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RESUMO: Neste estudo objetivou-se aprofundar os conhecimentos sobre a dinamica da
infeccdo experimental por Neospora caninum na cabra gestante, utilizando um modelo de
recrudescéncia e ainda, avaliar diferentes técnicas de diagnostico soroldgico. No modelo de
recrudescéncia, dez fémeas foram experimentalmente inoculadas e pariram: doze animais
nascidos vivos (12/14), um natimorto (1/14) e outro com 6bito pré-maturo (1/14). Nos tecidos
das cabras inoculadas, foi detectado DNA de N. caninum em: 33,3% (3/9) dos cérebros, 22,2%
(2/9) do linfonodos uterinos e 40% (4/10) das placentas. Nas amostras das crias, 0 DNA foi
detectado em: 21,42% (3/14) dos cérebros, 28,57% (4/14) dos figados e 21,42% (3/14) dos
musculos esqueléticos foram positivos. Em segundo experimento objetivou-se avaliar a
soroprevaléncia de caprinos naturalmente infectados por N. caninum em trés técnicas
soroldgicas (RIFI, NAT e ELISA) e avaliar a concordancia entre estas técnicas. As
soroprevaléncias de anticorpos anti-N. caninum foram de 3,2% no NAT, 4,6% na RIFI e 6,4%
no ELISA. Utilizando a RIFI como técnica de referéncia: NAT e ELISA foram considerados
fraco e substancial, respectivamente; foram obtidos valores de sensibilidade de 91,3% e 97,7%
de especificidade no ELISA; NAT apresentou resultados de sensibilidade de 26,1% e de
especificidade de 97,9%. Estes resultados incrementam dados sobre a patogenia da neosporose
caprina com a verificacdo da transmissao vertical de N. caninum comprovada através da PCR.
E ainda sugerimos que a RIFI permanega como técnica de escolha no diagnostico soroldgico
da neosporose caprina em amostras individuais com as as recomendacdes e pontos de corte

adotados neste estudo.

PALAVRAS-CHAVE

Neosporose; caprinos; patogenia; modelo experimental; sorologia.



ABSTRACT: The purpose of this study was to obtain new insights about the dynamic of
experimental infection by Neospora caninum in pregnant goats by the recrudescence model and
the performance of diferentes serological techniques. In recrudescence model, ten females were
experimental inoculated and delivered: twelve animals born alive (12/14), one stillborn (1/14)
and another died shortly after birth (1/14). The N. caninum DNA was detected in tissues of
infected goats as described: 33.3% (3/9) of the brains, 22.2% (2/9) of the uterine lymph node
and 40% (4/10) of the placentas. In the offspring samples, DNA was detected as described:
21.42% (3/14) of brains, 28.57% (4/14) of livers and 21.42% (3/14) of skeletal muscles were
positive. In the second experiment, the aimed to measure the serological response of goats
infected with N. caninum by assessing the diagnostic performance and agreement between three
techniques (IFAT, NAT and ELISA). In the field serum samples tested, the seroprevalences of
anti-N. caninum antibodies were: 3.2%, 4.6%, and 6.4% in the NAT, IFAT and ELISA,
respectively. Using the IFAT as the gold standard, the NAT and the ELISA were considered
weak and strong, respectively; ELISA showed 91.3% sensitivity and 97.7% specificity; NAT
presented sensitivity of 26.1% and specificity of 97.9%. These results provide data about the
pathogenesis of caprine neosporosis by the observation of the vertical transmission of N.
caninum. Accordingly, the IFAT should remains the assay of choice for studies about N.
caninum infection in goats in individual serum samples with our recomendations of cut-off

points.

KEYWORDS
Neosporosis; caprine; pathogeny; experimental model; serological.



1. INTRODUCAO

A eficiéncia da produgdo de um rebanho pode também ser influenciada por seu
desempenho reprodutivo, independentemente do propdsito, visando obter um maior
numero de animais nascidos e maiores lucros (NUNES & SALGUEIRO, 2011). Uma
variedade de agentes infecciosos é reconhecida como causa de abortamento em caprinos
e ovinos, destacando-se bactérias como Chlamydophila abortus, Coxiella burnetii,
Brucella melitensis, Campylobacter spp., agentes virais como 0 herpesvirus caprino e
pestivirus, o protozoario Toxoplasma gondii e mais recentemente Neospora caninum que
vem ganhando destaque nas falhas reprodutivas em pequenos ruminantes (KIRKBRIDE,
1993; MOELLER, 2001; GIVENS & MANLEY, 2008; FTHENAKIS &
PAPADOPOULOS, 2017).

Neospora caninum est4 intimamente relacionado com Toxoplasma gondii. E um
protozoario intracelular obrigatério, pertencente ao filo Apicomplexa e de ciclo
heteroxeno. Apresenta como hospedeiros definitivos naturais o cdo (Canis familiaris)
(MCALISSTER et al., 1998; BASSO et al., 2001) e o lobo cinzento (Canis lupus)
(DUBEY et al., 2011), além de outros canideos como o coiote (Canis latrans) (GONDIM
et al., 2004a) e o dingo australiano (C. domesticus) (KING et al., 2010) que foram
confirmados experimentalmente como hospedeiros definitivos deste protozoério.

Apresenta relevancia como agente causador de abortos em bovinos e disturbios
neuromusculares em caninos. Porém, com a utilizacdo de métodos de diagndstico direto
(identificacdo do parasito) e indireto (pesquisa de anticorpos), a infecgdo por este
protozoario tem sido descrita em uma gama de espécies animais que participam
ativamente de seu ciclo bioldgico como hospedeiros intermediarios (TRESS et al., 1999;
DUBEY, 2003).

Quanto aos mecanismos de infeccdo transplacentaria, Tress e Williams (2005)
descreveram duas categorias distintas: a infec¢do transplacentaria enddgena, relacionada
a recrudescéncia de uma infeccdo cronica pré-existente na fémea e a infeccdo
transplacentaria exdgena como resultado de uma primo-infeccdo durante a gestacdo. As
diferengas nesses dois mecanismos estdo associadas com as distintas caracteristicas
epidemioldgicas e imunoldgicas da transmisséo de N. caninum (WILLIAMS et al., 2009).

Diferentes estudos soro-epidemioldgicos demonstraram que para bovinos, a
persisténcia da infeccdo por N. caninum em um rebanho esta significativamente
relacionada a transmissao vertical, propagada ao longo de sucessivas geracdes (TRESS

et al. 1999), indicando que as vacas permanecem infectadas ao longo da vida,
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transmitindo o parasito para sua progénie em gestacdes consecutivas (BJOORKMAN et
al., 1996; ANDERSON et al., 1997; PIERGILI-FIORETTI et al., 2003), ou ainda, de
forma intermitente (GUY et al., 2001).

Estudos experimentais com inoculacdo de taquizoitos vivos de N. caninum em
bovinos, meses antes da gestacao, ndo confirmaram a infecgcdo em gestagdes subsequentes
(WILLIAMS et al., 2000; INNES et al., 2001), contrastando com 0 que ocorre em
infeccBes naturais nesta espécie (GUY et al., 2001; INNES et al., 2002; WILLIAMS et
al., 2003). Em ovinos, Jolley et al. (1999) descreveram a transmissdo vertical para fetos
de ovelhas com infecgdes latentes. Nas inoculagdes experimentais, mesmo que seja
estabelecida uma infecgéo persistente, a recrudescéncia tem sido relatada de forma menos
frequente nesta espécie (BUXTON et al., 2001; SYED-HUSSAIN et al., 2015).

Embora ja exista a ocorréncia de casos naturais de aborto e mortalidade neonatal
em caprinos por N. caninum nos Estados Unidos (BARR et al., 1992), Costa Rica
(DUBEY et al., 1996), Brasil (CORBELLINI et al., 2001; MESQUITA et al., 2013;
NUNES et al., 2017; COSTA et al., 2018) e Italia (ELENI et al., 2004), ainda ndo esta
claro a real consequéncia da infeccdo natural por este coccidio como agente abortivo em
cabras. Mesmo com a existéncia de distintos trabalhos de infecgéo experimental com N.
caninum em cabras gestantes, demonstrando a ocorréncia de abortamento, natimortos ou
nascimento de cabritos clinicamente saudaveis em distintos periodos da gestacao
(PORTO et al., 2016), ainda ndo esta totalmente elucidado se os caprinos experimental
ou naturalmente infectados permanecem com episodios de recrudescéncia da infecgdo em
gestagdes subsequentes.

A disponibilidade de modelos bem definidos da infec¢do é um fator chave para
avaliacdo e desenvolvimento de novas vacinas e de drogas candidatas ao tratamento da
neosporose (HORCAJO et al., 2016). Modelos experimentais caprinos se apresentam
como estratégias Uteis nesse campo de pesquisa, principalmente pelas vantagens relativas
ao tamanho, periodo gestacional e custo de manutencdo dessas espécies quando
comparadas com o modelo bovino (ARRANZ-SOLIS et al, 2015; PORTO et al., 2016).

Para se conhecer com mais detalhes a dindmica da infecgdo experimental na
espécie caprina € importante realizar outros estudos com o objetivo de determinar a
capacidade de manutengdo da infeccdo no rebanho por meio da recrudescéncia da
infeccdo em cabras gestantes, alem de avaliar a resposta de anticorpos em diferentes
técnicas, contribuindo, assim com dados importantes sobre a patogenia e o diagndstico

da neosporose em cabras.
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2. REVISAO DE LITERATURA

2.1 Caprinocultura: origem, nimero e produ¢ao

Caprinos e ovinos pertencem ao chamado grupo de pequenos ruminantes, se
encaixando perfeitamente em sistemas agricolas de pequena escala (subsisténcia), sendo
normalmente mantidos por pequenos agricultores por razées econémicas (FAO, 2009).

Os pequenos ruminantes foram as primeiras espécies a serem domesticadas pelos
seres humanos e fazendeiros primitivos ha cerca de 10 mil anos. Os primeiros rebanhos
ancestrais foram originados a partir de racas de cabras e ovelhas selvagens nas regides
atualmente pertencentes ao Iraque, Ird, Siria e Turquia oriental (HAENLEIN, 2007;
HATZIMINAOGLOU AND BOYAZOGLU, 2004).

A caprinocultura tornou-se recentemente um tema recorrente na agenda publica e
literatura cientifica, considerada como estratégia adaptativa as mudancas climaticas
globais (DEVENDRA, 2010). As vantagens da espécie caprina incluem sua capacidade
de se adaptar no atual sistema de producdo da chamada agricultura verde, fazendo
oposicao aos sistemas intensivos de producdo de bovinos (DARCAN & SILANIKOVE,
2017).

A populagdo mundial total de cabras no ano de 2014 foi estimada na ordem de
1,06 bilh&o de cabecas, incluindo 1156 ragas registradas (FAO, 2014). Aproximadamente
98% da populacdo de caprinos concentram-se nos paises em desenvolvimento,
destacando o continente Asiatico (480 milhGes de cabecas) e Africano (169 milhGes de
cabecas) (DEVENDRA, 2010; FAO, 2014). Quanto a producdo mundial, a regido do
Mediterraneo se destaca por possuir 18% do mercado produtor de leite e queijo de cabra
e a Australia é considerado 0 mais importante exportador de carne; a Africa do Sul
destaca-se como o principal produtor de mohair (50% total da producdo mundial) e a
China como o principal exportador de caxemira (65% total da produgdo) (DUBEUF et
al., 2004).

No Brasil, estima-se que o rebanho caprino seja composto por 14 milhGes de
animais (VIANA, 2008; BRASIL, 2012) e 90% dessa populac¢do concentra-se na regido
Nordeste, com destaque para os estados da Bahia, Pernambuco, Piaui e Ceara (MACEDO
et al., 2008). Segundo dados oficiais, em Pernambuco encontram-se 21% do rebanho
caprino que chega a 1.735.051 cabecas (BRASIL, 2012). A maioria dos animais
naturalizados, nativos da regido nordeste desenvolveu caracteristicas peculiares devido

ao isolamento geografico, adaptando-se ao clima semiarido e suportando altas
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temperaturas, escassez de alimentos, resisténcia as doencas e mantendo sua fertilidade,
prolificidade e condicdo corporal mesmo em periodos mais secos do ano (BRASIL,
2007).

As parasitoses comprometem negativamente a producdo e o bem-estar dos
animais afetados, particularmente nos animais criados a campo, afetando diretamente o
mercado produtivo nas regides dos tropicos, onde caprinos desempenham um importante
papel na agropecuaria (FTHENAKIS & PAPADOPOULOS, 2017). Até recentemente,
era amplamente aceito que evidéncias relacionadas as parasitoses gastrointestinais
obtidas de estudos realizados em ovinos podiam ser transferidos diretamente aos caprinos,
ja que clinicos e pesquisadores ndo discriminavam ambas espécies como hospedeiros
distintos (HOSTE et al., 2010). Atualmente, as diferengas foram claramente reconhecidas
e 0 conhecimento sobre infeccdes e infestacGes parasitarias ovinas nao sao aplicados
diretamente aos caprinos, com a necessidade de formulacdo e implementacdo de
estratégias espécie-especificas para controle dessas doencas (FTHENAKIS &
PAPADOPOULQS, 2017).

2.2 Neospora caninum

Neospora caninum é um protozoario intracelular obrigatorio pertencente ao filo
Apicomplexa, classe Spozoroza, subclasse Coccidia, familia Sarcocystidae e subfamilia
Toxoplasmatinae (DUBEY et al., 2002).

Seu primeiro relato aconteceu em 1984 na Noruega, onde foi descrito como
esporozoario formador de cisto, associado a encefalomielite e miosite em cées, resultando
em paralisia e morte prematura de filhotes (BJERKAS et al., 1984). Apenas em 1988 foi
nomeado como Neospora caninum apos reavaliacdo de cistos teciduais de cachorros
presumidamente mortos por toxoplasmose, sendo entdo descritas diferencas morfoldgicas
entre ambos parasitos (DUBEY et al., 1988).

Jé foi proposto que a especiagdo de N. caninum ocorreu apos a especiacdo do cdo
primitivo (REID et al., 2012) ha cerca de 57 milhdes de anos atras (HEDGES et al., 2006)
no mesmo periodo de tempo em que cdes (Canis lupus familiaris) e gatos (Felis catus)

divergiram.

2.2.1 Ciclo biologico
N. caninum possui ciclo de vida heteroxeno, apresentando duas fases: a assexuada

que ocorre nos tecidos dos hospedeiros intermediarios e é caracterizada por multiplicacéo
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por endodiogenia, com producéo de taquizoitos, e multiplicacdo por endopoligenia, com
producdo de bradizoitos; e a fase sexuada que ocorre apenas no epitélio intestinal dos
hospedeiros definitivos, caracterizando o ciclo enteroepitelial (Figura 1). Existem trés
estagios infectantes envolvidos no ciclo de vida de N. caninum: bradizoitos, taquizoitos e
oocistos, estes Ultimos contendo esporozoitos em seu interior (MCALLISTER etal., 1998;
BUXTON et al., 2002; DUBEY et al., 2002).

Os hospedeiros definitivos sdo obrigatoriamente os carnivoros: o cdo doméstico
(Canis familiaris) e o lobo cinzento (Canis lupus) onde foi comprovada a eliminacdo de
oocistos vidveis de N. caninum nas fezes de animais naturalmente infectados
(MCALLISTER et al., 1998; LINDSAY et al., 1999; DUBEY et al., 2014). Em outros
canideos, como os coiotes (Canis latrans) e dingo australiano (Canis domesticus), ja foi
demonstrada a eliminacdo de oocistos viaveis apds inoculacdo experimental (GONDIM
et al., 2004; KING et al., 2010). Além disso ja foram descritas evidéncias soroldgicas da
infeccdo em raposas (Vulpes vulpesi e Urocyon cinereoargenteus) (ROSYPAL &
LINDSAY, 2005), cio do mato (Lycalopex gymnocercus e Cercocyin thous) (CANON-
FRANCO et al., 2002) e lobo guara (Chrysocyon brachyurus) (MATTOS et al., 2008).

Sdo comumente citados como hospedeiros intermediarios de N. caninum 0s
bovinos, ovinos, caprinos, equinos, bufalos e cervideos (DUBEY & SCHARES, 2011),
além de algumas espécies de aves como pardais (GONDIM et al. 2010) e galinhas
domésticas (COSTA et al., 2008). Evidéncias soroldgicas sugerem que varias outras
espécies de mamiferos e aves também possam desempenhar esse papel no ciclo de vida
do parasito (DUBEY et al., 2007).
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Figura 1. Ciclo biol6gico heteroxeno de Neospora caninum (DUBEY et al., 2017).

2.2.2 Diversidade genética de Neospora caninum

O isolamento de N. caninum foi descrito em uma variedade de espécies como
caninos, bovinos, ovinos e bubalinos (AL-QASSAB et al., 2010) e muitos isolados foram
caracterizados por analises de sequéncias de microssatélites (Figura 2) (REGIDOR-
CERRILLO et al.,, 2006; SALEHI et al., 2015). Até o momento ndo foi descrito
isolamento de N. caninum em caprinos (PORTO et al., 2016), embora um estudo recente
descreva pela primeira vez a caracterizagdo do alelo MS10 em trés amostras de cabras
naturalmente infectadas no Brasil, sendo este um importante microssatélite utilizado para
diferenciacdo dos isolados (COSTA et al., 2018). A frequéncia desse alelo é descrita
como variavel em 20% a 30% em populagdes de isolados da Alemanha e Escocia e de
menor frequéncia na Argentina e Espanha (REGIDOR-CERRILLO et al., 2016).
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Isolate Host Geographical
origin

H. heydorni-Berlin-1996 Canine Europe
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Ne-GER1 Canine Europe
Ne-SweBl1 Bovine Europe
Nc-Bahia Canine America
Ne-Liv Canine Europe
Nc-PV1 Bovine Europe
KBA1 Bovine Asia
KBA2 Bovine Asia
o1

Figura 2. Dendograma ilustrando as relacdes genéticas de nove isolados de N. caninum obtidas
de diferentes hospedeiros e localidades utilizando analise multilocus de 12 microssatélites
polimoérficos (REGIDOR-CERRILLO et al., 2006).

Os estudos de comparacao filogenética sugerem que os isolados s@o originados de
populagdes heterogéneas ao redor do mundo (REGIDOR-CERRILLO et al., 2006; Al-
QASSAB et al., 2010), e pode-se especular que a diversidade dentro da espécie contribui
para sua patogenicidade e viruléncia, uma vez que as taxas de viruléncia encontradas em
modelos murinos e o crescimento in vitro desses isolados variam (ATKINSON et al.,
1999; SCHOCK et al., 2001; QUINN et al., 2002; REGIDOR CERRILLO et al., 2010).
Além disso, a diferenciacdo genética entre as popula¢fes de N. caninum demonstram
certo grau de subestruturacdo geografica baseada em isolamento genético, podendo ser
influenciada pelo processo de migracdo do parasito por meio do deslocamento dos
hospedeiros entre os paises (REGIDOR-CERRILLO et al., 2016).

2.3 Vias de transmissdo de Neospora caninum

Classicamente a transmissao de N. caninum pode ocorrer pela via horizontal
(infeccdo pos-natal) com a infeccdo do hospedeiro a partir da ingestdo do oocisto
esporulado e pela via vertical (enddgena e exdgena), a partir de uma fémea
persistentemente infectada por meio da infeccdo transplacentaria (TREES et al., 2002;
DUBEY et al., 2006). Os mecanismos de transmissdo natural sdo amplamente descritos
utilizando o modelo bovino por ser um importante agente causador de aborto nessa
especie (DUBEY, 2003).
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2.3.1 Mecanismos de transmissdo de Neospora caninum

1) Transmissdo Horizontal

A ingestdo de oocistos esporulados contendo esporozoitos de N. caninum
presentes no ambiente € o Unico mecanismo de infeccéo natural demonstrado em bovinos
apos o nascimento (TREES et al., 2002). Os oocistos podem ser eliminados nas fezes de
caes na fase aguda da infeccdo apds a ingestdo de tecidos de bovinos infectados
(DIJKSTRA etal., 2001; INNES et al., 2005). O musculo esquelético de caprinos e ovinos
experimentalmente infectados fornecidos a cées induzem uma maior eliminacdo de
oocistos quando comparado a outros tecidos (SCHARES & CONRATHS, 2001). Um
incremento na proporgao de bovinos soropositivos com a idade e uma falta de correlagéo
entre 0 soro status da vaca e suas crias fornecem evidéncias para a transmissao horizontal
(DUBEY & SCHARES, 2011).

i) Transmissdo Vertical

N. caninum é um dos mais eficientes parasitos transmitidos de forma
transplacentaria entre todos os patdgenos bovinos conhecidos (DUBEY & SCHARES,
2011). Vertical, congénita e transplacentaria sdo termos utilizados para descrever a
transmissao do parasito de uma geracdo para a proxima. Os termos exdgeno e enddgeno
sdo utilizados para descrever dois cenérios diferentes da transmissdo de N. canimum ao
feto (TREES & WILLIAMS et al.,, 2005; DUBEY et al., 2007). A transmissao
transplacentéria ja foi induzida de forma experimental em bovinos, caninos, ovelhas,
cabras, macacas, gatas e camundongos e ocorre de forma natural em varios hospedeiros
(DUBEY et al., 2006).

Williams et al. (2009) caracterizaram as duas situacGes para as infecgdes
transplacentaria em bovinos como: a) infeccéo transplacentaria exdgena que ocorre na
primo-infeccdo durante a gestacdo por meio da ingestdo de oocistos. Os esporozoitos se
diferenciam em taquizoitos e se disseminam por via hematdgena ou linfatica, em células
do sistema fagocitario mononuclear, culminando com em sua chegada ao Utero, cruzam
a barreira transplacentaria com infeccédo fetal; b) infeccdo transplacentaria enddgena
que ocorre como resultado de uma recrudescéncia (de novo) durante a gestacdo de uma
infeccdo pré-existente. Nesse caso, 0s bradizoitos encistados se diferenciam em
taquizoitos, culminando na disseminacdo sisttmica com consequente infeccdo do

concepto (Figura 3).
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Em bovinos, a transmissao vertical pode ocorrer ao longo de sucessivas gestacoes,
principalmente quando fémeas congenitamente infectadas séo utilizadas para reproducéo,
sendo o parasito retransmitido de forma muito eficiente as crias, proporcionando a
manutencdo eficaz do agente no rebanho (INNES et al., 2005). A eficiéncia desta forma
de transmissdo natural é relatada em estudos baseados em andlises sorologicas pré-
colostrais de bezerros nascidos de vacas soropositivas, sendo observadas taxas que variam
de 44% (BERGERON et al., 2001) a 95% (DAVISON et al., 1999).

a D

a) Exdgena b) Enddgena

Hospedeiro Hospedeiro + Parasito

e

Qeonato + Parasito Neonato + Parasito/

Figura 3. Relagdo parasito-hospedeiro e gestacao.
Adaptado de TREES & WILLIAMS (2005).

Historicamente, a transmisséo vertical foi primeiramente reconhecida em cées,
porém com cenarios distintos dos observados em bovinos (DUBEY et al., 2007). Em cées,
a infeccdo transplacentéaria é considerada varidvel e provavelmente ndo persiste na
auséncia de uma infeccdo horizontal, sendo o agente transmitido ao feto nos estagios
finais da gestacdo ou por via lactogénica pés-natal (BARBER & TREES, 1998). As taxas
de transmissdo vertical sdo baixissimas em filhotes nascidos de cadelas soropositivas e
cerca de 80% ndo apresentam infeccdo por N. caninum (DUBEY et al., 2005).

Modelos matematicos indicam que a transmissdo transplacentaria enddgena
sozinha ndo é suficiente para a manter a infeccdo em rebanhos bovinos (FRENCH et al.,
1999), pois sdo observados decréscimos nas taxas de transmissdo transplacentaria
enddgena em subsequentes gestacoes, indicando desenvolvimento de imunidade contra o
parasito (ROMERO & FRANKENA, 2003; DUBEY et al, 2007). Estudos
epidemioldgicos de incidéncia em bovinos confirmam a continua presenga da transmissao
horizontal dentro de rebanhos endémicos (GONDIM et al., 2004b).

Taxas de transmissdo vertical entre 10 a 12% ja foram verificadas em ovinos

experimentalmente infectados (JOLLEY et al., 1999) e 15,4% em um rebanho ovino
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naturalmente infectado no Brasil (AZEVEDO-FILHO et al., 2017). Diferentes estudos
demonstraram que N. caninum possui um papel representativo em casos de abortos em
ovinos na Espanha (MORENO et al., 2012), Itdlia (MASALA et al., 2007), Jordania
(ABU-SHEHADA & ABU-HALAWE, 2010) Nova Zelandia (HOWE et al., 2008) e
Australia (BISHOP et al., 2010).

A infecgdo congénita em fetos de ovelhas cronicamente infectadas por N. caninum
resulta em aborto semelhante ao descrito em infeccOes recrudescentes em vacas
(JOLLEY etal., 1999). Por outro lado, Buxton et al. (2001) demonstraram que mesmo as
ovelhas sendo suscetiveis a infeccdo, a recrudescéncia ocorre com menos frequéncia do
que a descrita para bovinos, mesmo quando utilizada inocula¢Ges subsequentes do
parasito nos animais ja infectados. Syed-Hussain et al. (2015) demonstraram que ovelhas
inoculadas dois meses antes do acasalamento ndo produziram evidéncias de transmissao
para suas crias no primeiro ano, mas ressaltaram que alguns cordeiros nasceram
infectados congenitamente no ano seguinte, indicando a transmissao vertical.

Em caprinos, existem poucas informagdes disponiveis sobre a transmissdo
congénita natural, porém estudos que confirmam a positividade em soros pré-colostrais
de cabritos e detectaram a presenca do parasito em fetos abortados e recém-nascidos
indicam uma clara associa¢do da ocorréncia da transmissdo transplacentaria endégena
(BARR et al., 1992; VARASCHIN et al., 2012; ALTBUCH et al., 2012; NUNES et al.,
2017). Mesquita et al. (2013) descreveram taxas de 77% de transmissdo congénita ao
titular soros pré-colostrais obtidos de cabritos naturalmente infectados, associando tais
resultado com taxas similares (75% a 81%) observadas em bovinos naturalmente

infectados.

iii) Outras vias de transmissdo horizontal pos-natal

Davison et al. (2001) relataram que N. caninum pode ser eliminado via leite ou
em léquios de animais infectados, indicando o potencial destas secre¢ées como fontes de
infeccdo para outros bovinos. A transmissdo por via oral ja foi descrita em bezerros
neonatos alimentados com colostro ou leite contaminado com taquizoitos (UGGLA et al.,
1998). Ainda ndo existem evidéncias na literatura que a transmissdo de animal para
animal possa ocorrer (DAVIDSON et al., 2001).

A transmissdo venérea e possivel, porém improvavel a ndo ser mediante condicdes
experimentais pela necessidade do uso de um grande nimero de taquizoitos para induzir
a infeccio (SERRANO-MARTINEZ et al., 2007; FERRE et al., 2008). A inseminag&o
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artificial utilizando sémen contaminado com taquizoitos resultou em soroconversdo de
algumas vacas e baixas taxas de gestacdo (SERRANO-MARTINEZ et al., 2011). A
deteccdo de DNA de N. caninum j& foi observada em sémens de touros naturalmente
infectados, porém em pequenas quantidades e em periodos intermitentes, portanto nao
sendo uma rota provavel de transmissdo natural (ORTEGA-MORA et al., 2003;
CAETANO-DA-SILVA et al., 2004; FERRE et al., 2005). Em carneiros inoculados
experimentalmente foi detectada presenca de DNA de N. caninum de forma intermitente
em até cinco semanas pds-inoculacdo, sendo encontradas concentracfes variaveis de 1 a
889 taquizoitos por ml de sémen. A conclusdo obtida pelos autores é que seria incerta a
possibilidade de transmisséo por meio da monta natural (SYED-HUSSAIN et al., 2013).

2.4 Patogenia da neosporose

A ocorréncia de lise celular causada pela multiplicacdo do agente, levando a
doenca, dependera de um equilibrio entre a capacidade do taquizoito em penetrar, se
multiplicar na célula hospedeira e a habilidade do sistema imune do hospedeiro em inibir
esta multiplicacdo (ELLIS et al., 2010).

O reconhecimento e ligacdo inicial de N. caninum a célula hospedeira ocorre por
um contato de baixa afinidade, envolvendo a presenca de antigenos imunodominantes de
superficie como a sequéncia NcSRS2 (N. caninum SAG-2 related sequence) (BUXTON
etal., 2002). Apos o contato inicial, segue-se o processo de adesdo, caracterizado por uma
associacdo de maior estabilidade entre os taquizoitos e a superficie da célula hospedeira,
finalizando com a formac&o do vacuolo parasitéforo que leva a lise celular e infecgdo das
células adjacentes (HEMPHILL et al., 2006). Os taquizoitos podem se diferenciar em
bradizoitos em resposta a uma resposta imune (MILLER et al., 2009). Evidéncias mais
recentes sugerem que o0s bradizoitos tém um importante papel na patogénese da
neosporose (ROJO-MONTEJO et al., 2011).

Em animais ndo gestantes, a neosporose geralmente é assintomatica (BUXTON
et al., 2001). O principal sinal clinico da infeccdo por N. caninum em bovinos é a
ocorréncia de abortos ou ainda o nascimento prematuro de bezerros, podendo nascer com
sinais neurolégicos (DUBEY et al., 2006). Vacas de qualquer idade podem abortar
durante os trés primeiros meses até o final da gestacéo, sendo observada maior ocorréncia
de aborto entre o quinto e sexto més da prenhez (DUBEY, 2003). Em periodos iniciais
de gestacdo, fetos que morrem no uUtero podem ser mumificados ou reabsorvidos
(DUBEY & SCHARES, 2011). Em estudos experimentais, foi descrito um curto periodo
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de pirexia relativo a parasitemia (INNES et al., 2001; MALEY et al., 2003). Existem
contradigdes quanto a perda embrionéria e infertilidade na neosporose, sendo encontrado
incremento no nimero de servigos por parto em vacas infectadas, sem prejuizos nas taxas
de concepcdo (LOPEZ-GATIUS et al., 2005). De acordo com Santolaria et al. (2009),
vacas que abortaram por N. caninum rapidamente apresentaram fertilidade normal.

A implicacdo da neosporose em ovinos foi estudada pela primeira vez em um
cordeiro congenitamente infectado nascido com sinais clinicos (DUBEY et al., 1990).
Posteriormente, novos casos clinicos foram associados a infec¢éo natural por N. caninum
com ocorréncia de aborto, mortalidade neonatal e aparecimento de sinais clinicos em
ovinos adultos no Japdo, Austrélia, Suica e América do Sul (KOBAYASHI et al., 2001;
HASSIG et al., 2003; MOORE et al., 2005; BISHOP et al., 2010). A infeccdo natural por
N. caninum também foi relacionada diretamente a ocorréncia de casos de aborto e
mortalidade neonatal em caprinos nos Estados Unidos (BARR et al., 1992), Italia (ELENI
etal., 2004) e Brasil (CORBELLINI et al., 2001). A deteccdo de DNA de N. caninum foi
descrita em amostras de encéfalos de fetos caprinos e ovinos abortados em diferentes
paises (MASALA et al., 2007; HOWE et al., 2008; ABO-SHEHADA E ABU-
HALAWEH, 2010; UNZAGA et al., 2014), incluindo o Brasil (VARASCHIN et al.,
2012; MESQUITA et al., 2013; NUNES et al., 2017), sugerindo um papel relevante de
N. caninum como causa de aborto em pequenos ruminantes.

Em ovinos, a infeccdo por N. caninum também foi associada a diminuicdo do
desempenho reprodutivo do rebanho (GONZALEZ-WARLETA et al.,, 2014). Em
caprinos naturalmente infectados sdo mencionados disturbios reprodutivos e a ocorréncia
de encefalite, caracterizadas por significativas lesbes no sistema nervoso central
(MESQUITA etal., 2013; COSTA et al., 2014; NAKAGARI et al., 2016; NUNES et al.,
2017), sendo ainda descritas severas lesdes placentarias, associada a multiplicacdo do
parasito nos tecidos fetais (COSTA et al., 2018). Em cabritos recém-nascidos sdo
observados distarbios neurolégicos na neosporose congénita, como sinais de paresia,
ataxia e opistétono (CORBELLINI et al., 2001; VARASCHIN et al., 2012).

2.4.1 Modelos experimentais da neosporose em pequenos ruminantes

Diferentes infecgdes experimentais sustentam a suscetibilidade de ovinos e
caprinos a N. caninum. A inoculacéo de dose superior a 10° taquizoitos de N. caninum
entre os dias 45-90 de gestacdo (primeiro e segundo trimestre de gestacdo) pode causar

aborto ou reabsor¢do embrionaria, podendo, ainda, determinar o nascimento de cordeiros
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doentes (MCALLISTER et al., 1996; BUXTON et al., 1997, 1998, 2001; WESTON et al,
2009). A inoculagdo no terceiro terco da gestacdo (dia 120) resultou no nascimento de
cordeiros clinicamente sadios (MCALLISTER et al., 1996).

Recentemente, em estudo experimental utilizando ovelhas gestantes, Arranz-Solis
et al. (2015) observaram diferentes resultados com inoculagdes de N. caninum (108
taquizoitos) em diferentes tercos da gestacdo. Todas as ovelhas inoculadas no primeiro
(40 dias — G1) e segundo terco (90 dias — G2) da gestacdo tiveram morte fetal, entretanto,
apenas nos fetos oriundos das fémeas do G1 foram observados multiplos focos de necrose
coagulativa no parénguima hepatico, sem lesées macroscopicas placentarias; os fetos das
fémeas do G2 apresentaram lesdes histoldgicas inflamatdrias e nas placentas de algumas
fémeas foram observados agregados focais na vilosidade cotiledonéria; todas as fémeas
inoculadas no terco final (aos 120 dias — G3) pariram cordeiros viaveis a termo, porém
foram observados quadros de debilidade e decubito em algumas crias. Apos analise
histologica evidenciou-se maior frequéncia de infiltrado de células inflamatorias nos
encéfalos e musculatura esquelética destes animais quando comparado aos fetos dos
grupos anteriores.

A inoculacdo de taquizoitos de N. caninum em cabras gestantes também produziu
aborto, natimorto e nascimento de cabritos clinicamente saudaveis, dependendo da fase
de gestacdo (PORTO et al., 2016). Lindsay et al. (1995) inocularam em cabras “anas”
com taquizoitos de N. caninum no dia 51 de gestacao (primeiro ter¢o) e observaram aborto
em todas as cabras, enquanto que a inoculacdo no dia 81 (segundo terco), resultou em um
natimorto em um dos dois animais inoculados; j& a inoculagdo de N. caninum aos 127
dias de gestacdo (terceiro ter¢o) ndo teve efeito clinico na gestacdo, resultando no
nascimento de cabritos clinicamente sadios.

Porto et al. (2016) utilizaram modelo experimental de N. caninum em cabras
gestantes, inoculando a dose de 10° taquizoitos por via intravenosa em fémeas em
diferentes periodos da gestacdo. Os autores descreveram pirexia e sinais clinicos como
apatia, anorexia e pelos ericados entre o quinto e nono dia pos-inoculacdo. Além disso,
observaram morte fetal em todos os animais inoculados no primeiro terco da gestacédo (40
dias-G1) e em 57% dos animais inoculados no terco médio da gestagdo (90 dias-G2). Os
animais inoculados no terc¢o final da gestacdo (120 dias-G3) levaram a gestacao a termo
e pariram cabritos vidveis soropositivos em sua maioria, além de cabritos com quadros
de debilidade e diminuicdo do reflexo de sucgdo e metade deles soropositivos; nos

cabritos abortados foram observadas lesdes microscopicas caracterizadas por presenca de

27



multiplos focos de necrose de coagulacéo e infiltrado de células inflamatorias no encéfalo
e figado; nas placentas dos animais dos trés grupos foram observadas lesdes necroticas
multifocais ndo supurativas, embora sendo encontradas em maior extenséo e frequéncia
nas placentas dos animais do G1 e G2, caracterizada por focos distribuidos nos

placentomas.

2.5 Resposta imune na infecgdo por Neospora caninum

A compreensdo da neosporose leva a um frequente questionamento sobre o porqué
de apenas uma proporcdo de vacas abortam e ainda o porqué de nem todos os bezerros de
fémeas infectadas sdo portadores da infeccdo congénita (GOODSWEN et al., 2013).
Evidéncias atuais sugerem que a resposta imune a infec¢do esta intrinsecamente ligada
ao periodo gestacional, baseada no status pontual do sistema imunol6gico materno e fetal
naquele periodo (WILLIAMS et al., 2000; INNES et al., 2001). Em bovinos, a resposta
humoral e celular mediada contra N. caninum néo é totalmente protetora, uma vez que a
transmiss&o vertical pode ocorrer em subsequentes gestacdes (BJORKMAN et al., 1996),
contrastando com o tipo de resposta observada em infec¢Bes por Toxoplasma gondii, que
apos a exposicdo inicial, boa parte dos animais desenvolve uma sdélida resposta
imunolégica, prevenindo a doenga (INNES et al., 2002).

Em geral, anticorpos controlam a carga parasitaria presente no sangue e fluidos
teciduais, enquanto que a resposta mediada por células tem como alvo os parasitos
intracelulares (HEMPHILL, 1999). Em animais natural e experimentalmente infectados,
a resposta imunoldgica primaria baseia-se na producdo de interferon (IFN-y),
inicialmente pelas células natural-killer, inibindo a multiplicacdo intracelular do parasito
(WILLIAMS et al., 2000; ARRANZ-SOLIS et al., 2015; PORTO et al., 2017). Além
disso, é descrita a producédo de anticorpos 1gG2 e resposta mista de células T do tipo Thl
e Th2 observada pela constante regulacdo da expressao de citocinas (IL-10, IL-2, TNF-
o) em resposta a infeccdo parasitaria (INNES et al., 2002; ANDRIANARIVO et al., 2001;
ROSBOTTOM et al., 2008).

Porto et al. (2017) descreveram uma marcada diferenca na expressao de I1L-12 em
caprinos comparada com outras espécies de ruminantes, indicando que a expressao de IL-
12 é levemente induzida. Em ovinos, a expressédo de IL-12 ndo é observada (ARRANZ-
SOLIS et al., 2015), contrastando com o descrito para bovinos que tém uma marcada
expressdo de IL-12 (ROSBOTTOM et al., 2008; ROSBOTTOM et al., 2011; REGIDOR-
CERRILLO etal, 2014).
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Williams et al. (2003) relataram que em infec¢fes naturais, vacas cronicamente
infectadas adquirem resposta imunoldgica protetora contra infecgdes exdgenas de N.
caninum, mas essa mesma protecdo é ineficiente para proteger o feto ou ainda na
prevencdo de uma recrudescéncia de uma infecgéo latente. Durante a gestacéo, células do
tipo Th2 sdo predominantes na interacdo materno-fetal, com regulacédo das citocinas IL-
10, IL-4 e fator de transformacéo do crescimento beta (TGF-B) (INNES et al., 2002). E
postulado que a imunomodulagao que ocorre para a manutengdo da gestacao € o principal
gatilho para a recrudescéncia com ativacdo dos bradizoitos, levando a parasitemia e a
subsequente resposta inflamatoria imunoldgica (normalmente do tipo Th1l), gerando duas
situacOes: morte fetal e controle da infecgdo na fémea (INNES et al., 2001).

Os modelos experimentais com inoculacdes em diferentes fases da gestacédo
sugerem gue quanto mais inicial a gestacdo quando a infec¢édo for instalada, maior sera o
potencial patogénico de N. caninum (LINDSAY et al., 1995; DUBEY, 2003). Arranz-
Solis et al. (2015) estudaram a infeccdo em ovelhas no terco médio da gestacdo que
culminaram com consequéncias mais severas do que as observadas em vacas inoculadas
no mesmo periodo da gestacdo, com os casos de abortos, nascimento de crias debilitadas
as baixas mensuracgdes de IFN-y periférico e expressao de citocinas.

Weston et al. (2009) concluiram que a implicagdo clinica varia com a
concentracdo do indculo, visto que, em ovelhas aos 90 dias de gestacdo observaram 100%
de abortamentos quando utilizada concentracdes de 10° taquizoitos, 50% de abortamentos
com 10° taquizoitos e sem abortamento com 50 taquizoitos. No terco final da gestacio,
cabras inoculadas com 108 taquizoitos apresentaram resposta similar a de bovinos com
baixas expressdes de citocinas e menor regulacdo imune, associada a uma maior
imunocompeténcia fetal no controle da infeccdo (PORTO et al., 2017).

Evidéncias apontam que vacas congenitamente infectadas apresentaram maior
risco de abortamento na primeira gestacao do que nédo infectadas de um mesmo rebanho,
sugerindo que a imunocompeténcia do hospedeiro durante a primo-infeccdo afeta o tipo
de resposta imune desencadeada (WESTON et al. 2005). Em cabras, a transmissédo
transplacentaria endogena do feto é associada ao incremento dos titulos de 1IgG materna
no segundo terco da gestacéo e estas fémeas tém 10 vezes mais chances de gerar cabritos
congenitamente infectados (MESQUITA et al., 2013).

Diferentes estudos de desafio em bovinos propde a inoculagéo de taquizoitos em
periodos que antecedem a gestacao para prevengdo da ocorréncia de abortos e transmissao
vertical (WILLIAMS et al., 2000; INNES et al., 2001). Williams et al. (2007)
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descreveram que vacas inoculadas antes da monta e desafiadas nos periodos onde
normalmente sdo observados abortos, ndo abortaram e ndo produziram bezerros
congenitamente infectados em gestacdes subsequentes. Em ovinos, Syed-Hussain et al.
(2015), utilizando modelo semelhante, descreveram que a inoculagdo prévia no primeiro
ano ndo resulta em transmisséo vertical, mas ndo induz nenhum tipo de protecdo no ano
subsequente, sugerindo que a transmisséo vertical possa ocorrer bastando o animal estar

infectado.

2.6 Soroprevaléncia na espécie caprina

A prevaléncia da neosporose é considerada varidvel em cada pais, inclusive dentro
de uma mesma regido, podendo variar entre o tipo de criagdo bovina (corte ou leite) e até
mesmo o tipo de domicilio dos caninos analisados (urbanos ou rurais) (GOODSWEN et
al. 2013). Em um estudo de revisao realizado por de Dubey et al. (2007) séo descritas as
prevaléncias para caprinos e outras espécies ao redor do mundo, porém 0s autores
relataram que os resultados descritos ndo devem ser comparados pelas diferencas nas
técnicas sorologicas e pontos de corte adotados, embora afirmem que tais investigacdes
servem para validar as evidéncias de que uma diversidade de espécies foi exposta ao N.
caninum.

Para ilustrar os dados de prevaléncia de N. caninum na espécie caprina sdo
apresentados na Tabela 1 os resultados de levantamentos soroldgicos de diferentes

estudos mundiais com suas respectivas técnicas e ponto-de-corte adotado.
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Tabela 1. Prevaléncia de anticorpos especificos contra Neospora caninum em caprinos

Pais VI pogos  sovagea THUFabricnte Referéncia
Argentina 1594 6,6% RIFI 1:50 MOORE et al. (2007)
2922 5,5% RIFI 1:100 GOS et al. (2017)
Grécia 375 0,7% ELISA In-house ANASTASIA et al. (2013)
Filipinas 89 23,6% ELISA In-house KONNAI et al. (2008)
Pol6nia 1060 0,4% ELISA VMRD CZOPOWICZ et al. (2011)
Roménia 512 2,3% ELISA IDEXX I0VU et a. (2012)
Eslovaquia 116 15,5% ELISA IDVET COBADIOVA et al. (2013)
Ird 450 6,2% ELISA IDVET GHAREKHANI et al. (2016)
Jordania
Jordénia (Norte) 302 2,0% ELISA Bio-X ABO-SHEHADA & ABU-HALAWEH (2010)
Jordania (Sul) 300 5,7% ELISA IDEXX AL-MAJALI et al. (2008)
China 207 7,7% ELISA IH-NcSAG1  Luetal. (2007)
650 7,2% ELISA IDEXX LIU et al. (2015)
Nova Zelandia 7086 1,9% ELISA Bio-X ALTBUCH et al. (2012)
Espanha 638 6% ELISA VMRD DIAZ et al. (2016)
Ilhas Canaria 552 7,0% ELISA IDVET RODRIGUEZ-PONCE et al. (2017)
Brasil
Maranhéo 46 17,39% RIFI 1:25 MORAES et al. (2011)
Paraiba 306 3,3% RIFI 1:50 FARIA et al. (2007)
Alagoas 235 5,95% RIFI 1:50 RIBEIRO-ANDRADE et al. (2015)
975 2,7% RIFI 1:50 SANTOS et al. (2013)
Bahia 384 15,0% RIFI 1:100 UZEDA et al. (2007)
Pernambuco 174 2,9% RIFI 1:50 ARRAES-SANTOS et al. (2016)
Séo Paulo 394 6,4% RIFI 1:50 FIGLIULO et al. (2004)
923 19,7% NAT 1:25 MODOLO et al. (2008)
923 17,3% NAT 1:25 COSTA et al. (2012)
Minas Gerais 667 10,7% RIFI 1:50 ANDRADE et al. (2013)
Santa Catarina 654 4,58% RIFI 1:50 TOPAZIO et al. (2014)
Rio Grande do Sul 381 1,0% RIFI 1:50 LIMA et al. (2008)

RIFI: Reacdo de imunofluorescéncia indireta; NAT: Neospora Agglutination Test. IH: in-house; VMRD: Neospora caninum cELISA (VMRD, Estados
Unidos); IDEXX: IDEXX HerdChek Neospora caninum antibody (IDEXX Laboratories, Estados Unidos); Bio-X: Indirect ELISA test Kit (Bio-X Diagnostic,
Bélgica); IDVET: ID Screen Neospora caninum Competition (Innovative Diagnostics, Franga).
Alguns fatores de risco descritos em surtos de abortamentos por N. caninum
devem ser considerados, principalmente a forte associagdo entre a soroprevaléncia e a
presenca de cies com acesso direto aos bovinos (PARE etal., 1998; DUBEY et al., 2007),
ovinos (FIGLIUOLO et al., 2004) e caprinos (ABO-SHEHADA et al., 2010). Santos et
al. (2013) descreveram como fatores de risco associados a alta prevaléncia de infeccéo
por N. caninum em caprinos: a ndo utilizacdo de seringas descartdveis; tamanho do

rebanho superior a 25 animais e o pastoreio em areas comunitarias. Outros fatores de risco
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incluem a presenca de outras espécies de hospedeiros definitivos, imunossupressao e
fatores como idade, raca, clima e local de criagdo do rebanho (HADDAD et al., 2005;
THURMOND et al., 2005; ORTEGA-MORA et al., 2006).

2.7 Diagnostico

Para o diagnostico da neosporose é fundamental a obtencdo do histérico clinico e
dos dados epidemioldgicos durante a investigacdo diagnostica, sempre devendo ser
acrescentadas informacgdes que envolvam o tipo de aborto, idade e condicdo fetal
(ORTEGA-MORA et al., 2006).

O diagndstico do abortamento pode ser possivel utilizando uma combinagdo de
técnicas laboratoriais como a triagem soroldgica da fémea e a necropsia do feto abortado
e anexos fetais, empregando técnicas de deteccdo direta como a analise histologica e
molecular (DUBEY, 2003; McALLISTER et at., 2016).

2.7.1 Diagnostico indireto

A auséncia de sinais clinicos mais evidentes, a ndo ser o aborto, nas infec¢cdes por
N. caninum em animais adultos estabelece a importancia dos testes sorolégicos como
ferramentas fundamentais de diagndstico in vivo e em liquidos toracicos fetais, indicando
0 grau de exposi¢do do animal infectado ao agente (DUBEY & SCHARES, 2006). A
utilizacdo de técnicas soroldgicas de avidez tem se tornando importantes ferramentas na
investigacdo da via de transmissdo de N. caninum em um rebanho, fazendo a
diferenciacéo entre infecgdes agudas de cronicas (BJORKMAN et al., 1999; AGUADO-
MARTINEZ et al., 2008).

O desenvolvimento de qualquer técnica soroldgica requer a manutencdo do
parasito em cultura para identificacio de antigenos especificos (BJORKMAN &
UGGLA, 1999). As técnicas soroldgicas atuais se baseiam em sua maioria na utilizacdo
do estagio de taquizoito (JENKINS et al., 2002), obtido principalmente de isolados de
bovinos e caninos (ORTEGA-MORA et al., 2006). Estes taquizoitos podem ser fixados
em formalina para utilizacdo na reacdo de imunofluorescéncia indireta (RIFI) (CONRAD
et al., 1993), nos testes de aglutinagdo (NAT) (ROMAND et al., 1998) e em ELISAs
indiretos (WILLIAMS et al., 1997). Além disso, os antigenos sollveis totais também sao
utilizados em ELISAs e técnicas de immunoblot (ALVAREZ-GARCIA et al., 2002).

A reacdo de imunofluorescéncia indireta (RIFI) foi o primeiro teste sorolégico

utilizado para neosporose (DUBEY et al., 1988) e rotineiramente empregada no
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diagnostico da doenca (ATKINSON et al., 2000), sendo a técnica de referéncia para
implementacdo de outros testes (NAGULESWARAN et al., 2004; SILVA et al., 2007,
CAMPERO et al., 2018). Diferentes pontos de corte sdo recomendados baseados na
espécie animal investigada: para bovinos adultos € aceito o ponto de corte para detectar a
infeccdo a diluicdo de 1:200 (von BLUMRODER et al., 2004) e 1:16 a 1:25 para 0s
fluidos fetais. Para ovinos e caprinos, o ponto de corte utilizado € a diluicdo 1:50
(ARRANZ-SOLIS et al., 2015; PORTO et al., 2016). O desempenho da RIFI requer
treinamento e experiéncia, uma vez que a interpretacdo do resultado sempre dependera
da anélise subjetiva do avaliador (LARSI et al., 2004; ORTEGA-MORA et a., 2006).

Os testes de aglutinacdo (Neospora Agglutination Test - NAT) se baseiam no fato
de taquizoitos de N. caninum se aglutinarem na presenca de anticorpos IgG especificos
(ROMAND et al., 1998). Os testes de aglutinacdo para N. caninum foram inicialmente
desenvolvidos para utilizagdo em bovinos (PACKHAM et al., 1998) e caninos
(ROMAND et al., 1998), e posteriormente foram aplicados em uma variedade de espécies
com razoavel sensibilidade e especificidade (DONAHOE et al., 2015), justamente pela
vantagem de ndo possuir a necessidade do uso de um conjugado espécie-especifico
(ORTEGA-MORA et al., 2006). Uma desvantagem na producdo do NAT € a necessidade
da utilizacdo de um grande niimero de taquizoitos (BJORKMAN & UGGLA, 1999).

O ELISA apresenta como vantagem o registro quantitativo da reacéo, podendo ser
facilmente automatizado, sendo uma técnica Gtil no processamento de um grande nimero
de amostras (ORTEGA-MORA et al., 2007). Diferentes formatos de ELISAs foram
desenvolvidos, incluindo os indiretos e de inibigdo-competitiva (CI)-ELISA baseado no
percentual de inibicdo dos soros-testes contra o soro-controle (BASZLER et al., 1996).
Em sua maioria sdo utilizadas preparacdes de antigenos sollveis de tanquizoitos, podendo
incluir ainda a utilizac&o de proteinas recombinantes (ALVAREZ-GARCIA et al., 2013),
sendo aplicado para amostras de soro sanguineo e leite (ORTEGA-MORA et al., 2006).

Os resultados obtidos em ELISA indiretos podem ser expressos em valores de
densidade optica (DO) (OSAWA et al., 1998), valores percentuais de positividade
(WILLIAMS et al., 1999), indice relativo por cento (IRPC) (ALVAREZ-GARCIA et al,
2003). ELISA indiretos foram modificados para permitir a analise da avidez de 1gG nos
casos agudos ou cronicos da neosporose (AGUADO-MARTINEZ et al., 2005). Tais
testes de avidez se baseiam no principio da primeira sintese de anticorpos primarios que
possuem baixa afinidade do que aqueles produzidos posteriormente, onde apds a adicdo
e incubacdo de ureia (6M a 8M), sdo eluidos (ORTEGA-MORA et al., 2006). Valores
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pequenos de avidez sdo observados em infecgdes recentes e valores altos sdo observados
em infec¢Bes cronicas, sendo tais valores calculados nos titulos de IgG nas amostras
testadas com e sem adicdo de ureia (AGUADO-MARTINEZ et al., 2005; FROSLING et
al., 2005).

Ainda estdo incluidos no diagnostico da neosporose, 0s testes
imunocromatograficos (ICT) e os immunoblots (IB). Liao et al. (2005) desenvolveram
um ICT utilizando antigeno recombinante de superficie NcSAG1, ressaltando sua
facilidade de utilizag&o clinica e a campo, ndo necessitando de equipamentos ou materiais
especiais para sua interpretacdo. Testes 1B, comumente conhecidos como Western Blot
sdo utilizados para identificacdo de antigenos de taquizoitos imunodominantes presentes
em soro, leite e liquor (ALVAREZ-GARCIA et al., 2002, ORTEGA-MORA et al., 2006),
e amplamente utilizados para validacdo de resultados duvidosos, por possuirem altissima
sensibilidade quando comparados as técnicas de RIFI e ELISA (SONDGEN et al., 2001;
ALVAREZ-GARCIA et al., 2002).

Resultados dos testes soroldgicos sao dependentes de uma gama de fatores como
a composicdo do antigeno, as caracteristicas do conjugado e dos outros reagentes
utilizados (BJORKMAN & UGGLA, 1999). Algumas técnicas soroldgicas podem
apresentar reacdo cruzada com parasitos apicomplexa correlatos (WAPENAAR et al.,
2007) e em alguns animais, a sensibilidade da maioria das técnicas de diagnostico
soroldgico pode ser comprometida por quedas nas concentragdes de anticorpos
especificos, ficando abaixo dos limites detectaveis (BARTELS et al., 2005). Incrementos
subsequentes na concentragao de anticorpos podem refletir a recrudescéncia do parasito,
podendo ser um fator preditivo de abortos ou infecgdes verticais (GUY et al., 2001). Em
alguns casos, resultados falso-positivos também podem ser associados em animais
vacinados contra N. caninum (SCHETTERS et al., 2004) e ainda oriundo do processo de
producdo do antigeno, com utilizacdo de soro fetal bovino contendo anticorpos contra N.
caninum (TORRES & ORTEGA, 2006). Nos ultimos anos houve notadvel mudanca do
painel de kits comerciais soroldgicos; novos testes foram desenvolvidos, boa parte dos ja
existentes foram modificados e outros retirados do mercado (ALVAREZ-GARCIA et al.,
2013).

Estudos recentes de comparac6es de técnicas ELISA e RIFI demonstraram uma
boa concordancia na interpretacdo dos resultados (NAGULESWARAN et al., 2004;
ALVAREZ-GARCIA et al., 2013; CAMPERO et al., 2018). A padronizag&o nos pontos

de corte é recomendada, utilizando o emprego da chamada curva ROC (Receiver
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Operating Characteristic Curve), que permite uma melhor interpretacdo, eliminando
eventuais discordancias entre os diferentes testes utilizados em estudos soro-
epidemioldgicos paralelos (ORTEGA-MORA et al., 2006).

2.7.2 Deteccao direta do parasito

O exame do soro derivado de uma vaca com histérico de aborto é apenas
indicativo da exposicdo ao N. caninum e a analise histologica do feto é necessaria para o
diagnostico definitivo (DUBEY, 2003). Encéfalo, coracdo, figado, placenta, derrames
cavitarios e sangue sdo as melhores amostras para diagndstico, principalmente quando
utilizados em conjunto (DUBEY & LINDSAY, 1996; COLLANTES-FERNANDEZ et
al., 2006).

O diagnéstico histoldgico, utilizando apenas coloragfes de hematoxilina-eosina
(HE) é dificultoso principalmente pela pouca frequéncia de lesdes microscopicas e 0
namero de parasitos ser escasso (DUBEY & LINDSAY, 1996; ANDERSON et al., 2000).
As lesdes mais significativas observadas sdo caracterizadas por encefalomielite focal néo-
supurativa e miocardites (CORBELLINI et al., 2001), além de necrose plancentaria que
podem estar associadas a varios outros agentes, principalmente protozoarios como
Sarcocystis spp. e T. gondii (JENKINS et al., 2002; VARASCHIN et al., 2012). A técnica
de imunohistoquimica (IHC) é amplamente utilizada (ORTEGA-MORA et a., 2006),
fornecendo um diagndstico etiol6gico em abortos associados a N. caninum, demonstrando
a presenca do agente em éareas do tecido fetal contendo lesdes caracteristicas por
protozoarios (WOUDA & BUXTON, 2007).

As técnicas de deteccdo molecular, principalmente baseadas em PCR, sdo
ferramentas Uteis na detec¢do de DNA do parasito, principalmente quando utilizadas para
a analise de abortos (PEREIRA-BUENO et al., 2003). A PCR geralmente possui maior
sensibilidade do que os métodos de IHC, sendo inclusive mais especificas (van
MAANEN et al., 2004). A eficiéncia da PCR depende dos procedimentos adotados no
laboratdrio, do estagio de autdlise do tecido e ainda do tipo de metodologia utilizada
durante coleta (DUBEY, 2003). Diferentes metodologias da PCR surgiram nos altimos
anos, podendo se basear na regido ITS1 de N. canimum (HOLMDAHL & MATTSON,
1996) e na sequéncia repetida Nc-5 (Neospora-specific) (MULLER et al., 1996)
empregando, ainda, modificacbes como reacdes Nested ou semi-nested para incremento
da sensibilidade e especificidade da analise (BUXTON et al., 1998). Além disso, 0

desenvolvimento da PCR quantitativa (qPCR) permitiu ndo s6 a deteccdo, mas também a
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quantificacdo da carga parasitaria em diferentes tecidos de animais infectados
(COLLANTES-FERNANDEZ et al., 2002; CONRATHS & SCHARES, 2006).

O isolamento de N. caninum viavel por meio do bioensaio em camundongos
knock-out, gerbis e ratos do deserto, ou ainda em cultivo celular é dificultoso, sendo
observados maiores chances de sucesso quando utilizado cistos teciduais pela sua maior
resisténcia a autolise (DUBEY & SCHARES, 2006). Em estudo recente, Costa et al.
(2018) demonstraram pela primeira vez que isolados de N. caninum de caprinos
naturalmente infectados podem infectar gerbils imunocompetentes e causar severas
lesbes histoldgicas quando inoculados em gerbils imunossuprimidos. A utilizacdo do
isolamento para obtengdo de isolados normalmente ¢ empregado em estudos baseados em
epidemiologia molecular, para conhecimento de patogenicidade e ainda para
desenvolvimento de vacinas (ORTEGA-MORA et a., 2006).

2.8 Controle e Profilaxia

A ocorréncia de um ciclo de vida doméstico e silvestre do parasito, levam a
dificuldades maiores para a implementacdo de medidas de controle, principalmente
qguando existem interacfes entre animais de producdo e selvagens (GONDIM et al.,
2004a; ROSYPAL & LINDSAY, 2005).

A longo prazo, a chave para evitar altas prevaléncias da infec¢éo, ou ainda reduzir
as taxas ja existentes, esta na prote¢do dos alimentos fornecidos aos animais, devido a
contaminacdo por fezes dos hospedeiros definitivos, dando atencdo similar a fonte de
agua (McALLISTER, 2016). A presenca de outros hospedeiros intermediarios positivos
como roedores, galinhas e pombos (HUANG et al., 2004; HUGHES et al., 2006; COSTA
et al., 2008) sdo potenciais fontes de infeccdo para 0s caninos e devem ser controlados
(DUBEY & SCHARES, 2011).

Medidas de biosseguranca, baseadas no processo de quarentena com triagem dos
animais recém adquiridos e ainda, eliminacdo dos animais positivos no rebanho séo
recomendas por varios autores para reducao da prevaléncia em fazendas com confirmacao
da transmissdo transplacentaria endégena (HADDAD et al., 2005; DUBEY et al., 2007;
ALTBUCH et al., 2012). Fatores estressantes, bioldgicos ou com praticas erréneas de
manejo podem permitir a converséo de bradizoitos de N. caninum em taquizoitos (INNES
et al., 2002), e também s&o mencionados no aumento do risco de abortos em animais
infectados pelo protozoario (WILLIAMSON et al., 2000; HASSIG & GOTTSTEIN,
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2002), devendo ser evitados para ndo ocorréncia de quadros de recrudescéncias
(BJORKMAN et al., 2000).

A busca por estratégias vacinais tem sido um dos maiores desafios para as
companhias de salde (REICHEL & ELLIS, 2009). A vacina comercial inativada
NeoGuard® foi a Unica a apresentar moderado sucesso nos testes de campo (ROMERO
et al., 2004; WESTON et al., 2012), poréem foi retirada do mercado. Vacinas vivas,
baseadas na utilizacdo de isolados avirulentos de N. caninum oriundos de animais
naturalmente infectados se mostraram promissoras (WILLIAMS et al., 2007; ROJO-
MONTEJO et al., 2009), principalmente pelo principio da vacina ideal inibir a infeccéo
e ndo causar doenca clinica, além de impedir qualquer resposta mediada por células a
ponto de causar patologias fetais (GOODSWEN et al., 2013).

A nova geracdo de vacinas baseadas em proteinas recombinantes, de DNA ou
utilizando vetores sdo atualmente o principal alvo de pesquisa (MARUGAN-
HERNANDEZ, 2017). Proteinas presentes no granuloma denso como a NcGRA7
apresentam grande potencial imunogénico e sdo capazes de conferir protecdo em
infeccdes por N. caninum em camundongos (LIDELL et al., 2003; JENKINS et al., 2004)
e bovinos (NISHIMURA et al., 2013). Hecker et al. (2014) demonstraram que as
proteinas recombinantes INCSAG1, rNcHSP20 e rNCGRA7, mesmo imunogénicas para
bovinos falharam na prevencéo da infeccdo fetal em desafios utilizando animais com

idade gestacional a partir de 70 dias.
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3. OBJETIVOS
3.1. Geral

v Estudar a dindmica da neosporose na cabra gestante, utilizando um

modelo de recrudescéncia e contribuir com o diagnéstico soroldgico nesta espécie.

3.2. Especificos

v Avaliar os sinais clinicos, ocorréncia de aborto, nascimento de cabritos

clinicamente afetados ou sadios;

v Avaliar a patogenia da doenga por andlises do grau de lesdo placentaria,
grau de lesdo no encéfalo das cabras inoculadas e nos diferentes 6rgdos de suas crias

(sistema nervoso central, coracdo, figado, pulméo e musculo esquelético);

v Avaliar a reposta imune humoral nos animais inoculados ao longo da
gestacdo e dos neonatos, determinando a producdo de 1gG especifica contra Neospora

caninum por meio de técnica soroldgica;
4 Detectar a presenca do parasito e a carga parasitaria nos diferentes tecidos

por meio de técnicas moleculares;

4 Estudar a soroprevaléncia de caprinos naturalmente infectados mediante o
estudo da concordancia entre trés técnicas soroldgicas utilizadas para detectar anticorpos

IgG especificos contra N. caninum.
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Study of recrudescence of neosporosis in experimentally infected goats

Estudo da recrudescéncia da neosporose em cabras experimentalmente infectadas

ABSTRACT

The purpose of this study was to obtain new insights about the dynamic of experimental
infection by Neospora caninum in pregnant goats by the recrudescence model. Fifteen
Boer goats were used as described: ten animals inoculated with 107 tachyzoites from NC-
Spain 7 isolate, two months prior to the mating, and five animals were used as negative
control group. The infection was confirmed by the significant increasing of the
temperature and seroconversion. As result of the first pregnancy, ten inoculated females
delivered: twelve animals born alive (12/14), one stillborn (1/14) and another died shortly
after birth (1/14). The N. caninum DNA was detected in tissues of infected goats as
described: 33.3% (3/9) of the brains, 22.2% (2/9) of the uterine lymph node and 40%
(4/10) of the placentas. In the offspring samples, DNA was detected as described: 21.42%
(3/14) of brains, 28.57% (4/14) of livers and 21.42% (3/14) of skeletal muscles were
positive. These preliminary results provide data about the pathogenesis of caprine
neosporosis by the observation of the vertical transmission of N. caninum. Further studies
are necessary to better understand the real influence of the isolate and the infection

consequences in successive pregnancies, as well as the vertical transmission rate.

KEYWORDS
Neospora caninum, caprine, pathogeny, experimental model

RESUMO

Objetivou-se neste estudo aprofundar os conhecimentos sobre a dindmica da infecgéo
experimental por Neospora caninum na cabra gestante, utilizando um modelo de
recrudescéncia. Foram utilizadas 15 cabras da raca Boer; 10 cabras foram inoculadas dois
meses antes da cobertura com 10’ taquizoitos do isolado Nc-Spain 7 de N. caninum e
cinco cabras formaram o grupo controle negativo. A infec¢do foi comprovada pelo
incremento significativo da temperatura e soroconversdo. Como resultado da primeira
prenhez, as fémeas inoculadas pariram: doze animais nascidos vivos (12/14), um
natimorto (1/14) e outro com 6bito pré-maturo (1/14). Nos tecidos das cabras inoculadas,
foi detectado DNA de N. caninum em: 33,3% (3/9) dos cérebros, 22,2% (2/9) do
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linfonodos uterinos e 40% (4/10) das placentas. Nas amostras das crias, 0 DNA foi
detectado em: 21,42% (3/14) dos cérebros, 28,57% (4/14) dos figados e 21,42% (3/14)
dos musculos esqueléticos foram positivos. Estes resultados prévios incrementam dados
sobre a patogenia da neosporose caprina com a verificacdo da transmisséo vertical de N.
caninum na espécie caprina na PCR. E necessario dar continuidade nos estudos para obter
respostas sobre a real influéncia do isolado e a patogenia da infeccdo em gestacdes

subsequentes assim como e a taxa de transmisséo vertical.

PALAVRAS-CHAVE

Neospora caninum, caprinos, patogenia, modelo experimental

INTRODUTION

Neospora caninum is an obligate intracellular protozoan parasite belonging to the
phylum Apicomplexa, closely related to Toxoplasma gondii, also with a heteroxenous
cycle. The dog (Canis familiaris) (Mcalisster et al, 1998; Basso et al, 2001) and gray wolf
(Canis lupus) (Dubey et al, 2011) have proven to be natural definitive hosts of the
parasite, and other canids such as coyotes (Canis latrans) and the australian dingo (Canis
domesticus) were also demonstrated experimentally as definitive hosts for this protozoan
(Gondim et al., 2004; King et al, 2010).

Transmission of N. caninum can occur by the horizontal route (postnatal infection)
when the intermediate host is infected by ingestion of sporulated oocysts; although the
vertical route via transplacental that occurs from a infected female to her offspring appear
to be the most relevant (congenital infection) (Dubey et al. 2011). For the mechanisms of
transplacental infection, Tress & Williams (2005) there are described two distinct
categories: endogenous transplacental infection related to recrudescence of a pre-existing
chronic infection in a pregnant female; and exogenous transplacental infection, as a result
of primary infection by oocysts during pregnancy. The occurrence of these two
mechanisms of transmission determine different epidemiological and pathological
consequences. Seroepidemiological studies in cattle have demonstrated that the
persistence of N. caninum infection in a herd is significantly related to the efficient
vertical transmission, since it allows propagation of the parasite over successive
generations (Tress et al. 1999), indicating that females remain infected throughout life,
transmitting the infection to their progeny in successive pregnancies or intermittently
(endogenous) (Dubey et al., 2006; 2007; 2011).
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Experimental studies with live tachyzoites of N. caninum inoculated in cattle
months before pregnancy showed no evidences of infection in subsequent pregnancies
(Williams et al., 2000; Innes et al., 2001), in contrast to what occurs in natural infections
in this same species (Guy et al., 2001; Innes et al, 2002; Williams et al., 2003). In sheep,
Jolley et al. (1999) described vertical transmission to fetuses of sheep with latent
infections. However, after an established persistent infection, the recrudescence has been
reported less frequently (Buxton et al., 2001; Gonzalez-Warleta et al., 2014; Syed-
Hussain et al., 2015).

Cases of abortion and neonatal mortality have been described in goats by N.
caninum in experimental model (Lindsay et al., 1995; Porto et al., 2016) and natural
infection in the United States (Barr et al., 1992), Costa Rica (Dubey et al., 1996), Brazil
(Corbellini et al., 2001; Mesquita et al., 2013) and Italy (Eleni et al., 2004), but remains
unclear the real consequences of natural infection by this coccidia like an abortive agent
in these ruminants.

To understand details of dynamics in the experimental infection in goats is
necessary to carry out further studies, in order to determine the maintainability of the
infection in the herd through vertical transmission by transplacental route, as well as
understanding the kinetics of the humoral immune response, providing more data on the
pathogenesis of the disease in this species, since they are scarce. The aim of this study
was to investigate the outcome of an experimental N.caninum infection in pregnant goats,

using a model of recrudescence.

MATERIALS AND METHODS

Prior to the beginning of the experimental activities was requested permission
from the Ethics Committee on Animal Use of the Federal University of Alagoas, Brazil,
where the animals were allocated. The project was approved with license number
59/2013.

Fifteen primiparous goats, with nine months old of Boer breed were selected from
a property without reproductive disorders. All animals were seronegative to agents
associated with reproductive failure in goats such as N. caninum, T. gondii, Brucella spp.,
Chlamydophila abortus and Coxiella burnetii. The animals were kept in stables (intensive
breeding system) and their food consisted mostly of tifton grass hay (Cynodon spp.) and
native fresh chopped grass, offered twice a day, in addition to concentrated (commercial

balanced feed), protein mineral salt and water ad libitum.
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Of the selected animals, 10 were inoculated intravenously, in the jugular vein with
10" tachyzoites of the Nc-Spain7 isolate. The five remaining animals, formed the negative
control group of infection, and were inoculated with PBS. All experimental infections
were performed in less than an hour after harvest the tachyzoites of the cell culture.

Two months after experimental inoculation, the goats were oestrus synchronized,
adopting a short protocol: 1) application of 0.3 mL of cloprostenol (Ciosin® - Intervet,
Brazil), intramuscularly; 2) followed by placing intravaginal devices (CIDR®, Pfizer,
Canada), for a period of five days; 3) in withdrawal of the devices was applied
intramuscularly 200 1U of equine chorionic gonadotropin - eCG (Novormon®, Zoetis-
Pfizer, Brazil). Twelve hours after the eCG aplication and removal of CIDR, the females
were kept under close observation to check if the oestrus started with the introduction of
males for natural mating. Two males with fertility checked by andrological tests and
seronegative for infectious agents mentioned above were used. The diagnosis of
pregnancy was performed by ultrasonography via transabdominal and/or transrectal, from
day 21 of gestation (calculated from the withdrawn of males).

The isolate Nc-Spain7 of N. caninum (passage number 13) used in the study was
maintained in Marc-145 cells in monolayer culture before inoculation under conditions
specified by Regidor-Cerrillo et al. (2010). Inocula was prepared as previously described
by Arranz-Solis et al. (2015). Tachyzoite numbers were determined by Trypan blue
exclusion followed by counting in a Neubauer chamber, and parasites were resuspended
in PBS at the required dose of 107 tachyzoites in a final volume of 1 mL. Tachyzoites
were administered to goats within 1h of harvesting from tissue culture.

The diagnosis of pregnancy was performed by ultrasonography via
transabdominal and/or transrectal, from day 21 of gestation (calculated from the
withdrawn of males) and repeated weekly to assess fetal viability in pregnant goats.
Parameters suggestive of fetal debility such as fetal heart rate below 100 beats per minute
(bpm), slow fetal moving and decreased amniotic fluid volume were considered.

Clinical examination was performed in all the animals by observation of all
parameters of interest: attitude, behavior, body condition score, heart rate, respiratory
rate, rectal temperature, ruminal movements. All goats were examined at two different
times of day (morning and afternoon) for monitoring the appearance of any clinical signs
such as anorexia, hyperthermia, weight loss and behavior changes. The rectal temperature
was measured for 18 consecutive days (three days before and 15 after inoculation) and,

after this period, the temperature was measured twice a week.
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The diagnosis of pregnancy was performed by ultrasonography weekly from day
21 of gestation to assess fetal viability in pregnant goats. Parameters suggestive of fetal
debility such as fetal heart rate below 100 beats per minute (bpm), slow fetal moving and
decreased amniotic fluid volume were considered

In animals that led to term pregnancy clinical examination of the offspring was
conducted, with attention to the presence of neuromotor disorders such as persistent
presence of decubitus, motor weakness to maintain station, decreased or absent sucking
reflex. All the goats that generated kids with visible clinical disorders and poor prognosis
were euthanized in accordance with the standards established by Resolution No.
714/2002, the Federal Council of Veterinary Medicine - Brazil (CFMV, Brazil).

Goats delivered healthy females were kept alive in order to check for possible
reproductive changes: possibility of vertical transmission of the disease in their offspring
reflecting reproductive problems in F2 or the possibility of reactivation of infection in
subsequent pregnancies.

To confirm infection by N. caninum, the blood of animals was collected from day
-3 before inoculation on, with intervals of three days between the collects. After 21 day
p.i., blood samples were taken with a fortnightly period. After the birth of the offspring,
the blood was collected before ingestion of colostrum. To evaluate the humoral immune
response both maternal and pre-colostral, total blood was collected from the jugular vein
using sterile 21G needle into 10 ml vacutainer tubes without anticoagulant, followed by
centrifugation at 1800 rpm for five minutes to the clot retraction and obtainment of serum.
Serum samples were stored in sterile polypropylene microcentrifuge tubes at -20°C until
the completion of serological tests.

From euthanized goats, 10 randomly selected placentomes were recovered from
each placenta and were transversely cut in slices of 2-3 mm of thickness that were
distributed for storage in 10% formalin for histopathological examinations, and the rest
of the placentomes were kept at -80°C for further parasite DNA detection by PCR. Brain
(one half at —80°C and one half in 10% formalin) and uterine and a pre-scapular lymph
nodes from goats were collected for PCR and histopathological analysis. Kids tissues
(brain, heart, liver, lungs and a portion of semitendinosus skeletal muscle) were stored at
—80°C for DNA extraction and fixation in 10% formalin.

For serological analysis, serum samples were assayed for specific 1gG antibodies
using an N. caninum soluble extract antigen-based ELISA prepared according to Alvarez-

Garcia et al. (2003). Serum samples were analysed in duplicate and the mean value of the
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optical density (OD) was converted into a relative index per cent (RIPC) using the
following formula: RIPC = (OD405 sample - OD405 negative control)/(OD405 positive
control - OD405 negative control) x 100. The RIPC value > 10 indicates a positive result.

Samples intended for histopathological examinations, which were previously
fixed in buffered formalin, embbeded in special paraffin wax for histology and were
processed by standard procedures for hematoxylin and eosin (HE) staining (Luna, 1968).

Genomic DNA was extracted from 50-100 mg of maternal and kids tissue samples
using the commercial Maxwell® 16 Mouse Tail DNA Purification Kit, developed for
automated Maxwell® 16 System (Promega®, USA), following the manufacturer’s
recommendations. The concentration of DNA for all samples was determined by
spectrophotometry (NanoPhotometer P-300, Inplen®, Germany) and adjusted to50-100
ng/uL. All DNA samples from placentomes and lymph nodes were also subjected to
electrophoresis on a 0.8% agarose gel to check the quality of DNA extraction process.

Parasite DNA detection was carried out by a nested-PCR adapted to a single tube
from the internal transcribedspacer (ITS1) region of N. caninum, using the external
primers TJNN1-TgNN2 and internal primers NP1-NP2 as previously described (Buxton
et al., 1998; Regidor-Cerrillo et al., 2014). Each reaction was performed in a final volume
of 25uL with 5uL of sample DNA. To avoid cross-contamination and false positive
reactions, DNA extraction, PCR sample preparation and electrophoresis were performed
in separate rooms employing different sets of instruments, aerosol barrier tips and
disposable gloves. Moreover, both reactions without a template and DNA samples from
the kid-control group were included in each round of DNA extraction and PCR as
negative controls. Positive PCR controls with N. caninum genomic DNA equivalent to
10, 1 and 0.1 tachyzoites in 100ng of goat DNA were also included in each batch of
amplifications. In addition, nested PCR for Toxoplasma gondii protocol described by
Hurtado et al. (2001) as counter-evidence of infection was used. Ten pL aliquots of the
PCR products were visualized under UV light in 1.5% agarose/ethidium bromide gel to
detect the N.caninum-specific 247bp amplification product.

To analyze the differences between the rectal temperatures (pre and post-
inoculation) and seroconversion (relative index x 100 - IRPC above 10) two-way
ANOVA test was used and for comparison between groups Dunn’s test was performed.
In the second analysis stage, Tukey's test was used to evaluate all possible paired

comparisons between samples collected over time in the control group and infected.
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204  Statistical significance for all analysis was established at P < 0.05. All statistical analyses

205  were carried out using GraphPad Prism 6.0 software.

206
207 RESULTS
208 The mean rectal temperature of the infected group reached 40.8°C peaks at 8 days

209  post-inoculation (d.p.i.). The mean values of temperatures of the animals in this group
210  were significantly higher than control group from 5 to 10 dpi. (p < 0.05), returning to
211 normal after that period. The summary of mean values of temperature of all the groups
212 can be seen in Figure 1.

213 Individually, varied response in the inoculated group was observed. In one of the
214  inoculated animals, there was a different response in temperature, with a feverish peak of
215 40.5°C at 1 d.p.i. followed by average temperatures of 39.1°C between the 2" and 7°d.pi,
216 and back to raise its temperature only on 8°d.pi to 40.2°C. In another animal of the
217  inoculated group, average values of 40.9 ° C were measured from the 4 to the 15 dpi. In
218  females inoculated, clinical signs consistent with fever (apathy, decreased appetite,
219 ruffled hair, tachypnea and dyspnea) were noticed. Animals in the negative control group

220  showed no clinical changes throughout the experimental period.
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Figure 1. Mean rectal temperatures (95% confidence interval) from days -3 to 21 days post-
inoculation. Goats of inoculated group with 107 tachyzoites of N. caninum. Negative control group
inoculated with Marc-145 cells in buffer solution at the same inoculation dose (10" Marc-145 cells
per animal).

221 Effective mating (with confirmation of gestation) was observed in nine inoculated
222 goats at different moments, as described: 50% (5/10) in an average of 66.4+1.34 d.p.i.;
223 20% (2/10) in 81.5+3.53 d.p.i. and 20% (2/10) in 105.5+2.12 d.p.i. One (1/10) of the
224  inoculated females (identified by number 61), had gestation confirmed at 435 d.p.i. Until
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225  that period, no signals of gestation were observed with several repetition of estrus. The
226 control group had an average of effective mating of 73.2+4.32 d.p.1.

227 Monitoring of gestation by ultrasound showed no fetal features of debility, no
228  cases of embryonic absorption, and no abortion in pregnant goats. Average gestation time
229 ininoculated animals was 142.7+5.03 days.

230 As result of the first pregnancy, nine inoculated females delivered 13 kids in total.
231 Eleven animals were born alive (11/13), one stillborn (1/13) and another died shortly after
232 birth (1/13). Of live kids, nine (9/13) were euthanized and four (4/13) healthy females
233 Kids were kept alive.

234 In the second gestation, four animals (4/10) delivered five healthy kids and the
235 goat 61 had your first gestation stabilized. The mating data, gestation period and number
236 of kids associated with parasite DNA detection and histological lesions per animal are
237  shown in Table 1.

238 The five animals in the control group had an average gestation period of 146+2.54
239  days, resulting in five healthy kids that were euthanized.

240 The specific antibody response against N. caninum in all animals over time can be
241  seenin Figure 2. In serum samples from the inoculated group taken from prior inoculation
242 until 10 d.p.i., no IgG specific antibodies for N. caninum were detected. Seroconversion
243  was detected in the infected animals from 14 d.p.i., with a significant increase in the
244  production of IgG (p < 0.0001), and it peaked at 21 and 28 d.p.i. In control group,
245  seroconversion was not detected, and no significant fluctuation in antibody levels when
246 compared to animals from the inoculated group (p > 0.05) was present.

247 The pre-colostral blood taken from 13 kids of infected goats and the five kids of

248  control group were all ELISA seronegative.

ELISA RIPC values
(relative index xper cent)

) J— Days post-inoculation (d. p.i.)
Figure 2. N. caninum-specific IgG responses in the serum of goats inoculated with 107 tachizoytes and
negative control group. Data are expressed as mean relative index per cent (RIPC) and erros bars are the
standard deviations for each group. Positive cut-off > 10 RIPC.
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By nested PCR, the N. caninum DNA was detected in tissues of infected goats as
described: 33.3% (3/9) of the brains, 22.2% (2/9) of the uterine lymph node and 40%
(4/10) of the placentas (Table 1).

In the offspring samples (first and second delivery), DNA was detected as
described: 21.42% (3/14) of brains, 28.57% (4/14) of livers and 21.42% (3/14) of skeletal
muscles were positive. All tissue samples were analyzed in triplicate and just one of them
was positive (Table 1). N. caninum DNA was not detected in any sample of the animals
from negative controls (females and offspring).

In addition, samples of brain and skeletal muscle from all offsprings were negative
to T. gondii.

DNA of N. caninum was not detected in any sample of the animals from negative
controls (females and offspring).

In the brain tissue of the inoculated goats, consistent lesions with neosporosis were
visualized in two (2/10) animals. Specifically, the brain from goat 62 showed moderate
congestion, perivascular edema, focal necrosis area and activation of glial cells; and in
another animal, goat 54, spongiosis lesions was observed. Microscopically, the placentas
with lesions classified by consistent (3/10) showed: submucosal layer and villi with focal
areas of necrosis; decrease in the number of trophoblasts; infiltrate of inflammatory
mononuclear cells, and areas of the cubic epithelium with vacuolized cells. Two placentas
(2/10) classified by characteristic lesion of neosporosis showed areas with calcification
necrosis. Tissue samples that were observed lesions such as congestion, presence of
inflammatory cells or areas of haemorrhage were classified as non-specific of
neosporosis. The uterine lymph nodes analyzed presented no significant histological
lesions.

Histological lesions classified by consistent were observed in the brains of three
(3/14) kids of the first gestation (identification 55F2, 58F, 62F3) testing as positive by
nested PCR. In that samples moderate congestion, perivascular edema, spongiosis,
neuronal necrosis and infiltration of inflammatory mononuclear cells were observed.

Histological alterations were not detected in any sample of the animals and

offspring from negative controls.

DISCUSSION
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Goat and sheep production is an economic activity developed in almost all regions
of the world, demonstrating the diversity of these species and their potential to convert
dry matter into a source of proteins destined for food and other products (CSCO, 2006).
The productivity of goats and sheep is directly influenced by the reproductive
performance of these species, in order to effective increase the coverage in the flock with
a greater number of conceptions per year. Thus, abortion and neonatal mortality are the
main causes of economic losses in this livestock sector.

At the present moment, this is the first study to use goats as a recrudescence model
for neosporosis, to increase data about experimental neosporosis in ruminants.

The Neospora caninum Nc-Spain7 strain (Regidor-Cerrillo et al. 2008) was
chosen to perform the experimental inoculation because it has a marked virulence
previously described in mouse (Regidor-Cerrillo et al., 2010), cattle (Caspe et al., 2012;
Regidor-Cerrillo et al., 2014), sheep (Arranz-Solis et al., 2015) and goat (Porto et al.,
2016), involves transplacental transmission and may cause fetal death. Intravenous
inoculation was adopted to facilitate the infection and to simulate the same parasitemia
that occurs in natural infections (Williams et al., 2000). The high dose (107 tachyzoites)
follows what is recommended for experimental models in cattle. This dose is able to
establish a chronic infection as recorded by Buxton et al. (2001).

There was an increase in corporal temperature values (<39.5°C) four days post-
inoculation (d.p.i) with the fever peak occurring about six d.p.i in inoculated group,
according with other studies which used the same strain in experimental models in cattle
(Regidor-Cerrilho et al., 2014), sheep (Arranz-solis et al., 2015) and goat (Porto et al.,
2016). One of the goats from inoculated group showed a biphasic response with two
fevers peak in non-consecutive days, similar to other findings described in experimental
models in cattle (Buxton et al., 1998; Malley et al., 2003; Caspe et al., 2012).

Significant increase in antibodies concentration starting at 14 d.p.i with peaks at
21 and 28 d.p.i, was a signal of seroconversion, also observed by others studies in
different species (Innes et al., 2001; Williams et al., 2003; Rojo-Montejo et al., 2009). In
experimental infections using Nc-Spain 7 isolate, an early seroconversion in cattle has
been observed, with a marked increase of antibodies starting at ten days post-inoculation
and reaching peak at 20 d.p.i. (Regidor-Cerrillo et al., 2014). Molecular detection of
parasite DNA in goat tissues and maintenance of specific antibody titers during the
gestation suggest an establishment of a persistent infection in inoculated animals.

Antibody titers reached a plateau that was maintained throughout the experiment and 1gG
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levels were not returned to basal levels. Buxton et al (1993) inoculated sheep with
T.gondii, a parasite closely related to N.caninum, and observed maintenance of antibody
titers over time. The same condition not occurred in sheep inoculated with an incomplete
strain of T.gondii, resulting in a decrease of antibody titers from 30 d.p.i, with titers
similar to negative control animals. These data suggest that the strain used may affect the
maintenance of immunological response. In addition, Rojo-Montejo et al (2013) reported
a decline of antibody titers in cattle inoculated with viable tachyzoites of Nc-Spain 1H,
with antibody values close to negative control group.

Abortion in cows infected by N.caninum is more common when there is a
substantial increase in antibody levels in the middle third of pregnancy than in the final
third (Guy et al., 2001). The abortion is associated with changes in progesterone levels
(P4). Cell-mediated immunity show peaks of specific antibodies against N.caninum in
early and late phases of pregnancy, moments when P4 levels are lower. Progesterone has
been appointed as a bias in response modulation of Th2 cells, with significant reduction
of IFN-y production in the middle third of pregnancy when compared to progesterone
values obtained in final and first third of pregnancy (Innes et al., 2001). IFN-y is a
citokyne responsible to prevent tachyzoites multiplication, and is considered a factor
involved in appearance of recrudescence, and parasitemia in animals with chronic
infection. Recrudescence caused by T.gondii infection was observed in mouse and have
been described in HIV-infected patients, as a consequence of debility in T cell response
and production of IFN-y (Luft et al., 1984; Suzuki et al., 1989; Innes et al., 2002).

In the present study any increase of IgG production was not detected, with a
decline in values after the peak relative to the seroconversion, and no abortion cases. The
analysis of 1gG levels show a modest increase in antibody titers about 83 d.p.i, but it was
not significant to justify a disease reactivation in the goats. There was a close relation
between the medium period of mating of goats inoculated and the increase of specific
antibody values detected by serology. This would be related to the increase in P4
production, and according to Charallah et al (2010), significant measurement of P4 may
be obtained three weeks after the mating, and reaching peak during the fourth week.

In three studies using a bovine model of neosporosis (Williams et al, 2000; Innes
et al, 2001; Williams et al., 2007), there was no evidences of vertical transmission of
N.caninum in calves from cows inoculated with viable tachyzoites prior to mating. In
contrast, other studies have reported abortion cases and presence of the parasite in
inoculated cattle (Hecker et al, 2013; Weber et al., 2013). Jolley et al. (1999) showed that
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congenital infection in fetuses of sheep chronically infected with N. caninum produced
abortion, similar to findings previously reported in bovine infection. Nonetheless, Buxton
et al (2001), have demonstrated that recrudescence in sheeps followed by parasitemia
occurs with low frequency when compared to studies with bovine model, even those using
subsequent inoculations in animals sensitized. Syed-Hussain et al. (2015) have showed
that sheep inoculated two months prior to mating, not exhibited evidences of vertical
transmission in first year, but highlighted that some lambs born in following year were
congenitally infected, showing the vertical transmission. A similar pattern was already
reported in cases of toxoplasmosis in ovine and caprine: after the primo-infection during
the pregnancy, an immunological response is produced, with an uncommon incidence of
recrudescence. The hypothesis would be the existence of a better control of infection due
a specific immunological mechanism in these two species when compared to bovine
(Buxton et al., 2002).

The strain used in this study, Nc-Spain 7, with a marked virulence in murine
model, and the high dose of parasites may have contributed to infection. Our results are
different those described in sheep and cattle. There was no disease reactivation in
pregnant goats, but birth of weak lambs was observed, and N. caninum DNA was found
in tissue samples analyzed (brain, liver, skeletal muscles).

There were few histopathological lesions consistent with the parasite, suggesting
low parasitic load, supported by PCR results. These data confirm transplacental
transmission, but no efficient, and a frail uterine infection, unable to stimulate an immune
response in lambs, evidenced by absence of specific antibodies in precolostral serum
samples. No alterations were observed in negative control group.

Four inoculated females and their respectively kids are alive, in order to try to

clarify the persistence and infection reactivation in subsequent gestations.

CONCLUSIONS

In the process of investigating new models of experimental infections of
neosporosis in an attempt to mimic what really happens in natural infection, we have
added new data to study the pathogenesis of the disease using the goats, where data
regarding the disease in this species are scarce. The vertical transmission of N. caninum
was attested by PCR technique. It becomes necessary to continue studies in order to

elucidate the influence of the isolate (virulence) in the immune balance of the host,
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determining the prevalence of infection in subsequent pregnancies and real importance of

vertical transmission for maintenance of infection in a herd.
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Table 1. Mating and gestation data; parasite DNA detection and histopathological changes in kids and maternal tissues of goats inoculated
with 107 tachyzoites of Neospora caninum Nc-Spain 7 isolate prior mating

Delivery Delivery Maternal tissues Offspring tissues
15t 2sd .
In(o‘:rLclnljltJed E,\;f :fitri]\ée _ Gestation El\l;lfgtt:it:]ve _ Gestation  Brain  Placentome LIJ)Efr:’;)?le Offsl%ring Brain Liver Skeletlal
Animal 1D 9 d.p.i.  time 9 d.op.i. time node muscle
(d.p.i) (days) (d.p.i) (days)

PCR2 HP® PCR HP PCR HP PCR HP PCR HP PCR HP
55 79 210 131 Euthanized 0/3 - 3 * 03 - 55F1 0/3 - 0/3 - 1/3 -
55F2 3 * 013 - 1/3 -
58 68 211 143 Euthanized 2/3 - 23 * 0/3 - 58F 13 = 1/3 - 1/3 -
59 67 206 139 Euthanized 0/3 * 0/3 - 0/3 - 59F 03 * 073 - 0/3 -
60 67 212 145 Euthanized 2/3 - 0/3 ** 2/2 - 60F 0/3 - 0/3 - 0/3 -
62 84 225 141 Euthanized 13 = 3 * 13 - 62F1 03 = 1/3 - 0/3 -
62F2 03 = 1/3 - 0/3 -
62F3 3 * 03 - 1/3 -

61 435 583 148 No detected NA NA 073 - NA - 61F 03 NA 03 NA 03 NA

54 65 208 144 565 710 145 03 * 03 ** 0/3 - 54F° NA NA NA NA NA NA
005F 0/3 = 0/3 - 0/3 -

56 107 223 142 562 710 149 0/3 - 1/3 - 0/3 - 56F° NA NA NA NA NA NA
56F1B 0/3 - 0/3 - 0/3 -
56F2B 0/3 - 0/3 - 0/3 -

57 65 211 146 566 715 149 0/3 = 0/3 = 0/3 = 57F NA NA NA NA NA NA
57FB 0/3 - 0/3 - 0/3 -

63 104 251 148 567 715 148 0/3 = 0/3 = 0/3 = 63F NA NA NA NA NA NA
63FB 0/3 - 0/3 - 0/3 -

Days post-inoculation (d.p.i.); « Animal kept alive;  stillborn;  # died shortlt after birth; a. Fractions represent number of samples positive by nested
PCR/number of samples examined. b. Histopathological lesion severity: Not available for analysis (NA), undetected/non-specific (-), consistent (*), and
characteristic of N. caninum infection (**).
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Serological response to Neospora caninum infection in goats and agreement

between three diagnostic techniques to detect caprine neosporosis

Resposta soroldgica a infeccdo por Neospora caninum em cabras e concordancia entre

trés técnicas diagosticas para detec¢do de neosporose caprina

Abstract

The present study aimed to measure the serological response of goats infected with N.
caninum by assessing the diagnostic performance and agreement between three
techniques (IFAT - Indirect Immunofluorescent Antibody Test, NAT — Neospora
Agglutitation Test, and ELISA — Enzyme-Linked Immunosorbent Assay). The panel of
sera were comprised of 500 samples of goats, and 60 reference serum samples. These
reference and field serum samples were tested by ELISA, NAT, and IFAT. In the field
serum samples tested, the seroprevalences of anti-N. caninum antibodies were: 3.2%,
4.6%, and 6.4% in the NAT, IFAT and ELISA, respectively. Using the IFAT as the gold
standard, the NAT and the ELISA were considered weak (k=0.28) and strong (k=0.75),
respectively. When the IFAT performance was used for comparison purposes, the ELISA
showed 91.3% sensitivity and 97.7%, specificity with a PPV of 65.2% and a NPV of
99.6%; The NAT presented sensitivity of 26.1% and specificity of 97.9% with a PPV of
37.5% and a NPV of 96.5%. Accordingly, the IFAT should remains the assay of choice
for studies about N. caninum infection in goats in individual serum samples. A
combination of serological assays with high sensitivity and specificity is recommended

in serosurveys of caprine neosporosis.

Keywords: caprine neosporosis, serological screening tests, goat, Neospora caninum

Resumo

Objetivou-se avaliar a resposta soroldgica de caprinos infectados com N. caninum
mediante o estudo da performance e concordancia de trés técnicas soroldgicas (RIFI,
NAT e ELISA). O painel de soros testes foi composto por 500 amostras de caprinos e

ainda 60 soros classificados como de referéncia. Todos o0s soros de referéncia e de campo
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foram testados por ELISA, NAT e RIFI. Nos soros de campo, as soroprevaléncias de
anticorpos anti-N. caninum foram de: 3,2% no NAT, 4,6% na RIFI e 6,4% no ELISA.
Utilizando a RIFI como técnica de referéncia: NAT e ELISA foram considerados fraco
(kappa = 0,28) e substancial (kappa = 0,75), respectivamente. Ainda utilizando a RIFI
como comparacao, foram obtidos valores de sensibilidade de 91,3% e 97,7% de
especificidade no ELISA, e valores preditivos positivo de 65,2% e negativo de 99,6%;
NAT apresentou resultados de sensibilidade de 26,1% e de especificidade de 97,9% com
valores preditivos positivo de 37,5% e negativo de 96,5%. Com base nos resultados deste
trabalho, sugerimos que a RIFI permaneca como técnica de escolha no estudo da
neosporose caprina em amostras individuais, resguardando as recomendages e pontos de
corte adotados neste estudo. Indicamos a associa¢do de técnicas soroldgicas de alta

sensibilidade e especificidade.

Palavras-chaves: Neosporose caprina; testes de triagem soroldgica; cabra; Neospora

caninum

Introduction

Neospora caninum is an obligate intracellular coccidian parasite that belongs to the
phylum Apicomplexa and is considered an important cause of abortion in cattle around
the globe (DUBEY et al., 2007). This protozoal organism has a complex heteroxenous
life cycle in which the domestic dog and other canids act as definitive hosts and a number
of ungulates play a role as intermediate hosts in the transmission of the disease agent
(DUBEY & SCHARES, 2011).

In non-pregnant animals, neosporosis is usually a latent asymptomatic infection
(BUXTON et al., 2002). Persistent infection throughout life is an important feature of
bovine neosporosis. N. caninum can be transmitted vertically from the dam to the fetus in
successive pregnancies resulting in repeated abortions and unthrifty, weak calves at birth.
Congenitally infected animals transmit the protozoan parasite to their offspring in the next
generation (WILLIAMS et al., 2000, BUXTON et al., 2002). Over the years, neosporosis
have been extensively studied in cows as the bovine is the most important farm animal
species in economic terms (REICHEL et al., 2013), Cases of neosporosis in small

ruminants have also been reported worldwide, and studies on the transplacental
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transmission of N. caninum have been conducted by numerous researchers (DUBEY &
SCHARES, 2011; VARASCHIN et al., 2012; MORENO et al., 2012; NUNES et al.,
2017).

The occurrence of reproductive disorders in goats that are seropositive for N. caninum
suggest that neosporosis is a significant cause of abortion and neonatal deaths in caprine
herds (MORENO et al., 2012). N. caninum congenital transmission rates in goats may be
as high as those reported for cattle. The prevalence of congenitally infected offspring is
similarly high (MESQUITA et al., 2013).

Neosporosis should be included in the differential diagnosis of endemic or epidemic
abortions along with other toxic and infectious causes of abortion that commonly affect
farm animals (McALLISTER et al., 2016). Diagnosis of abortion due to N. caninum
infection in production animals is based on the clinical history and epidemiological data
of the affected herd, serological screening of female animals, and a comprehensive
diagnostic workup on aborted fetuses including necropsy, histopathology, and serology
of fetal fluids (ORTEGA-MORA et al., 2006). The definitive diagnosis of abortion due
to N. caninum can be tricky and relatively expensive. Asymptomatic N. caninum
congenital infections are common. The presence of the pathogen DNA in tissues of
aborted fetuses does not necessarily mean that this protozoan parasite was the cause of
the abortion (DUBEY & SCHARES, 2011).

A number of serological assays which include commercially available kits have been
used to detect specific anti-N. caninum antibodies in cattle. These ancillary tests are used
primarily to distinguish between infected animals and non-infected ones. Each of these
diagnostic tools has its particular features and pros and cons (BLUMRODER et al., 2004,
AGUADO-MARTINEZ et al., 2008, ALVAREZ-GARCIA et al., 2013). The Indirect
fluorescent antibody test (IFAT) is routinely used for the detection of specific IgM and
IgG in serum samples. This assay was further optimized for the use in sera from small
ruminants and other animal species (BUXTON et al., 1998). Other techniques that have
also been used in serological surveys of antibodies to N. caninum in large animals include
the Enzyme-linked immunosorbent assays (ELISA) using recombinant antigens or intact
tachyzoites, Immunoblotting (IB) (an immunoprotein technique), and the Neospora
Agglutination Test (NAT). These assays should be carefully chosen according to the
needs of the researcher and diagnostician (ORTEGA-MORA, et al., 2006; AGUADO-
MARTINEZ et al., 2008; GUIDO et al., 2016).
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The evaluation of the degree of concordance (agreement) between tests to detect N.
caninum infection and the comparative assessment of the performance of different assays
used for the detection of N. caninum infections can be challenging, especially because a
gold standard technique for the serological diagnosis of neosporosis is lacking
(ORTEGA-MORA et al., 2007; GUIDO et al., 2016).

The aim of the present study was to evaluate the serological response of goats to N.
caninum by assessing the performance and agreement between three different serological
techniques used to detect specific 1gG antibodies against N. caninum in serum samples of

naturally and experimentally infected animals.

Material and Methods

Panel of sera and experimental design

The present survey consisted of a panel of serum samples for testing and a panel of
reference (control) sera. Sample selection criteria used in this study were those available
in the section about analytical and diagnostic performance characteristics of laboratory
tests published in the OIE Guideline “Principles and Methods of Validation of Diagnosis
Assays for Infectious Diseases” (OIE, 2013). A total of 560 caprine serum samples were
analysed. Serum samples were divided into two categories: reference sera (positive
controls and negative controls), and samples from naturally infected animals raised for
subsistence in extensive goat farms (sera for testing). N. caninum serostatus of these

caprine herds was unknown.

In our study, the panel of sera for testing was composed of 500 samples from goats of
both genders between 1 and 3 years of age, of different breeds, raised on rural premises
located in the Sertdo sub-region, State of Pernambuco, northeast of Brazil. These farms
were selected according to the ease of access. Sampling was approved by the Ethics
Committee on the Use of Animals in Research from the Federal University of Alagoas

(UFAL), Maceid, State of Alagoas, northeast Brazil, scientific research permit 78/2017.

A total of 60 reference sera were divided as follows: 30 serum samples positive for N.
caninum, and 30 serum samples negative for N. caninum. These sera were originally

collected during a experimental N. caninum inoculation study previously published by
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Porto et al. (2016). Negative samples were collected from goats serologically negative for
N. caninum, Toxoplasma gondii, Caprine Arthritis Encephalitis virus (CAEV), and
Coxiella burnetii. These animals had no clinical history of reproductive problems, and
did not seroconvert for neosporosis in three consecutive tests. Serum samples were tested
by IFAT and ELISA at intervals of 30 days.

All data regarding the maintenance of N. caninum strains in the laboratory, selection
of animals for this study, inoculation dose, sampling, and analysis of the immunological
dynamics associated with N. caninum infection were previously published by Porto et al.
(2016).

Serological tests (IFAT, ELISA, and NAT)

Antigen preparation and antigen production

The N. caninum Nc-Spain 7 isolate used in this study was maintained in a monolayer
culture of Marc-145 cells under specific standardized laboratory conditions previously
used in research conducted by Regidor-Cerrillo et al. (2008). Tachyzoites were stained
with Tripan blue and resuspended in sterile PBS 1X (pH 7.4). The number of viable
tachyzoites was determined with a Neubauer counting chamber. The protocol published
by Alvarez-Garcia et al. (2003) was followed for the preparation and production of the
finished antigen that was used in the three serological techniques that were assessed in
the present study (i.e., IFAT, ELISA, and NAT). Initially, the 30 positive serum samples
and 30 negative serum samples from goats (reference sera) were tested with each of the
three techniques (IFAT, ELISA, and NAT) in order to validate the methods used in this
study.

Indirect Fluorescent Antibody Test (IFAT)

In the present study, the IFAT was used as a reference technique (gold standard) to
detect anti-N. caninum IgG antibodies in goat sera. The IFAT was performed according
to the guidelines provided by Porto et al. (2016). The protocol established by Alvarez-

Garcia et al. (2003) was followed with some minor modifications. In summary, 10ul of
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the N. caninum tachyzoite suspension in formalin solution at a concentration of 10’
tachyzoites/mL was inoculated into each slide well and then dried at room temperature.
Slides were immersed for 10 min in acetone at -20°C in order to finish antigen fixation.
A cut-off point of 1:50 was used with dilutions of caprine sera in 1X PBS (pH 7.2).
Diluted sera were inoculated into each slide well, incubated at 37°C for 30 min, and
washed twice in 1X PBS for 10 min. Anti-goat IgG solution conjugated with fluorescein
isothiocyanate was added to a 1:400 dilution in 0.002% Evans Blue (Sigma-Aldrich
Corp., St Louis, MO, USA) and then incubated at 37°C for 30 min, followed by 2 washes
with 1X PBS and 1 final wash with distilled water. After drying, slides were coverslipped
using glycerin solution and visualized under a fluorescence microscope. Positive controls
and negative controls were included in all the slides examined. Samples were considered
positive when total peripheral fluorescence was detected in more than 50% of the
tachyzoites in different fields of each well. Samples in which tachyzoites did not
fluorescence or that tachyzoites displayed irregular fluorescence were interpreted as

negative.

In-house ELISA

Levels of anti-N. caninum specific IgG antibodies were measured by an in-house
ELISA technique developed by Gonzalez-Warlerta et al. (2014) and modified for this
study by the use of lyophilized antigen of N. caninum in a concentration of 5x10’
tachyzoites/mL. For such purpose, the antigen was used in a concentration of 10°
tachyzoites per well diluted in a carbonate-bicarbonate buffer solution (0.1M, pH = 9.6).
A final volume of 100ul was inoculated into each well. Plates were incubated overnight
at 4°C. After the plates were sensitized, each well was blocked using 300ul of a bovine
serum albumin solution (Sigma-Aldrich Corp., St Louis, MO, USA) diluted 3% in 1X
phosphate buffer saline (pH=7.4) containing 0.05% Tween 20 (PBS-T). This step was
followed by a 2h incubation at room temperature. Plates were washed 3 times with PBS-
T. The sera used were diluted 1:100 in the blocking solution, adding 100ul of this dilution
into each corresponding plate well, and incubated for 1h at 37°C. The plates were washed
3 additional times with PBS-T; 100ul of G-Biotin Protein was added as the conjugate
(Sigma-Aldrich Corp., St Louis, MO, USA), diluted in 1:10000 PBS-T, and incubated for
1h at 37°C. The plates were then washed 3 times, and 100ul of ABTS Solution substrate
(Roche, Indianapolis, USA) was inoculated into these plates. The reaction was stopped
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after 20 min at room temperature by adding 0.3M oxalic acid solution. ELISA plate
reading was performed on a spectrophotometer (Multiskan RC - Thermo Labsystems)
using 405nm wavelength (OD405). Optical density values were converted to percent
relative index (IRPC) using the following formula: IRPC = (OD405 sample - OD405
negative control) / (OD405 positive control - OD405 negative control) x 100. A IRPC
value > 10 meant a positive result. Duplicate serum sets consisting of positive and

negative controls for N. caninum were used for the validation of the reactions.

Neospora Agglutination Test (NAT)

The NAT assay was used according to the guidelines provided by Romand et al.
(1998) with some modifications. In the present study, an antigen from N. caninum isolate
Nc-Spain 7 was used. The initial dilution of sera used was 1:25 and the final dilution was
1:50 (cut-off point); 96-well plates were used. These NAT plates had a U-shaped
background. Results were interpreted as follows: samples were considered negative if a
compact dot or button was formed at the bottom of the microplate well, filling more than
50% of this well. Samples were considered positive if an opaque mesh (web) was formed
in at least 50% of the microplate well. Positive controls and negative controls were added

to all microplates.

Data analyses

In order to compare the three serological assays performed in the present study, the
IFAT was defined as the reference test (gold standard). The following parameters were
calculated: Kappa coefficient (k), sensitivity (Se), specificity (Sp), positive predictive
value (PPV), negative predictive value (NPV), and accuracy (ACU) (Cohen 1960; Gart
and Buck 1966). The k-values were interpreted according to the criteria established by
Landis & Koch (1977) as follows: <0, without agreement; 0.00 - 0.19, poor agreement;
0.20 - 0.39, weak agreement; 0.40 - 0.59, moderate agreement; 0.60 - 0.79, substantial

agreement; 0.80 - 1.00, almost perfect agreement.

Results
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Analysis of reference sera

All reference sera (30 positive samples and 30 negative samples) showed 100% Se,
Sp, PPV, NPV, ACU, and k values equal to 1 in the ELISA and NAT, when compared to
the IFAT (reference technique/gold standard) (Table 1).

Antibody search (survey) in field serum samples (seroprevalence)

Seroprevalences of anti- IgG N. caninum antibodies in the three different serological
tests assessed in this study were: 3.2% (16/500) in the NAT, 4.6% (23/500) in the IFAT,
and 6.4% (32/500) in the ELISA. The highest prevalence was estimated in the ELISA
with a cut-off point at 1:100 whereas the lowest prevalence was estimated in the NAT
with a cut-off point at 1:50.

Results of agreement (concordance) between serological tests

The results of the agreement between the three serological tests assessed in the present
study and the values of Se, Sp, PPV, NVP, and ACU associated with the detection of anti-
N. caninum IgG antibodies for the 500 serum samples tested are provided in Table 2. The
concordance between the NAT and the ELISA when compared to the IFAT was
considered weak and substantial, respectively, with kappa (k) coefficients of 0.28 for the
NAT and 0.75 for the ELISA. When the ELISA technique was compared with the IFAT,
the values of 91.3% of sensitivity and 97.7% of specificity were found, with a positive
predictive value of 65.2% and a negative predictive value of 99.6%. The NAT, when
compared to the IFAT, showed a sensitivity of 26.1% and a specificity of 97.9% with a
positive predictive value of 37.5% and a negative predictive value of 96.5%.

Discussion

Experimental studies have shown that goats are susceptible to N. caninum. Abortion
occurs after pregnant does are inoculated with this protozoan parasite (LINDSAY et al.,
1995; PORTO et al., 2016). In some countries, reports of abortion and neonatal death in
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naturally infected goats due N. caninum have been publshed (BARR et al., 1992; DUBEY
et al., 1996; CORBELLINI et al., 2001; ELENI et al., 2004; MORENO et al., 2012;
NUNES et al., 2017). Abortions occur most often in seropositive goats, and culling is
widely practised in eradication programs (ALTBUCH et al., 2012). Serodiagnosis is the
first step towards initiating any surveillance or control program for neosporosis in a goat
herd (GUIDO et al., 2016).

The diagnosis of N. caninum infection in production animals is usually based on
serology. Serological assays are important tools in clinical and epidemiological
investigations of this parasitic disese (ORTEGA-MORA et al., 2007). However, the
criteria used to interpret the results of these assays as positive or negative vary according
to the serological technique used and according to the diagnostician interpreting these
laboratory results (SILVA et al., 2007).

Serological surveys conducted around the globe have reported prevalences of
antibodies against N. caninum in goats ranging between 2 and 23% using the IFAT, the
ELISA and the NAT with different cut-off points (DUBEY & SCHARES, 2011). In the
present study, field samples were tested with the three techniques routinely used for the
detection of anti-N. caninum IgG antibodies, i.e. ELISA, NAT, and IFAT. We found a
higher seroprevalence of neosposis in goats (6.4%) by using the ELISA assay. Our
findings corroborate those of previous studies about caprine neosporosis carried out by
Brazilian researchers in which low seroprevalences of N. caninum infection in goats were
found. In Northeastern Brazil, seroprevalences of caprine neosporosis vary between 2.9%
(ARRAES-SANTOS et al., 2016) and 3.3% (FARIA et al., 2007) in the IFAT assay with
a cut-off point of 1:50 and 15% in the IFAT assay with a cut-off point of 1:100 (UZEDA
et al., 2007). Wide variation in the seroprevalence of caprine neosporosis have been
reported.in the southeastern region of the country. In the State of S&o Paulo, southeast
Brazil, a seroprevalence of 2.7% of caprine neosporosis was reported in the IFAT assay
with a cut-off point of 1:50 (SANTOS et al., 2016) in contrast with a seroprevalence of
19.7% obtained by Modolo et al. (2008) and a seroprevalence of 17.23% found by Costa
et al. (2012) when using the NAT with a cut-off point of 1:25. These variations in
seropositivity may be due to a number of differences in each farm including herd
management, herd hygiene, presence of definitive hosts in the area, climate variations,
and environmental contamination (DUBEY & SCHARES, 2011).
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The IFAT assay is frequently used in the serodiagnosis of N. caninum infection in
small ruminants (NAGULESWARAN et al., 2004). It has been the assay of choice for
the serological diagnosis of neosporosis in goats and sheep over the years mainly because
it was the first serological test developed for such purpose (DUBEY et al., 1988), and
also due to the fact that cross-reactivity with other coccidian parasites is low (DUBEY &
SCHARES, 2011). Therefore, we used the IFAT assay as a reference test (gold standard)
in our study in order to compare its diagnostic performance with the diagnostic
performance of other assays (NAT and ELISA). There is, however, some subjectivity in
interpreting results on NAT (LARSI et al., 2004). Sensitivity and specificity results of the
ELISA assay for field serum samples when compared with the results of the IFAT assay
were 91.3% sensitivity and 97.7% specificity. High background values in absorbance
reading and cross-reactivity between related parasites have been reported for the ELISA
assay depending on the method of antigen preparation (production) and polyclonal
antibody used in the assay (BJORKMAN et al., 1997). In the present study, since a
commercially available test and a species-specific antibody were both lacking in the
market, an in-house ELISA protocol using a G protein as the conjugate, which has an
affinity for both caprine and ovine immunoglobulins, was followed (PORTO et al., 2017).
Our findings show that the lyophilized tachyzoite-based ELISA is a highly sensitive assay
which is able to detect true negative serum samples with a negative predictive value of
99.6%. Antigens based on soluble extracts contain large amounts of molecules with
antigenic properties which are mainly intracellular. There are also the antigens from the
membrane surface of the parasite which are preferentially recognized by the IFAT assay
(LARSI etal., 2004; SILVA etal., 2007). However, in the case of T. gondii, the specificity
and sensitivity of a technique based on the recognition of intracellular antigens have been
challenged (LARSI et al.,, 2004). We do not know whether the variation in the
preparation/production of the antigen used in the in-house ELISA has influenced the
sensitivity and specificity values in the field samples. We need to compare this assay

with another assay in which soluble antigens are also used.

The low agreement between the NAT for field samples (k=0.281) and the reference
technique (k=1.0) may have occurred due to a difference in the time course of infection
and also because of variations in the amount of specific circulating antibodies, especially
because these are samples from experimental inoculations. There are fluctuations in the

levels of antibodies in chronic natural N. caninum infections (PACKHAM et al., 1998).
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However, these fluctuations did not interfere in the identification of negative animals due

to the high values of specificity that were obtained with this technique (Sp=97.9%).

The sensitivity and specificity of a particular serological test can vary according to the
different cut-off points that are chosen (DUBEY, 2003; LARSI et al., 2004; SILVA et al.,
2007). Divergences in prevalences using different techniques and different cut-off points
have also reported in seroepidemiological studies about T. gondii infections in horses.
Aroussi et al. (2015) reported that when the MAT (modified agglutitation test) and the
ELISA were both used, the seroprevalence had significant variations ranging between
13% and 90%. Dubey et al. (1990) concluded that the assessment of the prevalence would
not be possible until additional studies were conducted to determine the sensitivity and
specificity of serological tests for equine toxoplasmosis. Few studies on the
seroprevalence of N. caninum infections in goats have used the NAT assay. This assay
should be better evaluated in this animal species in additional studies to be conducted in
the future.

The need for a careful interpretation of the serological test chosen by the investigator
Is essential during the diagnostic assessment of a herd and should include the analysis of
individual serum samples. Therefore, we suggest, based on the results of our study, that
the IFAT should remains the assay of choice in the study of caprine neosporosis in
individual serum samples. The cut-off points and guidelines provided in the present study
should be followed. We also recommend that, whenever possible, a combination of
serological assays with high sensitivity and specificity is used in seroepidemiological

surveys of caprine neosporosis.
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Table 1. A comparative concordance between three serodiagnostic assays using reference samples of goat sera tested for

anti-N. caninum antibody detection

Total Positive Negative ACU (CI

: : Sensitivity = Specificity . Lo
Reference Sample Panel Serodiagnostic Tests predictive value predictive value k (C1 95%)
P (n) g (€195%)  (C1o5%) P ogors (1 5500) 95%)
Primo-infeccion Model
(Experimental inoculation) IFATR Pos. Neg. Total
Positive Animals. 30 ELISA Pos. 30 O 30
100% 100% 100% 100% 100% 1,0 (P)
Negative Animal 30 Neg. 0 30 30 X
egative Animars g (100-100) = (100-100)  (100-100) (100-100)  (100-100) (1,000-1,000)
Total 30 30 60
IFATR Pos. Neg. Total
NAT Pos. 30 O 30
Neg. 0 30 30 100 = 100% 100% 100% 100% 1,0 (P)
(100-100) = (100-100)  (100-100) (100-100)  (100-100) (1,000-1,000)

Total 60 Total 30 30 60

IFAT: indirect immunofluorescence antibody test; NAT: Neospora agglutination test; ELISA: Enzyme-linked immunosorbent assay; Pos:
Positive; Neg: Negative; R: Reference test; K: Kappa coeficiente (< 0.0) No agreement; (0.0-0,19) P: poor; (0.20-0.39) W: weak; (0.40-0.59)
M: moderate; (0.60-0.79) S: substantial; (0.80-1.00) P: almost perfect (Landis and Koch, 1977).
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Table 2. Frequency of anti-N. caninum IgG antibodies in samples sera of 500 goats - A comparative

concordance between three serodiagnostic assays

Sensitivity = Specificity Positive Negative predictive
. . . . o o
Serodiagnostic assays (C1 95%) (CI 95%) predictive value value (Cl 95%) ACU (Cl 95%) K(Cl 95%)
(C1 95%)
IFAT*  Pos. Neg. Total
ELISA Pos. 21 11 32
91,3% 97,7% 65,2% 99,6% 97,4% 0,750 (S)
Neg. 2 466 468
(79,8-102,8) (96,3-99,0) (49,2-82,1) (99-100,2) (96-98,8) (0,620-0,880)
Total 23 477 500
IFATR  Pos. Neg. Total
NAT Pos. 6 10 16
26.1% (8 1- 97,9% 96,5% 94,6% 0,281 (W)
Neg. 17 467 484 6,1% (8, 37,5% (13,8-61,2)
44) (96,6-99,2) (94,8-98,1) (92,6-96,6) (0,088-0,473)
Total 23 477 500
ELISAR  Pos. Neg. Total
IFAT Pos. 21 2 23
65,6% 99,6% 91,3% 97,7% 97,4% 0,750 (S)
Neg. 11 466 477
(49,2-82,1)  (99-100,2) (79,8-102,8) (96,3-99) (96-98,8) (0,620-0,880)
Total 32 468 500
ELISAR  Pos. Neg. Total
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NAT Pos. 12 4 16
37,5% 99,1% 75% 95,9% 95,2%

Neg. 20 464 484
(20,7-54,3) = (98,3-100) (53,8-96,2) (94,1-97,6) (93,3-97,1)

Total 32 468 500

NAT®  Pos. Neg. Total

IFAT Pos. 6 17 23
37,5% 96,5% 26,1% 97,9% 94,6%

Neg. 10 467 477
(13,8-61,2) (94,8-98,1) (8,1-44) (96,6-99,2) (92,6-96,6)

Total 16 484 500

NATR  Pos. Neg. Total

ELISA Pos. 12 20 32
75% 95,9% 37,5% 99,1% 95,2%

Neg. 4 464
(53,8-96,2)  (94,1-97,6) (20,7-54,3) (98,3-100) (93,3-97,1)

Total 16 484 500

0,478 (M)
(0,301-0,654)

0,281 (W)
(0,088-0,473)

0,478 (M)
(0,301-0,654)

IFAT: indirect immunofluorescence antibody test; NAT: Neospora agglutination test; ELISA: Enzyme-linked
immunosorbent assay; Pos: Positive; Neg: Negative; R: Reference test; K: Kappa coeficiente (< 0.0) No
agreement; (0.0-0,19) P: poor; (0.20-0.39) W: weak; (0.40-0.59) M: moderate; (0.60-0.79) S: substantial; (0.80—
1.00) P: almost perfect (Landis and Koch, 1977).
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5. CONSIDERACOES FINAIS

Os resultados deste estudo acrescentam novos dados sobre a patogenia e
investigacdo diagndstica da neosporose caprina, uma vez que as informagdes disponiveis
na literatura ainda sdo escassas. A soroprevaléncia da infeccdo por Neospora caninum
descrita em nossa area de estudo demonstra de forma indireta a circulagdo do agente em
rebanhos caprinos, corroborando com os resultados obtidos em distintas propriedades ao
redor do mundo e em outras regides do Brasil, 0 que enfatiza a necessidade de
implantacdo de medidas de controle e profilaxia voltadas ao agente nessas criagdes. A
utilizacdo da espécie caprina como modelo experimental se mostra promissora em
substituicdo ao modelo bovino para desenvolvimento de novas estratégias de controle da
neosporose em ruminantes. A necessidade de obtencdo de isolados de N. caninum
oriundos de caprinos naturalmente infectados é fundamental para dar continuidade aos
estudos de viruléncia, podendo fomentar novas respostas sobre a real influéncia do
isolado frente a resposta imunoldgica do hospedeiro, bem como a ocorréncia de infeccdes

em gestacdes subsequentes e estimativa da taxa de transmissdo vertical.
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