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RESUMO

DIAGNOSTICO LABORATORIAL DE SARCOCYSTIS spp. EM BOVINOS

AUTOR: Maiara Sanita Tafner Ferreira
ORIENTADOR: Fernanda Silveira Flores Vogel

Testes sorologicos sdo frequentemente utilizados para confirmar a infeccdo por
Sarcocystis spp. e também sdo Uteis para avaliacdo de um grande nimero de amostras. Testes
moleculares proporcionam a detecgdo e caracterizacdo de espécies de Sarcocystis. Portanto,
0s objetivos deste estudo foram: (1) investigar a infecgdo por Sarcocystis spp. em coracfes de
bovinos, através de exame microscopico direto, reacdo em cadeia pela polimerase (PCR),
polimorfismo no comprimento do fragmento de restricdo (PCR-RFLP) e sequenciamento de
DNA,; (2) investigar a infecgdo por Sarcocystis spp. em bovinos pelo exame microscopico
direto, confirmar a identidade dos sarcocistos por PCR e avaliar e correlacionar seus
resultados com o diagndstico soroldgico dos bovinos pela imunofluorescéncia indireta; (3)
comparar a imunofluorescéncia indireta (RIFI) e método de Dot-Blot para diagnostico
soroldgico de infec¢cdo por Sarcocystis spp. em camundongos experimentalmente infectados e
detectar possiveis reacfes sorolégicas cruzadas com N. caninum e T. gondii. No Capitulo 1
desta tese apresenta-se um estudo no qual amostras de miocardio de 314 bovinos foram
coletadas de um frigorifico e analisados quanto a ocorréncia de sarcocistos por microscopia
Optica. Sarcocistos isolados de 134 destes coracdes foram submetidos a extracdo de DNA e
PCR. O DNA amplificado foi digerido com enzimas de restricdio Bcll e Rsal para
diferenciacdo entre S. cruzi, S. hirsuta e S. hominis. A espécie de Sarcocystis identificada foi
confirmada por sequenciamento de DNA. Sarcocistos foram detectados em todas as amostras
de miocéardio de bovinos avaliadas. A PCR-RFLP e sequenciamnto de DNA resultaram na
identificacdo de S. cruzi. No estudo apresentado no Capitulo 2 foram coletadas amostras de
miocardio e sangue de 50 bovinos adultos de um frigorifico. Cada miocardio foi submetido a
exame microscépico a fresco para pesquisa de cistos compativeis com Sarcocystis spp. Dez
sarcocistos foram coletados de cada amostra e processados para extracdo de DNA seguida de
PCR para diagnostico molecular de Sarcocystis spp. A presenca de anticorpos contra o
parasito foi testada pela RIFI no soro sanguineo. A frequéncia de detec¢do de sarcocistos pelo
exame a fresco foi de 100% (50/50). Anticorpos especificos contra Sarcocystis spp. foram
detectados em 96% (48/50) e 80% (40/50) das amostras de soro testadas na dilui¢do de 1:25 e
1:200, respectivamente. DNA de Sarcocystis spp. foi amplificado pela PCR em 86% (43/50)
dos cistos coletados. Os métodos empregados permitiram detectar a infeccdo por Sarcocystis
spp. e a RIFI mostrou uma sensibilidade satisfatéria em comparagcdo com exame microscopico
a fresco. No estudo apresentado no Capitulo 3, foram realizados exames soroldgicos (RIFI e
Dot-blot) de camundongos inoculados com Sarcocystis spp. ou N. caninum ou T. gondii. Dot-
Blot demonstrou mesma sensibilidade e especificidade que a RIFI para diagndstico soroldgico
de Sarcocystis em camundongos experimentalmente infectados e este teste ndo demonstrou
reacao soroldgica cruzada com N. caninum e T. gondii.



Palavras-chave: Diagnéstico molecular. Sequenciamento de DNA. Testes soroldgicos.
Protozoarios.



ABSTRACT

LABORATORIAL DIAGNOSIS OF SARCOCYSTIS spp. IN CATTLE

AUTHOR: Maiara Sanita Tafner Ferreira
ADVISER: Fernanda Silveira Flores Vogel

Serological tests are frequently performed to confirm Sarcocystis spp. infection and
they also are suitable to evaluate a large number of samples. Molecular tests provide detection
and characterization of species. Therefore, the aims of the study were: (1) investigate
Sarcocystis spp. infection in cattle hearts through direct microscopic examination, polymerase
chain reaction (PCR), restriction fragment length polymorphism (PCR-RFLP) and DNA
sequencing (2) detect Sarcocystis spp. infection in cattle through direct microscopic
examination, confirm sarcocysts identity by PCR and evaluate and correlate these results with
the serological diagnosis of cattle by indirect immunofluorescence (3) compare indirect
imunnofluorescence (IFAT) and Dot-Blot method for serological diagnosis of Sarcocystis
spp. in experimentally infected mice and detect serological cross-reactions with N. caninum
and T. gondii. Chapter 1 of this thesis presents a study that myocardium samples were
collected from 314 bovine in an abattoir and analyzed for the occurrence of sarcocysts by
light microscopy. Sarcocysts isolated from 134 of these hearts were submitted to DNA
extraction and PCR. PCR-amplified DNA fragments were digested with the restriction
enzymes Bcll and Rsal aiming the differentiation among S. cruzi, S. hirsuta, and S. hominis
and the identified Sarcocystis species was confirmed by DNA sequencing. Sarcocysts were
detected in all bovine myocardium samples. PCR-RFLP and DNA sequencing resulted in
identification of S. cruzi. In the study presented in Chapter 2, myocardium and blood samples
from 50 adult beef cattle were collected from a slaughterhouse. Each myocardium was
submitted to fresh microscopic examination for investigation of compatible cysts to
Sarcocystis spp. Ten sarcocysts were collected of each sample and processed to DNA
extraction followed by PCR for molecular diagnosis of Sarcocystis spp.
The presence of antibodies against the parasite was tested by IFAT in the blood serum. The
frequency of sarcocysts detection by fresh examination was 100% (50/50). Specific antibodies
against Sarcocystis spp. were detected in 96% (48/50) and 80% (40/50) of serum samples
examined at 1:25 and 1:200 dilutions, respectively. DNA from Sarcocystis spp. was amplified
by PCR in 86% (43/50) of the collected cysts. The methods employed allowed to detect the
infection by Sarcocystis spp. and RIFI showed good sensitivity compared to fresh
microscopic examination. In the study presented in Chapter 3, serological tests (RIFI and Dot-
blot) of mice inoculated with Sarcocystis spp. or N. caninum or T. gondii. Dot-Blot showed
same specificity and sensibility as IFAT for immunological diagnostic of Sarcocystis spp. in
experimentally infected mice and this immunoblot test did not demonstrate serological cross-
reactions with N. caninum and T. gondii.

Key words: Molecular diagnosis. DNA sequencing. Serological tests. Protozoa.
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1. INTRODUCAO

Sarcocystis spp. sdo protozoarios que requerem dois hospedeiros para completarem o
seu ciclo de vida (FAYER et al.,, 2015). Essas espécies podem causar distarbios
gastrointestinais nos hospedeiros definitivos (HD), como humanos ou carnivoros, devido a
sua presenga no trato gastrointestinal (BUCCA et al.,, 2011; DUBEY et al., 2015b). Os
hospedeiros intermediérios (HI) sdo infectados através da ingestdo de oocistos liberados nas
fezes dos HD (DUBEY & LINDSAY, 2006). Bovinos sdo considerados hospedeiros
intermediarios para algumas espécies importantes de Sarcocystis, como S. hirsuta (felinos
como HD); S. hominis (primatas e humanos como HD); S. cruzi (canideos como HD); S.
rommeli (HD atualmente desconhecido); S. bovini (gatos como HD); S. bovifelis (gatos como
HD) e S. heydorni (humanos como HD), produzindo macrocistos para as duas primeiras
espécies listadas e microcistos em se tratando das outras cinco espécies descritas (MORE et
al., 2011; HAMIDINEJAT et al., 2015; DUBEY et al., 2015b; GJERDE, 2016 a, b).

Em varios paises, incluindo o Brasil, a prevaléncia de Sarcocystis spp. em bovinos é
de 90-100% (RUAS et al., 2001; AKHLAGHI et al., 2016; MORE et al., 2011). A
sarcocistose bovina normalmente se caracteriza com uma doenca de carater cronico,
apresentando miosite leve, no entanto, pode causar perdas econdmicas severas devido a uma
gueda na producéo de leite, aumento na frequéncia de abortos, nascimento de bezerros fracos,
condenacéo de carcaca em frigorifico e até mortalidade (FAYER et al., 1983; VANGEEL et
al., 2013; HAMIDINEJAT et al., 2015). Geralmente, as lesdes macroscopicas nao sao
observadas em animais infectados e o diagnostico depende do exame microscopico direto de

amostras de tecido-alvo, como coracao, lingua, es6fago e diafragma (DUBEY et al., 2016).

A infeccdo por sarcocistos microscopicos geralmente € assintomatica e esses
microcistos ndo sdo detectaveis pelas técnicas rotineiramente utilizadas em inspecédo da carne
em frigorificos e 0 mesmo animal pode estar infectado por multiplas espécies de Sarcocystis
(LOPES, 2004; MORE et al., 2013, 2014), algumas delas nio sio morfologicamente
distinguiveis, exceto através da microscopia de transmissdo eletronica (GJERDE et al.,
2016a), mas esta ndo € aplicavel para diagnostico de uma grande quantidade de amostras.
Com isso, a identificacdo de Sarcocystis spp., em carne de bovinos destinadas a consumo
humano através de métodos moleculares é essencial no diagnostico e consequentemente no

que diz respeito & sadde publica e producdo de bovinos (MORE et al., 2011; BUCCA et al.,
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2011; VANGEEL et al., 2013). Animais subclinicamente infectados comportam-se como
portadores do protozodrio e devido a isso, o diagndstico soroldgico é indispenséavel para
deteccdo destes animais no rebanho e aplicacdo deste teste em um grande numero de
amostras, a fim de estabelecer medidas de controle na propriedade (ALVAREZ-GARCIA et
al, 2014; GARCIA-LUNAR et al., 2015). Varios métodos sorolégicos tém sido
desenvolvidos, como reacdo de imunofluorescéncia indireta, ensaios imunoenzimaticos
(ELISA) e immunoblots, para diagndstico de sarcocistose bovina (MORE et al., 2008; MORE
et al., 2011, GARCIA-LUNAR et al., 2015). Adicionalmente, as técnicas soroldgicas
detectam anticorpos contra antigenos de Sarcocystis spp., Neospora spp. e T. gondii em
infeccdes individuais ou mistas (UGGLA et al. 1987; DUBEY et al. 1996).

Portanto, os objetivos deste estudo foram: (1) avaliar a frequéncia da infeccdo por
Sarcocystis spp. e investigar a ocorréncia de S. cruzi, S. hirsuta e S. hominis em coragdes de
bovinos destinados ao consumo humano na regido central do estado do Rio Grande do Sul,
Brasil; (2) investigar a infeccdo de bovinos por Sarcocystis spp. em amostras de miocardio
pela técnica de exame microscopico direto e confirmar a identidade dos cistos encontrados
através de PCR, bem como, avaliar amostras de soro sanguineo de bovinos pela técnica de
imunofluorescéncia indireta para pesquisa de anticorpos contra 0 protozoario e estabelecer
uma correlacdo com os resultados obtidos no exame microscépico direto e PCR; (3) avaliar
comparativamente dois métodos sorolégicos (imunofluorescéncia indireta e Dot-Blot) para
diagndstico de Sarcocystis spp. em camundongos experimentalmente infectados e verificar a

possibilidade de reacdo cruzada com N. caninum e T. gondii.
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2. REVISAO DE LITERATURA

Bovinos podem ser infectados por pelo menos sete espécies de Sarcocystis, sendo elas:
Sarcocystis cruzi, S. hirsuta, S. hominis, S. rommeli, S. heydorni, S. bovini e S. bovifelis. A
infeccdo por qualquer uma destas espécies e potencialmente capaz de causar perdas
produtivas em bovinos, incluindo menor produtividade e condenacdo de carcaca em
frigorifico. O diagndstico da sarcocistose em bovinos é dificil, uma vez que os animais
raramente apresentam sinais clinicos e estes, quando presentes sdo inespecificos. Visto que, S.
hominis e S. heydorni apresentam risco de zoonose, é importante a realizacdo de inquérito

epidemioldgico, incluindo a implementacdo de testes de diagndstico (THOMPSON, 2013).

2.1. ETIOLOGIA

A sarcocistose foi descrita inicialmente por MIESCHER (1843), tendo sido nomeada
como tubulos de Miescher durante 20 anos, na musculatura esquelética de camundongos Mus
musculus; e o género Sarcocystis foi discutido pela primeira vez por LANKESTER (1882)
em rds (RUAS et al.,, 2011; LATIF, 2016). A visualizacdo destes cistos deu origem ao
diagnostico de algumas espécies, com base na sua morfologia e hospedeiro parasitado
(GUCLU, 2004; LOPES et al., 2004). Este género apresenta mais de 200 espécies, infectando
mamiferos, aves, marsupiais e animais poiquilotérmicos (LATIF, 2016). No entanto,
conhecem-se o0s ciclos de vida completos de apenas 26 dessas espécies (DUBEY, 2015). As
espécies de Sarcocystis apresentam um ciclo heteroxeno, com a participacdo obrigatoria de
pelo menos dois hospedeiros: definitivo e intermediario (GUCLU, 2004; MORE et al., 2013;
DUBEY, 2015).

Os cistos de Sarcocystis spp. sao intramusculares e ovoides (GARDINER et al., 1998)
e podem ser classificados em cistos de parede fina e cistos de parede grossa. Das espécies que
infectam bovinos (S. cruzi, S. hominis, S. hirsuta, S. bovifelis, S. rommeli, S. bovini e S.
heydorni), observa-se que os cistos de S. cruzi e S. heydorni possuem paredes finas (0,5a 1
pum) e sdo estruturalmente semelhantes, com base na microscopia oOptica. Cistos de S. cruzi
s80 microscopicos, com um comprimento de aproximadamente 0,5 mm e apresentam
saliéncias semelhantes a fios de cabelo, longas e estreitas (<0,5 um) na parede dos cistos e
dificeis de serem visualizadas quando observados sob microscopia éptica (GESTRICH et al.,
1975 a,b; MEHLHORN et al., 1975 a,b; BOTTNER et al., 1987). Os cistos de S. heydorni sdo

microscopicos, com cerca de 1060 pum (1 mm) de comprimento e 80 um de largura e por
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microscopia optica observa-se a parede do cisto fina (<1 um de espessura) e com saliéncias
minusculas. Na microscopia de transmisséo eletronica, a parede apresenta vilosidades conicas,
de 0,5 um de comprimento e 0,5 um de largura. As vilosidades na parede do cisto nao
possuem microtabulos, mas possuem seis ou mais placas em forma de disco. A estrutura da
parede do S. heydorni € diferente das demais espécies relatadas de Sarcocystis em bovinos e
esta € uma espécie nomeada em homenagem ao Dr. Alfred Otto Heydorn (DUBEY et al.,
2015b) (Tabela 1).

Primeiramente, S. heydorni foi descrito como sendo S. hominis, quando o Dr. Heydorn
se alimentou com carne bovina crua em uma viagem realizada a Turquia em 1973, apds, em
1983 inoculou cinco bovinos recém-nascidos com esporocistos, das suas proprias fezes.
Durante alguns anos ele manteve este ciclo entre humano e bovino (DUBEY et al. 1988b).
Recentemente, todos os cortes histoldgicos de tecidos dos cinco bezerros inoculados corados
com hematoxilina e eosina (H e E) e um bloco de parafina da lingua de um dos bezerros que
foi eutanasiado no dia 222 apo6s a inoculacdo (p.i.) foram localizados. O bloco de parafina da
lingua foi desparafinizado e processado para microscopia de transmissdo eletrénica (DUBEY
et al., 2015b). Todas as seccOes coradas com H e E a partir dos cinco bezerros foram
reexaminadas, incluindo sec¢des de coracdo, esdfago e musculo esquelético. Dois tipos de
Sarcocystis (paredes fina e grossa) foram encontrados em bezerros que foram eutanasiados
aos 111 dias p.i. e 222 dias p.i. e a maioria dos Sarcocystis encontrados eram de parede
grossa. O es6fago foi o tecido mais infectado, por S. hominis. Cinco espécies de Sarcocystis
foram encontrados no bloco de parafina da lingua do animal que foi eutanasiado aos 222 dias
p.i. apos desparafinizacdo e analise por microscopia eletronica de transmissdo. Trés dos cinco
Sarcocystis encontrados exibiam parede grossa (incluindo S. hominis) e dois deles
apresentavam parede fina, que posteriormente, pela observacdo das caracteristicas da parede
do cisto, foi nomeado como S. heydorni (DUBEY et al., 2015b).

S. hirsuta, S. rommeli, S. bovifelis, S. bovini e S. hominis sdo cistos de parede espessa
(4 a 6 um) e também sdo de dificil diferenciagdo quando visualizados pela microscopia Optica
(SCANZIANI et al., 1988; DUBEY et al., 1989a; GJERDE, 2016a). Estas espécies podem ser
distinguidas através de transmissdo eletrénica, por meio da diferenciacdo das estruturas
microscopicas da parede dos cistos (BOTTNER et al., 1987; GHISLENI, 2006; DUBEY,
2015). As protuberancias ou saliéncias das vilosidades de S. hominis sdo cilindricas,
orientadas perpendicularmente a superficie e contém relativamente poucos granulos densos
(MEHLHORN et al., 1975 b; DUBEY et al., 1988b). Os cistos de S. hirsuta podem ter entre 2
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a 7 mm de comprimento e 1 mm de largura, e apresentam vilosidades de 8 um de
comprimento com saliéncias de haste estreita, orientadas lateralmente, contendo granulos
densos (DUBEY et al., 1990). Ja os cistos de S. bovifelis possuem protrusdes, com numerosos
microtUbulos (200-300 fibrilas) e as protrusdes séo inclinadas, dobradas em angulo acima de
suas bases (GESTRICH et al. 1975b; MEHLHORN et al. 1975c; MEHLHORN et al. 1976).
Além disso, em torno das bases das protrusdes existem numerosas areas semelhantes a
vesiculas acima de uma substancia mais eletrodensa (GESTRICH et al. 1975b; MEHLHORN
et al. 1975¢c; MEHLHORN et al. 1976). Outra caracteristica importante € que, enguanto as
protrusdes de S. hominis sdo arredondadas desde a sua base até a ponta, protrusdes de S.
bovifelis sdo arredondadas somente prdximas as suas bases e depois sdo em forma de
diamante ou fuso (fusiformes) em direcdo a ponta (GJERDE, 2016a). S. bovifelis havia sido
erroneamente descrito e nomeado como S. hirsuta (GESTRICH et al., 1975b) e
posteriormente foi elucidado que ambos possuem felinos como hospedeiros definitivos
(DUBEY et al. 1989a, c), porém, S. hirsuta forma cistos macroscopicos e S. bovifelis cistos
microscopicos (GJERDE et al. 2016 a). S. bovini apresenta cistos microscopicos, finos e em
forma de fuso, com 1-3 mm de comprimento e 0,1-0,2 mm de didmetro. A parede €
radialmente estriada e possui protrusfes longas de 5-6 pum em formas de dedos. Por
microscopia Optica sdo indistinguiveis de S. bovifelis (CHEN, et al, 2011; GJERDE et al,
2016b). Os cistos de S. rommeli possuem parede de 4,5 a 52 pum de comprimento e
vilosidades alongadas e onduladas, muitas vezes dobradas em éangulo, com 5 pum de
comprimento e largura desigual, contendo microtdbulos sem granulos, que se prolongam a
partir da ponta para 0 meio da substancia da base, apresentando fileiras de vesiculas na base
das vilosidades (DUBEY et al., 2015a) (Tabela 1).

Cistos de Sarcocystis spp. geralmente sdo encontrados no cora¢do, lingua, eséfago e
diafragma, porém, também podem ser encontrados em outros musculos, com prevaléncias
variaveis (SAITO et al, 1998; ONO & OHSUMI, 1999; BUCCA et al., 2011). Cistos de S.
cruzi sdo encontrados em praticamente todos os musculos estriados, fibras de Purkinje do
coracdo e no sistema nervoso central (SNC) (XIANG et al., 2011). O local de predilecéo para
S. cruzi é o miocérdio, enquanto que, S. heydorni ndo é encontrado no coragdo (DUBEY et
al., 2015b). Os cistos de S. hirsuta e S. hominis s&o mais numerosos no diafragma, membros,
lombo e es6fago (DUBEY et al., 1990).
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Tabela 1 — Espécies de Sarcocystis que possuem bovinos como hospedeiro intermediario e
sua classificagdo quanto ao tamanho e parede do cisto.

Espécie Cistos Parede do cisto
S. hirsuta Macroscépico* Espessa**
S. hominis Macroscopico* Espessa**
S. bovini Microscopico* Espessa**
S. bovifelis Microscopico* Espessa**
S. rommeli Microscopico* Espessa**
S. heydorni Microscopico* Fina**
S. cruzi Microscopico* Fina**

Fonte: proprio autor

*Macroscopico >3 mm; Microscopico = 0,5a 3 mm.

** Parede espessa 4 a 6 um; Parede fina=0,5a 1 um.

2.2. EPIDEMIOLOGIA

A prevaléncia de Sarcocystis nos bovinos € proxima de 100% na maioria das regides
estudadas ao redor do mundo (VANGEEL et al., 2013; AMAIRIA et al., 2016; NG et al.,
2015). Muitas condicdes podem permitir a elevada prevaléncia: um hospedeiro intermediario
muitas vezes pode abrigar mais de uma espécie de Sarcocystis; muitos hospedeiros definitivos
estdo envolvidos na transmissdo do parasito; um grande numero de oocistos pode ser
excretado; oocistos e esporocistos de Sarcocystis desenvolvem-se na lamina propria do
intestino e sdo excretados por varios meses; oocistos sdo resistentes ao congelamento e podem
sobreviver por muito tempo na pastagem, ou podem também ser disseminados através do
transporte por invertebrados; existe pouca ou nenhuma imunidade para nova infecgédo tanto
em hospedeiros intermediarios como definitivos, e a cada ingestdo de carne infectada pode
iniciar um novo estagio de producgdo de esporocistos; a frequéncia com que 0s cées sdo
alimentados com visceras e 6rgdos de bovinos abatidos nas propriedades rurais, ou pelo
consumo de carcacas de bovinos mortos é alta (DUBEY & LINDSAY, 2006; RUAS et al,
2011).

Animais mais velhos geralmente estdo associados com uma maior prevaléncia da
infeccdo por Sarcocystis spp. (ONO & OHSUMI, 1999; GHISLENI et al., 2006) e esta alta

proporcao em animais adultos sugere que a prevaléncia da sarcocistose aumente com a idade,
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talvez devido ao maior tempo ao longo da vida do animal ingerindo oocistos ou devido a
imunidade insuficiente, uma vez que 0s animais ndo se tornam resistentes a uma nova fase
aguda da infeccdo, pois esta relacionada a dose infectante e ao desenvolvimento das fases

merogonicas, possibilitando reinfeccdo (LOPES, 2004).

Além disso, em bovinos adultos os cistos parecem ser maiores que 0s encontrados em
bovinos jovens, indicando crescimento continuo dos cistos ao longo do tempo (MORE et al.
2008). Fatores de risco também podem estar relacionados a presenca de carnivoros proxima
as instalagOes de bovinos, inclusive sobre o uso destes no manejo dos bovinos, principalmente
guando se refere ao cdo sendo considerado HD das espécies mais patogénicas para animais de
producdo (BONESI et al., 1999; RUAS et al, 2011; AIMARIA et al., 2016). Nao se pode
descartar também a presenca de outros carnivoros silvestres, entre eles o cachorro do mato
(PEREIRA & LOPES, 1982) e o gato, podendo ser responsaveis pela eliminacdo e disperséo
dos oocistos em diferentes sistemas de producdo existentes no Brasil. Experimentalmente, ja
foi observado que a transfusdo sanguinea pode transmitir merozoitos circulantes de um animal
para outro, viabilizando o processo de infec¢do e a formacéo de cistos vidveis na musculatura
de animais receptores da mesma espécie (FAYER & LEEK, 1979; LOPES, 2004).

A globalizagdo é um dos fatores que favorecem a propagacdo de doencas infecciosas,
incluindo parasitos de origem alimentar, como Sarcocystis spp. e isso pode ter um enorme
impacto negativo em se tratando de seguranca alimentar. A maior variedade e quantidade de
itens que sdo enviados para mais lugares associado ao maior nimero de pessoas que viajam
cada vez mais a grandes distancias, possibilita a exposi¢do de uma nova populagdo humana e
animal a infeccdo com patogenos de origem alimentar. Ademais, embora certos paises sejam
muito restritivos quanto a importacdo de bovinos, é cada vez mais frequente que cdes sejam
importados para adogéo, além de que, 0 movimento ilegal e ndo regulamentado de animais de
companhia tem aumentado; assim como também animais selvagens sdo capturados ou criados
e enviados a varios paises, para serem vendidos como animais de estimagdo, ou ainda séo
transportados para alimentacdo ou reintroducdo de espécies locais extintas, como em
zooldgicos. Portanto, a introducao de bovinos, animais de companhia, animais aquaticos, e de
vida selvagem em novas areas, podem carrear parasitos para novos locais que antes seriam
considerados exoticos ou ainda, causar uma reintroducdo de parasitos em areas endémicas,
apesar das regulamentagOes ou diretrizes internacionais usadas para minimizar esses riscos.
Quanto a exportacdo e importacdo de alimentos, existem diferencas internacionais em

saneamento, higiene, praticas agricolas, diferencas no clima e também de agentes
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patogénicos, o que significa que essas grandes quantidades de alimentos enviados ao redor do
mundo estdo sujeitas a diversos regulamentos de paises exportadores e importadores e, desta
forma, € essencial para a seguranca alimentar a conformidade e verificacdo desses controles
(ROBERTSON et al., 2014).

Dos 24 parasitos de origem alimentar de maior relevancia, cinco séo associados ao
consumo de carne crua ou mal cozida infectada com: Taenia solium, Taenia saginata,
Trichinela spiralis, Toxoplasma gondii, e Sarcocystis spp. (ROBERTSON et al., 2014). Os
habitos alimentares, incluindo os tipos de alimentos ingeridos e métodos de preparacéo, séo
também uns dos exemplos do comportamento humano que podem desempenhar um papel
central na emergéncia ou reemergéncia de parasitos zoon6ticos (MACPHERSON, 2005). A
falta de consciéncia da forma de transmissdo destas doengas parasitarias, a incapacidade de
reconhecer 0s sinais clinicos que sdo semelhantes a muitas doencas e deficiéncias em
ferramentas de diagndstico complica e atrasa o diagnostico e tratamento, quando este é
possivel (ROBERTSON, et al., 2014).

Nos paises europeus, onde a frequéncia do consumo de carne crua ou mal cozida €
relativamente alta, os humanos sdo susceptiveis a desenvolverem sarcocistose intestinal
(DUBEY & LINDSAY, 2006). Em um estudo realizado com hambdrgueres de carne bovina a
fim de investigar a presenca de tecido cerebral devido a preocupacdo com a encefalopatia
espongiforme bovina, foi observada a presenca de Sarcocystis em duas marcas de
hambdrgueres. A morfologia dos organismos era consistente com Sarcocystis, evidenciando
assim, que a presenca deste protozoario na carne bovina pode representar uma fonte de
infeccdo para seres humanos, caso estes sejam identificados como sendo Sarcocystis
zoondticos (S. hominis e S. heydorni) e ndo sejam adotadas medidas de controle, como por
exemplo, o cozimento adequado da carne (PRAYSON et al., 2008).

S. cruzi € a espécie mais prevalente de Sarcocystis que infectam bovinos e em muitos
paises, cerca de 90% do rebanho bovino adulto, pode estar infectado, sendo o coragdo o tecido
mais afetado (MORE et al., 2011; RUAS et al., 2011). A maior deteccdo de Sarcocystis no
coragdo em relagdo a outros 0rgdos, relatada por muitos autores, se deve ao fato da infeccéo
ocorrer por via digestiva, onde o parasito atinge a circulacéo geral, alcancando por via venosa,
primeiro o coracéo, e assim alojando e encistando-se no miocardio (PEZZAT, 1971; DUBEY
et al.,1989a; RUAS et al., 2001). A prevaléncia de S. hirsuta e S. hominis é variavel em
bovinos em diferentes partes do mundo, sendo o es6fago e outros musculos, mas ndo o
coragio, os mais afetados (MORE et al., 2011). S. hominis causa perdas econdmicas

substanciais na pecuaria bovina e € um grave patdgeno intestinal de humanos no sul da China



19

(ZUO, 1992). A distribuicdo de S. heydorni ainda permanece desconhecida, pois foi
recentemente identificado como sendo uma espécie diferente do que havia sido identificado
como S. hominis (DUBEYet al., 2015b). S. bovini tém sido encontrado em bovinos da
Argentina e Nova Zelandia, assim como comparacdes de sequéncias genéticas depositadas no
GenBank sugerem que esta espécie também possa ocorrer em bovinos na China (GJERDE et
al., 2016b). S. rommeli possui distribuicdo pela Europa e Argentina (DUBEY et al., 2015a).

Pode haver infeccdo mista por mais de um Sarcocystis em bovinos, conforme
demonstrado por DUBEY et al. (2015b) em lingua de um bovino experimentalmente
infectado, bem como observado por GHISLENI et al. (2006), em amostras analisadas de
carne enlatada de bovinos da Argentina e Brasil, apresentando cistos de parede fina
identificados como S. cruzi em maior prevaléncia, mas também cistos de parede grossa (S.
hominis ou S. hirsuta) e também notado por RUAS et al. (2011) em que foram detectados
cistos de S. cruzi no miocardio e cistos de S. hirsuta no diafragma de bovinos naturalmente
infectados no Rio Grande do Sul. Os dados a respeito da prevaléncia de Sarcocystis spp. no
Brasil séo escassos (GHISLENI, 2006). Levando em consideracdo a prevaléncia relatada de S.
cruzi em Varios paises, a maioria da carne consumida de bovinos encontra-se infectada com
este parasito (BOTNNER et al., 1987; VERCRUYSSE et al., 1989; WOLDMESKEL &
GEBREAB, 1996; FUKUYO et al., 2002; MORE et al., 2008). No Rio Grande do Sul,
existem estudos indicando a presenca do protozoario em 100% dos animais estudados (RUAS
etal., 2001; SILVA et al., 2002).

Um pré-requisito para obtencdo de informacdes precisas sobre dados epidemiol6gicos
das infecgdes por Sarcocystis € a disponibilidade de testes diagndsticos especificos e sensiveis
gue podem ser usados para diferenciar animais infectados de ndo infectados. Varios estudos
epidemiol6gicos de infecgdes em hospedeiros intermedidrios tém sido levados em
consideracdo através de digestdo enzimatica e microscopia dos musculos mais acometidos
(TENTER, 1995). No entanto, 0 método de digestdo em que as paredes do cisto sdo digeridas,
ndo permite a posterior diferenciacdo de especies de Sarcocystis spp. Além disso, mesmo
totalmente integros alguns cistos de Sarcocystis spp. ndo podem ser distinguidos na
microscopia optica, uma vez que sdo muito semelhantes morfologicamente (DUBEY et al.,
1989b; TENTER et al; 1995). Com isso, tecnicas moleculares podem ser uma alternativa no
diagnéstico de infeccBes parasitérias, pois permitem a deteccdo ed iferenciacdo das espécies
patogénicas, além de realizacdo de estudos epidemioldgicos, tanto em hospedeiros

intermediarios como definitivos. A deteccdo de DNA em bovinos pode ser feita em amostras
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de tecidos de fetos abortados, placentas ou 6rgdos internos apos a morte do animal. Porém,
para estudos epidemioldgicos, no hospedeiro intermediario, seria interessante a analise de
amostras de sangue, a fim de possibilitar a avaliacdo de uma grande quantidade de amostras
(TENTER, 1995).

2.3. CICLO DE VIDA

Os parasitos do género Sarcocystis possuem um ciclo de vida heteroxeno, com um
estagio assexuado nos hospedeiros intermediarios e um estagio sexuado nos hospedeiros
definitivos. Os caninos sdo hospedeiros definitivos para S. cruzi, os felinos sdo hospedeiros
definitivos para S. hirsuta, S. bovini e S. bovifelis, bem como os humanos sdo hospedeiros
definitivos para S. hominis e S. heydorni (XIANG et al., 2011; GJERDE et al., 2016b). O
hospedeiro definitivo para S. rommeli permanece desconhecido até o presente momento
(DUBEY et al., 2015a). Os hospedeiros definitivos, carnivoros e homem, se infectam pela
ingestdo de formas encistadas presentes na musculatura de herbivoros e o parasito desenvolve
uma fase intestinal que culmina com a producdo de oocistos, contendo no seu interior dois
esporocistos, com quatro esporozoitos cada (GUCLU, 2004). Nos hospedeiros intermediarios,
a infeccdo por Sarcocystis spp. leva a formacgédo de cistos nos tecidos, que quando maduros,
apresentam um grande nimero de bradizoitos no seu interior (DUBEY, 1989a; RUAS et al.,
2001).

A transmissdo vertical de S. cruzi em bovinos ndo é muito comum, mas a transmissao
horizontal parece ser considerada a rota mais importante da infecgdo para o Hl (MORE et al,
2009). Em geral, o HI ¢ infectado pela ingestdo de alimentos ou agua contaminados com
oocistos e inicia o ciclo assexuado. Os esporozoitos dentro dos esporocistos se rompem no
intestino delgado e o nucleo dos esporozoitos se divide em muitos ndcleos, formando
merozoitos, assim 0s esquizontes de primeira geracdo sdo formados, 7 a 15 dias ap6s a
ingestdo. Esta fase de nucleos multilobulados é chamada de esquizonte. Os esquizontes séo
formados em uma variedade de células, incluindo células endoteliais vasculares, células
somaticas, e células neuronais, dependendo da espécie de Sarcocystis. Apos alguns ciclos de
esquizontes, o parasito se encista, sendo denominado cisto (ou sarcocisto), habitualmente em
um midcito, dando origem aos bradizoitos (ou cistozoitos), que possuem formato de banana.
Os cistos se localizam principalmente em musculos estriados, SNC e fibras de Purkinje no

coragdo (TENTER, 1995). Durante a formacdo e a maturacéo o cisto pode demorar um més
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ou mais para se tornar infeccioso ao hospedeiro definitivo (DUBEY, 2015). Os sarcocistos
imaturos, contendo apenas merozoitos, ndo séo infecciosos para o hospedeiro definitivo.

O HD ¢ entédo infectado ingerindo tecidos contendo cistos com bradizoitos (cistos
maduros). Os bradizoitos sdo liberados do cisto no estbmago através da digestdo e penetram
na mucosa do intestino delgado, transformando-se em gametas fémeas (macrogametas) e
machos (microgametas). Apds a fecundacdo de um macrogameta por um microgameta, uma
parede se desenvolve em torno do zigoto e um oocisto é formado. Todo o processo de
fertilizacdo e gametogonia ocorrem dentro de 24 horas. A gametogonia acontece na lamina
propria do intestino delgado, portanto, os oocistos esporulam in situ, levando a formacéo de
oocistos esporulados, geralmente dentro de uma semana depois da ingestdo de bradizoitos. A
parede do oocisto é muito fina e se rompe durante a excrecdo, liberando os esporocistos para o
I[imen intestinal e os esporocistos podem ser encontrados livres nas fezes (DUBEY, 2015). A
maioria dos oocistos das espécies de Sarcocystis é excretada nas fezes 7 a 14 dias apés a
ingestdo de cistos pelo hospedeiro definitivo. Pelo fato dos oocistos estarem na lamina
prépria, sua liberacdo para o lumen intestinal e fezes perdura por varios meses. Nem todas as
espécies de Sarcocystis causam doenca clinica em suas espécies hospedeiras (ROBERTSON
etal, 2001; DUBEY & LINDSAY, 2006; DUBEY, 2015).

2.4. PATOGENIA

A maior importancia esta relacionada aos HlI, pois ha distribuicdo do parasito por todo
0 sistema sanguineo. Esquizontes de diversas geragdes, ao se desenvolverem na intima das
artérias e capilares viscerais sdo responsaveis por obliteracdo do fluxo sanguineo, em razéo do
aumento de sua forma dentro da luz vascular ou por ocasionarem lesdes vasculares devido ao
seu rompimento para liberacdo dos merozoitos. Consequentemente, sucede-se uma extensa
reacdo semelhante a coagulacdo intravascular disseminada, pela agregacdo de plaquetas e
concomitante formacdo de trombos. Neste periodo, é observado uma anemia macrocitica e
aumento progressivo dos niveis de fibrinogénio entre 1 a 8 semanas apés a infecgdo
(BOTELHO & LOPES, 1988 a, b). Quanto a formacdo e desenvolvimento dos cistos, se
observam alteragdes em enzimas como aspartato aminotranferase (AST), isoenzima MB da
creatina quinase (CK-MB) e lactato desidrogenase (LDH) (LOPES, 2004).

2.6 SINAIS CLINICOS
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Os bovinos sdo considerados hospedeiros intermediarios para Sarcocystis spp. e a
maioria das infecces se apresenta de forma cronica (MORE et al., 2013). A forma cronica
esta relacionada com a fase de encistamento do protozoario, que ocorre quando a imunidade
toma lugar, enquanto que, quando ocorre manifestacdo da forma aguda, esta relacionada ao

desenvolvimento do parasito intravascularmente (SILVA et al., 2002).

Geralmente, as espécies que utilizam canideos como hospedeiros definitivos sdo mais
patogénicas para os bovinos (hospedeiros intermediarios) do que as que utilizam felideos
(TENTER, 1995). Por exemplo, das trés espécies mais encontradas em bovinos, S. cruzi é o
mais patogénico, em que o0 cdo € o hospedeiro definitivo, enquanto que S. hirsuta e S.
hominis, os quais sofrem reproducdo sexuada em gatos e primatas, respectivamente, sao
moderadamente patogénicos. A patogenicidade manifesta-se no hospedeiro intermediario e
rotineiramente ndo causa doenca em hospedeiros definitivos (DUBEY & LINDSAY, 2006).
A severidade dos sinais clinicos depende da espécie hospedeira, da dose infectante de oocistos
ingerido, da localizacdo do parasito e do status imunitario do hospedeiro intermediario
(LINDSAY et al. 1995; ZOLL, et al., 2015). Os sinais clinicos durante a fase de merogonia
nas células endoteliais dos 6rgdos acometidos sdo mais severos que durante a fase de
formacéo e desenvolvimento de cistos nos musculos e SNC (TENTER, 1995). A ingestao de
uma grande quantidade de oocistos de S. cruzi pode levar a sarcocistose aguda em bovinos
ainda nédo infectados ou provocar uma reinfeccdo em animais infectados. Embora os bovinos
apresentem cistos na musculatura estriada originarios de uma infec¢cdo prévia e muitas vezes
sem sinais clinicos, este fato ndo os torna resistentes a uma nova fase aguda da infeccao, pois
esta estd relacionada a dose infectante e ao desenvolvimento das fases merogonicas
(TENTER, 1995; LOPES, 2004).

Apesar de a sarcocistose representar, na maioria dos casos, um achado microscépico
em bovinos, a infeccdo por S. cruzi pode ser acompanhada de sinais clinicos e determina
baixa performance durante a fase aguda de infeccdo (DAUGSCHIES et al., 2000), podendo
estar associada ao aumento do risco de aborto e, raramente, encefalite ou miosite (PRAYSON
et al., 2008). Os sinais clinicos sdo geralmente observados durante o segundo ciclo de
esquizogonia nos vasos sanguineos (fase aguda). Trés a quatro semanas apés infeccdo com
alta dose de oocistos (50.000 ou mais), ocorre o desenvolvimento de febre, anorexia,
prostracdo, anemia, secrecdo nasal e ocular, dispneia, salivacdo, opistétono, emaciacdo e
queda de pelos (particularmente, perda da vassoura da cauda) e em alguns casos, pode levar a

morte (LOPES, 2004). Também podem ser observados, tanto em fémeas jovens como adultas,



23

queda na producdo leiteira, casos de abortos, retencdo de placenta; morte fetal; nascimento de
animais fracos e prematuros (FAYER et al., 1983; LOPES, 2004; AIMARIA et al., 2016).

2.5.1 LesoOes de miosite eosinofilica bovina

Em bovinos, a infecgdo por Sarcocystis pode estar associada com miosite eosinofilica
(WOUDA et al., 2006). Nestes casos, uma miopatia inflamatdria especifica caracterizada por
lesBes cinza-esverdeada multifocais em musculo estriado de bovinos pode ser encontrada e é
mais comum encontrar cistos de S. hominis (VANGEEL et al., 2013), mas ndo se descarta a
possibilidade de estar presente outras espécies de Sarcocystis (DUBEY et al., 1990).
Histologicamente, as leses consistem de uma inflamacgéo eosinofilica com degeneracdo da
fibra muscular e no centro das lesdes é possivel encontrar Sarcocystis associados com a
presenca de granuldcitos eosinofilicos, devido a resposta imunitaria frente aos antigenos do
parasito (VANGEEL et al., 2012). Os animais afetados aparentam ser clinicamente normais,
mas a miosite eosinofilica resulta em perdas econdmicas devido a condenacdo da carne em
razdo da sua aparéncia anormal, ao abate (IMES & MIGAKI, 1967). Foi relatada a
condenacéo da carne, devido a presenca de cistos de S. hirsuta (DUBEY et al., 1990). A alta
condenacdo de carcacas associadas com a miosite eosinofilica bovina, de até 5%, foi relatada
na parte ocidental dos EUA (JENSEN et al., 1986), porém, a prevaléncia de miosite
eosinofilica é muito baixa em relagdo a prevaléncia de Sarcocystis em bovinos, que € muito
alta (VANGEEL, et al., 2013).

2.5.2. Sinais clinicos em humanos

De todos os mamiferos, aves e animais poiquilotérmicos que podem se infectar com
Sarcocystis spp., somente 0s bovinos e suinos sdo hospedeiros intermediarios confirmados
das espécies zoonoticas de Sarcocystis (DUBEY, 2015). Das espécies de Sarcocystis que
infectam bovinos somente S. hominis e S. heydorni (DUBEY et al., 2015a; DUBEY et al.,
2015b) possuem potencial zoonotico (DUBEY, 2015). Em humanos (HD), a infecgdo através
da ingestdo de carne crua ou mal-cozida contendo cistos de S. hominis ou S. heydorni (carne
bovina) ou S. suihominis (carne suina) (KIEHU, et al., 2017) podendo resultar em sarcocistose
intestinal caracterizada por desconforto abdominal, diarreia, vomito, dor de estdmago,
anemia, tontura, fadiga e eventualmente em inflamag&o, hemorragia e necrose do intestino
(BUNYARATVEJ & UNPUNYO, 1992; FAYER, 2004; PRAKAS & BUTKAUSKAS,
2012; AIMARIA et al., 2016).
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A infeccédo por Sarcocystis em humanos foi confirmada por LIAN et al. (1990), onde
dois macacos e um humano, voluntario, foram alimentados com carne bovina infectada e
excretaram oocistos de S. hominis nas fezes (DUBEY et al., 2014). Outro exemplo de
infeccdo por S. hominis em humanos foi confirmada através de voluntarios que ingeriram
carne bovina ou suina crua, infectadas com Sarcocystis e que apos oito dias ou mais de
infeccdo iniciaram a fase de excregdo de oocistos. Alguns deles tornaram-se doentes,
dependendo do tipo de carne (bovina ou suina) ingerida e da quantidade de Sarcocystis
presentes na carne ingerida. As pessoas que comeram carne suina apresentaram sinais clinicos
mais graves que aquelas que se alimentaram de carne bovina. Diarreia e dor abdominal foram
os sinais clinicos mais consistentes, exibidos dentro de trés dias apds a ingestdo da carne crua,
seguidos de excrecdo de esporocistos (DUBEY, 2015). Muitos voluntarios sdo autores dos
préprios trabalhos, como o Dr. Heydorn, apds se alimentar tanto com carne bovina e suina,
infectadas com Sarcocystis, comecou a registrar as excre¢0es de oocistos em suas fezes,
servindo também como fonte de infeccdo para infeccGes experimentais em bovinos e suinos.
Por muitos anos, ele manteve os ciclos bovino-humano e suino-humano em seu laboratorio.
Os esporocistos foram detectados nas fezes ap6s a ingestdo de cada refeicdo infectada,
independentemente da carne ingerida ser de bovino ou suino (HEYDORN, 1977; DUBEY,
2015).

Em outro estudo, realizado por PENA et al. (2001), 50 amostras de quibe cru de 25
restaurantes arabes na cidade de S&o Paulo, Brasil, foram examinadas para a presenca de
sarcocistos usando microscopia éptica e de transmissdo eletrénica. S. hominis foram
encontrados em 94% das amostras. Posteriormente, diferentes amostras de quibe cru,
positivas para S. hominis foram oferecidas para voluntarios humanos e foram observados que
seis deles (85,7%) desenvolveram diarreia e excretaram oocistos em suas fezes.

Outra forma de manifestacdo clinica da infeccdo por Sarcocystis em humanos € a
sarcocistose muscular, que ocorre através da ingestdo de agua ou alimentos contaminados
com esporocistos de S. nesbitti, sendo humanos considerados os hospedeiros intermediarios
para esta espécie e repteis sendo os hospedeiros definitivos. Os sinais clinicos desta infec¢do
em humanos apresentam-se com: febre, dor de cabeca e mialgia. O subsequente

desenvolvimento dos cistos é caracterizado por miosite (FAYER et al., 2015).

2.6. PATOLOGIA
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Na necropsia de bovinos infectados, nota-se aumento generalizado dos linfonodos,
petéquias no subcutaneo, serosas da cavidade toracica e abdominal, hemorragia subpleural e
subpericardica e bem pronunciada na musculatura intercostal, aumento de fluido avermelhado
nas cavidades pericardica, toracica e abdominal; areas claras de aspecto multifocal, podendo
ser mais extensas com aspecto marmdreo, acentuando-se mais na musculatura dos gliteos
(LOPES, 2004). Encefalite com hemorragias e gliose focal pode ser encontrada em alguns
casos (TENTER, et al., 1995).

Microscopicamente podem ser observadas anormalidades em linfonodos, musculo
esquelético, cardiaco, pulmdo, figado, rins e cérebro. Associadas as lesdes, podem ser
visualizadas as fases merogonicas (esquizontes) predominantemente no cérebro, lingua,
coracdo e rins. No entanto, os esquizontes de Sarcocystis spp. podem desaparecer no
momento em que o animal morre (DUBEY et al, 1989a; UGGLA & BUXTON, 1990).
Degeneracdo das fibras musculares é observada na musculatura esquelética, variando de
intensidade em diferentes locais, onde se visualiza edema, hemorragia e infiltracdo de células
mononucleares, caracterizadas por linfocitos e macréfagos em todos os 6rgaos (CARRIGAN,
1986; LOPES, 2004). Em casos de aborto, induzido por Sarcocystis, 0s esquizontes podem
estar associados com hemorragias e necrose focal nos placentomas (UGGLA & BUXTON,
1990; TENTER, 1995).

2.7. DIAGNOSTICO

A sarcocistose € uma das causas de reducdo na produtividade de um rebanho bovino e
desta forma, os métodos de diagnostico sdo essenciais para a deteccdo de Sarcocystis
(DUBEY et al., 1982).

O diagnostico histologico pode ser realizado por diferentes técnicas, como método de
digestdo, exame direto do tecido fresco por microscopia Optica, fixacdo de tecido por
compressdo corado com azul de metileno e outras técnicas histologicas que permitem a
visualizacdo de cistos de Sarcocystis (NG et al., 2015). No entanto, a visualizacdo do parasito
em material histoldgico ndo necessariamente estabelece que Sarcocystis spp. seja a causa da
doenca, pois o parasito pode permanecer nos tecidos por muitos anos, mas nao estar causando
sinais clinicos naquele momento (SAVINI et al., 1997), além de serem técnicas laboriosas e
dispenderem de bastante tempo para sua execucdo, portanto, ndo possuem boa aplicabilidade
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no diagnostico de rotina em abatedouros e laboratérios, onde um grande nimero de amostras
precisa ser avaliado (GARCIA et al., 2008; NG, et al., 2015).

Testes sorologicos e immunoblot podem servir como exames de triagem permitindo a
deteccdo de anticorpos e proteinas, a fim de facilitar o diagnostico da infeccdo por Sarcocystis
(HOMDAHL et al.,, 1993; GUCLU, 2004). A aplicacdo destes métodos é auxiliar no
diagndstico da sarcocistose, pois os sinais clinicos, quando presentes, sdo inespecificos e,
além disso, a infec¢do nem sempre causa lesbes macroscopicas visiveis durante a inspecdo da
carne ap6s o abate do animal (BLAGOJEVICK et al., 2014). Os testes sorolégicos também
possibilitam o diagndstico de outros toxopasmatineos, como N. caninum e T. gondii, em
infeccBes individuais ou mistas (MORE et al., 2008; DUBEY et al. 1996).

Além da alta prevaléncia de taxas de infec¢do por Sarcocystis spp., a presenca de
cistos de S. hominis na carne podem causar condenacdo da carne (considerando o seu
potencial zoondtico) e lesGes de miosite, e, por isso, ferramentas especificas que permitem
uma identificacdo confiavel de Sarcocystis spp., principalmente a diferenciacdo entre as
espécies, sdo necessarias (BUCCA et al., 2011). Neste sentido, os métodos moleculares,
incluindo PCR-RFLP e sequenciamento de DNA, podem ser Uteis (MACPHERSON &
GAJADHAR, 1994; MORE et al., 2011). A identificacio entre as espécies pode auxiliar a
estimar a prevaléncia, distribuicdo, fonte de infeccdo e fatores de risco associados a estas
infeccdes (MORE et al., 2013).

2.7.1. Diagnostico Direto

Véarios métodos sdo frequentemente usados para detectar Sarcocystis diretamente no
tecido, incluindo inspecdo macroscopica, exame direto do tecido e técnica de digestdo
histolégica com pepsina (DUBEY et al., 1989a). O método convencional para distinguir as
diferentes espécies de Sarcocystis é a observacdo da estrutura da parede do cisto sob
microscopia Optica e microscopia eletronica de transmissdo e combinando esses dados com
informacdes a respeito do ciclo de vida, como por exemplo, a espécie hospedeira envolvida
no ciclo de transmissdo. Contudo, estes métodos ndo sdo adequados para rotina de
identificacdo entre os Sarcocystis, que mostram muito pouca variagdo morfologica (S. hirsuta
e S. hominis) ou para estudos de um grande niimero de amostras (YANG et al., 2002; MORE
etal., 2011; AKHLAGHI et al., 2016).
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A inspecdo da carne, apesar de ser uma técnica relativamente rapida e barata, €
considerada uma técnica pouco sensivel, pois somente as espécies de Sarcocystis
macroscopicas podem ser visualizadas (NG et al., 2015). A digestdo do tecido muscular com
pepsina e subsequente exame por microscopia Optica também tem sido utilizada para detectar
bradizoitos e/ou merozoitos. No entanto, 0 método de digestdo é bastante laborioso e requer
bastante tempo para sua execucao, portanto, ndo possui boa aplicabilidade para diagnéstico de
um rebanho (GARCIA et al., 2008; NG et al., 2015). O exame do tecido fresco permite a
diferenciacéo entre cistos de parede grossa (>3um) e de parede fina (<1pm), mas ndo permite
a diferenciacdo entre os cistos que possuem parede grossa. A sensibilidade do exame
histopatoldgico é baixa em relacdo ao exame a fresco, pois um pequeno nimero de amostra
pode ser processado para avaliacdo de uma pequena seccdo do tecido, portanto ndao € um
método adequado para a identificacdo de rotina de Sarcocystis, ou para estudos de uma grande
quantidade de amostras (DUBEY et al., 1989b; MORE et al., 2011).

A deteccdo molecular da reacdo em cadeia da polimerase (PCR) melhorou a eficiéncia
de diagnostico direto de Sarcocystis e permitiu a identificagdo precisa entre espécies (YANG
& ZUO, 2000). Técnicas moleculares que auxiliam a diferenciacdo entre cistos teciduais no
hospedeiro intermediario, incluem o PCR-RFLP e sequenciamento de DNA, que podem
facilitar os métodos de diagndstico de Sarcocystis (XIANG et al., 2009; AKHLAGHI et al.,
2016). O alvo de diagnostico molecular e de diferenciagdo entre as espécies de Sarcocystis
mais comum € a regido codificadora da pequena subunidade do gene do RNA ribossomal
(18S rDNA), que € repetitiva e demonstra ter variabilidade consideravel entre as espécies de
Sarcocystis (MORE et al., 2013). Este gene tem sido apropriado para discriminacdo entre
espécies mais distantes, porém, nem tanto para identificacdo de espécies estreitamente
relacionadas. Mais recentemente tém sido utilizado a PCR a partir do gene mitocondrial,
coxl, que permite a caracterizacdo genotipica entre as espécies de Sarcocystis (GUCLU,
2004; GJERDE, 2013). Assim, sequéncias da coxl parecem ser melhores que o gene 18S
RNA para delimitagdo de espécies estreitamente relacionadas. Muitos Sarcocystis spp.
relacionados podem possuir caracteristicas morfoldgicas semelhantes, dificeis de serem
distinguidas por microscopia eletronica e desta forma, a identificacdo de espécies a partir de
métodos moleculares, como PCR-RFLP e sequenciamento, podem ser Uteis e serem
consideradas técnicas mais faceis de serem executadas para diferenciacdo entre as especies

estreitamente relacionadas que infectam diferentes hospedeiros intermediarios.



28

2.7.2. Diagnostico Indireto

Uma combinacdo de medidas, como inspecdo clinica e avaliacdo soroldgica, séo
necessarias para detectar a infecgdo cronica e aguda em animais, que apresentem ou néo,
sinais clinicos da doenca (GARCIA-LUNAR et al., 2015) sem a necessidade de realizar o
diagnostico somente apds a morte do animal, pela visualizacdo de cistos teciduais. O
diagndstico clinico de sarcocistose ndo é simples, pois os sinais clinicos, quando presentes,
sdo inespecificos (NDIRITU, et al., 1996).

Técnicas soroldgicas podem garantir 0 sucesso no controle da doenca, pois a
parasitemia para deteccdo direta do parasito atraves de exames diretos, geralmente é baixa e
persiste por um pegueno intervalo de tempo, durante o desenvolvimento do parasito. Além do
que, exames histolégicos permitem que apenas uma pequena sec¢do do tecido muscular possa
ser examinada (UGGLA & BUXTON, 1990; TENTER, 1995). Desta forma, tém sido
desenvolvidos testes soroldgicos para deteccdo de anticorpos e proteinas, a fim de facilitar o
diagnostico da infeccdo por Sarcocystis, como RIFI, ELISA, Dot-Blot e Western Blot. O
emprego de métodos soroldgicos como estes, pode ser auxiliar no diagnostico da sarcocistose
e também no diagnostico da infec¢do por outros toxoplasmatineos, como, N. caninum e T.
gondii, em infecg@es individuais ou mistas (MORE et al., 2008; DUBEY et al. 1996).

O teste de ELISA utilizado a partir de extrato proteico total, usados para diferentes
toxoplasmatineos, tem demonstrado resultados falso-positivos, que podem influenciar os
estudos de prevaléncia e controle destas doencas. Neste caso, 0 Western Blot (WB) pode ser
utilizado como técnica confirmatoria para suspeita destas infeccdes (GARCIA-LUNAR et al.,
2015). Os resultados falso-positivos podem estar associados com a possibilidade de reacéo
cruzada com outros parasitos apicomplexas relacionados (N. caninum, T. gondii e Besnoitia
besnoiti) (UGGLA et al., 1987).

A producdo de laminas de Sarcocystis spp. a partir do coracdo de bovinos
naturalmente infectados é considerada uma oOtima ferramenta no diagnostico de sarcocistose
através da RIFI (GARCIA, et al., 2008). MORE et al. (2008) descreveram que a RIFI em
baixas diluicbes de ponto de corte (1:25), pode ser considerada como 6tima ferramenta de
diagnédstico de infeccdo por S. cruzi em bovinos. Todavia, outros estudos se referem a
possibilidade de reatividade sorologica cruzada entre outros parasitos da familia
Sarcocystidae, utilizando a RIFI em baixas diluicdes (SHKAP et al., 2002; SCHARES et al.,
2010). No estudo de GARCIA-LUNAR et al. (2015) a melhor diluicdo observada para RIFI
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sendo 1:200 em concordancia com os resultados observados pelo Western Blot (79% e 77%
de especificidade, respectivamente), quando comparado com o titulo de 1:100 (98% de
sensibilidade e 37,7% de especificidade). Talvez o uso de Western Blot resulte na perda de
sensibilidade, mas, resulta em alta especificidade. Uma concordancia entre os resultados foi
observada entre a RIFI, Western Blot e Western Blot modificado no diagndstico de S.
neurona, por DUARTE et al. (2003).

A técnica de Western Blot é um método molecular utilizado para imunodeteccdo de
proteinas apds a separacdo destas, por eletroforese em gel e transferéncia para membrana
adsorvente (KURIEN & SCOFIELD, 2006), que permite detectar, caracterizar e quantificar as
proteinas presentes na amostra. Esta técnica tem como vantagens: a) proteinas imobilizadas na
membrana que sdo uniformemente acessiveis a diferentes ligantes; b) somente uma pequena
guantidade de reagentes € necessaria para a andlise de transferéncia; c) é possivel fazer
multiplas réplicas do gel; d) a mesma proteina transferida pode ser usada para mdaltiplas
analises sucessivas (KURIEN & SCOFIELD, 2006). Além disso, em estudos relacionados a
deteccdo de anticorpos e proteinas de agentes infecciosos, € considerado altamente especifico
e também sensivel, sendo o método de eleicdo para diagnostico de inumeras doencas dos
animais (COOLEY et al., 2001; TALMI-FRANK et al., 2006). Um total de 26 antigenos de
cistozoitos sdo reconhecidos para S. cruzi, sendo 8 intensivamente reconhecidos do soro de
animais naturalmente infectados, que estdo localizados em trés principais regides antigénicas:
55 kDa, 23-29 kDa e 18-20 kDa (GARCIA-LUNAR, et al., 2015). Um estudo prévio,
realizado por GANSTROM et al. (1990), descreveu antigenos imunodominantes de S. cruzi e
20 bandas, de aproximadamente 22-250 kDa, que foram consistentemente detectadas. Porém,
neste estudo os autores utilizaram gel de poliacrilamida 10% e os antigenos abaixo de 22 kDa
ndo foram visualizados.

Um método simples e barato para execucdo de imunoensaios foi desenvolvido a partir
da modificagdo do ELISA, chamado Dot-Blot. As placas de plastico 96 pogos foram
substituidas por papel de nitrocelulose, como base para ligacdo de antigenos e precipitacdo do
substrato cromogénico, que na forma oxidada aparece como um ponto colorido na
nitrocelulose (HAWKES et al., 1982). Devido & alta capacidade de adsorcdo em membranas
de nitrocelulose, sdo mais sensiveis e reprodutiveis que a utilizacdo de placas de
microtitulacdo de plastico usadas para ELISA. O Dot-Blot pode ser uma técnica versatil e
alternativa para deteccdo de doengas causadas por protozodrios em humanos e ruminantes
(CHEN et al., 2014).
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Entretanto, uma desvantagem da aplicacdo de métodos soroldgicos é a alta reatividade
cruzada entre diferentes Sarcocystis spp. que infectam o mesmo hospedeiro intermediario e
tem dificultado o desenvolvimento de métodos de diagnostico imunoldgico especifico da
espécie para Sarcocystis spp., ndo sendo possivel diferenciar infecgdes entre Sarcocystis
patogénico e ndo patogénico em hospedeiros intermediérios, permitindo somente a detec¢do
de anticorpos contra Sarcocystis spp. Adicionalmente, o diagnostico imunoldgico de
sarcocistose aguda ou aborto induzido por Sarcocystis € complexo pelo fato de que os niveis
de anticorpos humorais geralmente sdo muito baixos durante a fase inicial da infeccgéo.
Consequentemente, muitas vezes ndo é possivel detectar anticorpos especificos de Sarcocystis
no momento clinico da doenca (TENTER, 1995; DUBEY et al., 2015c).

2.8. CONTROLE E PROFILAXIA

Devido ao fato de ndo existir tratamento contra sarcocistose em bovinos, é necesséria a
adocdo de medidas preventivas e de controle da doenca, por meio de medidas de higiene e
manejo. A excrecdo de oocistos e esporocistos pelos hospedeiros definitivos é o fator chave
para propagacdo da infeccdo, portanto é necessario interromper este ciclo (DUBEY &
LINDSAY, 2006). Desta forma, maiores esforcos em educacdo sanitaria e adocdo de boas
praticas na agricultura e pecudria e exclusdo de cdes dos abrigos de hospedeiros
intermediarios sdo fundamentais para melhorias, além do cozimento adequado das carnes
antes de serem fornecidas aos carnivoros e préprio consumo humano (BUCCA et al., 2011;
AIMARIA et al., 2016). Sendo assim, podem-se adotar as seguintes precaucdes: a) ndo
fornecer carne crua ou mal cozida aos caes, felinos e animais selvagens, antes de serem bem
cozidas para que os cistos sejam inviabilizados; ou entdo b) incinerar ou enterrar 0s animais
mortos; ¢) manter os depositos de grdos e alimentos cobertos para que ndo sejam
contaminados com esporocistos oriundos das fezes de carnivoros; d) remover as fezes de cédes
e gatos das instalacdes onde os animais de producgdo permanecem (LOPES, 2004; DUBEY &
LINDSAY, 2006).

Metodologias convencionais para prevenir doengas transmitidas por alimentos incluem
a educacdo de consumidores, manipuladores e produtores de alimentos sobre higiene béasica e
cozimento suficiente, evitando a contaminacgédo de alimentos. A desinfeccdo da agua potavel,
tratamento de esgoto, pasteurizagdo, congelamento, saneamento e uso de compostos
antimicrobianos reduzem a prevaléncia de agentes patogénicos de origem alimentar e,

consequentemente, doencas transmitidas por alimentos. Técnicas de diagndstico como
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métodos moleculares, podem aperfeicoar a sensibilidade e especificidade e ao mesmo tempo
reduzir o tempo na deteccdo dos parasitos de origem alimentar, melhorando a consciéncia
sobre vigilancia epidemioldgica e o impacto da presenca destes na seguranca alimentar
(ROBERTTSON et al., 2014).

O congelamento da carne a -20°C por um dia ou a -4°C por dois dias, ou ainda o
cozimento da carne em temperatura acima de 70°C inativa os Sarcocystis spp. (FAYER,
2004; GHISLENI, 2006; NORDIC COUNCIL OF MINISTERS, 2006; AHMADI et al.,
2015). A exposicdo ao calor a 55°C durante 20 minutos também inativa o Sarcocystis spp.
(DUBEY & LINDSAY, 2006).

Até o momento, também ndo ha um tratamento para infeccdo por Sarcocystis em seres
humanos. Portanto, além das medidas de controle e prevencdo descritas acima, € importante
realizar a vigilancia epidemioldgica através de testes diagndsticos em bovinos, humanos,
fontes de &gua e produtos alimenticios destinados a humanos, e também em animais
selvagens. A vigilancia da fauna em ecossistemas naturais permite documentar a diversidade
de parasitos e a sua potencial importancia na etiologia das doencas na vida selvagem, pois
estes tém sido identificados como agentes causadores do declinio destas popula¢ées (SMITH
et al., 2009 a,b; THOMPSON et al., 2010; THOMPSON, 2013).
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3. CAPITULO I — Artigo cientifico

Este capitulo originou um artigo cientifico que foi submetido para publicacdo na
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Abstract

Sarcocystis spp. are ubiquitous protozoan parasites that can form cysts in striated muscle and CNS of cattle.
Cattle hearts are commonly infected by microscopic sarcocysts. Humans can get infected by consuming cattle
meat containing the zoonotic parasites Sarcocystis hominis and Sarcocystis heydorni. However, bovine
myocardium is generally infected by the Sarcocystis cruzi. The aims of the study were: (a) to investigate the
occurrence of sarcocysts in the cattle hearts destined to human consumption in the central region of Rio Grande
do Sul, south Brazil; and (b) to investigate the presence of S. cruzi, S. hirsuta, and S. hominis in the cattle heart
samples. Myocardium samples from a total of 314 cattle hearts destined to human consumption were collected
from an abattoir located in the Central region of the Rio Grande do Sul state, southern Brazil. The presence of
sarcocysts was investigated by microscopic examination. The sarcocysts isolated from 134 of these samples were
subjected to DNA extraction. The extracted DNA was amplified using PCR. The PCR-amplified DNA fragments
were digested with the restriction enzymes Bcll and Rsal (PCR-RFLP) for differentiating among S. cruzi, S.

hirsuta, and S. hominis. Sarcocystis species identification was confirmed using DNA sequencing. Sarcocysts
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were detected in all the bovine myocardium samples. The PCR-RFLP analysis resulted in the identification of
only S. cruzi from all the PCR-amplified samples. DNA sequencing also confirmed the presence of S. cruzi
DNA. In conclusion, all the myocardium samples evaluated were infected with microscopic sarcocysts. No
evidence of the presence of S. hirsuta or S. hominis was found in molecular analysis. S. cruzi was the only

species detected infecting the cattle hearts.

Keywords: Sarcocystis, bovine, myocardium, public health.

1. Introduction

Sarcocystis spp. are ubiquitous protozoan parasites that require two hosts for completing their life cycle
(Fayer et al., 2015). These protozoan species can cause gastrointestinal disorders in the definitive hosts (DH),
such as humans or carnivores, due to the presence of parasites in the gastrointestinal tract (Bucca et al., 2011;
Dubey et al., 2015). The intermediate hosts (IH) become infected by ingesting the parasitic sporocysts released
in the DH feces (Dubey and Lindsay, 2006). Cattle can act as the IH for several Sarcocystis species, which have
carnivores or primates as their DH: S. cruzi (canids as DH), S. hirsuta (felids as DH), S. hominis (primates,
including humans, as DH), and S. rommeli (currently unknown DH) (Dubey et al., 2015; Xiang et al., 2011). A
recent molecular characterization study revealed that the other two species, previously misidentified as S.
sinensis, have cattle as their IH: S. bovifelis (cats as DH) and S. bovini (cats as potential DH) (Gjerde, 201643, b).
Additionally, under experimental conditions, the infection caused by a novel species of genus Sarcocystis (S.
heydorni) in humans (as DH) and cattle (as IH) was recently proven (Dubey et al., 2015). Outbreaks of human
sarcocystosis has been reported from some countries of Asia caused by the ingestion of S. nesbitti sporocysts
contaminating food or water (CDC, 2012; Esposito et al., 2012).

In several countries including Brazil, the prevalence of Sarcocystis spp. infection in cattle herds is
~90% to 100% (Akhlaghi et al., 2016; Moré et al., 2011; Ruas et al., 2001). Cattle sarcocystosis is a chronic
disease characterized by mild myositis; however, it can cause severe economic losses due to a decrease in milk
production, increased frequency of abortion, birth of weak calves, carcass condemnation, and even mortality
(Fayer et al., 1983; Hamidinejat et al., 2015; Vangeel et al., 2013). Usually, macroscopic lesions are not
observed in the infected animals and the diagnosis depends on microscopic examination of the muscle samples

taken from the target tissues, such as the heart, tongue, esophagus, and diaphragm (Dubey et al., 2016).
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In cattle herds, while the prevalence of S. cruzi infection is generally very high, the prevalence of S.
hirsuta and the zoonotic S. hominis infections is highly variable (Dubey et al., 2016; Moré et al., 2011). Infection
by microscopic sarcocysts is usually asymptomatic and these microcysts are not detectable by the routinely used
techniques of inspection at abattoirs. On regards to the cattle hearts, S. cruzi is highly prevalent, while S. hirsuta
or S. hominis were not yet reported (Dubey et al., 2016). However, studies on species identification of
microscopic sarcocysts are scarce in several countries, including Brazil. Additionally, the same bovine can be
infected by multiple Sarcocystis spp. (Lopes, 2004; Moré et al., 2013, 2014), some of which are not
morphologically distinguishable, except by transmission electron microscopy technique (Gjerde et al., 2016a).
Thus, molecular identification of the Sarcocystis spp. present in the cattle tissues destined to human consumption
is essential for public health and cattle production concerns.

Therefore, the objectives of this study were to evaluate the frequency of Sarcocystis spp. infection and
to investigate the occurrence of S. cruzi, S. hirsuta, and S. hominis, in cattle hearts destined to human

consumption in the central region of Rio Grande do Sul state, southern Brazil.

2. Material and Methods

2.1. Sample collection and microscopic examination

Myocardium samples were obtained from the 314 bovine hearts collected from an abattoir under
Municipality Inspection Service (SIM) located in Santa Maria city, Rio Grande de Sul state, southern Brazil.
Sampling consisted of collection of an approximately 50 g piece of myocardium from each heart stored in the
abattoir facilities. At least four and up to nine hearts were weekly collected. This procedure was adopted to avoid
inclusion of many samples from the same herd. All the slaughtered animals were from commercial herds located
in the Central region of Rio Grande do Sul (see the map in the Figure A).

Samples were collected along the years 2013 and 2014. First year, 180 samples were collected from
August to December 2013 and subjected to fresh microscopic examination. Second year, 134 samples were
collected from April to December 2014, subjected to fresh microscopic examination, and destined to molecular
analysis.

For microscopic examination, each 50 g sample was cut in ten small pieces of approximately 5 g. Each
5 g piece was separately minced in a Petri dish (using a scalpel blade), diluted and homogenized with 20 ml

PBS. This mixture was filtered through a sterile gauze to a new Petri dish and observed using light microcopy at



35

400 x magnification for the sarcocysts visualization and morphological examination. The samples were

considered to be positive, if at least one characteristic sarcocyst (see the Figure B) was observed (Saito, 1984).

2.2. ldentification of Sarcocystis spp. DNA

Sarcocysts subjected to molecular analysis were isolated from each of the 134 myocardium samples
collected in the year 2014. During the microscopic examination, ten sarcocysts per heart were collected using a
200 pL micropipette and stored in microtubes at -20 °C for molecular analysis.

In addition, ten negative bovine fetal heart samples were used as the negative controls for the PCR
reaction. Fetal myocardium samples were taken from the carcasses of fetuses collected during the viscera
inspection of the slaughtered cows in the year 2014. All of these cows were in the first-third of pregnancy. Fetal
myocardium was cut and microscopically inspected as described above, however, up to the entire organ
examination. Thus, the absence of sarcocysts was confirmed. After, aliquots (1 ml) of PBS solution containing
fetal myocardium fragments were stored at -20 °C for further DNA extraction.

DNA extraction was performed using the Wizard® Genomic DNA Purification kit (Promega™,
Madison, USA), as recommended by the manufacturer. However, the lysis step was slightly modified
(performed at 55 °C for 16 h) to improve the sarcocyst disruption efficiency (Moré et al., 2011). Amplification
of a 18S rDNA gene fragment was performed based on the sequences described by Holmdahl et al. (1993, 1994)
and Yang et al. (2002) for further Sarcocystis species discrimination using restriction enzymes. Each sample was
subjected to PCR and the approximately 700-bp 18S ribosomal DNA (rDNA) fragment was amplified using the
following  primer  pair: SarcoF, 5-CGCAAATTACCCAATCCTGA-3; and  SarcoR, 5'-
ATTTCTCATAAGGTGCAGGAG-3' (Moré et al., 2011). The PCR cycling conditions were as follows: initial
denaturation at 94 °C for 5 min; followed by 35 cycles at 94 °C for 45 s, 55 °C for 45 s, and 72 °C for 45 s; and
final extension at 72 °C for 5 min. PCR was performed using the T100™ Thermal Cycler (Bio-Rad). Each PCR
experiment also included reaction tubes containing DNA extracted from the negative bovine fetal heart samples
and DNA-free MilliQ water as the negative controls, and the previously characterized S. cruzi DNA as the
positive control. Characterization was made using microscopic examination, PCR, and PCR-RFLP. This S. cruzi
DNA sample was used at each PCR round to monitoring the reaction efficiency. The PCR products were
subjected to electrophoresis on 1.5% agarose gels containing the SYBR® Safe DNA Gel Stain (Invitrogen™,

USA) and visualized using a UV transilluminator.
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2.3. Sarcocystis species differentiation

The PCR-positive DNA samples were digested using the restriction enzymes Bcll and Rsal
(Promega™, Madison, USA) as described by Yang et al (2002) and Mor¢ et al. (2011). For this, each enzyme (5
U) was individually added to the DNA amplicon (5 pL) and Buffer C (10 x, 2 uL; Promega™, Madison, USA),
and the reaction volume was made up to 20uL. The reaction mixture was incubated at 55 °C for 1 h with Bcll, or
at 37 °C for 6 h with Rsal. The restriction digestion products were analyzed under a UV light source, after
subjecting them to electrophoresis on a 2% agarose gel containing the SYBR® Safe DNA Gel Stain
(Invitrogen™, Carlsbad, USA). The resulting fragments allowed the identification of different Sarcocystis
species as follows: S. cruzi, identified by the presence of a single Rsal restriction site; S. hirsuta, identified by
the presence of two restriction sites: one restriction site each for Bcll and Rsal; or S. hominis, identified by
undigested DNA (Hooshyar et al., 2017; Moré et al., 2011; Yang et al., 2002). Estimated fragments were
provided based on Sarcocystis spp. 18S rDNA sequences, S. hirsuta (GenBank: AH006015.2) generates a 684bp
fragment by PCR, digested by Bcll (266bp and 418bp) and Rsal (247bp and 437bp); and S. cruzi (GenBank:

KT901167.1) generates a 674bp fragment, digested only by Rsal (301bp and 373bp).

2.4. Sarcocystis species confirmation by DNA sequencing

One DNA sample showing the S. cruzi-specific restriction pattern was randomly selected and subjected
to DNA sequencing. For this purpose, the genomic DNA extracted from the sample was PCR amplified using the
following primers, designed for the amplification of a 636-bp fragment of the Cox1l gene: SF1, 5'-
ATGGCGTACAACAATCATAAAGAA-3’; and CoxS1R, 5'-TTACCCATGACCACACCTGTAGTACC-3, as
described by Gjerde (2013). The PCR product was subjected to agarose gel electrophoresis, purified using the
QlAquick® Gel Extraction kit (Qiagen™, Hilden, Germany) following the manufacturer’s instructions,
visualized under UV light, and submitted for DNA sequencing. The DNA samples were sequenced at the
ACTGene Andlises Moleculares Ltda. Laboratories (Biotechnology Center, UFRGS; Porto Alegre, RS, Brazil).
The nucleotide sequences obtained were edited using StandenPackage software and analyzed using the NCBI
database (http://www.ncbi.nIlm.nih.gov/BLAST). The sequences were compared to the Sarcocystis species DNA

sequences of the Cox1 gene in GenBank.

3. Results and Discussion
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The microscopic examination revealed that the Sarcocystis spp. sarcocysts presenting thin wall were
present in all the cattle heart samples analyzed (Figure B). In cattle, a high prevalence of sarcocystosis is
commonly observed in several regions of the world, such as Mongolia, Vietnam, Iran, and Italy (Fukuyo et al.,
2002; Jehle et al., 2009; Nourani et al., 2010; Bucca et al., 2011). The high incidence of sarcocysts infection
observed in our study was not surprising, since Ruas et al. (2001) have previously reported a 100% prevalence of
Sarcocystis spp. infections in cattle from a neighboring region (South of the Rio Grande do Sul). In addition,
Moré et al. (2011) described a 99.5% prevalence of sarcocystosis in cattle heart samples from Argentina (a
neighboring country) (see the map in the Figure A).

In the present study, the Sarcocystis spp. DNA was successfully amplified from 58% (78/134) of the
samples subjected to molecular analysis. It is important to highlight that these results were satisfactory because
of the known difficulties in isolating DNA from the sarcocysts (Yang et al., 2002; Jehle et al., 2009; Moré et al.,
2011; Braunig et al., 2016). During species identification by PCR-RFLP, all samples displayed a S. cruzi-
specific restriction digestion pattern (Figure C). Additional confirmation for the identification of Sarcocystis
species was provided by sequencing a Cox1 gene fragment in one Sarcocystis DNA sample. As result, 100%
sequence similarity was observed with the KT901094.1 and KT901093.1 sequences of the S. cruzi genome that
were deposited in GenBank (Gjerde et al., 2016b).

High prevalence of S. cruzi infecting cattle hearts was already reported in other countries (Dubey et al.,
2016: Moré et al., 2008). Although S. hirsuta and S. hominis were not yet detected in cattle hearts (Dubey et al.,
2016), these species were included in the species differentiation because they have been found in raw kibbe
containing cattle meat in Brazil (Pena et al., 2001). Ranging prevalence of S. cruzi, S. hirsuta, and S. hominis
were already detected in beef or raw hamburgers in other countries as Japan (Ono & Ohsumi, 1999), Iran
(Hajimohammadi et al., 2014; Hooshyar et al., 2017), and Germany (Moré et al., 2014), In Sdo Paulo city
(southeastern Brazil, see the Figure A), using electron microscopy, Pena et al. (2001) showed that all the raw
kibbe samples collected from the 25 restaurants were contaminated with Sarcocystis spp.: S. hominis (94%), S.
cruzi (92%), and S. hirsuta (70%). In addition, diarrhea and sporocyst excretion in feces were observed in 6
volunteers who consumed the S. hominis-containing raw kibbes.

Although data from the other regions of Brazil are limited, the identification of Sarcocystis spp. in
different cattle tissues has already been performed in other countries. In Argentina, although the prevalence of S.
cruzi was very high (99.5%), the levels of S. hominis and S. hirsuta sarcocysts detected in beef samples were low

(Moré et al., 2011). In Iran, high prevalence of S. cruzi infection was found (98.9%; 87/101), the prevalence of
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mixed infection with S. hominis and S. cruzi in the cattle diaphragm muscle samples was 53.3% (48/101), and
infection due to S. hominis alone was detected in only one sample (1.1%; 1/101) (Akhlaghi et al., 2016).

S. cruzi is known to be the most common and pathogenic Sarcocystis species infecting the cattle
worldwide (Bottner et al., 1987; Dubey et al., 2016; Fukuyo et al., 2002; Moré et al., 2008, 2011). The high
frequency of occurrence of sarcocysts in the IH myocardium can be attributed to the parasitic infection route
through the digestive tract, from where the parasites can access the systemic circulation and reach the cardiac
muscle via the venous system (Dubey et al., 2016; Ruas et al., 2001). Several factors can explain the ubiquitous
occurrence of Sarcocystis spp. in animals. These protozoans can infect a variety of DH and IH, which
subsequently develop poor immunity against reinfections. Since the parasite completes its development inside
the intestinal lamina propria, the DH can excrete a large number of oocysts in the feces over several months.
Both oocysts and sporocysts are resistant to environmental conditions and can also be disseminated by
invertebrates (Fayer et al., 2015; Dubey et al., 2015). The high prevalence of S. cruzi infection in cattle can be
explained by free access of the domesticated and wild carnivores to pastures, feeders, and water sources meant
for cattle, in addition to the frequent use of dogs in cattle management. The dogs can acquire this parasite by
consuming cattle viscera and carcass (Lopes, 2004; Dubey and Lindsay, 2006; Ruas et al., 2001).

This close relationship between the dogs and cattle is often found on the farms in Brazil and Argentina.
Our results indicated a very high prevalence of S. cruzi infections in the cattle from southern Brazil. This
infection may be responsible for economic losses in the cattle industry (Moré et al., 2011; Vangeel et al., 2013;
Hamidinejat et al., 2015). Therefore, our results reveal the importance of further investigations in determining
the potential losses caused by sarcocystosis in cattle herds from southern Brazil and effective programs for

bovine sarcocystosis control.

4. Conclusion
A high frequency of Sarcocystis sarcocysts was found in cattle hearts destined to human consumption in
the central region of Rio Grande do Sul. S. hirsuta or the zoonotic parasite S. hominis were not identified in the

samples subjected to molecular analysis. However, S. cruzi is disseminated in the studied cattle population.
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Figure 1. Location of the Rio Grande do Sul state, Brazil, is marked (painted in black) in the South America

map. The expanded map shows the location of the studied region (Central region) and where other studies on the

occurrence of sarcocysts in cattle muscles or meat were performed in Brazil and neighboring country Argentina.
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Figure 2. Light microscopy of non-stained Sarcocystis spp. microcysts isolated from the myocardium of cattle
slaughtered in an abattoir located in the Central region of Rio Grande do Sul state, southern Brazil. Notice the
thin wall containing some hair-like villar protrusions (black arrows) and the septa dividing the internal

compartments (white arrows) in the entire sarcocysts pictures (1, 2) and detailed picture (3). 400x magnification.
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Figure 3. Agarosis gel after electrophoresis running showing S. cruzi DNA restriction pattern resulting from
PCR-RFLP using Bcll and Rsal enzymes. Column 0: 100bp DNA ladder. Columns 1, 3, 5, 7, and 9: 700bp DNA
fragment digested by Rsal (approximately 300 bp and 400 bp fragments). Columns: 2, 4, 6, 8, and 10: 700bp

DNA fragment undigested by Bcll.
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4. CAPITULO Il — Nota cientifica

Este capitulo originou uma nota cientifica a ser submetido para publicacdo na revista
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Sarcocystis spp. detection in cattle by different diagnostic methods

Maiara S.T. Ferreira'”, Alfredo Skrebsky Cezar®*, Patricia Braunig®, Fagner Fernandes®, Luis A. Sangioni,

Fernanda S.F. Vogel*

Abstract

Cattle are considered intermediate hosts of Sarcocystis, that can cause clinical signs and lower performance in
the acute phase of infection, specially related to Sarcocystis cruzi. The prevalence of this parasitic disease in
adult cattle can reach 100% in many countries. Sarcocystis spp. usually are not visible at naked eye during cattle
post mortem inspection. Furthermore, fresh microscopic examination and transmission electron microscopy
techniques are difficult to apply in a large number of samples. Therefore, wide studies on Sarcocystis infection in
cattle can be made using molecular and serologic methods. The aims of this study were to investigate the
infection by Sarcocystis spp. in cattle using fresh microscopic examination of myocardium samples and PCR and
to compare these results to the presence of antibodies against Sarcocystis spp. in serum samples detected by the
indirect fluorescent antibody test (IFAT). Fifty cattle myocardium and corresponding blood serum samples were
collected. Myocardium samples were subjected to light microscopy and PCR to investigate the presence of
Sarcocystis spp. infection. Serum samples were tested for the presence of antibodies against Sarcocystis spp.
using IFAT. Microscopic sarcocysts were observed in 100% of the myocardium samples and the presence of
Sarcocystis DNA was confirmed from 86% (43/50) of these cyst samples. Antibodies against Sarcocystis spp.
were detected in 96% (48/50) and 80% (40/50) of serum samples, at 1:25 and 1:200 dilution, respectively. The

three methods used allowed to detect Sarcocystis spp. infection an IFAT showed a good sensitivity compared
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with fresh microscopic examination and allows the diagnosis of infection in animals still alive, in a large scale

and monitoring the status of the herd.

Keywords: Sarcocystosis; bovine; indirect fluorescent antibody test; fresh microscopic examination; PCR.

Sarcocystosis is one of the most prevalent parasitic diseases of cattle in several regions of the world
(Bucca et al., 2011; Akhlaghi et al., 2016). The prevalence of Sarcocystis spp. in naturally infected cattle has
been investigated in many countries and infection rates can vary depending on several factors as system of
breeding, animals age and anatomical site of diagnosis (Dubey et al., 2016). Cattle are intermediate hosts of
important Sarcocystis species: S.hirsuta and S. hominis, macrocysts-forming species and S. cruzi, S. bovifelis, S.
bovini, S. rommeli and S. heydorni, microcysts species (Moré et al., 2011; Hamidinejat et al., 2015). Sarcocystis
can induce weight loss, general weakness, fever, anorexia, abortion and death in domestic animals especially in
those infected by S. cruzi, where clinical signs and lower performance could be observed in the acute phase of

infection (Hamidinejat et al., 2015).

At post mortem inspection in cattle, Sarcocystosis is usually not visible at naked eye and diagnosis can
be made by microscopic observation of muscular tissues (Bucca et al., 2011). Fresh examination by light
microscopy is employed to demonstrate the occurrence of cysts in tissues and transmission electron microscopy
has been required to establish Sarcocystis identity based on the cyst wall ultrastructure (Akhlaghi et al., 2016).
However, transmission electron microscopy is not applied for large detection studies. Molecular diagnosis such
as polymerase chain reaction (PCR) is important to confirm infection by Sarcocystis and to accomplish
epidemiologic studies (Bucca et al., 2011; Moré et al., 2011; Vangeel et al., 2013). Subclinical infected animals
may remain as infection source and serological diagnosis are crucial for detecting these animals in large scale
aiming to establish control measures in farms (Alvarez-Garcia et al, 2014; Garcia-Lunar et al., 2015). The
indirect fluorescent antibody test (IFAT) has widely been applied to determine specific antibody levels (Moré et
a., 2008; 2011, Garcia-Lunar et al., 2015). Therefore the aims of the present study were: a) to investigate cattle
infection by Sarcocystis spp. in myocardium samples, through the direct microscopic examination and confirm
the identity of the detected cysts by PCR and b) compare the frequency of parasite detection in the myocardium
samples to the frequency of anti-Sarcocystis spp. antibodies detection in serum samples from the same at two

different dilutions.
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Myocardium and blood samples from adult beef cattle (n=50) of both sexes were ramdomly collected
once a week, from April to July 2017, from an Officially Inspected abattoir located in Santiago city, Rio Grande
do Sul state, southern Brazil. All the slaughtered animals were from commercial herds located in the Central
region of Rio Grande do Sul. Also were collected ten samples of bovine fetal heart during the viscera inspection
of the slaughtered cows in the first-third of pregnancy to be analyzed by the microscopic fresh examination and

molecular methods.

Approximately 50 g of each myocardium was minced to a fresh microscopic examination. Each muscle
was first scarified with scalpel blades and macerated in Petri dish in ten pieces of approximately 5g and then
diluted and homogenized with 20 mL phosphate-buffered saline solution (PBS; phosphate 0.1M, NaCl 0.33M,
pH 7.2). The homogenate was filtered using sterile gauze and transferred to other Petri dish and observed using
light microcopy at 400x magnifications for sarcocysts visualization. Samples were classified as positive or
negative for the presence of sarcocysts (Saito, 1984) being positive if at least one sarcocyst was observed. Ten
cysts were collected from each sample with a micropipette and stored in microtubes at -20°C until DNA
extraction for further molecular analysis (Moré et al., 2011). In addition, ten negative bovine fetal heart samples
were used as the negative controls for the PCR reaction. Whole tissue of fetal hearts was cut and microscopically
inspected as described above and so the absence of sarcocysts was confirmed, aliquots of 1 mL of PBS solution

containing fetal myocardium fragments were stored at -20°C until the next step (DNA extraction and PCR).

DNA was isolated from 10 collected cysts using the Wizard® Genomic DNA Purification Kit
(Promega™, Madison, USA), according to the manufacturer’s recommendations. The lysis step was slightly
modified (carried out at 55 C for 16h) (Moré¢ et al. 2011). The final concentration of total extracted DNA was
estimated using a Nano Drop ND-1000 spectrophotometer and then PCR was performed to amplify a ~700 bp
fragment from the 18S ribosomal DNA (rDNA) gene using the specific primer pair: SarcoF 5°-
CGCAAATTACCCAATCCTGA-3’ and SarcoR 5’- TTTCTCATAAGGTGCAGGAG-3’ as described by Yang
et al. (2002). The PCR cycling conditions were performed as described by Mor¢ et al. (2011) using the T100™
Thermal Cycler (Bio-Rad). DNA isolated from previously characterized Sarcocystis spp. was included as
positive control of the reaction, DNA extracted from bovine fetal heart negative for sarcocyst and DNA-free
MilliQ water were the negative controls. The PCR products were visualized after electrophoresis on 1% agarose

gels containing SYBR® Safe DNA Gel Stain (Invitrogen™, USA) and visualized using a UV transilluminator.
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Ten mL of blood were collected from each animal at the time of the slaughter. As the same way, ten
samples of blood of bovine fetal hearts was collected during the viscera inspection of the slaughtered cows in the
first-third of pregnancy, and used as negative controls for the IFAT. Sera obtained from blood samples were
stored at —20°C until processing by IFAT to anti-Sarcocystis spp. antibodies detection. Bradyzoites obtained
from naturally infected bovine hearts were purified and used as antigen according to a previously described
procedure (Garcia-Lunar et al, 2015).Serum samples were diluted in PBS at 1:25 and 1:200 dilutions and
analyzed for Sarcocystis spp. antibodies (Garcia-Lunar et al, 2015). A rabbit antibovine IgG fluorescein
isothiocyanate conjugate (Sigma Bio Sciences, St. Louis, MO, USA) was used as secondary antibody. Negative
sera from bovine fetal serum as described above well as positive sera from a naturally infected bovine with
Sarcocystis spp. were used as controls for IFAT. Slides were examined using a fluorescence microscope under a
x400 magnification (Leica CTR 4000/EBQ 100, Leica Microsystems GmbH, Germany). Complete peripheral

but not apical fluorescence of cystozoites was considered positive.

To statistical analysis the Kappa coefficient test and test of sensitivity and specificity were applied to

evaluate the results among the techniques (Thrusfield, 2007).

The frequency of Sarcocystis detection by fresh examination was 100% in bovine adult heart samples
(50/50). This finding is in agreement with studies from other countries which reported high prevalence of
sarcocystosis (Fukuyo et al., 2002; Moré et al., 2008; Bucca et al., 2011) and studies in the same region showed
100% prevalence in cattle cardiac muscle analyzed by the same technique (Ruas et al., 2001). Therefore the
present study in accordance with the results of previous studies suggests fresh microscopic examination as gold
standard for Sarcocystis spp. diagnosis. The high number of cysts in adult cattle can be used as an indicator of
Sarcocystis infection intensity and according to other studies sarcocysts number may increase with age probably
because of more time expose to sporocysts or to the lack of immunological control of reinfections (Ono and
Osumi, 1999; Ghisleni et al; 2006; Bucca et al., 2011). The cattle high level of Sarcocystis infection
demonstrates the close contact between intermediate and definitive hosts which can be related to appropriately

sanitary conditions of hushandry practice (Bucca et al, 2011; Moré et al., 2008; 2011).

Specific antibodies against Sarcocystis spp. were detected in 96% (48/50) and 80% (40/50) of serum
samples examined by IFAT with titers of 25 and 200, respectively. Moré et al. (2008) showed that titers of 25 are
indicative of infection by Sarcocystis as they could be confirmed with the parasitological findings, and at the

same time they also observed a high number of bovines with antibody levels equal or higher than 1:200.
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Serological methods are important for detecting subclinical infected animals that represents important infection
source (Alvarez-Garcia et al., 2014). None of the bovine fetal serum samples (10/10) demonstrated antibodies
against Sarcocystis spp. PCR amplification products were detected in 86% (43/50) of samples.This could be due
to insufficient parasite DNA obtained from extraction and used for PCR (Moré et al., 2011), since as samples
with concentrations lower than 9 ng/uL did not allow the amplification of Sarcocystis DNA. In addition, cysts
were not specie characterized prior to PCR therefore there is the possibility of mixed infections (Rosenthal et al.,

2008).

Two negative animals were found in IFAT at 1:25 dilution (48/50; 45) and ten animals were negative in
IFAT at 1:200 dilutions (10/50; 20%) but with no agreement with negative animals on molecular methods (7/50;
14%). The low titer of antibodies present in serum samples probably resulted in the negative IFAT results.
However, some positive animals in IFAT did not present Sarcocystis DNA detection by PCR (7/48; 14,5% at
1:25 and 5/40; 12.5% at 1:200 dilutions, respectively) probably due insufficient amount of DNA extracted from
the cysts as discussed above (Moré et al., 2011). The high level of infection reported in the present study may
cause severe economic losses due the possibility of reduction of meat quality, reduction of weight gain and
carcasses condemnation (Daugschies et al. 2000; Bucca et al., 2011). The high frequency of infection in cattle is
probably caused by consumption of food or water contaminated by feces from infected dogs which are infected

eating contaminated bovine viscera and organs or carcasses (Ford, 1986).

Despite fresh microscopic examination to be a qualitative diagnostic method and it remains the gold
standard test to detect Sarcocystis infection because of its high sensitivity, PCR is extremely important for
species identification, characterization and epidemiological studies (Moré et al., 2011; Bucca et al., 2011;
Vangeel et al., 2013). The statistical analysis results comparing fresh microscopic examination and IFAT
techniques demonstrated the greater sensitivity and specificity of fresh microscopic examination (Tabela 2).
Besides that, fresh microscopic examination allows the visualization of intact and ruptured cysts and merozoites
with movement (Ruas et al., 2001). IFAT fails in Sarcocystis diagnostic is because the floating antibodies levels
because infected animals are not always presenting levels of antibodies detectable by this technique. Although
the IFAT has demonstrated a lower sensitivity than fresh microscopic examination, serologic test has great value
in evaluating a large number of samples showing the serologic status of the herd and detect both acute and

chronically infected animals, still alive presenting clinical signs or not (Garcia-Lunar et al., 2015).
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Sarcocystis spp. infection in beef cattle was detected by at least one of the laboratory techniques
employed in this study. Fresh microscopic examination is the gold standard method to diagnose infections in
adult cattle but can only be performed at post-mortem inspection and is laborious making difficult to test a large
number of samples. PCR can confirm the species involved in the infection and carrying out epidemiological
studies, but also allows the detection of infection after death of the animal, so IFAT may be necessary to
detectSarcocystis spp. infection in adult live cattle, as demonstrated good sensitivity and specificity compared to
fresh microscopic examination. Therefore, the three methods used allowed to detect Sarcocystis spp. infection
and diagnostic studies are important to appropriately identify the parasite involved in the infection and highlight

the parasite epidemiology.
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Table 1. Sensitivity, specificity and Kappa value, comparing IFAT 1:25 and IFAT 1: 200 with direct
microscopic examination (gold standard).

Diagnostic method Sensitivity Specificity Kappa

IFAT 1:25 100% 83% 0,89

IFAT 1:200 80% 50% 0,35
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5. CAPITULO Il1 - Artigo cientifico

Este capitulo originou um artigo cientifico a ser submetido para publicacdo na revista
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Abstract

Serological techniques can detect antibodies against Sarcocystis spp., N. caninum and T. gondii antigens in single
or mixed infections. IFAT is considered the gold standard technique for Sarcocystosis diagnostic in cattle serum
and a positive IFAT result reflects Sarcocystis spp. infection. Therefore, the aims of the present study were to
compare IFAT and Dot-Blot for sarcocystosis diagnostic in experimentally infected mice and to investigate
serological cross-reactions with N. caninum and T. gondii in these methods. Mice (Mus musculus) were
inoculated intraperitoneally with bradizoites of Sarcocystis spp. or tachyzoites of N. caninum or T. gondii. Serum
samples were obtained and analyzed by IFAT and Dot-Blot for the three protozoa. Serum from N. caninum and T.
gondii experimentally infected mice were tested by IFAT and reacted only to N. caninum or T. gondii antigens,
respectively. Specific antibodies against Sarcocystis spp. were present in all animals experimentally infected with
this protozoan, with IFAT titers from 10 to 800. Serum samples from mice experimentally infected with
Sarcocystis spp., N. caninum and T. gondii and tested by Dot-Blot demonstrated no cross reaction between
protozoa. A Dot-Blot using Sarcocystis spp. antigen appears to be a good alternative to IFAT in the serological

diagnosis of Sarcocystosis.

Keywords: serological diagnosis, IFAT, Dot-Blot, protozoan.
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1. Introduction

Sarcocystis spp., Neospora caninum and Toxoplasma gondii are coccidians belonging to Sarcocystidae
family. They have worldwide distribution and may cause infections in ruminants inducing productive and
economic losses (Tenter, 1995; Dubey, 2003; Dubey, 2009). Although the prevalence of Sarcocystis spp.
infection in cattle herds is approximately 90% to 100% in many countries, Sarcocystosis in cattle are frequently

asymptomatic making difficult the diagnosis (Moré et al., 2011; Ruas et al., 2001; Akhlaghi et al., 2016).

Diagnosis of acute Sarcocystosis is difficult because, the clinical signs are uncommon, unspecific and the
parasitemia is frequently low and consequently undetectable (Dubey et al., 2016; Ndiritu, 1996). Diagnosis of
chronic Sarcocystosis is usually made by conventional laboratorial methods as microscopy, immunoassays and
tissue digestion (Cawthorn and Speer, 1990; Fayer and Dubey, 1986; Gajadhar et al., 1987). Several serological
methods as immunofluorescent antibody tests (IFAT), enzyme linked immunosorbent assays (ELISA), and
immunoblots (as Western Blot and Dot-blot) have been developed for diagnosis the bovine Sarcocystosis (Moré
et al., 2008). Serological techniques detect antibodies against the protozoans Sarcocystis spp., N. caninum and T.
gondii antigens in single or mixed infections (Uggla et al. 1987; Dubey et al. 1996). However a specific and
sensitive serological test which detects acute and chronic infection and suitable for screening a large number of

animals is lacking for Sarcocystis spp.

Therefore, the aims of the present study were a) to compare two serological tests (IFAT and Dot-Blot)
for Sarcocystosis diagnostic and b) to check the cross-reactions of N. caninum and T. gondii using IFAT and Dot-

Blot in serum of experimentally infected mice.

2. Material and Methods
2.1. Animal inoculation and serum samples

Seven mice (Mus musculus), male, approximately 6 weeks of age with initial weight of 30 g, without
previous contact with parasites were used to obtain hyperimmune serum against Sarcocystis spp., N. caninum
and T. gondii. Two animals were inoculated intraperitoneally with 2x10° bradyzoites of Sarcocystis spp.
obtained from cysts of a naturally infected bovine heart and purified by previously described by Garcia-Lunar et

al. (2015). Similarly, two animals were inoculated intraperitoneally with 2x10° tachyzoites of N. caninum and
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two animals with T. gondii. Parasites were obtained from culture in VERO cells as described in the item 2.2.
After 20 days of infection, blood was collected from cardiac puncture and serum was obtained. One naive animal

was used as a negative experimental control. Samples were identified and stored at -20° C until processing.

2.2. Antigens preparation of sorological tests

Tachyzoites from the NC-1 strain of N. caninum (Dubey et al., 1988) and RH-strain of T. gondii
(Sabin, 1941) were cultured in VERO cells (African Green Monkey kidney cells) in RPMI 1640 culture medium
(Invitrogen, Brazil), supplemented with 10% fetal bovine serum (Nutricell, Brazil) with 5% CO, at 37°C.
Tachyzoites from N. caninum were obtained after cellular suspension and disruption, and solution was decanted
during 30 minutes, at 4°C, in sterile tube to diminish cell debris. Tachyzoites from T. gondii were obtained from
frozen aliquots and supplemented with RPMI and fetal serum. Supernatant was recovered from each suspension
and centrifuged at 1.500 x g for 10 minutes. Tachyzoites were counted using Neubauer’s chamber and re-diluted
with RPMI to a final concentration of 2x10° tachyzoites/mL. The pellets were stored at —80-C until use for total
protein extraction or IFAT (Pinheiro et al., 2005).

Sarcocystis spp. bradyzoites and/or merozoites were obtained from microscopic analysis of
myocardium samples from naturally infected cattle and then purified as described by Garcia-Lunar et al. (2015)
and then used as antigen (Moré et al., 2011). Briefly, 100 g of minced myocardium were mixed with 400 ml of
digestion solution (2.5% pepsin, 1% HCI) and were placed in a magnetic stirrer for 20 minutes at 37°C. The
homogenate was filtered using 300 um gauze into a 50 ml tubes and centrifuged at 500 x g for 5 minutes. The
supernatant was discarded and the pellet was washed in 30 ml of PBS, 13.5 ml of isotonic Percoll® (GE
Healthcare) and 1.5 ml saline solution (1.5 M NaCl) and then centrifuged (4.000 x g for 10 min) (Pertoft et
al.,1980). The supernatants and the upper layer above the pellet were discarded and the pellet was washed three
times with PBS to a final concentration of 2x10° bradyzoites/mL. Pellets with bradyzoites were frozen at —80-C

until use for total protein extraction or for their use in IFAT (Moré et al., 2008; Fernandez-Garcia et al., 2009).

2.3. IFAT

Slide preparation and IFAT for N. caninum and T. gondii were performed as described by Dubey et al.
(1988). Bradyzoites of Sarcocystis spp. were fixed in slides as described by Garcia-Lunar et al., 2015.

In order to investigate antibodies against N. caninum and T. gondii, serum samples were used at the

dilution of 1/64 (Devens et al., 2014) in phosphate-buffered saline solution (PBS; phosphate 0.1M, NaCl 0.33M,
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pH 7.2). Serum samples were analyzed for antibodies against Sarcocystis spp. in serial dilutions starting at 1/10,
dilution in PBS (Tenter, 1988). A commercial goat anti-mouse 1gG fluorescein isothiocyanate conjugate (Sigma
Bio Sciences, St. Louis, USA) was used as secondary antibody. Mouse positive and negative sera controls were
included on each slide to each parasite. After incubations, slides were observed at 400x magnification under
fluorescent microscope (Leica CTR 4000/EBQ 100, Leica Microsystems, Germany) and complete fluorescence
of tachyzoites and bradyzoiytes was considered positive. IFAT were used as a gold standard serologic test, since
it presents good sensitivity and specificity to diagnose Sarcocystis spp., N. caninum and T. gondii infections

(Moré et al., 2008).

2.4. Total Protein Extraction

Total protein extraction was performed using the Radio-Immunoprecipitation Assay Buffer (RIPA
Buffer — Sigma Bio Sciences, St. Louis, USA) buffer following the manufacturer's recommendations. RIPA
Buffer were added (300 pL) were added to the pellets containing N. caninum, T. gondii tachyzoites, Sarcocystis
spp. bradyzoites, VERO cells and bovine myocardium. The lysate was centrifuged at 8.000 x g for 10 minutes at
4 ° C to sediment the cellular debris. The supernatant containing the protein solution was carefully transferred to
a microtube where 3 pl of protease inhibitor cocktail (Sigma Bio Sciences, St. Louis, USA) was added and

stored at -20 ° C until the time of use.

2.5. Dot-Blot

Nitrocellulose membrane with 0.45 um porosity was used and approximately 12 pg/mL of each parasites
purified antigenic protein was distributed. After drying for 20 minutes at room temperature, membranes were
washed three times for five minutes under shaking with PBS-T wash solution (0.05% Tween 20 and PBS) and
then blocked with blocking solution (PBS-T with 5% non-fat dry milk) for 16 hours at 4 °C. Mice serum samples
and negative control serum, were diluted (1/50) in PBS-T and then distributed on the membrane and incubated at
37°C for one hour under slight shaking as previously described (Tenter, 1988; Pinheiro et al., 2005). After
incubation, the membrane was washed three times for five minutes and then incubated with horseradish
peroxidase (HRP)-conjugated produced in goat anti-mouse immunoglobulin G (1/2000, Sigma Bio Sciences, St.
Louis, USA) under shaking for 1 hour at 37°C. The enzymatic reaction was revealed with a developing solution (9
mL of 50 mM Tris-HCI, 1 mL of 0.3% Nickel Sulphate, 30 uL of Hydrogen Peroxide, 0.006 g of DAB) (Sigma

Bio Sciences, St. Louis, USA) for 20 minutes at room temperature (Pinheiro et al., 2005).
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3. Results and Discussion

N. caninum or T. gondii experimentally infected mice tested by IFAT for the 3 protozoans (N. caninum,
T. gondii and Sarcocystis spp) reacted only to N. caninum or T. gondii antibodies, respectively. Specific
antibodies against Sarcocystis spp. were found in two animals experimentally infected only by this protozoan
(one animal showed titer of 50 and other animal presented titer of 800 at IFAT). As previously reported, IFAT is
considered the gold standard technique for Sarcocystosis serologic diagnostic in cattle and a positive IFAT result
reflects Sarcocystis spp. infection (Garcia et al., 2008; Moré et al., 2008). Therefore, in the present study was
established that IFAT would be the standard technique to be compared with Dot-Blot test. Moré et al. (2008)
have described IFAT at 1:25 dilution to be a suitable method for diagnosis of Sarcocystosis in cattle.

Serum samples from mice experimentally infected with Sarcocystis spp. and tested by Dot-Blot
demonstrated the presence of antibodies against this protozoan (at 1:50 dilution) but no cross-reactions were
observed in the same sample and same dilution against N. caninum or T. gondii. Only antibodies against N.
caninum and no serological cross-reactions with T. gondii and Sarcocystis spp. were detected in serum samples
from mice inoculated with N. caninum. As well as, no cross-reactions against N. caninum and Sarcocystis spp.
was observed in serum samples from mice infected by T. gondii, showing only specific antibodies against T.
gondii. These results showed the Dot-Blot sensitivity for coccidian immunological diagnostic in mice and suggest

this method as a potential serological test for bovine Sarcocystis spp. detection.

Although there are no studies that indicate the best experimental model for infection with Sarcocystis
species that infect cattle, in this study was possible to produce antibodies against Sarcocystis spp. in Mus
musculus mice as demonstrated by the two serological diagnostic tests performed. Animals inoculated with
Sarcocystis spp. revealed antibodies against this protozoan at Dot-Blot technique and showed a high titer of
antibodies at IFAT (1:800). Dot-Blot proves to be a sensitive test for 1gG antibodies against Sarcocystis spp. in
this study and similar result was observed by Tenter (1988) in mice infected with Sarcocystis and in agreement
with results described by Ndiritu et. al (1996) in experimentally infected bovine. Tenter (1988) compared Dot-
Blot with the conventional diagnostic methods ELISA and IFAT for serological detection of S. muris in
immunized and experimentally infected rodents and demonstrated that Dot-Blot was sensitive for detection of 1gG

in immunized mice showing sensitivity equivalent to ELISA and IFAT using serum from infected animals.
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The results of the present study suggest that Dot-Blot using Sarcocystis spp. antigens present good
sensitivity and specificity compared to IFAT and this method should be evaluated using bovine serum samples
from naturally infected animals as a possible screening test to detect antibodies against Sarcocystis spp. that could
be applied into the field and consequently Dot-Blot may be used as an alternative to IFAT, the gold standard

technique to bovine Sarcocystosis.

IFAT is a technique that requires expensive equipment as fluorescence microscope is laborious, and
difficult to interpret requiring trained technicians (Pappas, 1988; Saville et al., 2004). Therefore, diverse
serological diagnostic methods have been developed, to make the diagnosis faster and more precise (Moré et al.,
2008; Dubey et al., 2015). In addition, the clinical signs of bovine Sarcocystosis when present are non-specific
and not always causing visible macroscopic lesions during meat inspection, therefore these serological methods
help in infection diagnosis in order to establish disease control measures (Blagojevick et al., 2014). Serological
tests also allow the diagnosis of N. caninum and T. gondii, in individual or mixed infections (Dubey et al., 1996;
Moré et al., 2008). Therefore, Dot-Blot may be considered as an alternative specific and sensitive method which
makes possible to evaluate a large number of samples into the field in order to facilitate the diagnosis of
Sarcocystis infection in cattle herds (Homdahl et al., 1993; Ndiritu et al., 1996; Guclu, 2004). Further studies
should be employed allowing the standardization of this method for diagnostic of Sarcocystis spp. in bovine

serum samples from naturally infected animals.

4, Conclusion

Dot-Blot showed same specificity and sensibility as IFAT for immunological diagnostic of Sarcocystis
spp. in experimentally infected mice and this immunoblot test did not demonstrate serological cross-reactions

with N. caninum and T. gondii.

Compliance with ethical standards All experimental practices involving animals were approved by the Ethics
Committee for Animal Experimentation at Universidade Federal de Santa Maria (UFSM) (Protocol number

87352511).

Conflict of interest The authors declare that they have no conflict of interest.



61

References

Akhlaghi, M., Razavi, M., Hosseini, A., 2016. Molecular differentiation of bovine sarcocysts. Parasitol. Res.
115, 2721-2728.

Blagojevick, B., Antic, D., 2014. Assessment of potential contribution of official meat inspection and abattoir
process hygiene to biological safety assurance of final beef and pork carcasses. Food Control, 36, 174 e 182.
Cawthom, R.J., Speer, C.A., 1990. Sarcocystis: infections and disease of humans, livestock and other hosts. In:
P.L. Long (Editor), Coccidiosis of Man and Domestic Animals. CRC Press Inc., pp. 91-120.

Devens, B.A., Viloria, M.L1.V., Silva, C.H.S., Salcedo, J.H.P., 2014. Producdo de hibridomas secretores de
anticorpos anti- Neospora caninum para uso em imunodiagndstico. Ciéncia Animal Brasileira, 15, 228-233.
Dubey, J.P., Hattel, A.L., Lindsay, D.S., Topper, M.J., 1988. Neonatal Neospora caninum infection in dogs:

isolation of the causative agent and experimental transmission. J. Am. Vet. Med. Assoc., 193, 1259-1263.

Dubey, J.P., Lindsay, D.S., Adams, D.S., Gay, J.M., Baszler, T.V., Blagburn, B.L., Thulliez, P., 1996. Serologic

responses of cattle and other animals infected with Neospora caninum. Am. J. Vet. Res., 57, 329-336.

Dubey, J.P., 2003. Review of Neospora caninum and neosporosis in animals. Korean J. Parasitol., 41, 1-16,

2003.

Dubey, J.P., 2009. Toxoplasmosis of animals and humans. Second edition. CRC Press, pp. 1-336.

Dubey, J.P., Howe, D.K., Furr, M., Saville, W.J., Marsh, A.E., Reed, S.M., Grigg, M.E., 2015. An update on
Sarcocystis neurona infections in animals and equine protozoal myeloencephalitis (EPM). Vet. Parasitol., 209,
1-42.

Dubey, J.P.; Calero-Bernal, R.; Rosenthal, B.M., Speer, C.A.; Fayer, R. 2016. Sarcocystosis of Animals and
Humans, Second Edition. CRC Press. pp.1-481.

Fayer, R.; Dubey, J.P., 1986. Bovine sarcocystosis. Compendium on Continuing Education for the Practising

Veterinarian, 8, 130-142.

Fernandez-Garcia, A., Alvarez-Garcia, G., Risco-astillo, V., Aguado-Martinez, A., Marugan-Hernandez, V.,
Ortega-Mora, L.M., 2009. Patterno f recognition of Besnoitia besnoiti tachyzoite and bradyzoite antigens by

naturally infected cattle. Vet. Parasitol., 164, 104-110.


https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CB0QFjAA&url=http%3A%2F%2Favmajournals.avma.org%2Floi%2Fjavma&ei=sop1VfygOYqwggT1uYP4Bw&usg=AFQjCNG6NUxosIsDhaf_PZvKX_MKERbmIQ&bvm=bv.95039771,d.eXY

62

Gajadhar, A.A., Yates, E.D.G., Allen, J.R., 1987. Association of eosinophilic myositis with an unusual species of
Sarcocystis in beef cow. Can. J. Vet. Res., 51, 373-378.

Garcia, J.L., Gennari, M.S., Navarro, |.T., Machado, R.Z., Headley, S.A., Vidotto, O., Guimaraes Junior, J.S.,
Bugni, F.M., Igarashi, M., 2008. Evaluation of IFA, MAT, ELISAs and immunoblotting for the detection of
anti-Toxoplasma gondii antibodies in paired serum and aqueous humour samples from experimentally infected
pigs. Res.Vet. Sci., 84, 237-242.

Garcia-Lunar, P., Moré, G., Campero, L. Ortega-Mora, L.M., Alvarez-Garcia, G., 2015. Anti-Neospora caninum
and anti-Sarcocystis spp. specific antibodies cross-react with Besnoitia besnoiti and influence sorological
dignosis of bovine besnoitiosis. Vet. Parasitol., 30, 49-54.

Guclu, F., Aldem-R, O.S., Giiler, L., 2004. Differential identification of cattle Sarcocystis spp. by random
amplified Polymorphic DNA-Polymerase chain reaction (RAPD-PCR). Revue de Médecine Vétérinaire, 155,

440-444.

Holmdahl, O.J., Mathson, J.G., Uggla, A., Johansson, K.E., 1993. Oligonucleotide probes complementary to

variable regions of 18S rRNA from Sarcocystis spp. Molecular and Cellular Probes, 1993, 7, 481-486.

Moré, G., Basso, W., Bacigalupe, D., Venturini, M.C., Venturini, L., 2008. Diagnosis of Sarcocystis cruzi,
Neospora caninum, and Toxoplasma gondii infections in cattle. Parasitol. Res., 102, 671-675, 2008.

Moré, G., Abrahamovich, P., Jurado, S., Bacigalupe, D., Marin, J.C., Rambeaud, M., Venturini, L., Venturini,
M.C., 2011. Prevalence of Sarcocystis spp. in Argentinean cattle. Vet. Parasitol., 177, 162—165.

Ndiritu, W., Cawthorn, R.J., Kibenge, F.S.B., Markham, R.J.F., Horney, B.S., Chan, C.B., 1996. Use of genomic

DNA probes for the diagnosis of acute sarcocystosis in experimentally infected cattle. Vet. Parasitol., 62, 9-25.

Pappas, M.G., 1988. Recent Applications of the Dot-ELISA in Immunoparasitology. Vet. Parasitol., 29, 105-

129.

Perftoft, H., Johnsson, A., Warmegard, B., Seljelid, R. 1980. Separation of human monocytes on density gradient

of Percoll®. J. Immunol. Methods, 33, 221-229.

Pinheiro, A.M., Costa, M.F., Paule, B., Vale, V., Ribeiro, M., Nascimento, I., Schaer, R.E., Almeida, M.A.O.,
Meyer, R., Freire, S.M., 2005. Serologic immunoreactivity to Neospora caninum antigens in dogs determined by

indirect immunofluorescence, western blotting and dot-ELISA. Vet. Parasitol., 130, 73-79.


https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjcwJzHgLTJAhXFNJAKHXO-AFUQFggcMAA&url=http%3A%2F%2Fwww.revmedvet.com%2F&usg=AFQjCNHA6jn2pS4MzWEFZnV5ZFe8Ch3zRA&bvm=bv.108194040,d.Y2I
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiHhsOsgLTJAhXDopAKHaOdArgQFggiMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F08908508&usg=AFQjCNEWStfGfyTFHUOTIuKB17z-ZdQERA

63

Ruas, J.L., Cunha, C.W., Silva, S.S., 2001. Prevaléncia de Sarcocystis spp. (LANKESTER, 1882) em bovinos

clinicamente sadios, da regido sul do Rio Grande do Sul, Brasil. Revista Brasileira de Agrociéncia, 7, 227-230.

Sabin, A., 1941. Toxoplasmic encephalitis in children. J. Am. Vet. Med. Ass., 116, 801-814.

Saville, W.J.A., Dubey, J.P., Oglesbee, M.J., Sofaly, C.D., Marsh, A.E., Elitsur, E.,Vianna, M.C., Lindsay, D.S.,
Reed, S.M., 2004. Experimental infection of ponies with Sarcocystis fayeri and differentiation from Sarcocystis

neurona infections in horses. J. Parasitol., 90, 1487-1491.

Tenter, A.M., 1988. Comparison of Dot-ELISA, ELISA and IFAT for the detection of IgG antibodies to
Sarcocystis muris in experimentally infected and immunized mice. Vet. Parasitol., 29, 89-104.

Tenter, A.M., 1995. Current research on Sarcocystis species of domestic animals. Int. J. Parasitol., 25, 1311-
1330.

Uggla, A.; Hiali, M.; Lovgren, K., 1987. Serological responses in Sarcocystis cruzi infected calves challenged

with Toxoplasma gondii. Res.Vet. Sci., 43, 127-129.


https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Favmajournals.avma.org%2Floi%2Fjavma&ei=sop1VfygOYqwggT1uYP4Bw&usg=AFQjCNG6NUxosIsDhaf_PZvKX_MKERbmIQ&bvm=bv.95039771,d.eXY

64

6. CONSIDERACOES FINAIS

A alta incidéncia da infeccdo por Sarcocystis observada em nosso estudo ndo é uma
surpresa, visto que, RUAS et al. (2001) e SILVA et al. (2002) previamente relataram a
prevaléncia de 100% de infecgdo por Sarcocystis spp. em bovinos de uma regido vizinha (sul
do Rio Grande do Sul). Adicionalmente, MORE et al. (2011) descreveu uma prevaléncia de
99.5% de sarcocistos em amostras de miocardio bovino da Argentina. Essa infecgdo pode ser
responsavel por perdas econdmicas na producdo bovina (MORE et al., 2011; VANGEEL et
al., 2013; HAMIDINEJAT et al., 2015). A alta frequéncia de S. cruzi no miocérdio de
bovinos pode ser atribuida a rota de infeccdo que ocorre via digestiva, de onde os parasitos
podem ter acesso a circulagdo sistémica e alcangar o musculo cardiaco através do sistema
venoso (DUBEY et al., 2016; RUAS et al., 2001). Além disso, o livre acesso de carnivoros
domeésticos e selvagens a fontes de dgua e pastagem ou outros locais onde os hospedeiros
intermediérios se alimentam, juntamente com a utilizacdo de cdes no manejo de bovinos
contribui para a elevada frequéncia de S. cruzi em bovinos. Cées adquirem o parasito pelo
consumo de visceras e carcacas de bovinos (LOPES, 2004; DUBEY &LINDSAY, 2006;
RUAS et al., 2001).

Apesar de 0 exame microscopico direto ser um método de diagnéstico qualitativo e
que ainda permanece sendo o teste padrdo-ouro para deteccdo da infeccdo por Sarcocystis
devido sua alta sensibilidade, conforme observado neste e em outros estudos, a PCR permite a
confirmacéo da infeccdo e é uma ferramenta importante para caracterizacdo das espécies e
realizacdo de estudos epidemioldgicos (MORE et al., 2011; BUCCA et al., 2011; VANGEEL
et al., 2013). Na maioria das vezes, os sinais clinicos de bovinos com sarcocistose quando
presentes, ndo sdo especificos e nem sempre causam cistos macroscopicos, visiveis a olho nu
durante a inspecdo da carne, consequentemente, testes soroldgicos podem ser auxiliares no

diagnostico da infeccdo, a fim de, estabelecer medidas de controle para a doenca
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(BLAGOJEVICK et al., 2014). Como previamente descrito, a RIFI é considerada a técnica
padrdo-ouro para diagnostico sorologico de Sarcocystis em bovinos e um resultado positivo
reflete a infeccdo pelo protozoario (GARCIA et al., 2008; MORE et al., 2008). Porém, a RIFI
€ uma técnica que requer equipamentos caros, como microscopio de imunofluorescéncia e
necessita de técnicos treinados para leitura e interpretacdo dos resultados (PAPPAS, 1988;
SAVILLE et al., 2004). Assim sendo, diversos métodos de diagnéstico soroldgico tém sido
desenvolvidos (MORE et al., 2008; DUBEY et al., 2015¢). O Dot-Blot usando antigenos de
Sarcocystis spp. apresentaram 6tima sensiblidade e especificidade, quando comparado a RIFI
e maiores estudos deveriam ser realizados para padronizacdo deste método em amostras de
soro de bovinos naturalmente infectados com Sarcocystis spp., sendo um possivel teste de
triagem para deteccdo de anticorpos contra o parasito (GUCLU, 2004; HOMDAHL et al.,
1993; NDIRITU et al., 1996).

Como conclusdo dos estudos realizados, no capitulo 1, notamos uma alta frequéncia de
cistos de Sarcocystis em amostras de coracdo bovino, destinados ao consumo humano, na
regido central do Rio Grande do Sul, Brasil. A Unica espécie encontrada nas amostras
submetidas a analise molecular foi S. cruzi. No capitulo 2, observamos que o exame do tecido
a fresco por microscopia 6ptica confirma ser o teste padrdo-ouro para diagnostico da infeccao
em bovinos, mas assim como a detecgdo molecular do DNA do parasito pela PCR, em tecidos-
alvo, como o miocardio, s6 podem ser realizados apds a morte dos animais infectados. Assim,
visto que, a RIFI demonstrou boa sensibilidade e especificidade no diagndstico de Sarcocystis,
quando comparada ao exame microscopico direto, parece ser uma ferramenta util no
diagnostico da infeccdo em bovinos ainda vivos. Em relagcdo ao diagnostico soroldgico de
Sarcocystis, observamos no capitulo 3, que o Dot-Blot demonstrou mesma sensibilidade e
especificidade a RIFI, em soro sanguineo de camunodongos experimentalmente infectados

com o parasito e ndo apresentou reagdo sorologica cruzada com N. caninum e T. gondii.
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Portanto, Dot-Blot parece ser uma alternativa a RIFI no diagnostico sorolégico de sarcocistose.
Desta forma, os estudos sobre métodos de diagnostico para deteccdo da infeccdo por
Sarcocystis sdo importantes para identificar adequadamente o parasito envolvido e realizacao

de estudos sobre sua epidemiologia.
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Abstract

Neospora caninum and Toxoplasma gondii are coccidian parasites (protozoa: Apicomplexa) that cause
reproductive losses in ruminants. Although, in sheep, abortion is generally related to T. gondii,
potential damage caused by N. caninum must be considered. The aims of this study were to evaluate
the frequencies of antibodies against Neospora spp. and T. gondii, and to identify the risk factors
related to neosporosis and toxoplasmosis in sheep from ten flocks located in Central-Western,
Northwestern, Southwestern, and Southeastern mesoregions of the Rio Grande do Sul state, southern
Brazil. Blood samples were collected from 300 sheep (30 per flock) and an epidemiological
questionnaire was completed by the farmers. The presence of canids, felids, and rodents, the sources
of water for the animals, and their reproductive history were investigated as potential epidemiological
factors related to the studied infections. Serum samples were tested by the indirect fluorescent
antibody test for the presence of antibodies against Neospora spp. (cutoff 1:50) and T. gondii (cutoff
1:64), with respective frequencies detected being 16.3% (49/300) and 41.3% (124/300). Seropositivity
to both parasites was observed in 8% (24/300) of the animals. Neospora spp. and T. gondii were
present in 90% (9/10) and 100% (10/10) of the flocks, respectively. The presence of cats in the
pastures, pens, and barns was significantly associated (p=0.047) with high frequencies (53.3% to 70%)
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of antibodies against T. gondii in the flocks. However, no associations were detected (p>0.05) between
each of the other risk factors and the frequency of antibodies against Neospora spp. or T. gondii.
Results of this study showed a broad distribution of both protozoa in evaluated sheep flocks.

Key words: antibodies, epidemiological survey, neosporosis, toxoplasmosis, serology, IFAT.

Resumo

Neospora caninum e Toxoplasma gondii sdo parasitos coccideos (protozoa: Apicomplexa) que causam
perdas reprodutivas em ruminantes. Embora o aborto em ovinos geralmente esteja associado a T.
gondii, potenciais perdas causadas por N. caninum devem ser consideradas. Os objetivos deste estudo
foram avaliar as frequéncias de anticorpos contra Neospora spp. e T. gondii e identificar fatores de
risco para neosporose e toxoplasmose em ovinos de dez rebanhos localizados nas mesorregides
Centro-Ocidental, Noroeste, Sudoeste e Sudeste, no estado do Rio Grande do Sul, Brasil. Foram
coletadas amostras de soro sanguineo de 300 ovinos (30 por rebanho) e foi aplicado inquérito
epidemioldgico aos proprietarios dos rebanhos. A presenga de canideos, felideos e roedores, as fontes
de agua dos animais, e seu histérico reprodutivo, foram investigados como potenciais fatores
epidemioldgicos relacionados as infecgdes estudadas. As amostras de soro foram testadas pela técnica
de imunofluorescéncia indireta para presenca de anticorpos contra Neospora spp. (ponto de corte 1:50)
e T. gondii (ponto de corte 1:64), sendo encontradas frequéncias de 16,3% (49/300) e de 41,3%
(124/300), respectivamente. Soropositividade para ambos os agentes foi observada em 8% (24/300)
dos animais. Neospora spp. e T. gondii estavam presentes em 90% (9/10) e 100% (10/10) dos
rebanhos, respectivamente. A presenca de gatos nas pastagens, currais e dep0sitos esteve
significativamente associada (p=0,047) com altas frequéncias de anticorpos (entre 53,3% a 70%)
contra T. gondii nos rebanhos. Ndo houve associacdo (p>0,05) entre os demais fatores de risco e a
frequéncia de anticorpos contra Neospora spp. ou T. gondii. Os resultados deste estudo demonstraram
ampla distribui¢do de ambos os protozoarios nos rebanhos ovinos avaliados.

Palavras-chave: anticorpos, inquérito epidemiol6gico, neosporose, toxoplasmose, sorologia, RIFI.

Introduction

Neosporosis and toxoplasmosis are diseases caused by the coccidian protozoa Neospora spp.
(N. caninum and N. hughesi) and Toxoplasma gondii, respectively, which are obligate intracellular
parasites that belong to the phylum Apicomplexa (DUBEY, 2003, 2009). Cats are definitive hosts of
T. gondii, which causes major losses in sheep production due to reproductive disorders, such as
abortion, fetal abnormalities, stillbirth, weakness, and neurological signs in newborn lambs (DUBEY
et al., 1990;: BARTOVA et al., 2009). Furthermore, toxoplasmosis is an important zoonotic disease
(DUBEY, 2009).

Canids are definitive hosts of N. caninum that often causes neosporosis in dogs and cattle

(DUBEY et al., 2007). However, N. caninum can cause reproductive disturbances in sheep, in a
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similar way to toxoplasmosis (DUBEY; LINDSAY, 1990). Nevertheless, infection by N. caninum is
less frequent in sheep than in cattle (KOBAYASHI et al., 2001; SOARES et al., 2009; UENO et al.,
2009).

In Brazil, infection rates found for both parasites in naturally exposed sheep are variable,
depending on the flock’s management (SOARES et al., 2009). Epidemiological studies regarding
these parasites in sheep are commonly based on serological diagnosis, but different techniques and
cutoffs can be used for positive sample identification (FIGLUOLO et al., 2004). The recent
resumption in Brazilian sheep production reinforces the importance of studies on diseases, such as
neosporosis and toxoplasmosis, which can cause major economic losses to sheep farms (MUNHOZ et
al., 2010).

The aims of this study were to assess the frequency of antibodies against Neospora spp. and T.
gondii, and to identify risk factors associated with infection by these parasites, in sheep flocks located

in Rio Grande do Sul, Brazil.

Material and Methods

Blood samples were collected from 300 clinically healthy ewes, raised in extensive systems in
ten farms, named Flock A to J (30 animals/farm), located in Rio Grande do Sul (RS), southern Brazil,
in the following counties: Santa Maria (two farms), Vila Nova do Sul (two farms), S&o Martinho da
Serra, and S8o Sepé, within the Central-Western mesoregion (RS); Cacapava do Sul, within the
Southeastern mesoregion (RS); Sao Gabriel, and Dom Pedrito, within the South-Western mesoregion
(RS); and Bossoroca, within the North-Western mesoregion (RS) (see Figure 1). Blood samples were
obtained by jugular venipuncture into vacutainer tubes, and transported in cooled boxes to the
laboratory. Serum samples were obtained after blood centrifugation (1000 rpm, 10 min), and stored (-
20°C) until Immunofluorescent Antibody Tests (IFAT) for detection of antibodies to Neospora spp.
and T. gondii were completed.

The IFAT reactions were performed in slides covered by N. caninum (NC-1 strain) or T.
gondii (RH strain) tachyzoites, and fluorescein-conjugated anti-sheep IgG®© (Sigma, St Louis, MO,
USA) was used as secondary antibody. However, the diagnosis was expressed for the genus Neospora
spp. due to serological cross-reactivity between N. caninum and N. hughesi (GONDIM et al., 2009).
Serum samples were diluted in phosphate-buffered saline solution (PBS; phosphate 0.1M, NaCl
0.33M, pH 7.2). Positive and negative sheep serum samples were used as controls for IFAT to each
parasite. Slides were examined using a fluorescence microscope under a 400x magnification (Leica
CTR 4000/ EBQ 100, Leica Microsystems GmbH, Germany). Dilution cutoffs used were 1:50 for
Neospora spp. (DUBEY et al., 1996) and 1:64 for T. gondii (OPEL et al., 1991; GARCIA et al.,
1999).

An epidemiological survey assessing the presence of canids, felids and rodents, the kinds of

water sources for the animals, and the history of reproductive problems in the flocks, was performed to
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identify risk factors related to infection by N. caninum and T. gondii. These data were used to assess
the possible influence of searched risk factors on the frequency of antibodies against Neospora spp.
and T. gondii in sheep. The frequency of seropositive sheep per farm was compared by the Chi-square
test (95% confidence interval) regarding each parasite. Thus, all ten flocks were classified into upper,
intermediate, or lower strata, which were categorized according to the frequency of antibodies against
Neospora spp. (Figure 2), or T. gondii (Figure 3). Association between risk factors and the frequencies
of antibodies against Neospora spp. or T. gondii were evaluated by comparing the frequencies of each
risk factor in the flocks within upper, intermediate, and lower strata by the Fisher’s exact test (95%
confidence interval).

All procedures involving experimentation with animals were performed under veterinarian
supervision, and in accordance with the project approved by the Ethics Committee on Animal Use of
the Federal University of Santa Maria (process #069/2014).

Results

Considering all the 300 samples evaluated, 16.3% (49/300) were positive to Neospora spp.,
with seropositive sheep in 90% (9/10) of the farms, and 41.3% (124/300) were positive to T. gondii,
which was detected in 100% of the farms (10/10). Only 8% (24/300) of sheep were seropositive for
both parasites.

Figure 2 shows the frequency of antibodies against Neospora spp. in each flock. Flocks B, C,
F constituted the upper stratum, due to their significantly higher infection frequencies in comparison to
the lower stratum flocks I, H, E (p<0.05). Flocks A, G, J, D showed intermediate infection
frequencies, with no significant difference to the upper and lower strata.

Frequencies of antibodies against T. gondii (Figure 3) were higher (p <0.05) in flocks G, B, A,
I (upper stratum) than in flocks E, F, D (lower stratum). Intermediate infection rates were found in the
flocks J, C, H, with no significant difference to the upper and lower strata.

Epidemiological factors and the infection frequencies by Neospora spp. and T. gondii in each
farm are described in the Table 1. Dogs and cats, with free access to water sources, pastures, corrals
and feed deposits, were present in 100% (10/10) and 50% (5/10) of the farms, respectively. Wild
rodents in deposits of feed, pens or barns, besides wild canids and felids accessing pastures and feed or
hay deposits, were reported in 90% (9/10) of the farms. Sheep's water supplies were from weirs (80%;
8/10) or streams (30%; 3/10). Reproductive problems, such as abortion, stillbirth, mummified fetuses,
or birth of weak lambs, were reported in 30% (3/10) of the flocks. The higher frequencies of
antibodies against T. gondii in the upper stratum flocks G, B, A, | was significantly associated
(p=0.047) with the higher frequency of cats present in these flocks, in comparison to the lower stratum
flocks E, F, D (see the Table 1). On the other hand, none significant association between each of the
other epidemiological factors and the frequency of antibodies against Neospora spp. or T. gondii in

sheep was detected (p>0.05).
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Discussion

Neospora spp. and T. gondii seropositive sheep were found, respectively, in 90% (9/10,
exception being farm E) and 100% (10/10) of the flocks. However, a higher frequency of
seropositivity (p = 0.0001) to T. gondii (41.3%, 124/300) was found in comparison to Neospora spp.
(16.3%, 49/300), considering all the sheep tested. Simultaneous presence of antibodies against both
parasites was detected in 8% (24/300) of the sheep. This low frequency could be considered noticeable
if compared to the 3.5% found in a similar study in the state of Sao Paulo, Brazil (FIGLUOLO et al.,
2004). Prevalence studies, demonstrating the susceptibility of sheep to these protozoa, show infection
rates from 0 to 64.2% for Neospora spp., and from 6.3% to 100% for T. gondii (DUBEY; LINDSAY,
1996; DUBEY, 2003; TEMBUE et al., 2011; GUIMARAES et al., 2013; MOURA et al., 2014).
Infection rates range depending on the diversity of epidemiological factors that occur in each flock
(SOARES et al., 2009). Serological data comparable to those found in this study have been described
in sheep flocks in other regions of Brazil.

Neospora spp. was detected in 91.7% (11/12) of the farms evaluated in the Sao Paulo state
(LANGONI et al., 2011). In the Parana state, Neospora spp. was found in 88.9% (8/9) of the farms
(ROMANELLI et al., 2007), and in 81.8% (9/11) of the farms, with infection rates ranging from 0 to
32.3% (MUNHOZ et al., 2010). In contrast, only 42.4% (39/92) of the farms had Neospora spp.
seropositive sheep, with seroprevalence rates from 0 to 40%, in a study performed in the Plateau
region of Santa Catarina state (MOURA et al., 2014).

Compared to Neospora spp. serological surveys in sheep from other Brazilian regions, the
overall frequency of seropositivity (16.3%, 49/300, 1:50 cutoff) observed in the present study was
similar to: 13.1% (64/488) found from 63 municipalities of Minas Gerais state (ANDRADE et al.,
2012); 13.2% (105/795) which included 31 farms from nine counties located in the southeastern
region of the Bahia state (ROCHA et al., 2014); and 13.9% (53/381) in 11 flocks from the Parana state
(MUNHOZ et al., 2010). However, lower seroprevalences have been found using the same diagnostic
technique, such as: 7% (92/1308) in the Plateau region of the Santa Catarina state (MOURA et al.,
2014); 8.75% (90/1028) at Federal District (UENO et al., 2009); 9.2% (55/597) at Sdo Paulo state
(FIGLUOLDO et al., 2004); 9.5% (29/305) at Parana state (ROMANELLI et al., 2007), and only 1.8%
from the Mossoré municipality, Rio Grande do Norte state (SOARES et al., 2009). On the other hand,
higher seroprevalences were reported from Mato Grosso do Sul state, with rates of 29% (41/141)
(ANDREOTTI et al., 2009) and 33.7% (140/416) (OSHIRO et al., 2015); Minas Gerais state, 47.1%
(73/155) (ROSSI et al., 2011); and Pernambuco state, 64.2% (TEMBUE et al., 2011).

Neospora spp. infection frequencies from 0 to 33.3% were found in the studied flocks (Figure
2). Similar rates, from 2.5 to 25.8%, were reported from Santa Catarina state flocks (DALLA ROSA et
al., 2011). However, seroprevalence ranging from 20 to 69.2% was detected in the Mato Grosso do

Sul state (OSHIRO et al., 2015). Studies indicate that such variations can result from differences
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related to factors as: flock management, water sources, presence (or quantity) of dogs on the farm,
farm size, climatic conditions, presence of other animal species on grazing areas, animals' origin, age
and breed, and veterinary supervision (ROSSI et al., 2008; DALLA ROSA et al., 2011; MOURA et
al., 2014).

The presence of antibodies against T. gondii in 100% of the farms indicates the relevance of
this parasite in the flocks studied, as described in other regions of Brazil (SAKATA et al., 2012;
GUIMARAES et al., 2013). Widely variable frequencies of T. gondii seropositive sheep were found
(10 - 70%) within each of the ten flocks studied (Figure 3), as reported in Parana state (28.6 - 84%)
(ROMANELLLI et al, 2007). Moreover, the overall frequency of T. gondii seropositive sheep in the
present study (41.3%, 124/300, 1:64 cutoff) was similar to 46.5% (72/155) that was reported in
Uberlandia county, Minas Gerais state (ROSSI et al., 2011). However, other studies have shown
higher frequencies in Brazil: 56.9% (205/360) at Lages county, Santa Catarina state (SAKATA et al.,
2012); 51.5% (157/305) at Parana state (ROMANELLI et al., 2007); 52% (254/488) at Jaboticabal
microregion, Sdo Paulo state (LOPES et al., 2010); and 60.8% (97/305) at Fernando de Noronha
archipelago, Pernambuco state (COSTA et al., 2012). On the other hand, lower (but remarkable)
frequencies were detected at Central region of Sdo Paulo state (34.7%; 207/597) (FIGLUOLO et al.,
2004), also at the states of Alagoas (32.9%; 142/432) (PINHEIRO JR. et al., 2009), Bahia (30.2%;
240/795) (GUIMARAES et al., 2013), and Sergipe (28.2%; 263/932) (MENDONCA et al., 2013), and
at the Mossoré county, Rio Grande do Norte state (20.8%; 85/409) (SOARES et al., 2009).

Variations in infection rates among flocks indicate that differences related to animals'
management and the presence or absence of specific risk factors may be influencing the occurrence of
toxoplasmosis. Thus, some factors can be considered, such as vertical transmission of T. gondii and
the presence of felids and rodents with access to food deposits, barns, corrals, and pastures. Likewise,
improper disposal of carcasses and abortion debris facilitates the infection of cats by T. gondii, and its
consequent horizontal transmission to sheep and humans (WEISS, 2007; DUBEY, 2009; FILHO et al.,
2010).

Another factor that may be influencing the transmission of T. gondii and N. caninum is the
variable risk of contamination of water sources as fountains, weirs, dams, and streams, with oocysts
excreted in the feces of definitive hosts. Furthermore, the contact with wild canids and felids from
woods next to the farms can favor infection of the flock (BLOOD; RADOSTITS, 1991). In the present
study, the presence of wild canids and felids was reported by 90% of the owners. These factors,
combined with carelessness or lack of knowledge about hygiene of facilities and about disposal of
carcasses and fetal-placental debris, can increase T. gondii transmission. As indicated by our results,
other studies showed that contact with cats increases the risk of toxoplasmosis in sheep (ANDRADE
et al., 2013; GUIMARAES et al., 2013; MENDONCA et al., 2013). Therefore, adoption of preventive
measures to avoid contamination of the sheep's food and water by cat feces, and to restrict the access

of carnivores to sheep carcasses and placental/fetal debris after lambing/abortion, can reduce the risks
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of T. gondii transmission to cats, humans and sheep, and can reduce reproductive disorders in the
flock.

As observed by Figuolo et al. (2004) and Dalla Rosa et al. (2011), the relationship between the
presence of dogs and N. caninum infection rates could not be assessed, due to the presence of dogs in
100% (10/10) of the farms. Furthermore, it was suggested that the maintenance of neosporosis in
sheep flocks may be mainly due to vertical (transplacental) transmission, similarly to what occurs in
cattle (ANDRADE et al., 2012). Additionally, health education measures could be taken to control the
spread of Neospora spp. in sheep flocks, through advising farmers to avoid the access of canids to
fetal and placental tissue of potentially infected sheep and other host species.

Despite the low infection rates by Neospora spp. found in each flock, this protozoan was
detected in 90% of the farms studied, showing its presence within the Central-Western, Northwestern,
Southwestern and Southeastern regions of the Rio Grande do Sul state, possibly causing reproductive
losses for sheep farming operations. In the present study, reproductive problems were noticed in 30%
(3/10) of the farms, similarly to 38.7% (12/31) described at Federal District, Brazil (UENO et al.,
2009). However, as reported by Moura et al. (2014), this factor was not significantly associated with
the frequency of antibodies against Neospora spp. in the flocks.

Sheep play a significant role regarding human toxoplasmosis, as a direct source of T. gondii
transmission through undercooked meat consumption. In addition, toxoplasmosis causes great
economic losses in sheep production. Neosporosis causes neonatal mortality and abortion in
ruminants. The wide occurrence of Neospora spp. in the flocks showed that its economic impact on
the sheep industry could be underestimated. Therefore, toxoplasmosis and neosporosis are diseases

that should be considered in the health management of sheep flocks in Rio Grande do Sul state, Brazil.

Conclusion

This study showed that Neospora spp. and T. gondii are spread through sheep flocks from
Central-Western, Northwestern, Southwestern and Southeastern of the Rio Grande do Sul state, Brazil.
The occurrence of these parasites may be related to multifactorial causes identified in the farms.
However, no association was found between the frequencies of Neospora spp. and T. gondii
seropositive sheep and each potential risk factor evaluated, except in regards to the presence of cats,

which was associated with higher frequencies of antibodies against T. gondii within the flocks.

Comité de Etica em Experimentacdo Animal

All procedures with animals and experimentation were performed under supervision of
veterinarians and in accordance with the recommendations imposed by the Comité de Etica em
Experimentacdo Animal (CEUA) of the Universidade Federal de Santa Maria (UFSM) (process
number 069/2014).
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Figure 1. Ten studied sheep flocks located in eight counties from Rio Grande do Sul state, southern

Brazil. Black spheres depict the location of the farms.
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Figure 2. Distribution and strata (upper, intermediate, lower) of the frequency of Neospora spp.

seropositive sheep in each farm (A, B, C, D, E, F, G, H, I, J). Different lowercase letters on each

column (a, b, ¢, d, e) indicate significant differences, assessed by the Chi-square test at 95%

confidence interval.
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Figure 3. Distribution and strata (upper, intermediate, lower) of the frequency of Toxoplasma gondii

seropositive sheep in each farm (A, B, C, D, E, F, G, H, |, J). Different lowercase letters on each

column (a, b, ¢, d, e) indicate significant differences, assessed by the Chi-square test at 95%

confidence interval.
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Table 1. Frequencies of Neospora spp. and Toxoplasma gondii seropositive sheep and risk factors

observed in each studied farm.

Seropositive o )
Presence/absence of potential risk factors as informed by the farms' owners

g sheep (%)
£ Neosp.  Toxopl. Dogs  Cats” Wild | wild Weir Stream  Reproductive
canids/felids rodents water water problems
A 20.0 60.0 Yes Yes Yes Yes No Yes No
B 33.3 66.6 Yes No Yes Yes Yes No No
C 33.3 43.3 Yes Yes Yes Yes Yes No Yes
D 10.0 10.0 Yes No Yes Yes Yes No No
E 0 23.3 Yes No No Yes Yes No No
F 26.6 13.3 Yes No Yes Yes Yes Yes Yes
G 16.6 70.0 Yes Yes Yes Yes Yes No No
H 3.3 30.0 Yes No Yes No Yes No No
| 6.6 53.3 Yes Yes Yes Yes No Yes No
J 13.3 43.3 Yes Yes Yes Yes Yes No Yes
Total
) 16.3 41.3 100 50.0 90.0 90.0 80.0 30.0 30.0

# Percentages of Neospora spp. (Neosp.) and T. gondii (Toxopl.) seropositive sheep in each of the ten farms (30 sheep
samples per farm).
b Presence of cats in the farm was significantly associated (p = 0.047) with high frequencies of T. gondii seropositive sheep in

the flock, as assessed by the Fisher's exact test at 95% confidence interval.



