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MACEDO, César Augusto Barbosa de. Neospora caninum: frequéncia da
transmissado vertical e em abortamentos de vacas leiteiras da regido sul do Brasil.
69f. Tese (Doutorado em Ciéncia Animal) — Universidade Estadual de Londrina,
Londrina, 2013.

RESUMO

Neospora caninum € um protozoario indutor de abortamentos em bovinos, sendo
considerado uma das principais causas desta patologia em todo o mundo,
principalmente em vacas leiteiras. O presente estudo teve como objetivo determinar
a frequéncia de anticorpos e transmissao vertical, em vacas leiteiras naturalmente
infectadas abatidas em frigorifico, bem como estudar a ocorréncia de N. caninum em
abortamentos de bovinos em propriedades leiteiras no municipio de Presidente
Getulio, estado de Santa Catarina, Sul do Brasil. Cento e vinte vacas, 60 gestantes
(com seus respectivos fetos) e 60 ndo gestantes abatidas em um abatedouro com
inspecado municipal, foram utilizadas para avaliar a transmissao vertical. Além desses
animais, 43 vacas leiteiras que abortaram e seus respectivos abortos foram
avaliados. Amostras de sangue (das vacas e fetos do abatedouro), liquido
intratoraxico e tecidos (cérebro, coragao, figado, rim, pulmdo e bago) dos fetos
abortados foram utilizados para a pesquisa de N. caninum. A sorologia foi realizada
através de ELISA, e a positividade considerada com titulos =100 para animais
adultos e 225 para fetos. PCR foi realizada apds extragcdo de DNA de sangue total,
liquidos intratoraxicos, fragmentos de tecidos fetais. Das 120 vacas abatidas no
frigorifico verificou-se uma frequéncia de anticorpos de 42,5% (51/120), sendo que
41,6% (25/60) das vacas gestantes e 43,3% (26/60) das vacas ndo gestantes foram
soropositivas. A frequéncia de anticorpos das fémeas que abortaram foi de 52,38%
(22/42). A transmissao vertical do N. caninum nas vacas gestantes abatidas foi de
1,6% (7/60), no entanto, a ocorréncia do parasita em abortamentos das vacas
leiteiras foi 37,8 % (14/37), levando-se em conta os resultados positivos do ELISA e
da PCR. Pode-se concluir que embora a taxa de transmissdo do N. caninum em
bovinos de leite naturalmente infectados seja relativamente baixa, a ocorréncia deste
parasita em vacas que sofreram abortamentos e em seus abortos foi alta.

Palavras-Chave: Neospora caninum. Bovino leiteiro. ELISA. PCR. Transmissao
vertical. Abortamento.



MACEDO, César Augusto Barbosa de. Neospora caninum: frequency of vertical
transmission and abortion in dairy cows in southern Brazil. 69f. Thesis (Doctorate in
Science Animal) — State University of Londrina, Londrina, 2013.

ABSTRACT

Neospora caninum is a protozoan primary that induces abortion in cattle and is one
of the major causes of this pathology worldwide, especially in dairy cows. The
present study aimed to determine the frequency of antibodies and vertical
transmission in naturally infected slaughtered in abattoir, as well as to study the
occurrence of N. caninum in abortions from dairy farms in the municipality of
Presidente Getulio, state of Santa Catarina, southern Brazil. One hundred and twenty
cows, 60 pregnant cows, 60 non-pregnant cows from a local slaughterhouse were
used to evaluate the transmission. Besides these animals, 43 cows aborted and their
abortions were evaluated. Blood samples (cows and fetuses abattoir), fluid
intrathoracic and tissues (brain, heart, liver, kidney, lung and spleen) of aborted
fetuses were used for the detection of N. caninum. Serology was performed by
ELISA (Idexx Laboratories), and considered positive with titers = 100 for adults and =
25 for fetuses. PCR was carried out after DNA extraction from whole blood, fluid
intrathoracic, fragments of fetal tissues. Of the 120 cows slaughtered in the abattior
there was a prevalence of 42.5% (51/120) and 41.6% (25/60) of pregnant cows and
43.3% (26/60) of non-pregnant cows were seropositive. The frequency of antibodies
in cows that aborted was 52.38% (22/42). The vertical transmission of N. caninum in
slaughtered pregnant cows was 1.6% (7/60) however, the occurrence of the parasite
in abortions from dairy cows was 37.8% (14/37), taking into account the positive
results of ELISA and PCR. It can be concluded that although the transmission rate of
N. caninum in naturally infected dairy cattle was relatively low, the occurrence this
parasite in abortions from dairy cows was high.

Key words: Neospora caninum. Dairy cattle. ELISA. PCR. Vertical transmission.
Abortion.
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1 INTRODUGCAO

Entre os maiores produtores mundiais de leite, o Brasil ocupa a
sétima posi¢cao no ranking, o equivalente a 4,2% da produgdo mundial. Contribuindo
para este cenario, o estado de Santa Catarina destaca-se como quinto maior
produtor, responsavel por 7,7% da produgéo nacional. No periodo de 2005-2009, a
producdo catarinense cresceu em meédia 9,5% ao ano, mais que o dobro do
crescimento médio brasileiro (CEPA, 2012).

A viabilidade da produgdo pecuaria esta diretamente ligada aos
indices reprodutivos do rebanho, o que faz com que profissionais e pesquisadores
da area estejam empenhados na busca de novas solugbes e na descoberta de
fatores que contribuem para os baixos indices reprodutivos nos rebanhos bovinos de
corte e leite. Um dos fatores responsaveis pelos baixos indices produtivos e
reprodutivos dos rebanhos sao as doengas infecciosas. Diante disso, destaca-se a
neosporose em bovinos, doenga reconhecida em todo o mundo e atualmente aceita
como importante causa de problemas reprodutivos e considerada a maior causa de
abortos em bovinos (DUBEY; LINDSAY, 1996; ANDERSON; ANDRIANARIVO;
CONRAD, 2000).

Outros prejuizos associados a neosporose incluem ainda ocorréncia
de fetos mumificados, natimortos, nascimento de bezerros com problemas
neuroldgicos, aumento do intervalo de partos, diminuigdo da producédo de leite,
reposicao de animais, além de custos com medicamentos e diagndstico da doencga
(DUBEY; SCHARES; ORTEGA-MORA, 2007).
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2 REVISAO BIBLIOGRAFICA

2.1 - HISTORICO

Um protozoario semelhante a Toxoplasma gondii foi reportado como
causador de severa encefalomielite em sete caes na Noruega no ano de 1984, os
quais ndo apresentaram anticorpos anti-T. gondii (BJERKAS; MOHN; PRESTHUS,
1984). Diferengas na estrutura deste novo parasita, em relagdo ao T. gondii foram
descritas por Bjerkas, Mohn e Presthus (1984). Estudando tecidos formalizados de
caes nos Estados Unidos, anteriormente diagnosticados como T. gondii, Dubey et al.
(1988a) baseados nas caracteristicas que o diferenciava dos demais protozoarios,
passaram a denominar este novo protozoario de Neospora caninum. Trés pontos
levaram a diferenciacdo entre estes parasitas: os sinais clinicos eram paralisia de
membros posteriores, os cistos teciduais eram morfologicamente diferentes e os
parasitas ndo reagiram contra anticorpos para T. gondii na imunohistoquimica
(DUBEY et al., 2002).

Dubey et al. (1988b) isolaram em cultura celular N. caninum, bem
como, encontraram cistos teciduais em camundongos a partir de tecidos de filhotes
de caes infectados congenitamente e que apresentavam os mesmos sinais clinicos
descritos por Bjerkas, Mohn e Presthus (1984). McAllister et al. (1998)
demonstraram que os caes sao os hospedeiros definitivos de N. caninum. Um teste
sorologico (DUBEY et al., 1988b) e um teste imunohistoquimico (LINDSAY; DUBEY,
1989) foram desenvolvidos para diferenciagado de N. caninum e T. gondii.

A primeira descricdo como agente causador de abortamentos em
bovinos ocorreu em uma propriedade leiteira no Novo México, onde se verificou a
presenca de N. caninum em dois cérebros e um rim de fetos abortados (THILSTED;
DUBEY, 1989). N. caninum foi apontado como o principal causador de abortamnetos
em bovinos na Califérnia (ANDERSON et al., 1991). O primeiro relato de isolamento
em fetos bovinos abortados foi descrito por Conrad et al. (1993). O desenvolvimento
da técnica de ELISA para diagnéstico sorolégico da neosporose bovina e a primeira
revelagdo do DNA de N. caninum através da PCR, estdo descritos nos trabalhos de
Paré, Hietala e Thurmond (1995) e Payne e Ellis (1996).

No Brasil, a primeira descricdo de N. caninum em feto bovino

abortado foi realizada por Gondim et al. (1999a), os quais observaram cistos
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teciduais do protozoario em um feto abortado de oito meses de gestacdo de uma

pequena propriedade leiteira com histérico de aborto.

2.2 — ESTRUTURAE CIiCLO DE VIDA

Neospora caninum € um parasita coccidio com um grande numero
de hospedeiros e o seu ciclo de vida envolve trés estagios: taquizoitos, cistos
teciduais e oocistos (DUBEY; SCHARES; ORTEGA-MORA, 2007).

Os taquizoitos apresentam forma oval, lunar ou globular, medem 3-7
X 1-5 ym e se dividem em dois taquizoitas por endodiogenia. Nos animais infectados
podem estar em varios tipos de células como as do sistema nervoso, macrofagos,
fibroblastos, células endoteliais, midcitos, células renais e hepatocitos. Penetram no
interior das células por invasao ativa e se localizam no citoplasma das mesmas
formando um vacuolo parasitéforo (DUBEY; LINDSAY, 1996; DUBEY et al., 2002).

Os cistos teciduais sdo encontrados principalmente no sistema
nervoso central, no entanto, cistos na musculatura esquelética também podem ser
observados. Apresentam a forma oval ou arredondada, com espessura de parede de
4 um e um diametro de até 107 pm. No interior destes cistos encontram-se os
bradizoitos, que sdo estruturas alongadas e que medem 8 x 2 um. (DUBEY;
LINDSAY, 1996; DUBEY et al., 2002; DUBEY; SCHARES; ORTEGA-MORA, 2007).

J& os oocistos s&o estruturas resistentes ao meio ambiente, medem
aproximadamente 11,7 x 11,3 um e sao eliminados nao esporulados pelas fezes dos
hospedeiros definitivos. No seu interior ha dois esporocistos (8,4 x 6,1 um), os quais
contém quatro esporozoitos (6,5 x 2,0 um). Estes oocistos esporulam 24 horas apos
a sua eliminagao, entretanto ndo se tem conhecimento da sobrevivéncia destes
oocistos no meio ambiente (DUBEY; LINDSAY, 1996; DUBEY et al., 2002; DUBEY;
SCHARES; ORTEGA-MORA, 2007).

De acordo com estudos experimentais foram identificados como
hospedeiros definitivos de N. caninum o cdo doméstico, dingo Australiano, o coiote
(Canis latrans) e o lobo cinza (Canis lupus) (MCALLISTER et al., 1998; GONDIM et
al., 2004; KING et al., 2010; DUBEY et al., 2011).

Os bovinos, bufalos, ovinos, caprinos, equinos, caes, aves,
roedores, lagomorfos e uma série de animais silvestres sao considerados como

hospedeiros intermediarios. Isto demonstra que um grande numero de animais
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domésticos e selvagens tem sido expostos ao N. caninum, o que pode ser
observado na revisdao de Dubey e Schares (2011). Os estagios de taquizoitos e
cistos teciduais (formas assexuadas) sdo encontrados intracelularmente nos
hospedeiros intermediarios (DUBEY, 2005; GONDIM, 2006).

Os hospedeiros definitivos, ao ingerirem tecidos infectados de
hospedeiros intermediarios, irdo eliminar pelas fezes os oocistos, que sao as formas
resistentes no ambiente e resultantes da reproducdo sexuada que ocorre no
intestino dos hospedeiros definitivos (GONDIM, 2006). Os estagios de taquizoitos e
cistos teciduais (formas assexuadas) sao encontrados intracelularmente nos
hospedeiros intermediarios e definitivos (DUBEY, 2005; DUBEY; BUXTON; WOUDA,
2006; GONDIM, 2006).

N. caninum pode ser transmitido apds o nascimento (transmissao
horizontal) pela ingestao de tecidos infectados com taquizoitos ou cistos teciduais,
pela ingestdo de alimento ou agua contaminada pelos oocistos esporulados. Outra
forma de infecgéo € a via transplacentaria (transmisséo vertical) que ocorre quando
os taquizoitos sdo transmitidos da mé&e para seu feto durante a gestacao (DUBEY;
SCHARES; ORTEGA-MORA, 2007).

Figura 1 — Ciclo de vida Neospora caninum.

Dog
Definitive
Host

- ’Unsporulalsd
i | oocysts I
Tissue cysts passed in feces
ingested b)\/ v\S'r:Ag_

A v ui_

Tachyzoites transmitted

throughl placenta Qocysts in

food, water,
or soil

Contaminated
food and water

ingested by
intermediate

% i/} L Z E
\V 8 2T JF hosts
Infected fetus Intermediate Hosts Ayrmaled oocysts

Fonte: Dubey (2005).
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2.3 — PREVALENCIA DE ANTICORPOS EM BOVINOS

A infecgdo por N. caninum em bovinos de corte e leite tem sido
reportada em varias partes do mundo, o que pode ser verificada em detalhes na
revisdo de Dubey, Schares e Ortega-Mora (2007). No Brasil o primeiro estudo de
soroprevaléncia do N. caninum em bovinos foi realizado por Gondim et al. (1999b),
que detectaram os anticorpos foram em 63 (14,09 %) dos 447 soros testados de
bovinos da raca holandesa e mesticos. A partir desta data, varias pesquisas em
diversos estados foram realizadas, onde se verifica que a infecgao esta amplamente
distribuida em varias regides brasileiras (Quadro 1).

As frequéncias de anticorpos em bovinos de leite podem variar de
9,5% a 91,2 % de acordo com os trabalhos de Aguiar et al. (2006) e Guedes et al.
(2008). Em bovinos de corte as pesquisas revelaram valores de 6,7% a 29,9%
(RAGOZO et al., 2003). Estes diferentes resultados nas diferentes regides do pais,

nos leva a tomar alguns cuidados na interpretacdo destes resultados.

Quadro 1 — Prevaléncia de anticorpos contra Neospora caninum em bovinos no
Brasil, 1999 - 2012.

. Esta | Bovino Bovino Namero Ponto .
Regiéo d . de Teste de Referéncia
o] de leite | de corte
amostras corte
o . Locatelli-Dittrich et
PR 34,8% - 172 ELISA | 1:100 al., 2001
PR | 14,3% i 623 FAT | 125 | Guimardes Jretal
Sul PR 12% - 385 IFAT 1:200 Ogawa et al., 2005
PR 21,3% 26,7% 90 IFAT 1:25 Ragozo et al., 2003
SC 23,1% - 373 IFAT 1:200 Moura et al., 2012
RS 18,6% 21,4% 140 IFAT 1:25 Ragozo et al., 2003
RS 17,8% - 1549 IFAT 1:200 | Corbellini et al., 2006
SP 35,5% 20% 913 ELISA - Sartor et al., 2005
SP 27,3% - 150 IFAT 1:25 Ragozo et al., 2003
Sudeste MG 34,4% 11,1% 162 IFAT 1:25 Ragozo et al., 2003
MG 91,2% - 559 IFAT 1:200 Guedes et al., 2008
RJ 22,7% 6,7% 150 IFAT 1:25 Ragozo et al., 2003
Centro- MT 53,5% - 932 IFAT 1:200 Benetti et al., 2009.
Oeste MS 21,7% 29,9% 110 IFAT 1:25 Ragozo et al., 2003
GO 30,4% 29,6% 900 IFAT 1:250 Melo et al., 2006
RO 9,5% 11,2% 1595 IFAT 1:25 Aguiar et al., 2006
Norte PA 17,5% 19,2% 160 IFAT 1:100 | Minervino et al., 2008
TO 25% - 192 IFAT 1:25 Martins et al., 2011
o . Gondim et al.,
Nordeste BA 14,9% - 447 IFAT 1:200 1999(b)
MA 50,7% - 812 IFAT 1:200 Teixeira et al., 2010

Fonte: O autor.
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De acordo com as técnicas utilizadas, pais ou regido estudada,
tamanho de amostras, sistema de producgao, aptiddo animal (corte ou leite), pode-se
encontrar uma grande diferenga na prevaléncia de anticorpos contra N. caninum em
bovinos (DUBEY, 2003, 2005; DUBEY; SCHARES, 2011).

2.4 — TRANSMISSAO VERTICAL

N. caninum € um dos microoorganismos mais eficientemente
transmitidos pela via transplacentaria em bovinos, a que pode ocorrer por sucessivas
gestacdes, proporcionando um meio eficaz de manter o agente dentro do rebanho
(BJORKMANN et al., 1996; SCHARES et al., 1998; DUBEY; SCHARES; ORTEGA-
MORA, 2007; DUBEY; SCHARES, 2011).

Para uma melhor compreensdao da origem da infecgéo
transplacentaria, recentemente passou-se a usar os seguintes termos: transmissao

transplacentaria endogena e exogena (Figura 2).

Figura 2 — Diferenga entre a transmissao transplacentaria endogena (a) e exdégena
(b) do Neospora caninum.
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Fonte: Adaptado de Trees e Williams (2005).

A transmissdo transplacentaria exégena ocorre quando ha a
ingestao de oocistos esporulados presentes no meio ambiente pela fémea gestante,
todavia, quando ocorre a recrudescéncia ou reativagdo da infeccdo nas fémeas

persistentemente infectadas, denominamos de transmissdo transplacentaria
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endégena (Figura 2) (DUBEY; SCHARES; ORTEGA-MORA, 2007; TREES;
WILLIAMS; 2005; DUBEY; SCHARES, 2011).

O estudo soroldégico pré-colostral € uma importante maneira de
mensurar a infecgdo congénita. A frequéncia da transmissdo vertical pode ser
estimada pelo numero de bezerros soropositivos antes de ingerirem o colostro em
relacdo ao nimero de vacas soropositivas (MORE et al., 2009; DUBEY; SCHARES,
2011).

A transmissédo vertical é considerada a mais importante, pois o N.
caninum é um dos microorganismos mais eficientes com relagdo a transmisséo
transplacentaria em bovinos, podendo manter o agente por diversas geracdes
(INNES, 2007; DUBEY; SCHARES; ORTEGA-MORA, 2007). Diversos estudos
comprovaram esta eficiéncia como nos trabalhos de Schares et al. (1998), Wouda,
Moen e Schukken (1998), Davison, Otter e Trees (1999), Hall, Reichel e Ellis (2005),
Bartels et al. (2007), Dijkstra et al. (2008), Cardoso et al. (2012), os quais
encontraram as seguintes taxas, 93%, 82%, 95%, 74%, 61,8%, 58% e 83,33%,
respectivamente. Porém Moré et al. (2009) encontraram uma baixa transmissao
vertical em seus estudos (37,1%).

Bergeron et al. (2000), Chanlum et al. (2007) e Cardoso et al. (2012)
sugerem que estas disparidades nas taxas de transmissdes verticais podem ser
explicadas pelas diferencas nas prevaléncias de anticorpos entre rebanhos, onde
rebanhos com uma maior prevaléncia apresentam maior transmissido vertical.
Maiores taxas podem estar relacionadas com o status sorologico da vaca, sendo que
animais que apresentavam titulos mais altos de anticorpos apresentaram maior taxa
de transmissao vertical conforme os trabalhos de Paré, Hietala e Thurmond (1995),
Moré et al. (2009) e Oliveira et al. (2010).

Dijkstra et al. (2003), sugerem que a infecgao congénita decresce
com a o aumento da idade vaca, possivelmente um indicativo de aumento de
imunidade nesses animais mais velhos. Paré, Hietala e Thurmond (1995), citam que
uma menor transmissao vertical pode estar relacionada a uma continua estimulacao

do sistema imune, principalmente em condi¢gdes endémicas.
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2.5— TRANSMISSAO HORIZONTAL

A ingestdo de oocistos esporulados de N. canimun do meio
ambiente € o principal modo de transmissdo em bovinos apds o nascimento
(GONDIM; GAO; McALLISTER, 2002; DUBEY; SCHARES; ORTEGA-MORA, 2007;
MCCANN et al., 2007). Como é de conhecimento que a infeccao pré-natal ocorre em
menos de 100% dos casos, é evidente assim a importancia da transmissao
horizontal para a manutengdo da infeccdo, pois sem esta a neosporose se
extinguiria.

Nao ha nenhuma evidéncia que N. canimun esta presente em
excregdes e secregdes de animais adultos assintomaticos, sendo assim, a
transmissdo de bovino para bovino ndo tem sido observada (DUBEY; BUXTON;
WOUDA, 2006; DUBEY; SCHARES; ORTEGA-MORA, 2007).

A soroconversao em bovinos para N. caninum foi observada por
Cardoso et al. (2012), que obtiveram os valores de 0,37%, 3% e 6,94% ao
estudarem trés rebanhos leiteiros. Valores semelhantes foram encontrados por
Davidson, Otter e Trees (1999), Bartels et al. (2007), 1,9 %, 4,5%, respectivamente.
Valores superiores foram apontados por Moré et al. (2009) os quais obteviram uma
taxa de transmissao horizontal de 47%. Estas discrepancias podem ser explicadas
pelos diferentes métodos de diagndsticos e pontos de corte aplicados, bem como as
condi¢cbes de manejo e a presenca de caes nas propriedades estudadas.

Embora demonstrada por Serrano et al. (2006) a transmissao
venérea em bovinos € improvavel de acontecer, sugerindo que o risco da
transmissdo sexual € baixo e com pequena importancia epidemiologica. Serrano-
Martinéz et al. (2007) observaram a parasitemia, soroconversao, € niveis de IFN-0
em novilhas inseminadas com sémen experimentalmente contaminados com
taquizoitos nas doses de 102, 5 x 103 5 x 10*, 5 x 10° respectivamente. Neste
mesmo experimento, avaliando fémeas multiparas, os autores ndo observaram a
parasitemia e apenas um animal apresentou soroconversao, demonstrando que
animais adultos podem apresentar uma maior resisténcia a infecgéo. Ja Osoro et al.
(2009) ndo observaram transmissao venérea em condigdes naturais, onde touros
infectados artificialmente forma mantidos com fémeas soronegativas e as mesmas

nao soroconverteram apos o periodo de monta natural.
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Ja a transferéncia de embrides € recomendada como técnica de
prevencao para evitar a transmissao de N. caninum, desde que se utilize receptoras
negativas (BAILLARGEON et al., 2001; OLIVEIRA et al., 2010).

Uglla et al. (1998) demonstraram a possibilidade da transmissao
lactogénica, ao alimentar bezerros com mamadeiras contendo colostro com
taquizoitos, e verificaram a soroconversdo desses animais, bem como detectaram
DNA de N. caninum no cérebro dos bezerros. Dijkstra et al. (2001) citam que néo é
bem conhecido o papel dos anticorpos especificos presentes no colostro de vacas
soropositivas sobre a influéncia na sobrevivéncia de taquizoitos no leite. Entretanto,
nao existe um estudo conclusivo sobre a ocorréncia da transmissao lactogénica de

N. caninum de maneira natural em bovinos.

2.6 — ABORTAMENTO

O abortamento é o principal sinal clinico da neosporose em bovinos
de corte e leite (DUBEY; LINDSAY, 1996; ANDERSON; ANDRIANARIVO; CONRAD,
2000; HADDAD; DOHOO; VANLEEWEN, 2005; DUBEY; BUXTON; WOUDA, 2006).
Pode ser definido como a expulsao do feto entre 42 e 260 dias apds a inseminagao
ou pela suposta perda fetal em um intervalo maior que 120 dias entre duas
inseminagdes (WOUDA; MOEN; SCHUKKEN, 1998).

Abortamentos epidémicos sdo temporarios e podem ser
considerados quando 15% das fémeas bovinas que estdo em reprodugdo abortam
dentro de um periodo de 4 semanas, ou se 12,5 % abortarem dentro de 8 semanas,
ou quando 10% das fémeas bovinas abortarem em 6 semanas (MOEN et al., 1998;
WOUDA; MOEN; SCHUKKEN, 1998; SCHARES et al.,, 2002). Ja os abortos
endémicos sdo aqueles que persistem no rebanho por varios meses ou anos
(DUBEY; SCHARES; ORTEGA-MORA, 2007).

Na neosporose os abortamentos podem ocorrer a partir dos trés
meses de idade, sendo que a maioria ocorre em torno do quinto e sexto meses de
gestacdo (DUBEY; SCHARES, 2011), entre o quarto e o sexto més (ANDERSON;
ANDRIANARIVO; CONRAD, 2000) e entre o quarto e o sétimo més de gestacéo
(DUBEY; LYNDSAY, 1996). Pescador et al. (2007) encontraram uma média das
idades dos fetos abortados com lesdes sugestivas de N. canimun de 4,47 (£1,09)

meses, ao avaliar 89 fetos abortados entre trés e oito meses de gestagao.
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Collantes-Fernandez et al. (2006) sugerem que a distribuicdo de N.
caninum pelos tecidos fetais ocorre com maior intensidade no inicio e meio da
gestacdo. Em fetos abortados nos estagios iniciais, DNA do parasita foi demonstrado
na maioria dos orgaos fetais, bem como foi encontrado uma alta carga parasitaria
nos tecidos, principalmente no cérebro e coracdo. Ja no terco médio a detecgao do
parasita foi menos frequente e alta carga parasitaria foi verificada somente no
cérebro. Nos estagios finais, DNA do parasita pode ser detectado em baixos niveis
no cérebro e esporadicamente no coragdo, diafragma e linfonodos fetais. Dubey,
Buxton e Wouda (2006) afirmam que no primeiro trimestre de gestacao, o feto é
extremamente vulneravel ao N. caninum e que dificiilmente sobrevive quando
infectados neste estagio.

Para que ocorra o abortamento, o feto ou a sua placenta devem
apresentar lesdes, inviabilizando assim a gestacdo (DUBEY; BUXTON; WOUDA,
2006). As lesdes placentarias irdao comprometer a sobrevivéncia fetal diretamente,
ou causar a liberacdo de prostaglandinas maternas que levardo a lutedlise e
consequentemente ao abortamento (DUBEY; SCAHRES, 2011). Andlises
histolégicas demonstraram necrose focal das vilosidades fetais nos placentomas,
acompanhados da presenca de taquizoitos de N. canimun aos 14 dias apods
inoculagéo pela via endovenosa (MACALDOWIE et al., 2004).

Os danos causados ao feto ocorrem pela multiplicagdo do parasito
em seus tecidos e pela deficiente oxigenagdo e nutricdo devido as lesbes na
placenta (DUBEY; SCAHRES, 2011). Lesdes na musculatura esquelética, coragao,
pulmao, cérebro, figado e rins foram observadas em fetos abortados (PESCADOR et
al., 2007). Os fatores importantes na determinagdo destas lesbes, bem como o
aparecimento do aborto sao: o periodo gestacional e o estado de desenvolvimento
da imunocompeténcia fetal (DUBEY; BUXTON; WOUDA, 2006). E no terco médio
(4-6 meses) que o feto esta iniciando o desenvolvimento de uma resposta imune
especifica frente a parasitas, tornando-se capaz de reconhecer e responder frente a
estes antigenos (BARTLEY et al., 2004; INNES et al., 2005). Sendo assim, fetos
infectados nos estagios finais de gestagao terdao maior chance de sobrevivéncia,
pois no inicio da gestagdo o sistema imune esta imaturo levando a morte fetal
(GIBNEY et al., 2008).
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Figura 3 —Aspectos imunoldgicos da relacdo hospedeiro-parasita em vacas
gestantes e ndo gestantes.
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Fonte: Innes et al. (2002).

De acordo com a figura 3 verifica-se o desenvolvimento da
imunidade mediada por células (verde) e producédo de anticorpos (vermelho) em
vacas nao gestantes [(a)(i)]. A producdo de interferon pelas células CD4" T (violeta)
€ capaz de limitar a multiplicacao intracelular do parasita [(b)(i)]. Em vacas gestantes
observa-se a imunidade mediada por células (verde), bem como a parasitemia no
terco médio (vermelho) e final (azul) da gestacdo. O desenvolvimento da imunidade
fetal esta representada em amarelo[(a)(ii)]. No inicio da gestagcdo ocorre uma forte
acao da imunidade celular, onde citocinas Th 1 vao atuar na interface materno —fetal
(CE: epitélio coribnico; FS: sincicio materno-fetal; BS: vasos sanguineos) podendo
levar ao abortamento [(b)(ii))]. No terco médio da gestagdo ocorre uma
imunomodulacdo celular e incapacidade de manter a producdo de IFN v,
favorecendo a recrudescéncia do parasita. Neste periodo ocorre a agao de citocinas
Th 2 no intuito de manter a gestagédo [(b)(iii)]. Na fase final da gestacdo a
probabilidade de ocorrer o abortamento € minima em fungao do desenvolvimento da
imunidade fetal [(b)(iv)] (INNES et al., 2002)
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Patogenos intracelulares, como N. caninum, apresentam uma
resposta imune mediada por células (CMI), as quais estimulam a producédo de
citocinas Th 1, tais como interferon gamma (IFN vy), interleucina 2 (IL-2) e fator de
necrose a (TNF- a) que podem ser prejudiciais a gestagdo, podendo levar ao
abortamento ou rejeicdo fetal (ENTRICAN, 2002; INNES et al., 2002; REICHEL;
ELLIS, 2009). As rotas de producao destas citocinas levam a formacao de radicais
livres e de Oxido nitrico, os quais sao letais para protozoarios, mas extremamente
prejudicias ao feto (QUINN; ELLIS; SMITH, 2002). Portanto, a estimulagdo das
citocinas Th 1 em fémeas no inicio da gestacao é, provavelmente, responsavel pelas
mortes embrionarias na neosporose bovina (HADDAD; DOHOO; VANLEEWEN,
2005).

No tergo médio gestacional ocorre uma imunomodulagdo, onde as
fémeas bovinas vao apresentar uma incapacidade de manter a imunidade mediada
por células (CMI) e a producdo de interferon gamma (IFN y), o que pode ser
responsavel pela excistagdo ou recrudescéncia do parasita (INNES et al., 2005;
DUBEY; BUXTON; WOUDA, 2006). Nesta fase ocorre também a producédo de
citocinas Th 2, as quais atuardo na manutengcdo da gestagcdo, através da
neutralizacdo dos efeitos da resposta tipo Th 1, porém vai facilitar a invasdo do
parasita na placenta e feto (INNES et al., 2002). Portanto, é no tergo médio
gestacional que teremos a maioria dos abortamentos ou o nascimentos de bezerros
fracos com problemas neuroloégicos (HADDAD; DOHOO; VANLEEWEN, 2005).

No terco final da gestacdo o feto ja apresenta um sistema
imunoldgico mais desenvolvido capaz de exercer uma defesa contra o parasita
(INNES, 2007). Nestas circunsténcias as possiveis lesbes nos fetos serdo bem
menores em relagdo aos fetos infectados no tergo inicial e médio da gestagao
(COLLANTES-FERNANDEZ et al, 2006). Assim, ocorrerd a transmissao
transplacentaria, em que os bezerros irdo nascer sem sinais clinicos, porém

infectados com o parasita (INNES et al., 2005).
2.7— CONCLUSAO
A neosporose tem emergido como uma grave doenga em bovinos.

Atualmente é reconhecida como a principal causa de abortos em todo o mundo.

Outros problemas como o0 nascimento de animais mortos, bezerros com
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sintomatologia nervosa, mumificagdo fetal, aumento do intervalo de partos,
diminui¢cdo da producdo de leite e carne, demonstram que a neosporose acarreta
grandes perdas econdémicas ao sistema de produgéo de bovinos.

Diante desta realidade tornam-se necessarios maiores estudos
relacionados a prevaléncia, transmissao vertical, resposta imunoldgica fetal,
avaliacdo de ferramentas de diagndstico, bem como o envolvimento deste

protozoario em abortos bovinos.
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3 OBJETIVOS

3.1 — OBJETIVO GERAL

Estudar N. caninum em vacas leiteiras naturalmente infectadas, seus

fetos e abortamentos no municipio de Presidente Getulio, Santa Catarina.

3.2— OBJETIVOS ESPECIFICOS

a) Avaliar a ocorréncia de anticorpos contra N. caninum em vacas
gestantes, seus respectivos fetos, e vacas nado gestantes

abatidas em frigorifico.

b) Avaliar a transmissdo vertical do parasita em vacas prenhas

abatidas por meio da PCR e sorologia.

c) Estudar a ocorréncia de N. caninum em vacas que sofreram

abortamentos e seus abortos.



33

4 ARTIGOS
ARTIGO Al

Neospora Caninum: Evaluation of Vertical Transmission in Slaughtered Dairy
Cows (Bos Taurus)
Neospora Caninum: Avaliagao da Transmissé&o Vertical em Vacas Leiteiras

(Bos Taurus)
César Augusto Barbosa de Macedo?

Abstract: Neospora caninum is a worldwide parasite recognized as one of the main
parasites responsible for abortion in cattle. The objective of this study was to
evaluate vertical transmission of N. caninum in dairy cows (Bos taurus) that were
slaughtered at an abattoir in the state of Santa Catarina, southern Brazil. Blood
samples (with and without EDTA) from 60 pregnant dairy cows and blood and tissue
samples (brain, lung, heart and liver) from their fetuses were collected and used for
PCR and serological evaluation. Blood samples from 60 non-pregnant cows were
collected and used to detect antibodies. Anti-N. caninum antibodies were detected by
indirect ELISA. Antibodies against N. caninum were observed in 41.6% (25/60) of the
pregnant cows and in 43.3% (26/60) of the non-pregnant cows. Antibodies against
the parasite were detected in three fetuses (5.5%). PCR analysis revealed that 3.3%
(2/60) of the cows and 6.6% (4/60) of the fetuses evaluated were positive for specific
N. caninum primers. These positive fetuses were between 4-6 months of age.
Therefore, considering PCR and serological tests to be indicative of vertical
transmission in fetuses, 11.6% (7/60) of the fetuses were infected by N. caninum
during gestation.

Keywords: Neospora caninum. Dairy cattle. Vertical transmission. Bos taurus.

Resumo: Neospora caninum ¢é um parasita de distribuicdo mundial reconhecido
como um dos principais responsaveis por abortamento em bovinos. O objetivo
deste estudo foi avaliara transmissédo vertical de N.caninumem  vacas
leiteiras (Bos taurus) que foram submetidas ao abate em matadouro no Estado de
Santa Catarina, sul do Brasil. Sangue (com e sem EDTA) de 60 vacas leiteiras
prenhas e amostras de sangue e tecidos (cérebro, pulméo, coracdo e figado)
de seus fetos foram coletados e utilizados para PCR e avaliag&o soroldgica.
Amostras de sangue de 60 vacas nao-gestantes foram obtidas e utilizadas para
detecgao de anticorpos. A determinacao de anticorpos séricos contra N. Caninum
foi avaliada por ELISAteste indireto. Anticorpos  contra N. caninum foram
observados em 41,6% (25/60) das vacas prenhase em 43,3% (26/60) das

o artigo sera enviado a Revista Brasileira de Parasitologia Veterinaria.
2 Laboratério de Protozoologia, Departamento de Medicina Veterinaria Preventiva, Universidade Estadual de
Londrina — UEL, Caixa Postal 6001, 86050-970, Londrina, PR, Brasil.
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vacas nao-gestantes.  Anticorpos contrao parasita foram detectados em
trés fetos (5,5%). Analise pela PCR revelou que 3,3% (2/60)das vacase 6,6%
(4 /60) dos fetos avaliados foram positivos para N. caninum. As idades dos fetos
positivos eram de 4 a 6 meses. Portanto, considerando a PCR e a sorologia como
indicativo de transmissao vertical em fetos, 11,6% (7/60) dos fetos foram infectados
por N. caninum durante a gestagao.

Palavras-chaves: Neospora caninum. Vacas leiteiras. Transmissao vertical. Bos
taurus.

Introduction

Neospora caninum is a protozoan parasite that is distributed
worldwide and is a major cause of abortion in cattle (DUBEY; SCHARES, 2006).
Animals may be infected via three routes: ingestion of sporulated oocysts;
transmission from dams to fetuses (vertical); and through meat containing tissue
cysts. Cattle, as herbivorous animals, are infected via the first and second routes. In
dairy herds, transmission principally occurs vertically (SCHARES et al., 1998;
BARTELS et al., 2007). Vertical transmission can occur throughout the gestation
period; however, abortions are most prevalent at 3 to 6 months of pregnancy
(DUBEY; SCHARES, 2006). However, female calves can be born infected without
any sign of infection and can keep the parasite in their tissue while they are raised,
such that when they become pregnant, they may transmit the parasite to their
offspring. This type of transmission is known as endogenous transplacental infection
(TREES; WILLIAMS, 2005).

Neosporosis has been described as an important cause of abortion
in southern Brazil (CORBELLINI et al., 2001; LOCATELLI-DITTRICH et al., 2001;
CORBELLINI et al., 2002). Locatelli-Dittrich et al. (2001) reported that the abortion
risk in N. caninum-seropositive dairy cows was four times higher than in seronegative
dairy cows. Corbellini et al. (2002) used both histopathological and serum sample
examination from bovine aborted fetuses, and described a high rate of occurrence of
N. caninum as the cause of abortion throughout the state of Rio Grande do Sul.

Although several studies relating to neosporosis among dairy cattle
have been conducted, the documentation of vertical transmission in Brazilian herds
remains inadequate. Thus, the aim of the present study was to evaluate anti-N.

caninum antibody occurrence in serum samples, and vertical transmission of N.
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caninum from dairy cows slaughtered at an abattoir located in the southern region of

Brazil.

Materials and Methods

STUDY AREA AND SAMPLING

The 120 samples were obtained from 60 non-pregnant and 60
pregnant dairy cows (Bos taurus) and their respective fetuses at an abattoir located
in the municipality of Presidente Getulio, state of Santa Catarina, southern Brazil
during 2010 year. The present study was approved by the Animal Ethics Committee
of the State University of Londrina (N. 018/2009).

BLOOD AND TISSUE SAMPLES

Blood samples with EDTA were collected individually in sterile tubes
from the pregnant cows after they had been bled along the inspection line (during
bleeding of the animals) and from their fetuses by means of cardiac puncture. The
white blood cells were separated by centrifugation (550g for 10 minutes), and were
used for DNA extraction and subsequent PCR analyses. The uterus of the dams was
obtained individually with the fetuses inside. Each uterine horn containing the fetuses
was aseptically opened, the fetuses were taken out from the uterus, and organ
material was collected on individual sterilized Petri plates. At the laboratory,
approximately 10 g of tissue fragments (brain and myocardium) were collected from
fetuses > 3 months of age, while similar tissue fragments (10 g) for fetuses < 2
months were pooled for DNA extraction. The tissue samples were homogenized with
10 ml of saline solution (0,14M of NaCl), after which the homogenate was filtered,

and 2ml were used for DNA extraction.
ANTI-Neospora caninum ANTIBODY DETECTION
Antibodies against N. caninum were detected by means of the

HerdCheck Neospora caninum Antibody Test Kit (ldexx Laboratories). Serum

samples from the cows were diluted 1:100, and serum from fetuses 1:25. The
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presence or absence of antibodies to N. caninum was determined by calculating the
ratio of sample to the positive control (S/P) for each sample. Serum samples with
ratio (S/P) < 0.50 are classified as negative and ratio (S/P) = 0.50 are positive. The
ratio (S/P) was calculated as follows: (sample optical density — mean negative
control)/(mean positive control — mean negative control). The sensitivity (Se) and
specificity (Sp) of the test is 99% and 97,5%, respectively (VON BLUMRODER et al.,
2004).

DNA EXTRACTION AND PCR

The DNA extraction was performed using the DNeasy Blood &
Tissue Kit (QIAGEN Sample & Assay Technologies, Brazil), following the
manufacturer’'s recommendations. PCR analyses were performed as previously
described (MARQUES et al., 2011). Amplification of N. caninum DNA was done by
using the Np21 and Np6 primers (MULLER et al., 1996). The PCR cycle was
performed on a mixture (final volume of 25 ul ) containing 5 pl of extracted DNA
admixed with 20 ul of a solution containing 1.0 mM of each primer, 100 mM of dNTP
(Invitrogen, Life Technologies, USA), 60 mM of Tris-HCI (pH 9.0), 15 mM of
(NH4)2S04, 1.5 mM of MgCl,, and 0.5 U of Tag DNA polymerase (Invitrogen, Life
Technologies, USA). Amplification of parasitic genomic DNA was done over 35
cycles in a PTC-100 thermocycler (MJ-Research), using the following cycling
conditions: 5 minutes at 94°C, followed by 35 cycles of 30 seconds at 94 °C, 30
seconds at 65 °C and 60 seconds at 72 °C; the 35" cycle was followed by a final
extension of 7 minutes at 72 °C. Aliquots from each PCR were viewed by means of
electrophoresis on 2% agarose gel. For positive controls, DNA extracted from
tachyzoites of the NC-1 strain (10°/ml) of N. caninum, diluted in TE buffer, were used.
The negative control consisted of commercially prepared water samples without N.
caninum. One positive and one negative control was included in each assay.

All variables were analyzed by means of the chi-square test (y?), with
Yates correction, using the Epi Info software (CDC, version 6.04b). P-values < 0.05

were taken to be significant.



37

Results

The serological results for N. caninum are presented in Table 1. Out
of a total of 120 cows, samples from 51 (42.5%) reacted positively to N. caninum.
Positive seroreactivity to N. caninum occurred in samples from 41.6% (25/60) of the
pregnant cows, while the positivity rate among non-pregnant animals was 43.3%
(26/60); these values were not statistically different (p = 1.0). There was no statistical
difference in relation to the breed of cattle (Table 1, p = 1.0). When the period of
gestation was evaluated, there were no differences in the prevalence of N. caninum
relative to the first (50%), second (35.7%) or third trimester (44.4%). Considering that
almost all of the cows were more than four years old (116 animals), no comparisons
regarding prevalence and proportionality with age were calculated.

The average optical density (OD) of the positive samples obtained
from the pregnant animals was 1.64 + 0.92, compared with 1.82 + 0.1.05 among their
non-pregnant counterparts (Table 2). In relation to the period of gestation, the mean
OD was 1.18 = 0.89 for the first, 2.16 + 0.90 for the second and 1.28 + 0.83 for the
third trimester (p = 0.051). Comparative analysis on the PCR and serological results
revealed that one of the two cows that was PCR-positive was also serologically
negative, while the other was seropositive (mean OD =1.83). Only one (cow no. 131)
out of the four cows that had positive fetuses in the PCR analysis was positive in the
serological test (OD = 0.55). The serological test revealed three positive fetuses;
however, one of the dams was negative in ELISA.

Sixty fetuses were collected for evaluation: 14 were in the first, 28 in
the second and 18 in the third trimester of gestation. Additionally, six fetuses were
less than two months of age, and serum samples were not obtained from these
animals. Thus, 54 serum samples from the fetuses were evaluated, and three (5.5%)
of these samples were serologically positive with high antibody titers (OD > 3.1).

During this study, vertical transmission was demonstrated in 11.6%
(7/60) of the fetuses by means of PCR and serological tests. Cerebral-derived DNA
from the fetuses of cow no. 87 and cow no. 111 was positive in PCR analysis.
Myocardial-derived DNA from the fetuses of cow no. 74 and cow no. 131 was
positive in PCR reactions (Table 2). The DNA-derived blood samples from two cows

(animals no.13 and 95) were PCR-positive, but only one animal (no. 26) had a
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corresponding serum titer (OD = 1.83). However, the fetuses of these animals were

PCR-negative.

Table 1- Demonstration of the association between the variables studied and the
presence of antibodies for Neospora caninum in slaughtered pregnant
dairy cows (Bos taurus), in state of Santa Catarina, 2010.

Variables PO(S(E/E \)/es Ne(%zt)ive -I;(o)/:[jl P
Neospora
Cows
Pregnant 25 (41.6) 35 (58.4) 60 (50) 1’
Non-pregnant 26 (43.3) 34(56.7) 60 (50)
51 (42.5) 69(57.5) 120 (100)
Trimester of
gestation
First 7 (50) 7 (50.0) 14 (23.3)
Second 10 (35,7) 18 (64.3) 28 (46.7) 0,87"
Third 8 (44,4) 10 (55.6) 18 (30.0)

Font: author.
1Chi-square with Yates correction.%percentage.
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Table 2 — Outcomes regarding Neospora caninum infection in slaughtered pregnant
dairy cows (Bos taurus) and their fetuses, in state of Santa Catarina, 2010.

ELISA’ Age of PCR
cr:1cc))W Cow Fetus fetus o Pcf:Itg: =
) (months) Blood Brain organs’ Myocardium
2 2.18 N 4 - - -
13 1.83 NO 1 + -
25 2.25 N 7 - - -
26 2.17 N 3 - - -
28 0.55 N 6 - - -
53 3.05 N 6 - - -
54 0.6 N 7 - - -
58 1.13 3.3 8 - - -
62 0.59 NO 1 - -
64 2.48 N 5 - - -
74 N N 6 - - +
78 27 N 5 - - -
79 2.48 N 3 - - -
85 2.7 N 5 - - -
87 N N 7 - + -
91 0.73 N 8 - - -
92 2.54 N 4 - - -
95 N NO 2 + -
97 0.74 NO 2 - -
105 2.02 7 - - -
111 N N 3 - + -
113 0.62 N 7 - - -
116 N 3.12 5 - - -
119 N N 8 - - -
121 0.574 N 3 - - -
124 0.50 N 4 - - -
125 2.7 3.3 7 - - -
126 2.16 N 6 - - -
130 27 N 5 - - -
131 0.55 N 7 - - +
133 0.55 N 3 - - -

Font: author.

1Optical density from ELISA (Idexx); N, negative; +, positive. " fetuses that were less than two
months of age were macerated and evaluated using PCR. NO, not obtained.
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Discussion

In our study, we investigated vertical transmission of N. caninum in
dairy cattle slaughtered in southern Brazil. The overall results demonstrated an N.
caninum vertical transmission rate of 11.6% (7/60). Three fetuses (3/7) had
antibodies that were detected by ELISA (high levels of antibodies) and were N.
caninum DNA negative in their tissue samples. One dam was serologically negative,
and two others had higher antibody titers. Conversely, the other fetuses (4/7) were
positive for the presence of N. caninum DNA in their tissues and were serologically
negative, and their dams had low titers of antibodies (OD = 0.2 to 0.5). Fluctuations
in the results similar to these have previously been described (MCINNES et al., 2006;
DIJKSTRA et al., 2008; MORE et al., 2009; YAO et al., 2009; MARQUES et al.,
2011). Mclnnes et al. (2006) reported that there was no correlation between the
serological tests on dams and the PCR on their fetuses, and a high percentage of
infected fetuses had serologically negative dams. Moré et al. (2009) showed that
transplacental infection in dairy cattle may occur when antibody titers are low in adult
COWS.

Cabral et al. (2009) used histology, immunohistochemistry and
nested-PCR to evaluate 105 aborted fetuses that were sent to the Biological Institute
of Sao Paulo, Brazil, and found a neosporosis rate of 24.8%. In addition, Corbellini et
al. (2006) found that 23% of the aborted fetuses that they collected in Rio Grande do
Sul, Brazil, were infected by N. caninum. The rate of vertical transmission of
neosporosis may vary between cattle herds, and it can range from 4.0 to 100%
(DUBEY; SCHARES, 2011).

Just three cows in the present study had positive blood samples in
PCR, in spite of the relatively high prevalence of IgG anti-N. caninum in serum
samples. Yao et al. (2009) reported that negative PCR results of blood samples did
not exclude N. caninum infection, which corroborates the observation that few N.
caninum are present in the blood of intermediate hosts. Additionally, Okeoma et al.
(2005) observed greater variation in the concentration of N. caninum DNA in blood
samples than in heifer brain samples, which indicated that this organ should be
chosen for isolating DNA from the parasite.

Therefore, since seronegative dams generate congenitally infected

fetuses, the presence or absence of antibodies for N. caninum possibly neither
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supports nor rules out vertical transmission. Yao et al. (2009) stated that
seronegative abortion cases should be confirmed by means of PCR analysis on the
fetus tissues. The mechanism for Neospora infection in seronegative dams might be
explained in terms of. a) early-stage infection; b) the sensitivity of the serological
assay (low antibody levels); or c) seronegative conversion in infected cows and
immunotolerance of early in-utero infection (MCINNES et al., 2006; WILLIANS;
TREES, 2006; YAO et al., 2009). Under natural conditions, most infections caused by
N. caninum are “in utero”, and parasite-induced reactions can be classified as self-
infections (as are observed in some viral infections) without producing an immune
response.

Previously, Marques et al. (2011) studied vertical transmission in
zebu cattle in southern Brazil and found a rate of 4.8%, which is a lower rate than
what was observed in the present study (11.6%). This phenomenon might represent
the manifestation associated with each management system, i.e. the difference
between having or not having access to infectious sources, nutritional differences
and emphasis on production activity (such as milking or weaning), or the variability in
the duration of time for which the animals are kept within breeding programs
(MARQUES et al., 2011).

The prevalence of N. caninum among the cows in the present study
was similar to what was described in some previous reports (RAGOZO et al., 2003;
SARTOR et al., 2003; LOCATELLI-DITTRICH et al., 2008; BENETTI et al., 2009),
but was lower than in other studies (COSTA et al., 2001; GUIMARAES JR et al.,
2004; MINERVINO et al., 2008; MUNHOZ et al., 2009; EIRAS et al.,, 2011). The
prevalence of N. caninum in dairy cattle in Brazil was previously described as ranging
from 9,5% to 91.2% (RAGOZO et al., 2003; AGUIAR et al., 2006; GUEDES et al.,
2008). Therefore, caution is needed in evaluating the results from prevalence studies,
since the differences in results might be directly related to the serological techniques
used, the cutoff values, the sample size or the type (breed and/or species) of animal
that is being investigated.

Locatelli-Dittrich et al. (2008) and Munhoz et al. (2009) in Brazil,
Wang et al. (2010) and Xia et al. (2011) in China and Eiras et al. (2011) in Spain
evaluated anti-N. caninum antibodies in dairy cattle by using ELISA (Idexx). These

authors observed a seroprevalence range from 13.3 to 38.2%. Thus, the results
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obtained from these previous studies might be easier to compare with those from the
present study.

In our study, it was difficult to precisely determine whether
endogenous or exogenous transmission had higher or lower importance. We could
speculate, considering that 5/6 of the N. caninum-positive fetuses had > 5 months of
gestation and were almost ready to be born, that endogenous transplacental infection
could be considered to be a major infection source for fetuses, but further studies
need to be performed to confirm this hypothesis. Bartels et al. (2007) described rates
of 44.9% and 4.5%, respectively, for vertical and horizontal transmission in Dutch
dairy herds.

We did not observe any statistical difference between seropositive
pregnant (41.6%) and non-pregnant cows (43.3%) during this study. This finding
could mean that natural immune suppression during the gestational period does not
change the prevalence of antibodies against N. caninum. The events that occur
during pregnancy and the influences of prenatal exposure to the parasite on the
development of an immune response are critical issues (INNES et al., 2002) that
have to be addressed if the associated mechanism is to be completely understood
(WILLIANS; TREES, 2006).

In conclusion, this study demonstrated a vertical transmission rate for
N. caninum of 11.6% in naturally infected pregnant dairy cows in southern Brazil.
Additionally, this study was the first description of the occurrence of anti-N. caninum

antibodies in dairy cattle (42.5%) in the state of Santa Catarina.
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ARTIGO B 3

Occurrence of Neospora caninum abortions in dairy cattle from Southern Brazil
Ocorréncia de Neospora caninum em abortamentos de bovinos leiteiros no Sul

do Brasil
César Augusto Barbosa de Macedo*

Abstract: Neospora caninum is a protozoan parasite that infect animals, and this is
considered a major cause of abortion in cattle throughout the world, particulary in
dairy cattle. The aim of the present study was to determine the occurrence of N.
caninum in 43 abortions of dairy cattle from Santa Catarina State, Southern Brazil.
Blood from dairy cows that aborted and intrathoracic fluid and tissue samples (brain,
lung, heart, and liver) from their fetuses were collected and used for PCR and
serologic evaluation. Antibodies anti-N. caninum were detected by indirect ELISA
(Idexx). Twenty two cows (52.4%), and eight fetuses (25%) were serologically
positive. Dams with more than thirty-six months of age had higher risk to be serum
positives than younger animals (OR=0.05; 0.00<OR<0.46; p=0.002). PCR analysis
revealed that 44% (16/36) of the fetuses were positive to N. caninum. Dams with
result positive in serology had higher chance to have either serum (p=0.0003) or
PCR (OR=16; 2.4<OR<130; p=0.0014) positive fetuses. The average gestational of
aborted fetuses was 6.75 (+1.2) months. In the present study, considering
seropositive cows and the positive results of PCR or serology of the aborted fetuses,
the occurence of the Neospora caninum in abortions from dairy cows was 37.8%.

Keywords: Neospora caninum. Dairy cattle. Abortions. PCR. ELISA.

Resumo: Neospora caninum é um protozoario parasita dos animais e € considerado
a maior causa de abortamentos de bovinos em todo o mundo, principalmente nos
bovinos leiteiros. O objetivo deste estudo foi determinar o envolvimento de N.
caninum em 43 abortos de fémeas bovinas leiteiras no estado de Santa Catarina,
Sul do Brasil. Sangue de fémeas bovinas leiteiras que abortaram, liquido
intratoracico e amostras de tecidos (cérebro, pulmao, coragcédo e figado) de seus
fetos foram colhidos e usados para PCR e sorologia. O soro das 42 fémeas bovinas
e o liquido intratoracico dos fetos foram utilizados para a detecgcao de anticorpos
através de ELISA indireto (Idexx). Vinte e duas fémeas bovinas (52,4%) e oito fetos
(25%) foram sorologicamente positivos. Fémeas acima de 36 meses apresentaram
maior chance de serem soropositivas (OR=0.05; 0.00<OR<0.46, p=0.002). Pela PCR
detectou-se que 44% (16/36) dos fetos foram positivos para N. caninum. Fémeas
soropositivas apresentaram maior chance de apresentarem fetos soropositivos
(p=0.0003) e PCR positivos (OR=16; 2.4<OR<130, p=0.0014). A idade média
gestacional dos fetos abortados foi 6.75 (1,2+) meses. No presente estudo,

% 0 artigo sera enviado a Revista Brasileira de Parasitologia Veterinaria.
* Laboratério de Protozoologia, Departamento de Medicina Veterinaria Preventiva, Universidade
Estadual de Londrina — UEL, Caixa Postal 6001, 86050-970, Londrina, PR, Brasil.
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considerando as vacas soropositivas e os resultados positivos da PCR ou sorologia
dos fetos abortados, a ocorréncia de Neospora caninum em abortamentos de vacas
leiteiras foi de 37.8%.

Keywords: Neospora caninum. Dairy cattle. Abortions. PCR. ELISA.

Introduction

Neospora caninum is a protozoan parasite of animals and it was
misdiagnosed as Toxoplasma gondii until 1988 (DUBEY, 2005; DUBEY et al., 2007,
DUBEY; SCHARES, 2011). Dogs (Canis lupus familiaris), coyotes (Canis latrans),
dingoes (Canis lupus dingo), and gray wolfs (C. lupus) were described as definitive
hosts (MCALLISTER et al., 1998; GONDIM et al., 2004; KING et al., 2010; DUBEY et
al.,, 2011). Several productive and wild animal species have been identified as
intermediate hosts of N. caninum (DUBEY; LINDSAY, 1996). Surveys in several
countries have identified N. caninum infection as the major diagnosed cause of
bovine abortion (ANDERSON et al., 2000), particulary among dairy cattle (DUBEY;
LINDSAY, 1996).

N. caninum can be either transmitted postnatally (horizontally) by
ingestion of food, drinking water with sporulated oocysts, or transplacentally (DUBEY,
2005; DUBEY et al., 2007). Vertical transmission of N. caninum through generations
of cattle appears to be the major way by which the infection is maintained in herds
(WOUDA et al., 1988; DAVIDSON et al., 1999; HALL et al., 2005). Fetuses may die
in utero, be reabsorbed, mummified, autolyzed, stillborn, born alive with clinical signs,
or born clinically normal but chronically infected (DUBEY, 2003; HADDAD et al.,
2005).

Diagnosis of neosporosis abortion is difficult, and often expensive.
Serologic examination of the dam and fetus (DUBEY; LINDSAY, 1996), histologic
lesions and immunohistochemistry (ANDERSON et al., 2000) and parasite detection
by PCR techniques (ORTEGA-MORA et al.,, 2006) are some tools that may
contribute to a successful diagnosis of bovine Neospora abortion.

The aim of the present study was to investigate the occurrence of N.
caninum in dairy catlle abortions from Southern Brazil, through the techniques

enzyme-linked immunosorbent assay (ELISA) and polymerase chain reaction (PCR).
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Materials and Methods

STUDY AREA AND SAMPLING

The survey was carried out in the city of Presidente Getulio (27° 03’
03” S, 49° 37’ 22” N), located in the river valley ltajai of the Santa Catarina State,
southern Brazil, at an altitude of 255 m. Forty-three dairy cows (Bos Taurus) and their
aborted fetuses were analysed during may of 2008 to april of 2010 from thirty-five
dairy farms. After 30 days of abortion all farms were visited to obtain a second blood

sample from the dam.

BLOOD, INTRATHORACIC FLUID AND TISSUE SAMPLES

Blood samples with and without EDTA were collected from dairy
cows that aborted and intrathoracic fluid from their fetuses. The white blood cells
were separated by centrifugation (550xg — 10min), and it was used for DNA
extraction and PCR. A pool of tissues from fetuses (brain, heart, liver, lung) were
obtained. The tissue samples were homogenized in a blender with 10 ml of saline
solution (0.14M NaCl). Thus, the homogenate was filtered through 2 layers gauze,

and 2 ml were used for DNA extraction.

ANTI-Neospora caninum ANTIBODY DETECTION

Antibodies against N. caninum were detected using a commercial
indirect ELISA test (Idexx HerdCheck) that employed N. caninum tachyzoite-soluble
proteins as the antigen. Serum from cows were diluted 1:100 and fetuses 1:25. The
presence or absence of antibodies to N. caninum was determined by calculating the
ratio of sample to the positive control (S/P) for each sample. Serum samples with
ratio (S/P) < 0.50 are classified as negative and ratio (S/P) = 0.50 are positive. The
ratio (S/P) was calculated as follows: (sample optical density — mean negative
control)/(mean positive control — mean negative control). The sensitivity (Se) and
specificity (Sp) of the test is 99% and 97,5%, respectively (VON BLUMRODER et al.,
2004).
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DNA EXTRACTION AND PCR

DNA extractions from blood, intrathoracic fluid and tissues were
performed by PureLink™ Genomic DNA Purification (Invitrogen) following
manufacture’s recommendations. PCR analyses were performed as previously
described (MARQUES et al., 2011). The amplification of N. caninum DNA was held
by Np21 and Np6 primers as previously described (MULLER et al., 1996). PCR was
performed in a mixture containing 5 pl of DNA extracted plus 20 pl (final volume of 25
ul) of mixture of 1.0 mM of each primer, 100mM dNTP (Invitrogen, Life Technologies.
USA), 60mM Tris—HCI (pH 9.0), 15mM (NH4)2S04, 1.5 mM MgCl, and 0.5U Taq
DNA polymerase (Invitrogen, Life Technologies. USA). Amplification of parasite DNA
was done over 35 cycles in thermocycler PTC-100 (MJ-Research), using the
following cycling conditions for PCR: 5min at 94 °C, followed by 35 cycles for 30 s at
94 °C, 30 s at 65 °C and 60 s at 72 °C. Cycle 35 was followed by a final extension of
7 min at 72 °C. Aliquots of each PCR were electrophoresed on 2% agarose gel.
Tachyzoites of the NC-1 strain (10%ml) were diluted in TE, and the DNA was
extracted to be used as positive control. The negative control consisted of water
samples without N. caninum. A positive and negative control was included in each

test.
STATISTICAL ANALYSIS

Variables were analyzed by the Chi-square test (x%) corrected by
Yates and Fisher Exact Test using the Epi 6 program (CDC. 6.04b version). The
association among variables and occurrence of seropositives were estimated from
values obtained by the odds ratio (OR) with a confidence interval of 95%. A P-value

of < 0.05 was considered as significant.
Results
The serologic and PCR results for N. caninum from cows and fetuses

are shown in Table 5. From 42 dairy cows that aborted 22 (52.4%) were seropositive

for N. caninum. Dams greater than thirty-six months had higher chance to be serum
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positives [0,12;(0,01<OR<0,79); p=0.02] than younger animals (Table 4). All cows
aborted with more than four months of gestation, and there were no statical
differences.

Dams serum positives had higher chance to have either serum
(p=0.0003) or PCR [(16; (2.4<OR<130); p=0.0014) positive fetuses (Table 3). Thirty-
five serum samples were obtained as paired sample. There were no serum
conversion, and just in two samples the results changed from positive to negative
(Table 5). Thirty-two serum samples from fetuses were obtained and eight (25.0%)
were considered positive and six of those fetuses were positive by PCR (Table 5).

There were no blood samples from cows positive by PCR and 16
(44,4%) fetuses had their tissues or liquids positive in PCR (Table 5). The average of
anti-N. caninum antibody titers was higher in the dams that had their fetuses positive
in PCR (ODaverage=1.68) when compared with cows that had not (ODayerage=0.50).
From 16 positive fetuses in PCR, 3 (18,7%) were aborted with 4-5 months of
pregnancy, 8 (50%) and 5 (31,2%) with 6-7 months and 8-9 months of pregnancy,
respectively (Table 6). The average (£SD) of gestacional age from abortions was
6,75 (1,2t) months. Three fetuses were mummified and it was not possible to
evaluate either ELISA or PCR from them. Thus, considering the seropositive cows
and the positive results of PCR or serology of the aborted fetuses, 37.8% (14/37) of

the abortions had N. caninum as a possible abortifacient.

Discussion

The PCR is considered a valuable technique for the diagnosis of N.
caninum (ORTEGA-MORA et al., 2006). According to the PCR results, we may
assume that 44.4% (16/36) of the aborted fetus were positive. Medina et al. (2005),
Yao et al. (2009) found by nested PCR the presence of N. caninum in 80% (35/44)
and 57.7% (15/26) of aborted fetuses, respectively. However, other authors (SAGER
et al., 2001; PEREIRA-BUENO et al., 2003; RAZMI et al., 2006; RAZMI et al., 2010)
values that ranged from 11.9 to 33%. Thus, our work is in agreement with the
diagnosis of N. caninum-associated abortions in dairy cattle from most parts of the
world when indicate that 12 to 45% of aborted fetuses are infected with this protozoa
(DUBEY, 2005).
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From 42 dairy cows that aborted 52.4% were soropositive for
Neospora caninum. Higher occurrence of antibodies were observed for Zhang et al.
(2007), Kul et al. (2009), who found that 62.5% e 60% of cows that aborted or had
reproductive disorder were soropositive for N. caninum, respectively. De
Meerschman et al. (2002), Koiwai et al. (2005) and Yildiz et al. (2009) found lower
value ranging from 6.3 to 28.6%. Dams greater than thirty-six months had higher
chance to be serum positives, what is in accordance with Hornok et al. (2006) and
Dubey et al. (2007), whose described that seropositivity may increase with age or
number of gestation in beef and dairy cattle, suggesting that horizontal transmission
is of particular importance in some herds.

From 31 sera of cows and their fetuses, 25.8% (8/31) were positives
both, value higher than what was described by Santos et al. (2005), using indirect
immunofluorescent antibody (IFI), they found 11.7% (4/34). All serum positive fetuses
had theirs dams serum positives for N. caninum and the risk for this was more than
30 times when compared with negative cows. The absence of antibody for the
parasite in the fetuses may not be conclusive of infection, because these fetuses
might have been infected late in gestation, leaving insufficient time for antibody
synthesis or develop a parasite-specific immune responses (DUBEY et al., 2007).

Dubey and Lindsay (1996) described that abortions by N. caninum
may occur from 3 months of gestation to term.The average (£SD) of gestational age
from abortions in the present work was 6.75 (+1,2) months, ranging from 4 to 8
months, This is in agreement with De Meerschman et al. (2002) and Sager et al.
(2001).

Three cows had their sera negative to N. caninum, however, their
fetuses were positive when analyzed by PCR. Fluctuating of N. caninum antibody
levels in natural infected cows were described previously (CONRAD et al., 1993;
KYAW et al., 2005; DIJKSTRA et al., 2008; MARQUES et al., 2011; CARDOSO et
al., 2012). The observation that some -infected dams can exhibit negative antibody
values at any time during gestation, particulary Neospora at parturition or abortion
was demonstred by Nogareda et al. (2007). Paré et al. (1996) and Moré et al. (2008),
in Argentina, reported that 8/170 (5%) and 1/33 (3%) of seronegative cows gave birth
to seropositive calves, respectively. Conrad et al. (1993) described that caution must
be taken in the interpretation of serologic results if they are to be used in strategies

for the control of neosporosis in cattle.
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In summary, the present study observed a high frequency of N.
caninum in abortions from dairy cows from southern Brazil. Thus, our results are in

agreement with others manuscripts that described N. caninum as an important agent
of abortion in dairy cattle.

Table 3 — Results of ELISAs from dams compared with serology (ELISAs)
and PCR from fetuses.

Variables Positive (%) Negative (%)  Total P oF 95% confidence limit
Dams Fetuses-Sera

Positives 8(57,2) 6 14(45,2) 0.0003' Not accurate
Negatives 0(0) 17 17(54,8)

Total 8(25.8) 23(74.2) 31

Dams Fetuses-PCR

Positives 12(75) 4(25) 16 0.0014° 16 2.4<0OR<130
Negatives 3(15.8) 16(84,2) 19

Total 15(42.8) 20(57,2) 35

Font: author.

' Fischer exact “Chi-square by Yates corrected.
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Table 4 — Demonstration of the association between the ages of cows, gestational
period and the presence of antibodies for Neospora caninum from dairy
cows that aborted.

OR 95%
Variables Positive (%)  Negative (%) Total P confidence
limit
Age-cows (months)
24-36 01(9,1) 10(90,9) 11(26.2) 0.02 0.05 0.00<OR<0.46
>36 21(67,7) 10(32,3) 31(73.8)
Total 22(52.4) 20(47.6) 42
Trimester of
gestation
Second(4-6) 9(64.3) 5(35.7) 14(35) 1.26 2.70 0.58<OR<13.1
Third (>7) 10 (38.5) 15(61.5) 25(65)
Total 19(47.5) 20(52.5) 39

Font: author.

'Chi-square by Yates corrected. “Three cows did had their gestational age determined because
fetuses were mummified.



Table 5 — The outcome of Neospora caninum infection in dairy cows (Bos taurus)
and their aborted fetuses.

54

ELISA’ PCR
Age of Age of
C,\?gv Breed  cattle c Aborted fetus  Cows Fetuses®
(months) ows fotuses  (months) Intrathoracic  pgo| of
Blood fluid organs

T UER > 48 2.23/1.53 ND mum - ND

2 HoL > 48 0.4 ND 7 ND ND -
3 JER 36 0.27 ND 8 ND ND

4 HoL 33 0.12/0.09 ND 9 - ND -
S  HOL > 48 2.52/2.01 ND 5 - ND +
6 JER > 48 0.97/1.05 ND 6 ND ND -
7 HoL 24 0.0/0.07 0.01 8 ND ND +
8  HoL 25 0.13/0.23  0.01 8 ND ND +
9  UER 36 0.22/0.14 0.0 7 - ND -
10 HoL > 48 2.07/0.18 ND mum - ND

1 JER 24 0.01 0.0 7 - - -
12 HoL > 48 2.11/2.07  0.31 8 - - +
13 JER > 48 1.9/2.15 3.11 7 - ND -
14 HoL > 48 227122 0.0 7 - - +
15 HoL > 48 NR 0.0 7 ND - +
16 HoL 24 241222 ND mum - ND

17 JER > 48 2.3/1.96 1.91 7 - ND +
18 JER > 48 2.05/1.09 0.0 6 - ND

19 JER > 48 0.2/0.3 0.0 7 ND - -
20 HoL 24 0.1/0.12 0.0 7 - ND -
21 JER > 48 2.01/195  3.02 7 - ND +
22 JER > 48 0.29 0.0 8 - - -
23 JER 48 0.2/0.15 0.0 9 - - -
24 JER >48 1.92 ND 4 - ND

25 JER >48 0.36/0.19 0.0 6 - - +
26 JER >48 1.98/1.73 ND 6 - ND -
27 HoL >48 1.79/2.07 ND 4 - ND +
28 HoOL 36 0.14/0.05 0.0 6 - - -
29 JER >48 0.17 /0.05 0.0 6 - - -
30 HoL >48 2.6/2.33 0.04 6 - - +
31 HoL >48 2.26 12 0.51 7 - + +
32 HoL 28 0.32/0.4 0.06 8 - - -
3 UH >48 0.11/0.21 0.06 5 - - -



34 HoL >48 198/1.92  3.08
35 HoL >48 0.21/0.16 0.0
36 NEL >48 2.02 0.0
37 JER >48 053/0.17  1.68
38  JER >48 1.95 2.35
39 JER >48 2.3/2.13 0.03
40 JER >48 0.16/0.18 0.0
41 HoL >48 2.3/2.12 1.14
42 JER >48 0.13/0.06 0.0
43 JER 30 0.05/0.13 0.0

N N 00 O N O N o N o
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+ +

+ +
ND

_ +

ND B

ND B

Font: author.

'Optical density from ELISA (Idexx) S/P < 0,50 (negative) and 20,50 (positive). 2 Mummified fetuses
(mum) did not have their tissues and blood tested . ND = not done . - (negative). + (positive). JER

(Jersey). HOL (Holstein). J/H (Jersey/Holstein). NEL (Nelore).

Table 6 — Association between the presence of antibodies for Neospora
caninum in cows and fetuses, age of gestation, mean of OD, and

PCR results.
Age of gestation (months) Dams serum Mean of Fetuses Mean of PCR positive
positive oD serum oD
Dam* positives Fetuses
(4-5) 4/5 (80%) 1.67 0/2 (0%) 0 3/4 (75%)
(6-7) 12/24 (50%) 1.05 6/22 (27%) 2.09 8/23 (34%)
(8-9) 3/10 (30%) 0.77 2/8 (25%) 2.1 5/9(55%)
P value 0.18 0.4 0.3

Font: author.

*At age of abortion
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5 CONCLUSOES

- Observou-se uma alta frequéncia de anticorpos contra N. caninum
em vacas leiteiras no municipio de Presidente Getulio, comprovando que este
protozoario esta amplamente disseminado em bovinos leiteiros na regido estudada.

- A freqléncia de anticorpos em vacas que sofreram abortamento foi
maior que a observada em animais destinados ao abate na mesma regiéo.

- A transmissdo vertical do parasita em vacas leiteiras foi
relativamente baixa, porém a frequéncia de detecgdo do parasita em abortos, seja

indireta ou diretamente foi alta.
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Abstract

Neospora caninum is a worldwide parasite recognized as one of the main parasites responsible for abortion in cattle.
The objective of this study was to evaluate vertical transmission of N. caninum in dairy cows (Bos taurus) that were
slaughtered at an abattoir in the state of Santa Catarina, southern Brazil. Blood samples (with and without EDTA) from
60 pregnant dairy cows and bleod and tissue samples (brain, lung, heart and liver) from their fetuses were collected
and used for PCR and serological evaluation. Blood samples from 60 non-pregnant cows were collected and used to
detect antibodies. Anti-V. caninum Antibodies were detected by indirect ELISA. Antibodies against V. caninum were
observed in 41.6% (25/60) of the pregnant cows and in 43.3% (26/60) of the non-pregnant cows. Antibodies against
the parasite were detected in sera from three fetuses (5.5%). PCR analysis revealed that 3.3% (2/60) of the cows and
6.6% (4/60) of the fetuses evaluated were positive for specific . caninum primers. These positive fetuses were between
4-6 months of age. Therefore, considering PCR and serological tests to be indicative of vertical transmission in fetuses,
11.6% (7/60) of the fetuses were infected by V. caninum during gestation.

Keywords: Neospora caninumn, dairy cattle, vertical transmission, Bos taurus.

Resumo

Neospora caninum é um parasita de distribuicio mundial reconhecido como um dentre os principais parasitas,
responsdvel por abortamento em bovinos. O objetivo deste estudo foi avaliar a ransmissao vertical de N. caninum em vacas
leiteiras (Bos taurus) que foram submetidas ao abate em matadouro no Estado de Santa Cararina, sul do Brasil. Sangue
(com e sem EDTA) de 60 vacas leiteiras prenhas e amostras de sangue e tecidos (cérebro, pulmio, coracio e figado) de
seus fetos foram coletados e utilizados para PCR e avaliacio soroldgica. Amostras de sangue de 60 vacas nio-gestantes
foram obtidas e utilizadas para detecio de anticorpos. A detecgio de anticorpos séricos anti-V. Caninum foi avaliada pelo
ELISA-teste indireto. Anticorpos anti-IV. caninum foram observados em 41,6% (25/60) das vacas prenhas e em 43,3%
(26/60) das vacas nao-gestantes. Trés fetos (5,5%) foram positivos para N. caninum. Anilise pela PCR revelou que 3,3%
(2/60) das vacas e 6,6% (4/60) dos fetos avaliados foram positivos para N. caninum. As idades dos fetos positivos eram de
4 a 6 meses. Portanto, considerando a PCR e a sorologia como indicativo de transmissio vertical em fetos, 11,6% (7/60)
dos fetos foram infectados por N. caninuem durante a gestacio.

Palavras-chaves: Neospora caninum, vacas leiteiras, transmissao vertical, Bos taurus.

Introduction

Neospora caninum is a protozoan parasite that is distributed
worldwide and is a major cause of abertion in cattle (DUBEY;
SCHARES, 2006). Animals may be infected via three routes:
ingestion of sporulated oocysts; transmission from dams to

*Corresponding author: Joao Luis Garcia

Universidade Fstadual de Londrina — UEL, CP 6001, CEP 86050-970,
Londrina, PR, Brasil

e-mall: jlgarcia@uel.br

fetuses (vertical); and through meat containing tissue cysts.
Cartle, as herbivorous animals, are infected via the first and
second routes. In dairy herds, transmission principally occurs
vertically (SCHARES et al., 1998; BARTELS et al., 2007). Vertical
transmission can occur throughout the gestation period: however,
abortions are most prevalent at 3 to 6 months of pregnancy
(DUBEY; SCHARES, 2006). However, female calves can be born
infected without any sign of infection and can keep the parasite
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in their tissue while they are raised, such that when they become
pregnant, they may transmit the parasite to their offspring. This
type of transmission is known as endogenous transplacental
infection (TREES; WILLIAMS, 2005).

Neosporosis has been described as an important cause of
abortion in southern Brazil (CORBELLINI et al., 2001, 2002;
LOCATELLI-DITTRICH et al., 2001). Locatelli-Dittrich et al.
(2001) reported thar the abortion risk in V. caninum-seropositive
dairy cows was four times higher than in seronegative dairy cows.
Corbellini et al. (2002) used both histopathological and serum
sample examination from bovine aborted fetuses, and described
a high rate of occurrence of N. caninum as the cause of abortion
throughout the state of Rio Grande do Sul.

Although several studies relating to neosporosis among
dairy cattle have been conducted, the documentation of vertical
transmission in Brazilian herds remains inadequate. Thus,
the aim of the present study was to evaluate anti-N. caninum
antibody occurrence in serum samples, and vertical transmission
of N. caninwm from dairy cows slaughtered at an abattoir located
in the southern region of Brazil.

Materials and Methods

The 120 samples were obmained from pregnant and non-pregnant
dairy cows (Bos taurus) and their respective fetuses at an abattoir
located in the municipality of Presidente Gertlio, state of Santa
Catarina, southern Brazil during 2010 year. The present study was
approved by the Animal Ethics Committee of the State University
of Londrina (N. 018/2009).

Antibodies against V. caninum were detected by means of
the HerdCheck Neospora caninum Antibody Test Kit (Idexx
Laboratories). Serum samples from the cows were diluted at the
ratio of 1:100, and serum from fetuses at 1:25.

Blood samples with EDTA were collected individually in sterile
tubes from the pregnant cows after they had been bled along the
inspection line (during bleeding of the animals) and from their
fetuses by means of cardiac puncture. The white blood cells were
separated by centrifugation (550 g for 10 minutes), and were used
for DNA extraction and subsequent PCR. analyses. The uterus of
the dams was obtained individually with the fetuses inside. Each
uterine horn containing the fetuses was aseprtically opened, the
fetuses were taken out from the uterus, and organ material was
collected on individual sterilized Petri plates. At the laboratory,
approximately 10 g of tissue fragments (brain and myocardium)
were collected from fetuses = 3 months of age, while similar tissue
fragments (10 g) for fetuses <2 months were pooled for DNA
extraction. The tissue samples were homogenized with 10 mL of
saline solution (0.14 M of NaCl), after which the homogenate
was filtered, and 2 mL were used for DNA extraction.

The DNA extraction was performed using the DNeasy Blood
&¢ Tissue Kit (QIAGEN Sample 8¢ Assay Technologies, Brazil),
following the manufacturer’s recommendations. PCR analyses
were performed as previously described (MARQUES etal., 2011).
Amplification of N. caninum DNA was done by using the Np21
and Np6 primers (MULLER et al., 1996). The PCR cycle was
performed on a mixture (final volume of 25 mL) containing 5 mL
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of extracted DNA admixed with 20 mL of a solution containing
1.0 mM of each primer, 100 mM of dNTP (Invitrogen, Life
Technologies, USA), 60 mM of Tris-HCI (pH 9.0), 15 mM of
(NH,),50,, 1.5 mM of MgCl,, and 0.5 U of Tag DNA polymerase
(Invitrogen Life Technologies, USA). Amplification of parasitic
genomic DNA was done over 35 cycles in a PTC-100 thermocycler
(M]-Research), using the following cycling conditions: 5 minutes
at 94 °C, followed by 35 cycles of 30 seconds at 94 °C, 30 seconds
at 65 °C and 60 seconds at 72 °C; the 35% cycle was followed by
4 final extension of 7 minutes at 72 “C. Aliquots from each PCR
were viewed by means of electrophoresis on 2% agarose gel. For
positive controls, DNA extracted from tachyzoites of the NC-1
strain (10/mL) of V. caninum, diluted in TE buffer, were used.
The negative control consisted of commercially prepared water
samples without N. caninum. One positive and one negative
control was included in each assay.

All variables were analyzed by means of the chi-square test (%),
with Yates correction, using the Epi Info software (CDC, version
6.04b). P-values < 0.05 were taken to be significant.

Results

The serological results for V. caninum are presented in Table 1.
Out of a total of 120 cows, samples from 51 (42.5%) reacted
positively to N. caninum. Positive seroreactivity to N. caninum
occurred in samples from 41.6% (25/60) of the pregnant cows,
while the positivity rate among non-pregnant animals was 43.3%
(26/60); these values were not statistically different (p = 1.0).
There was no statistical difference in relation to the breed of cattle
(Table 1, p = 1.0). When the period of gestation was evaluated,
there were no differences in the prevalence of V. caminum relative
to the first (50%), second (35.7%) or third trimester (44.4%).
Considering that almost all of the cows were more than four
years old (116 animals), no comparisons regarding prevalence
and proportionality with age were calculated.

The average optical density (OD) of the positive samples
obtained from the pregnant animals was 1.64 £ 0.92, compared with
1.82 + 0.1.05 among their non-pregnant counterparts (Table 2). In
relation to the period of gestation, the mean OD was 1.18 £ 0.89
for the first, 2.16 + 0.90 for the second and 1.28 + 0.83 for the

Table 1. Demonstration of the association berween the variables stud-
ied and the presence of antibodies for Veaspora caninum in slaughtered

pregnant c[a.iry cows (Bos tawrus), in state of Santa Cararina, 2010.

Positive ~ Negative Total
Variables (%) (%) %) P
Neospora
Cows 25 (41.6) 35(584) 60(50) 1.0
Pregnant 26 (43.3) 34(56.7) 60 (50)
Non-pregnant 51 (42.5) 69(57.5) 120(100)
Trimester of gestation
First 7 (50.0) 7 (50.0) 14 (23.3)
Second 10(35.7) 18(64.3) 28(467) 0.87'
Third 8 (44.4) 10(55.6) 18(30.0)

'Chi-square with Yates correction. % percentage.
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Table 2. Qutcomes rcga.rding Neorpom caningm infection in 5|au.ghtcrcd pregnant dairy cows (Bos tawrus) and their fetuses, in state of San

Catarina, 2010.
ELISA! ke PCR =
Cow no. Cow Fetus (months) Cows Fetuses
Blood Brain Myocardium
2 218 N 4 - P ”
13 1.83 NO 1 + F -
25 2.25 N 7 - . -
26 217 N 3 - - -
28 0.55 N [ - - -
53 3.05 N [ 2 3 _
54 0.6 N 7 - P -
58 1.13 33 8 x = "
62 0.59 NO 1 2 E =
04 2.48 N 5 - - -
T4 N N [ = = +
78 2.7 N 5 - P -
79 2.48 N 3 - - -
85 2.7 N 5 - - -
87 N N 7 - + s
91 0.73 N 8 - - -
92 2.54 N 4 - - %
925 N NO 2 + - =
97 0.74 NO 2 - - -
105 2.02 N 7 3 = g
111 N N 3 - 4+ =
113 0.62 N 7 - - -
116 N 3.12 5 - - -
119 N N 8 = I =
121 0.574 N 5] - - -
124 0.50 N 4 - - -
125 2.7 33 7 - - -
126 2.16 N [ - = -
130 2.7 N 5 = = 5
131 0.55 N 7 - - +
133 0.55 N 3 - F 4

'Oyptical density from ELISA (Idexx); N, negative; +, positive. *fetuses that were less than two months of age were macerated and evaluated using PCR.

abtained.

third trimester (p = 0.051). Comparative analysis on the PCR
and serological results revealed that one of the two cows that was
PCR-positive was also serologically negative, while the other was
seropositive (mean OD = 1.83). Only one (cow no. 131) out of
the four cows that had positive fetuses in the PCR analysis was
positive in the serological test (OD = 0.55). The serological test
revealed three positive fetuses; however, one of the dams was
negative in ELISA.

Sixty fetuses were collected for evaluation: 14 were in the
first, 28 in the second and 18 in the third trimester of gestation.
Additionally, six fetuses were less than two months of age, and
serum samples were not obtained from these animals. Thus,
54 serum samples from the fetuses were evaluated, and three
(5.5%) of these samples were serologically positive with high
antibody titers (OD > 3.1).

During this study, vertical transmission was demonstrated in
11.6% (7/60) of the fetuses by means of PCR and serological tests.

Cerebral-derived DNA from the fetuses of cow no. 87 and cow
N. 111 was positive in PCR analysis. Myocardial-derived DNA
from the fetuses of cow no. 74 and cow no. 131 was positive in
PCR reactions (Table 2). The DNA-derived blood samples from
two cows (animal nos. 13 and 95) were PCR-positive, but only
one animal (no. 26) had a corresponding serum titer (OD = 1.83).
However, the fetuses of these animals were PCR-negative.

Discussion

In our study, we investipated vertical transmission of N. caninum
in dairy cattle slaughtered in southern Brazil. The overall results
demonstrated an N. caninum vertical transmission rate of 11.6%
(7/60). Three fetuses (3/7) had antibodies that were detected by
ELISA (high levels of antibodies) and were V. caninum DNA
negative in their tissue samples. One dam was serologically negative,
and two others had higher antibody titers. Conversely, the other
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fetuses (4/7) were positive for the presence of N. caninum DNA in
their tissues and were serologically negative, and their dams had low
titers of antibodies (OD = 0.2 to 0.5). Fluctuations in the results
similar to these have previously been described (McINNES etal.,
2006; DIJKSTRA et al., 2008; MORE et al., 2009; YAO et al.,
2009; MARQUIES etal., 2011). McInnes et al. (2006) reported
thar there was no correlation berween the serological tests on
dams and the PCR on their fetuses, and a high percentage of
infected fetuses had serologically negative dams. Moré et al.
(2009) showed that transplacental infection in dairy cattle may
occur when antibody titers are low in adult cows.

Cabral et al. (2009) used histology, immunohistochemistry and
nested-PCR to evaluate 105 aborted fetuses that were sent to the
Biological Institute of Sio Paulo, Brazil, and found a neosporosis
rate of 24.8%. In addition, Corbellini et al. (2002) found that
23% of the aborted fetuses that they collected in Rio Grande
do Sul, Brazil, were infected by V. caninwm. The rate of vertical
transmission of neosporosis may vary between cattle herds, and
it can range from 4.0 to 100% (DUBEY; SCHARES, 2011).

Just three cows in the present study had positive blood
samples in PCR, in spite of the relatively high prevalence of IgG
anti-N. caninum in serum samples. Yao et al. (2009) reported
that negative PCR results of blood samples did not exclude
N. caninum infection, which corroborates the observation that
few N. caninum are present in the blood of intermediate hosts.
Additionally, Okeoma et al. (2005) observed greater variation in
the concentration of V. caninum DNA in blood samples than in
heifer brain samples, which indicated that this organ should be
chosen for isolating DNA from the parasite.

Therefore, since seronegative dams generate congenitally infected
fetuses, the presence or absence of antibodies for N. caninum
possibly neither supports nor rules out vertical transmission.
Yao et al. (2009) stated that seronegative abortion cases should
be confirmed by means of PCR analysis on the fetus tissues. The
mechanism for Neospora infection in seronegative dams might be
explained in terms of: a) early-stage infection; b) the sensitivity
of the serological assay (low antibody levels); or c) seronegative
conversion in infected cows and immunotolerance of early in-utero
infection (McINNES et al., 2006; WILLIAMS; TREES, 2006;
YAO et al., 2009). Under natural conditions, most infections
caused by V. caninum are “in utero”, and parasite-induced reactions
can be classified as self-infections (as are observed in some viral
infections) without producing an immune response.

Previously, Marques et al. (2011) studied vertical transmission
in zebu cattle in southern Brazil and found a rate of 4.8%, which is
a lower rate than what was observed in the present study (11.6%).
This phenomenon might represent the manifestation associated
with each management system, i.e. the difference between having
or not having access to infectious sources, nutritional differences
and emphasis on production activity (such as milking or weaning),
or the variability in the duration of time for which the animals
are kept within breeding programs (MARQUES et al., 2011).

The prevalence of N. caninum among the cows in the
present study was similar to what was described in some
previous reports (RAGOZO et al., 2003; SARTOR et al., 2003;
LOCATELLI-DITTRICH et al., 2008; BENETTI et al., 2009),
but was lower than in other studies (COSTA et al., 2001;
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GUIMARAES JUNIOR et al., 2004; MINERVINO et al., 2008;
MUNHOZ et al., 2009; EIRAS et al., 2011). The prevalence of
N. caninum in dairy cattle in Brazil was previously described as
ranging from 15.1 to 91.2% (LOCATELLI-DITTRICH et al.,
2001; RAGOZO er al.,, 2003; GUIMARAES JUNIOR et al.,
2004; LOCATELLI-DITTRICH et al., 2008). Therefore, caution
is needed in evaluating the results from prevalence studies, since
the differences in results might be directly related to the serological
techniques used, the cutoff values, the sample size or the type
(breed and/or species) of animal that is being investigated.

Locatelli-Dittrich et al. (2008) and Munhoz et al. (2009) in
Brazil, Wang et al. (2010) and Xia et al. (2011) in China and
Eiras et al. (2011) in Spain evaluated anti-N. caninum antibodies
in dairy cattle by using ELISA (Idexx). These authors observed
a seroprevalence range from 13.3 to 38.2%. Thus, the results
obtained from these previous studies might be easier to compare
with those from the present study.

In our study, it was difficult to precisely determine whether
endogenous or exogenous transmission had higher or lower
importance. We could speculate, considering that 5/6 of the
N. caninum-positive fetuses had = 5 months of gestation and
were almost ready to be born, that endogenous transplacental
infection could be considered to be a major infection source for
fetuses, but further studies need to be performed to confirm this
hypothesis. Bartels et al. (2007) described rates of 44.9% and
4.5%, respectively, for vertical and horizontal transmission in
Duich dairy herds.

We did not observe any statistical difference between seropositive
pregnant (41.6%) and non-pregnant cows (43.3%) during this
study. This finding could mean that narural immune suppression
during the gestational period does not change the prevalence of
antibodies against V. caninum. The events that occur during
pregnancy and the influences of prenatal exposure to the parasite
on the development of an immune response are critical issues
(INNES et al., 2002) that have to be addressed if the associated
mechanism is to be completely understood (WILLIAMS; TREES,
2006).

In conclusion, this study demonstrated a vertical transmission
rate for N. caninum of 11.6% in naturally infected pregnant dairy
cows in southern Brazil. Additionally, this study was the first
description of the occurrence of anti-IV. caninum antibodies in
dairy cattle (42.5%) in the state of Santa Catarina.
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ANEXO A

Instrugoes aos Autores

Revista Brasileira de Parasitologia Veterindria

Brazilian Journal of Veterinary Parasitology

Apresentacao

A Revista Brasileira de Parasitologia Veterindria é um érgio oficial
de divulgacio do Colégio Brasileiro de Parasitologia Veterindria
(CBPV). Tem como objetivo publicar temas relativos a Helmintos,
Protozodrios, Artrépodes e Rickettsias bem como assuntos correlatos.
A revista tem periodicidade trimestral. Sio aceitas submissoes de
manuscritos, em inglés, de pesquisadores de qualquer pafs, associados
ou nio a0 CBPV. Este periddico oferece a todos os pesquisadores acesso
eletrénico livre para consulta de todos os trabalhos, desde seu primeiro
volume publicado em 1992.

Politica Editorial

Os artigos submetidos a Revista Brasileira de Parasitologia
Veterindria deverdo caracterizar-se como cientificos e originais,
essencialmente sobre parasitas de animais em geral.

O(s) autor(res) deveri(do) anexar uma carta, previamente assinada,
responsabilizando-se pela originalidade do artigo, salvo resumof(s)
apresentado(s) em eventos cientificos, nao submetidos a publicagio
em ourtros periddicos. Trabalhos com mais de uma autoria deverao
seguir com uma declaragio de concordincia de todos os autores,
referente a publicagio. Trabalhos com niimero excessivo de autores
deverao ser avaliados pelos editores cientificos assistentes, em relagio
ao protocolo experimental. E necessdria a colaboragio substancial
de todos os autores no planejamento do estudo, obtengio, andlise e
interpretacao de resultados, confeccio do artigo e aprovacio da versio
final submerida e aceita. Colaboradores que nao tiveram participagao
ativa em todo o processo descrito acima poderao ser listados na segio
de agradecimentos. Poderd haver agradecimento ao pesquisador que
forneceu auxilio técnico, corregao ou sugestio na escrita, ou ao chefe
de departamento que proporcionou infraestrutura para elaboragao do
trabalho. O processo de avaliagio do trabalho dependerd da observincia
das Normas Editoriais, dos Pareceres do Corpo Editorial e/ou do Relator
ael-hoc. Nesse processo, o editor-chefe e os editores cientificos assistentes
poderio sugerir ou solicitar as modificagoes necessdrias, apesar de ser
de responsabilidade dos autores os conceitos emitidos. Os artigos
submeridos serio avaliados por, no minimo, 3 revisores anénimos,
selecionados pelo editor-chefe e editores cientificos assistentes. A Revista
Brasileira de Parasirologia Veterindria atribui a seus artigos as categorias
de: Artigos Completos, Notas de Pesquisa e Arrigos de Revisio, sendo
este tltimo escrito por especialistas e condicionado a solicitagio por
convite do editor-chefe. Revisoes nio solicitadas nio serao aceitas, mas
o tépico da revisio pode ser sugerido, previamente, ao editor-chefe ou
editores cientificos assistentes.

Taxa de tramitagdo:

Da submissio do artigo, seri cobrada uma taxa de R$ 40,00
(quarenm reais) referente ao processo de tramitagio, paga através de
depdsito bancdrio: Banco do Brasil/ Agéncia: 0269-0/ Conta Corrente:
28.848-9 (RBPV).

Processo de avaliacao pelos pares

O processo de avaliacio do trabalho dependerd da observincia
das Normas Editoriais, dos Pareceres do Corpo Editorial e/ou do
Relator ad-hoc. Os artigos submetidos serao avaliados por, no minimo,

3 revisores anonimos, selecionados pelo editor-chefe e editores
cientificos assistentes.

O relator deverd preencher o formulirio de avaliacio da RBPV,
disponivel no sistema on-line de submissio (hrp://submission.
scielo.br/index.php/rbpv). Tendo recebido a avaliagio de pelo menos
2 dos revisores selecionados, o(s) autor(es) receberd os formuldrios de
avaliagao e possiveis correcoes feiras direramente no texto. O avaliador
poder.i COITigir novamente o artigo, se necessirio.

Com a aprovagio dos relatores, o artigo passa por revisio do inglés,
pelos revisores credenciados pela RBPV. Apés diagramacio e ediroracio,
os editores cientificos assistentes e a editora-chefe da revista, fazem as
corregoes finais.

Transferéncia de direitos autorais:

Ao ser submerido, o artigo deve vir acompanhado de um oficio,
assinado por todos os autores, concordando com a submissio e, caso
aprovado, a publicacio do artigo apenas na RBPV.

Etica

Experimentos que utilizam animais deverio ser conduzidos
obedecendo 4s normas aprovadas pelo Colégio Brasileiro de
Experimentagio Animal (http://www.cobea.org.br), devendo os autores

apresentarem o nimero de protocolo de submissio e aprovagio dos
trabalhos em Comissdo de Etica e Bem-Estar Animal.

Apresentacio dos Manuscritos

Na elaboragio do texto serdo observadas as seguintes normas:

Os trabalhos devem ser submetidos em inglés, de forma concisa,
com linguagem impessoal e com os sinais de chamadas de rodapé em
niimeros ardbicos, langados ao pé da pdgina em que estiver o respectivo
niimero e em ordem crescente. Os trabalhos deverio ser apresentados
em fonte “Times New Roman”, tamanho 12, com margem superior e
inferior de 2,5 cm, esquerda e direita com 3 cm e espagamento entre
linhas de 1,5 cm com as pdginas numeradas. Para a categoria Artigo
Completo, o trabalho nio deverd exceder 15 pdginas, quando da
diagramacio final. Para a caregoria Notas de Pesquisa, o trabalho nio
deverd exceder 5 pdginas, quando da diagramacao final. As tabelas e
ilustragoes deverdo ser apresentadas separadas do texto e anexadas
ao final do trabalho, sem legendas. As respectivas legendas deverio
vir no texto logo apos as referéncias bibliogrificas. Ao submeter o
artigo, anexar o comprovante de depésito, via endereco eletrdnico:
htep:/fwww.scielo.br/thpv. Os trabalhos aceitos deverao ser revisados por
um dos revisores de lingua inglesa credenciados pela RBPV, de escolha
e sob responsabilidade dos autores. Os Artigos Completos devem ser
organizados obedecendo a seguinte sequéncia: Titulo Original, Titulo
Traduzido, Autor(es), Filiagao Institucional, Abstract (Keywords),
Resumo  (Palavras-chave), Introdugio, Material e Métodos,
Resultados, Discussio, Conclusdes (ou combinagio destes trés
tltimos), Agradecimentos (facultativo) e Referéncias Bibliograficas.
As Notas de Pesquisa obedecem a sequéncia acima sem a necessidade
de se destacar os topicos, sendo escritas em texto corrido. Para essa
categoria, o artigo submetido deve possuir alto grau de ineditismo e
ariginalidade, trazendo resultados novos de importincia evidente.
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Caracteristicas dos elementos de um trabalho
cientifico

Titulo Original

O dulo “cheio” e o subdtulo (se houver) nio devem exceder
15 palavras. Nio deverd aparecer nenhuma abreviatura, e os nomes
de espécies ou palavras em latim deverao vir em itilico. Evitar (por
exemplo) titulos que iniciem com: Estudos preliminares; Observagoes
sobre. Nao usar o nome do autor e data de citagio em nomes
cientificos.

Autor(es)/Filiagao

Na identificacio, deve constar: nome completo e por extenso
de todos os autores (sem abreviagio). A Filiacio Institucional deve
informar os nomes proprios de todas as instituicdes e ndo suas
tradugoes: Laboratorio, Departamento, Faculdade ou Escola, Instituto,
Universidade, Cidade, Fstado e Pais, exatamente nessa ordem. No
rodapé, deve constar as informagaes do autor para correspondéncia:
Enderego complero, telefone e e-mail arualizado, nessa ordem.

Referéncias Bibliogrificas

As referéncias bibliogrificas s6 serio admitidas desde que sejam
de ficil consulta aos leitores. Nio serio aceitas referéncias de trabalhos
publicados em anais de congressos e as teses devem estar disponiveis
para consulta em sites oficiais, por exemplo, Banco de Teses da Capes:
hrep:/Iwww.capes.gov.br/servicos/banco-de-teses. Todas as citagdes no
texto devem ser cuidadosamente checadas em relagio aos nomes dos
autores e datas, exatamente como aparecem nas referéncias.

“Abstract” e Resumo

Devem conter no mdximo 200 palavras, em um s6 pardgrafo
sem deslocamento. Nao devem conter citacdes bibliogrificas. Siglas e
abreviagoes de instituigoes, a0 aparecerem pela primeira vez no trabalho,
serdo colocadas entre parénteses e precedidas do nome por extenso, por
exemplo, Indirect Fluorescence Assay (IFA). Devem ser informativos,
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