combination of alleles I/Ill, II/1ll, and Ill. The same genotype was identified in an isolate from chicken (TgCkBrSC4) from
Florianépolis, Santa Catarina state by Pena et al. (2018).

Discussion

The diagnosis of systemic toxoplasmosis in this study was based on clinical, gross, and histopathological findings,
with confirmation by immunohistochemical and molecular results. The use of histopathology alone to diagnose
similar cases may prove difficult because parasites are not always readily detected in tissue sections. Therefore,
immunohistochemistry and molecular assays are valuable tools for confirming toxoplasmosis diagnoses (Jones et al.,
2012; Casagrande et al., 2015).

Generally, pigs infected with T. gondii are asymptomatic (Dubey, 2010b). Several factors may be associated with
clinical manifestations and death in pigs due to systemic toxoplasmosis, including the virulence of the strain, dose,
and individual and environmental factors (Dubey, 2010a). The origin of the toxoplasmosis was not investigated in
this study. All infections occurred in grower-finishers, and cats had unrestricted access to the farm. Thus, food or
water contaminated with T. gondii oocysts may have been the source of infection in pigs.

A non-archetypal genotype (PCR-RFLP #278) was identified by PCR-RFLP in this outbreak. This genotype is
characterized by a combination of typical alleles | and Il and was previously detected in an isolate from a free-
range chicken (TgCkBrSC4), also from SC in Brazil (Pena et al., 2018); this isolate caused 100% of mortality in mice,
but there is no direct association between virulence of strains in mice and other hosts, particularly because high
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virulence in mice seems to be a marked biological trait from strains isolated in Brazil (Pena et al., 2008). MS is a
high-resolution tool useful to identify a common source of infection in an outbreak (Ajzenberg et al., 2010). Herein,
although the exact source could not be established, it was confirmed that the animals were infected not only by
a close strain, but also by the same non-archetypal lineage. This was the same lineage detected in the isolate
TgCkBrSC4, suggesting a high circulation of this possible clone in the region, which is a risk factor for public health.

Although there are approximately 700 strains genotyped by PCR-RFLP from different domestic and wild animals
and humans in Brazil (H.F.J.P, personal communication), information on T. gondii diversity is limited in SC. There are
currently 14 genotyped strains in this state, which are classical clonal types | and I, and non-archetypal genotypes,
including samples from cattle (Macedo et al., 2012), chickens (Trevisani et al., 2017; Pena et al., 2018;), and cats
(Pena et al., 2017). Therefore, this study adds to what is currently known about T. gondii diversity in this Brazilian
state by reporting T. gondii infection in a different host.

Most descriptions of T. gondii genotypes identified in swine samples in Brazil are from the northeastern region
of Brazil (Olinda et al., 2016; Melo et al., 2020). Olinda et al. (2016) reported an outbreak of toxoplasmosis in swine
associated with another non-archetypal genotype (RFLP #9 or Chinese 1). Additionally, Paraboni et al. (2020)
described a new T. gondii non-archetypal genotype detected in pork samples from the state of Rio Grande do Sul
in the southern region of Brazil.

Toxoplasmosis outbreaks with muscular lesions are uncommon in veterinary medicine; to the best of our
knowledge, similar lesions have never been reported in pigs. Interestingly, no parasitic structures were observed
in histological sections of the affected skeletal muscles. In humans, more information is available on muscle lesions
associated with toxoplasmosis. Hassene et al. (2008) discussed cases of muscle damage evidenced by biochemical
tests and biopsies in human patients who were seropositive for T. gondii. In that study, T. gondii was not identified
through histopathology or PCR of muscle samples, similarly to that observed in this study. In this case, muscle
necrosis may have been induced by an immunologic complication of toxoplasmosis associated with an immune
complex-mediated systemic disease (Quilis & Damjanov, 1982). As this mechanism of injury is not well understood
in animals, we were unable to establish the pathogenesis of the lesion.

An association between T. gondii seropositivity and increased muscle enzyme activity has been described in pigs,
suggesting muscle injury, especially in sows with potentially compromised or suppressed immunity (Athanasiou et al.,
2021). Although clinical toxoplasmosis in animals and humans is classically associated with immunosuppression, no
signs of co-infection with PCV-2, an important immunosuppressive virus in pigs, have been found. Other diseases
that cause systemic immunosuppression are classical swine fever and swine reproductive respiratory syndrome;
however, the swine herd in southern Brazil is currently negative for these diseases.

Muscular lesions represented grossly by areas of pale discoloration, similar to those seen in our cases, have
been previously reported in cases of granulomatous necrotizing myositis caused by PCV-2 infections (Konradt et al.,
2018). Macroscopically, pigs affected by PCV-2-associated granulomatous myositis also had lymphadenopathy
and interstitial nephritis, similar to the lesions found in this outbreak of toxoplasmosis in pigs. The similarities
shared between these conditions led to a misdiagnosis in the first histopathological analysis. Although grossly
indistinguishable, the muscular lesions associated with PCV-2 infections (Konradt et al., 2018) are richer in
inflammatory cells and vasculitis, unlike the lesions displayed by pigs with toxoplasmosis T. gondii myositis. Lesions
in these cases are predominantly necrotic, there is little association with inflammation, and there is no vasculitis,
which is a special feature of circovirosis.

Toxoplasmosis in finishing pigs can occur as a feverish and fatal systemic disease and is noticeable owing to
serious skeletal muscle injuries and clinical manifestations of locomotor deficits. To the best of our knowledge,
similar necrotizing muscle lesions have not been previously associated with toxoplasmosis in pigs. Pathological
findings characterized by systemic granulomatous and necrotizing lesions share similarities with PCV-2 infections,
which appears to be the main differential diagnosis in similar cases. This study also contributes to the expanding
knowledge on the diversity of T. gondii genotypes which circulate and cause clinical diseases in animal hosts in Brazil.

Acknowledgements

The authors thank the owners and field veterinarians for the availability of data. Financial support was supplied
by Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPg), Coordenacgdo de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES) - Finance Code 001, Fundacdo de Amparo a Pesquisa do Rio Grande do Sul

Braz ] Vet Parasitol 2022; 31(4): e011622 7/9



Outbreak of toxoplasmosis in finishing pigs

(FAPERGS), Pré-reitoria de Pesquisa da Universidade Federal do Rio Grande do Sul (Propesg/UFRGS), and Fundacao
de Amparo a Pesquisa do Estado de Sdo Paulo (FAPESP)

Ethics declaration

The project that gave rise to the present data was approved to the Research Committee (COMPESQ) of the
Universidade Federal do Rio Grande do Sul (UFRGS) (Project number 40376).

Conflit of Interest

The authors declared no potential conflicts of interest with respect to the research, authorship or publication
of this article.

References

Ajzenberg D, Collinet F, Mercier A, Vignoles P, Dardé ML. Genotyping of Toxoplasma gondiiisolates with 15 microsatellite markers
in a single multiplex PCR assay. J Clin Microbiol 2010; 48(12): 4641-4645. http://dx.doi.org/10.1128/JCM.01152-10. PMid:20881166.

Athanasiou LV, Papatsiros VG, Spanou VM, Katsogiannou EG, Dedousi A. Neospora caninum and/or Toxoplasma gondii
seroprevalence: vaccination against PCV2 and muscle enzyme activity in seropositive and seronegative pigs. Microorganisms
2021; 9(5): 1097. http://dx.doi.org/10.3390/microorganisms9051097. PMid:34065192.

Carme B, Demar M, Ajzenberg D, Dardé ML. Severe acquired toxoplasmosis caused by wild cycle of Toxoplasma gondii, French
Guiana. Emerg Infect Dis 2009; 15(4): 656-658. http://dx.doi.org/10.3201/eid1504.081306. PMid:19331765.

Casagrande RA, Pena HFJ, Cabral AD, Rolim VM, de Oliveira LGS, Boabaid FM, et al. Fatal systemic toxoplasmosis in valley
quail (Callipepla californica). Int J Parasitol Parasites Wildl 2015; 4(2): 264-267. http://dx.doi.org/10.1016/j.ijppaw.2015.04.003.
PMid:26101744.

Corréa AM, Zlotowski P, Barcellos DE, Cruz CE, Driemeier D. Brain lesions in pigs affected with postweaning multisystemic wasting
syndrome. J Vet Diagn Invest 2007; 19(1): 109-112. http://dx.doi.org/10.1177/104063870701900120. PMid:17459844.

Dubey JP, Jones JL. Toxoplasma gondii infection in humans and animals in the United States. Int J Parasitol 2008; 38(11): 1257-
1278. http://dx.doi.org/10.1016/j.ijpara.2008.03.007. PMid:18508057.

Dubey JP, Lappin MR. Toxoplasmosis and Neosporosis. In: Greene CE, editor. Infectious diseases of the dog and cat. 4th ed. St.
Louis, Missouri: Elsevier Saunder; 2011. p. 806-821.

Dubey JP, Schlafer DH, Urban JFJr, Lindsay DS. Lesions in fetal pigs with transplacentally-induced toxoplasmosis. Vet Pathol 1990;
27(6): 411-418. http://dx.doi.org/10.1177/030098589902700605. PMid:2278129.

Dubey JP. Toxoplasma gondii infections in chickens (Gallus domesticus): prevalence, clinical disease, diagnosis, and public health
significance. Zoonoses Public Health 2010a; 57(1): 60-73. http://dx.doi.org/10.1111/j.1863-2378.2009.01274.x. PMid:19744305.

Dubey JP. Toxoplasmosis of animals and humans. 2nd ed. Boca Raton: CRC PressTaylor & Francis Group; 2010b.

Feitosa TF, Vilela VL, Melo LRB, Almeida JL No, Souto DVO, de Morais DF, et al. Toxoplasma gondii and Neospora caninum in
slaughtered pigs from Northeast, Brazil. Vet Parasitol 2014; 202(3-4): 305-309. http://dx.doi.org/10.1016/j.vetpar.2014.03.015.
PMid:24703253.

Hassene A, Vital A, Anghel A, Guez S, Series C. Acute acquired toxoplasmosis presenting as polymyositis and chorioretinitis in an
immunocompetent patient. Joint Bone Spine 2008; 75(5): 603-605. http://dx.doi.org/10.1016/j.jbspin.2007.08.009. PMid:18406191.

Homan WL, Vercammen M, De Braekeleer J, Verschueren H. Identification of a 200- to 300-fold repetitive 529 bp DNA fragment
in Toxoplasma gondii, and its use for diagnostic and quantitative PCR. Int / Parasitol 2000; 30(1): 69-75. http://dx.doi.org/10.1016/
S0020-7519(99)00170-8. PMid:10675747.

Jones KH, Wilson FD, Fitzgerald SD, Kiupel M. A natural outbreak of clinical toxoplasmosis in a backyard flock of a guinea fowl in
Mississippi. Avian Dis 2012; 56(4): 750-753. http://dx.doi.org/10.1637/10226-043012-Case.1. PMid:23397850.

Klein S, Wendt SM, Baumgartner W, Wohlsein P. Systemic toxoplasmosis and concurrent porcine circovirus-2 infection in a pig.
J Comp Pathol 2010; 142(2-3): 228-234. http://dx.doi.org/10.1016/j.jcpa.2009.08.155. PMid:19740479.

Konradt G, Cruz RA, Bassuino DM, Bianchi MV, de Andrade CP, Silva FS, et al. Granulomatous necrotizing myositis in swine affected
by porcine circovirus disease. Vet Pathol 2018; 55(2): 268-272. http://dx.doi.org/10.1177/0300985817736114. PMid:29050543.

Braz ] Vet Parasitol 2022; 31(4): e011622 8/9


https://doi.org/10.1128/JCM.01152-10
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20881166&dopt=Abstract
https://doi.org/10.3390/microorganisms9051097
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34065192&dopt=Abstract
https://doi.org/10.3201/eid1504.081306
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19331765&dopt=Abstract
https://doi.org/10.1016/j.ijppaw.2015.04.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26101744&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26101744&dopt=Abstract
https://doi.org/10.1177/104063870701900120
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17459844&dopt=Abstract
https://doi.org/10.1016/j.ijpara.2008.03.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18508057&dopt=Abstract
https://doi.org/10.1177/030098589902700605
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2278129&dopt=Abstract
https://doi.org/10.1111/j.1863-2378.2009.01274.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19744305&dopt=Abstract
https://doi.org/10.1016/j.vetpar.2014.03.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24703253&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24703253&dopt=Abstract
https://doi.org/10.1016/j.jbspin.2007.08.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18406191&dopt=Abstract
https://doi.org/10.1016/S0020-7519(99)00170-8
https://doi.org/10.1016/S0020-7519(99)00170-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10675747&dopt=Abstract
https://doi.org/10.1637/10226-043012-Case.1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23397850&dopt=Abstract
https://doi.org/10.1016/j.jcpa.2009.08.155
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19740479&dopt=Abstract
https://doi.org/10.1177/0300985817736114
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29050543&dopt=Abstract

Outbreak of toxoplasmosis in finishing pigs

Liao SQ, Weng YB, Song HQ, Yang AB, Cui JX, Zhang H, et al. Diagnosis of swine toxoplasmosis by specific PCR assay and the
isolation of Toxoplasma gondii strains. J Trop Med 2006; 6: 969-971.

Macedo MFSB, Macedo CAB, Ewald MPC, Martins GF, Zulpo DL, Cunha IAL, et al. Isolation and genotyping of Toxoplasma gondii
from pregnant dairy cows (Bos taurus) slaughtered. Rev Bras Parasitol Vet 2012; 21(1): 74-77. http://dx.doi.org/10.1590/51984-
29612012000100016. PMid:22534951.

Melo RPB, Almeida JC, de Lima DCV, Carvalho JCS, Porto WJN, Magalhades FJR, et al. Atypical Toxoplasma gondii genotype from a
sheep and a pig on Fernando de Noronha Island, Brazil, showed different mouse virulence profiles. Parasitol Res 2020; 119(1):
351-356. http://dx.doi.org/10.1007/s00436-019-06522-4. PMid:31792722.

Nascimento LC, Pena HFJ, Leite Filho RV, Argenta FF, Alves BF, Oliveira S, et al. Rare case of acute toxoplasmosis in a domestic
rabbit (Oryctolagus cuniculus) in Brazil associated with the type Brlll Brazilian clonal lineage of Toxoplasma gondii. Parasitol Res
2017; 116(10): 2873-2876. http://dx.doi.org/10.1007/s00436-017-5600-1. PMid:28849263.

Olinda RG, Pena HFJ, Frade MTS, Ferreira JS, Maia LA, Gennari SM, et al. Acute toxoplasmosis in pigs in Brazil caused by Toxoplasma
gondii genotype Chinese 1. Parasitol Res 2016; 115(7): 2561-2566. http://dx.doi.org/10.1007/s00436-016-4999-0. PMid:27150968.

Paraboni MLR, Costa DF, Silveira C, Gava R, Pereira-Chioccola VL, Belfort R Jr, et al. A new strain of Toxoplasma gondii circulating
in southern Brazil. / Parasit Dis 2020; 44(1): 248-252. http://dx.doi.org/10.1007/s12639-019-01155-x. PMid:32174731.

Pena HFJ, Alves BF, Soares HS, Oliveira S, Ferreira MN, Bricarello PA, et al. Free-range chickens from Santa Catarina state, southern
Brazil, as asymptomatic intermediate hosts for Toxoplasma gondii clonal type | and typical Brazilian genotypes. Vet Parasitol Reg
Stud Reports 2018; 13: 55-59. http://dx.doi.org/10.1016/j.vprsr.2018.04.001. PMid:31014890.

Pena HFJ, Evangelista CM, Casagrande RA, Biezus G, Wisser CS, Ferian PE, et al. Fatal toxoplasmosis in an immunosuppressed
domestic cat from Brazil caused by Toxoplasma gondii clonal type I. Rev Bras Parasitol Vet 2017; 26(2): 177-184. http://dx.doi.
org/10.1590/5s1984-29612017025. PMid:28746448.

Pena HFJ, Gennari SM, Dubey JP, Su C. Population structure and mouse-virulence of Toxoplasma gondii in Brazil. Int  Parasitol
2008; 38(5): 561-569. http://dx.doi.org/10.1016/j.ijpara.2007.09.004. PMid:17963770.

Quilis MR, Damjanov I. Dermatomyositis as an immunologic complication of toxoplasmosis. Acta Neuropathol 1982; 58(3): 183-
186. http://dx.doi.org/10.1007/BF00690799. PMid:7158297.

Shwab EK, Zhu XQ, Majumdar D, Pena HFJ, Gennari SM, Dubey JP, et al. Geographical patterns of Toxop/lasma gondii genetic diversity
revealed by multilocus PCR-RFLP genotyping. Parasitology 2014; 141(4): 453-461. http://dx.doi.org/10.1017/50031182013001844.
PMid:24477076.

Su C, Shwab EK, Zhou P, Zhu XQ, Dubey JP. Moving towards an integrated approach to molecular detection and identification of
Toxoplasma gondii. Parasitology 2010; 137(1): 1-11. http://dx.doi.org/10.1017/S0031182009991065. PMid:19765337.

Su C, Zhang X, Dubey JP. Genotyping of Toxop/lasma gondii by multilocus PCR-RFLP markers: a high resolution and simple method
for identification of parasites. Int/ Parasitol 2006; 36(7): 841-848. http://dx.doi.org/10.1016/j.ijpara.2006.03.003. PMid:16643922.

Tenter AM, Heckeroth AR, Weiss LM. Toxoplasma gondii: from animals to humans. Int J Parasitol 2000; 30(12-13): 1217-1258.
http://dx.doi.org/10.1016/S0020-7519(00)00124-7. PMid:11113252.

Thiptara A, Kongkaew W, Bilmad U, Bhumibhamon T, Anan S. Toxoplasmosis in piglets. Ann N Y Acad Sci 2006; 1081(1): 336-338.
http://dx.doi.org/10.1196/annals.1373.047. PMid:17135535.

Trevisani N, Barros LD, Vieira-Neto A, Sartor AA, Souza AP, Garcia JL, et al. Genotyping of Toxoplasma gondii isolates from
naturally infected Gallus domesticus in Santa Catarina state, Brazil. Arq Bras Med Vet Zootec 2017; 69(1): 139-145. http://dx.doi.
org/10.1590/1678-4162-8594.

Braz ] Vet Parasitol 2022; 31(4): e011622 9/9


https://doi.org/10.1590/S1984-29612012000100016
https://doi.org/10.1590/S1984-29612012000100016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22534951&dopt=Abstract
https://doi.org/10.1007/s00436-019-06522-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31792722&dopt=Abstract
https://doi.org/10.1007/s00436-017-5600-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28849263&dopt=Abstract
https://doi.org/10.1007/s00436-016-4999-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27150968&dopt=Abstract
https://doi.org/10.1007/s12639-019-01155-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32174731&dopt=Abstract
https://doi.org/10.1016/j.vprsr.2018.04.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31014890&dopt=Abstract
https://doi.org/10.1590/s1984-29612017025
https://doi.org/10.1590/s1984-29612017025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28746448&dopt=Abstract
https://doi.org/10.1016/j.ijpara.2007.09.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17963770&dopt=Abstract
https://doi.org/10.1007/BF00690799
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7158297&dopt=Abstract
https://doi.org/10.1017/S0031182013001844
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24477076&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24477076&dopt=Abstract
https://doi.org/10.1017/S0031182009991065
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19765337&dopt=Abstract
https://doi.org/10.1016/j.ijpara.2006.03.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16643922&dopt=Abstract
https://doi.org/10.1016/S0020-7519(00)00124-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11113252&dopt=Abstract
https://doi.org/10.1196/annals.1373.047
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17135535&dopt=Abstract
https://doi.org/10.1590/1678-4162-8594
https://doi.org/10.1590/1678-4162-8594

