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RESUMO

Objetivou-se neste estudo determinar a prevaléncia de anticorpos anti-Toxoplasma gondii e
anti-Neospora caninum em bovinos e os fatores de risco associados & infeccdo por esses
protozoarios no estado do Amazonas, Brasil. Além disso, realizou-se 0o monitoramento
sorolégico para neosporose bovina em rebanhos soropositivos em cinco propriedades que
apresentaram prevaléncia da infeccdo por Neospora caninum >40%. Para o estudo de
transmissdo vertical de N. caninum realizou-se a sorologia pré-colostral. Foram coletados
amostras de 1073 animais de 47 propriedades, distribuidos em 33 municipios nas quatro
subpopulacdes (1, 2, 3 e 4) estaduais. A prevaléncia de anticorpos anti-T. gondii foi de
30,94% (332/1073) e foram identificados animais soropositivos em 93,62% (44/47) das
propriedades pesquisadas. A prevaléncia de anticorpos anti-N. caninum foi de 30,19%
(324/1073) e foram identificados animais soropositivos em 91,49% (43/47) das propriedades.
Os fatores de risco associados a infec¢do por T. gondii foram: nimero de animais (OR=4,43)
e a presenca de gatos domésticos (OR=1,98). Ja para a infeccdo por N. caninum, os fatores de
risco foram: exploragcdo com finalidade leiteira (OR=2,71), rebanhos criados em sistemas de
associacao entre terra firme e varzea (OR =1,54), fonte de agua corrente em associagdo com
agua parada, presenca de cdes (OR= 1,80), ocorréncia de aborto na propriedade (OR = 2,35),
mortalidade de recém-nascidos (OR=2,46) e nascimento de bezerros fracos (OR=1,88). No
moritoramento soroldgico para neosporose, obteve-se uma prevaléncia inicial nas cinco
propriedades de 53,74% (43/80) e prevaléncia final de 63,75% (51/80) com taxa de
transmissdo vertical de 8,70%. Rebanhos soropositivos para T. gondii estdo presentes em
todas as subpopulacbes estudadas no estado do Amazonas. Este € o primeiro estudo
soroepidemioldgico da infec¢do por N. caninum em bovinos no estado do Amazonas, Brasil.
Além disso, este estudo demonstrou uma elevacdo na taxa de soroconversdo de vacas em
rebanhos monitorados sorologicamente para Neospora caninum e uma menor taxa de
transmissdo vertical do parasito nas condicdes de manejo dos bovinos na regido Amazonica
do Brasil.

Palavras-chave: Toxoplasma gondii; Neospora caninum; Salde Publica; Floresta
Amazonica; Reproducéo.



ABSTRACT

The aim of this study was to determine the prevalence of anti-Toxoplasma gondii and anti-
Neospora caninum antibodies in cattle and the risk factors associated with infection by these
protozoans in the state of Amazonas, Brazil. In addition to performing serological monitoring
for bovine neosporosis in seropositive herds, in five properties with prevalence of Neospora
caninum infection > 40%. In the study of vertical transmission of N. caninum, pre-colostral
serology was performed. Samples were collected from 1073 animals from 47 farms,
distributed in 33 municipalities in the four subpopulations (1, 2, 3 and 4). The prevalence of
anti-T antibodies.gondii was 30.94% (332/1073) and seropositive animals were identified in
93.62% (44/47) of the surveyed properties. The prevalence of anti-N antibodies.caninum was
30.19% (324/1073) and seropositive animals were identified in 91.49% (43/47) of the
properties. The risk factors associated with T. gondii infection were: number of animals (OR
= 4.43) and the presence of domestic cats (OR = 1.98). The risk factors for N. caninum
infection were: dairy farming (OR = 2.71), herds raised in terra firme and floodplain
association systems (OR = 1.54), running water source in association with standing water,
presence of dogs (OR = 1.80), occurrence of abortion on property (OR = 2.35), newborn
mortality (OR = 2.46) and birth of weak calves (OR =1, 88).The initial prevalence in the five
properties was 53.74% (43/80) and the final prevalence was 63.75% (51/80). A vertical
transmission rate of 8.70% was observed. Seropositive herds for T. gondii are present in all
subpopulations studied in the state of Amazonas. This is the first seroepidemiological study of
N. caninum infection in cattle in the state of Amazonas, Brazil. In addition, this study
demonstrated an increase in the seroconversion rate of cows in serologically monitored herds
for Neospora caninum and a lower rate of vertical parasite transmission under cattle

management conditions in the Amazon region of Brazil.

Keywords: Toxoplasma gondii; Neospora caninum; Public health; Amazon Rainforest;

Reproduction.
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1 QUALIFICACAO DO PROBLEMA

A pecuaria brasileira possui um rebanho crescente com projecdo de aumento de 20%
para os proximos dez anos. No ano de 2018 a pecudria nacional foi responsavel por 8,7% do
produto interno bruto total brasileiro (ABIEC, 2019). Atualmente, o rebanho bovino do estado
do Amazonas conta com aproximadamente 1,48 milhdes de animais (BRASIL, 2019). No
periodo de 2002 a 2016 houve um crescimento do rebanho na regido Norte do Brasil de
aproximadamente 60%, cerca de trés vezes maior do que a média do restante do Brasil que foi
de 24% (IBGE, 2017).

De acordo com um levantamento realizado pelo Instituto Nacional de Pesquisas
Espaciais (INPE, 2011), o crescimento do setor agropecuario é considerado a principal causa
do desmatamento da regido amazonica onde se constatou que 62,2% dos quase 720 mil km?
desmatados foram ocupados por pastagens. Segundo a Associacdo Brasileira das Industrias
Exportadoras de Carne (ABIEC, 2019), houve um acréscimo de 176% da produtividade nos
Gltimos anos (1990 a 2018), passando de 1,6 arrobas por hectare para 4,5 arrobas e uma
reducdo da area destinada ao uso de pastagens em 15%, demonstrando ser possivel aumentar a
produtividade utilizando as areas ja existentes. Mais de 90% da carne produzida na Amazénia
é consumida no mercado nacional, principalmente, nas regides de maior poder econémico
como Sul e Sudeste (RIBEIRO, 2007).

Fatores ambientais e enfermidades prejudicam os indices zootécnicos tornando as
taxas produtivas e econdmicas inexpressivas no estado do Amazonas (ARIMA et al., 2005).
As doencas infectocontagiosas sdo consideradas importantes causas de prejuizos nos rebanhos
bovinos (PINHEIRO et al., 2000; REICHEL et al., 2013). As perdas econdmicas relacionadas
a neosporose em rebanhos bovinos estdo relacionadas as falhas reprodutivas, especialmente os
casos de aborto, retencdo de placenta, retorno ao cio e aumento do intervalo entre partos.
Estima-se que até 20% de todos os abortos que ocorrem no Brasil, Holanda e Estados Unidos
estdo associados a neosporose (DUBEY et al., 2007), levando a um prejuizo estimado em
mais de U$$ 1 bilhdo ao redor do mundo, e no Brasil as perdas ultrapassam os 150 milhdes de
ddlares por ano (REICHEL et al., 2013). De acordo com Stenlund et al. (1999) e Boas et al.
(2015), o aborto € o principal sinal clinico em vacas infectadas por N. caninum, além do
nascimento de bezerros fracos e mortalidade do recém-nascido. A morte fetal ocorre

geralmente entre o terceiro e oitavo més de gestacdo e o feto abortado apresenta moderado
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grau de autélise (BARR, 1991). Os fetos mortos antes do quinto més de gestacdo podem estar
mumificados e ficarem retidos no Utero por varios meses.

Além disso, a carne bovina pode atuar como um importante veiculador de patdgenos
para humanos (BARIL et al., 1999; OPSTEEGH et al., 2011), principalmente quando as
condicBes higiénicos-sanitarias das criacdes sdo inadequadas, como no caso da toxoplasmose
causada por Toxoplasma gondii (T. gondii) que é um parasito unicelular, amplamente
distribuido no mundo. Estima-se que até um ter¢o da populacdo humana do mundo esteja
infectada por T. gondii. A toxoplasmose normalmente ndo causa sintomas graves em
pacientes saudaveis, mas em pessoas com sindrome da imunodeficiéncia adquirida (AIDS),
transplantados e imunossuprimidos, sem tratamento, pode provocar manifestacdes clinicas
graves (SAADATINIA; GOLKAR, 2012). O principal grupo de risco de toxoplasmose grave,
além das pessoas imunocomprometidas, sdo as gestantes, pois o parasito pode infectar o feto
pela via transplacentaria, resultando na toxoplasmose congénita e levando ao
desenvolvimento de severas complicacbes (TENTER, HECKEROTH e WEISS, 2000;
MONTOYA e LIESENFELD, 2004; DUBEY, 2010).

Os humanos podem se infectar por meio da ingestdo de bradizoitos por meio do
consumo de carne mal cozida. Embora o bovino tenha sido considerado um hospedeiro
resistente para este parasito, este pode se infectar com T. gondii e carrear cistos teciduais
(DUBEY, 1986; 1992; ESTEBAN-REDONDO et al., 1999). Existem relatos de surtos de
toxoplasmose humana associados ao consumo de alimentos crus ou carne bovina mal cozida
(DUBEY, 2010; FAO / WHO, 2014). No geral, os bovinos sdo considerados resistentes a
infeccdo (KIJLSTRA e JONGERT, 2008; DUBEY, 2010). Apesar deste protozoario ndo ser
uma causa importante de abortamento em bovinos, existem estudos que ja reportaram
distdrbios reprodutivos, inclusive aborto devido a infeccdo congénita por T. gondii
(GOTTSTEIN et al., 1998; ORTEGA-MORA et al., 2007; GHAREKHANI, 2014).

Devido a caréncia de informacdes epidemioldgicas sobre a infeccdo por Neospora
caninum e Toxoplasma gondii em bovinos na regido Amazonica, objetivou-se determinar a
prevaléncia e os fatores de riscos associados a infeccdo por estes parasitos nos rebanhos

bovinos do estado do Amazonas.
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2 REVISAO DE LITERATURA

2.1 Neospora caninum
2.1.1Historico

Neospora caninum(N. caninum) é um protozoario coccidio intracelular e a neosporose,
é a principal enfermidade associada a danos reprodutivos em vacas em diferentes regides do
mundo (DUBEY et al.,, 2007; SCHARES, 2011; MCALLISTER, 2016). Em 1984, na
Noruega, foi feita a primeira descricdo deste protozoario causando quadro de miosite e
encefalomielite, resultando em paresia do membro posterior e alteracdes neurologicas em seis
filhotes da raca Boxer. Esses filhotes apresentaram cistos teciduais no sistema nervoso e
muscular, no entanto, ndo foram detectados anticorpos no soro como também nao se obteve
sucesso no bioensaio para Toxoplasma gondii (BJERKAS, MOHN e PRESTHUS, 1984).

Os cées e canideos selvagens sdo considerados hospedeiros definitivos de N. caninum
enquanto uma grande variedade de espécies domésticas sdo hospedeiros intermediarios
(GONDIM et al., 2004; DUBEY et al., 2007). Mcallister et al. (1998) identificaram que os
cdes (Canis familiaris) sdo capazes de eliminar oocistos apds ingerir tecidos de camundongos
infectados experimentalmente com o protozoario. Posteriormente, trés outros canideos foram
identificados como hospedeiros definitivos de N. caninum: o coiote (Canis latrans)
(GONDIM et al., 2004c); o dingo australiano (Canis lupus dingo) (KING et al., 2010) e o
lobo cinza (Canis lupus) (DUBEY et al., 2011).

O primeiro trabalho relacionado a esse coccidio no Brasil foi um inquérito soroldgico
realizado em rebanhos bovinos leiteiros e de corte nos estados do Mato Grosso do Sul e Séo
Paulo (BRAUTIGAM et al., 1996). Em seguida, varios estudos foram realizados para a
deteccdo de anticorpos IgG-anti N. caninum em bovinos, em todas as regides do Brasil,
demonstrando uma varia¢do de prevaléncia de 9,1% a 97,2% (HASEGAWA et al., 2004,
VIANNA et al., 2008; ANDREOTTI et al., 2010; AMARAL et al., 2012; SILVA et al.,
2017).Gondim et al. (1999a) relataram a presenca do parasito por imunohistoquimica (IHQ)
em um feto bovino abortado de uma propriedade com histérico de aborto. Os primeiros
isolados de N. caninum em bovinos no Brasil foi realizado por Melo (2008) a partir do
cérebro de um bezerro de um rebanho leiteiro da raca Holandesa, em Nerdpolis, Goias, sendo
denominado de NC-Goias 1 e NC-Goias 2.
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2.1.2 Biologia e ciclo biol6gico de Neospora caninum

Neospora caninum € um parasito intracelular obrigatorio pertencente ao filo
Apicomplexa, classe Sporozoa, ordem Eucoccidiorida, subordem Eiomeriose, familia
Sarcocystidae, subfamilia Toxoplasmatinae (OSHIRO, 2006). A taxonomia proposta por Adl
et al. (2012) e reforcada por Ruggiero et al. (2015) sugere que o parasito pertence ao reino
Chromista, sub-reino Harosa, superfilo Alveolata, filo Miozoa, subfilo Myzozoa, infrafilo
Apicomplexa, superclasse Sporozoa, classe Coccidiomorphea, sub-classe Coccidia e ordem
Eimeira.

Neospora caninum necessita reconhecer a célula hospedeira para invadir e se
multiplicar (BUXTON; MCALLISTER;DUBEY, 2002). Hemphill, Gottstein e Kaufmann
(1996) relataram que os taquizoitos penetram na célula mediante invasdo ativa em menos de
cinco minutos, ficando localizado no interior de um vacutolo parasitéforo no citoplasma. O
fendmeno de invasdo foi estudado em cultivos celulares e consiste em um prévio
reconhecimento e adesdo a célula hospedeira, sendo que no interior do vacuolo parasitéforo
(VP), os taquizoitos se multiplicam mediante endodiogenia, podendo uma célula conter mais
de 100 taquizoitos. Apoés a ruptura celular, os taquizoitos saem para 0 meio extracelular e em
poucas horas iniciardo 0s mecanismos de adesdo e invasdo de novas células
(HEMPHILL;GOTTSTEIN;KAUFMANN, 1996) (Figura 1).

Ap0s esse primeiro contato, o parasito reorienta sua extremidade anterior com a célula
para a extrusdo do condide, onde varias proteinas do micronema sdo secretadas servindo
como adesinas, responsaveis por uma espessa zona de adesdo de forma irreversivel; o
movimento de invasdo vai invaginando a membrana da célula hospedeira formando o VP e
envolvendo dentro dele antigenos de superficie imunodominates. Em seguida, uma segunda
etapa acontece por meio da secrecdo de proteinas das roptrias que sdo liberadas dentro do
vacuolo e se estendem ao micronema para formar associacdo com organelas do hospedeiro, de
modo que as mitocondrias e reticulo endoplasmaético sdo posicionados adjacentes ao vacuolo
parasitoforo e assim, proteinas de granulos densos modificam as proteinas do micronema e
contribuem para a remodelacéo e maturacéo do vacuolo parasitoforo, com a formacdo de uma
rede de membrana intravacuolar metabolicamente ativa para o crescimento e sobrevivéncia do

parasito como descrito por Buxton, Mcallister e Dubey (2002) (Figura 1).
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Figura 1 - Processo de invasdo celular de um taquizoito de Neospora caninum. (a)
adesdo; (b) invasdo;(c) penetracao; (d) estabelecimento do vacuolo parasitéforo; (A) anel
apical; (C) conoide; (D) granulo denso; (M) micronema; (nucleo); (P) anel polar; (R)
roptria.

Fonte: Buxton, Mcallister e Dubey (2002).

Existem duas formas de reproducédo do parasito: a sexuada, que ocorre exclusivamente
no epitélio intestinal dos hospedeiros definitivos, resultando na formagdo de oocistos nédo
esporulados que sdo excretados nas fezes (MCALLISTER et al., 1998; DUBEY, 2003;
GONDIM et al., 2004c; DUBEY et al., 2007; KING et al., 2010; DUBEY et al., 2011) e a
assexuada, que ocorre em varios hospedeiros intermediarios, incluindo animais domesticos e
silvestres como: gatos, porcos, galinhas, carneiros, cavalos, bovinos, bufalos, raposas, coiotes,
lobos, alpacas, veados, camelos e psitacideos (MINEO et al, 2011;
GOODSWEN;KENNEDY; ELLIS, 2013).

Em relacdo a multiplicacdo, Cardoso (2010) relata que o parasito ao invadir as células
uterinas se multiplica causando uma destruicdo dos tecidos fetais e maternos, iniciando uma
resposta inflamatoria intensa. A partir dai as lesdes se estendem para a regido corioalantdide
entre os cotilédones. Concomitantemente, o parasito, via corrente sanguinea, invade outros
tecidos, com predilecdo pelo SNC onde se localiza preferencialmente na periferia dos vasos
sanguineos. O ciclo biologico foi elucidado por Macllister et al. (1998) que observaram a
eliminacdo de oocistos nas fezes de cdes que ingeriram cistos contidos em cérebro de

camundongo infectado e demonstraram que este possui trés formas infecciosas: taquizoitos
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(livres ou em grupos), bradizoitos (em cistos teciduais) e esporozoitos (em oocistos) (Figura
2), sendo que todas as formas estdo envolvidas na transmissdo do parasito
(GOODSWEN;KENNEDY;ELLIS, 2013; DONAHOE et al., 2015).

Figura 2-Ultra-estrutura de (A) taquizoito, (B) bradizoito, (C) cisto, (D) oocisto nao-
esporulado e (E) oocistos esporulados com dois esporocistos (seta) e dois esporozoitos

(cabeca da seta) do parasito N. caninum.

Fonte: Goodswen, Kennedy e Ellis (2013).

A morfologia dos estagios € variada e possui particularidades: os taquizoitos sdo a
forma de multiplicacdo celular rapida, sdo ovaides, semilunares ou globulares dependendo do
estagio da divisdo; medem entre 1-5 x 3-7um e estdo localizados dentro de um VP no
citoplasma da célula hospedeira (DUBEY, 2002). Sdo detectados em células cerebrais,
macrdéfagos, fibroblastos, células do endotélio vascular, células renais, miocitos e hepatdcitos,
enquanto os bradizoitos apresentam multiplicacdo celular lenta e estdo localizados dentro dos
cistos teciduais, sdo alongados e medem aproximadamente 2 x 8um. Podem persisitir no
transcurso de toda a vida do hospedeiro sem causar sinais clinicos (DUBEY:; LIN, 1996).

De acordo com Dubey (2002), os integrantes da familia Sarcocystidae se caracterizam
por apresentarem ciclo bioldgico heteroxeno e formarem cistos no hospedeiro intermediério.
Todos eles ttm como hospedeiros intermediarios diferentes espécies de herbivoros ou

onivoros e como hospedeiros definitivos, os carnivoros que eliminam o0s oocistos néo
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esporulados nas fezes e apOs esporular no ambiente apresentam em seu interior dois

esporocistos com quatro esporozoitos cada um (Figura 3).

Figura 3 -Ciclo bioldgico de Neospora caninum.
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Fonte: Adaptado de Dubey (2002).

2.1.3 Aspectos patoldgicos da Neosporose

A neosporose bovina é uma doenca que acomete o feto e a placenta da vaca infectada.
O inicio da infeccdo pode ocorrer por meio de uma parasitemia materna, desencadeada por
uma infeccdo materna priméria (exdgena) ou uma recrudescéncia de uma infecgdo persistente
(endogena) durante o quarto e sexto més de prenhez, momento de maior deficiéncia
imunoldgica da vaca (ANDERSON et al., 2000; DUBEY et al., 2007; ALMERIA e LOPEZ-
GATIUS, 2013).

De acordo com Stenlund et al. (1999) e Boas et al. (2015), o aborto é o principal sinal
clinico em vacas infectadas por N. caninum, além do nascimento de bezerros fracos e
mortalidade do recém-nascido. A morte fetal ocorre geralmente entre o terceiro e oitavo més
de gestacdo e o feto abortado apresenta moderado grau de autdlise(BARR, 1991). Os fetos
mortos antes do quinto més de gestacdo podem ser mumificados e ficam retidos no Utero por

varios meses. A morte fetal no estdgio inicial de desenvolvimento pode produzir a sua
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absorcdo fazendo com que a vaca apresente ou ndao um novo cio. O pico de anticorpos é
observado entre 0 quarto e quinto més antes do parto e tende a declinar em até dois meses
pos-parto ou aborto (STENLUND et al., 1999).

Os bezerros nascidos infectados podem se apresentar clinicamente normais ou com
sinais neuroldgicos como dificuldade de movimentagdo e prostragio (THURMOND;
HIETALA, 1997; TREES; WILLIAMS, 2005; DUBEY etal., 2007; ALMERIA; LOPEZ-
GATIUS, 2013). A neosporose em bovinos também pode determinar o nascimento de animais
sadios, mas congenitamente infectados que terdo uma menor taxa de crescimento e poderdo
manter o parasito na propriedade por meio de infeccéo vertical (STENLUND et al., 1999). A
prevaléncia de N. caninum é mais elevada em animais com histérico de aborto do que
nagueles aparentemente normais, o que demonstra a relagcdo da neosporose com a perda fetal
(IBRAHIM;ELFAHAL;EL HUSSEIN, 2012).

No inicio da gestacdo ha baixa producdo de progesterona e consequentemente baixa
producdo de Th2 e nessa fase, o risco de aborto € mais elevado, mas a transmissdo € baixa.
Entretanto, quando a infec¢do ocorre durante o terceiro trimestre da gestacdo, periodo em que
0 Th2 e a progesterona se apresentam elevados, o risco de aborto é menor, mas a transmissao

placentaria é maior, sugerindo a transmissdo congénita (QUINN;ELLIS;SMITH, 2002).

2.1.4Aspectos epidemioldgicos da Neosporose

Existem relatos de ocorréncia da infeccdo por N. caninum em bovinos em todos 0s
continentes, com excecdo da Antartida (DUBEY e SHCARES, 2011; GOODSWEN;
KENNEDY; ELLIS, 2013; REICHEL et al., 2014). Existe grande variacdo nos dados de
prevaléncia nos rebanhos, dependendo de fatores como sistemas de producdo, presenca dos
hospedeiros definitivos, manejo sanitario, entre outros (GHALMI et al., 2012; SUN et al.,
2015). A infeccdo pode ocorrer de forma esporédica, endémica ou com padrfes epidémicos na
forma de surtos, sendo este o padrdo considerado mais importante por ocasionar taxa de
aborto superior a 10% (DUBEY et al., 2007; REICHEL et al., 2014).

O Brasil é o pais com maior numero de estudos sorologicos da infeccdo por N.
caninum em animais em comparacéo ao resto do mundo (CERQUEIRA-CEZAR et al., 2017).
Porém, a comparacdo dos resultados é dificil devido aos diferentes métodos de diagnostico,
aos diferentes pontos de cortes empregados e aos diferentes antigenos utilizados nos testes

(DUBEY et al., 2017). Na regido Amazonica, a infecdo por N. caninumem bovinos ja foi
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descrita. No estado do Pard, Minervino et al. (2008) pesquisaram amostras de 40 bovinos
leiteiros e 120 de corte, utilizando reacdo de imunofluorescéncia indireta (RIFI) com ponto de
corte 100, detectando uma prevaléncia de 17,5% e 19,2%, respectivamente.

No mesmo estado, Silva et al. (2017) encontraram uma prevaléncia de 52% (260/500)
de positividade para rebanhos bovinos de corte. Em Ronddnia, Aguiar et al. (2006) analisaram
amostras de 1011 animais com aptiddo para producéo de leite, 584 animais de corte e 514
animais de dupla aptiddo encontrando uma prevaléncia de 11,2%, 9,5% e 9,7%,
respectivamente, na RIFI com ponto de corte 25. No entanto, Boas et al. (2015), na mesma
regido, encontraram frequéncia de positividade de 10,6% na RIFI com um ponto de corte 100.

No estado de Tocantins, Martins et al. (2011) testaram 192 soros de animais de
propriedades leiteiras, utilizando a técnica de RIFI, com ponto de corte 200, obtendo uma
prevaléncia de 25%. Entretanto, no estado do Amazonas nao ha estudos soroepidemiologicos
sobre a infecgdo por N. caninum, deixando uma lacuna de informagdes sobre a sanidade dos
rebanhos e os fatores associados a infeccdo por este parasito nesta regido do pais.Também,
sdo relatadas prevaléncias de infeccdo porN. caninumem bovinos, em outras regides

brasileiras (Tabela 1).

Tabela 1 - Estudos de prevaléncia de anticorpos anti-N. caninumem bovinos em diferentes

estados brasileiros nos Gltimos dez anos.

Estado Amostras Prevaléncia Técnica Autor(es)
Analisadas (%)

Para 500 52 RIFI Silva et. al. (2017)
Rondbnia 621 10,6 RIFI Boas et al. (2015)
Tocantins 192 25,0 RIFI Martins et al. (2011)
Alagoas 1004 7,67 RIFI Sousa et al. (2012)
Maranhéo 812 50,7 RIFI Teixeira et al. (2010)

Pernambuco 306 12,6 RIFI Amaral et al. (2012)
Pernambuco 316 19,6 RIFI Ramos et al. (2016)
Mato Grosso 205 37,5 RIFI Justo et al. (2013)
Mato Grosso 2452 25,4 RIFI Schmidt et al. (2018)
Mato Grasso do Sul 1098 62,5 RIFI Andreotti et al. (2010)
Minas Gerais 1204 21,6 RIFI Bruhn et al. (2013)

Séo Paulo 1104 10,9 RIFI Aguiar et al. (2011)
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Séo Paulo 1027 10,4 RIFI Cardoso et al. (2012)
Séo Paulo 70 12,9 RIFI Diniz et al. (2019)
Parana 159 15,1 ELISA Marques et al. (2011)
Parana 309 20,4 RIFI Martins et al. (2012)
Parana 76 30,3 ELISA Nascimento et al. (2014)
Parana 600 23,6 RIFI Snak et al. (2018)
Santa Catarina 373 23,1 RIFI Moura et al. (2012)
Santa Catarina 130 43,8 RIFI Klauck et al. (2016)

Os abortos nas propriedades podem ser endémicos ou epidémicos (CORBELLINI et
al., 2000; TIWARI;BAGHEL;SINGH, 2005; TREES; WILLIAMS, 2005; BARTELS et al.,
2006b). Os animais soropositivos possuem chances mais elevadas de apresentar casos de
aborto; entre as vacas soropositivas, a chance € de duas a sete vezes maiores em relacdo aos
animais soronegativos (DUBEY; SCHARES, 2011); e entre as novilhas, o risco é 7,4 vezes
maior (THURMOND; HIETALA, 1997). Em uma meta-analise realizada no Canada em
2005, foi relatada uma diferenca de 18% no risco de vacas soropositivas abortarem em relagao
as soronegativas (HADDAD;DOHOO;VANLEEWEN, 2005). Reichel et al. (2013)
estimaram o prejuizo da enfermidade em mais de US$ 1 bilhdo de dolares anuais. Estudo
conduzido por Moore et al. (2013) em rebanhos leiteiros da Argentina reportaram uma
diferenga no risco de aborto por N. caninumde 16% (12 — 36%).

A transmissdo vertical € considerada a principal forma de manutencdo do agente no
rebanho, mas existe também a transmissdo horizontal e sem esta Gltima via de transmiss&o, a
infeccdo por N. caninum ndo seria sustentada pois, a via vertical ndo ¢ 100% eficaz (FRENCH
et al., 1999). Visto isso, nem todos os bezerros de maes soropositivas sdo infectados
congenitamente e isto faz com que a prevaléncia da infeccdo no rebanho diminua e
eventualmente, com o passar do tempo desapareca (LLANO, 2013).

O principal fator de risco para neosporose clinica no rebanho é a presenca de cées na
propriedade (HOBSON et al., 2005; RINALDI et al., 2005; CORBELLINI et al., 2006;
BARTELS et al., 2007; GONZALES-WARLETA et al., 2008; VANLEEUWEN et al., 2010).
Independente dos cées se alimentarem ou ndo de restos de placentas e fetos abortados, a
infeccdotambém foi relacionada a probabilidade de ingestdo de oocistos pelos animais por

meio da contaminacdo ambiental (GHALMI et al., 2012).Outro fator importante é a



24

localizacdo da propriedade, fazendas localizadas préximas a centros urbanos tém uma maior
probabilidade de apresentarem animais infectados devido provavelmente ao grande nimero
de animais errantes nessas regides (SANCHEZ et al., 2003).

O tamanho da propriedade, a utilizacdo de silagem e alimentos no cocho, além da
presenca de aves domésticas em contato com rebanhos bovinos pode ter uma relagcdo com a
ocorréncia de abortos associados a N. caninum nessa espécie (CHIEBAO, 2010). A aptiddo
do animal também influencia na infeccdo. Moré et al. (2009) verificaram que vacas leiteiras
tem mais chances de se infectarem, e resultado semelhante foi obtido por Romero-Salas et al.
(2010) que constataram que vacas leiteiras acima de cinco anos de idade e com histérico de
aborto tinham maior probabilidade de estarem infectados.

Outro fator que eleva a probabilidade de infeccdo € a criacdo de bovinosem areas
alagadicas, concluindo que a umidade contribui para a sobrevivéncia de N. caninum,
favorecendo a persisténcia do agente no ambiente (KATZ, 1982; SILVA et al., 2008). O
destinamento erréneo dos fetos abortados também sdo potenciais focos de contaminagdo do
ambiente. Animais de propriedades onde os fetos abortados ndo sdo adequadamente
enterrados tém risco de 3,04 vezes maior de infec¢do do que animais de propriedades onde é
realizado o destino adequado (SOUSA et al., 2012).

2.1.5Diagnéstico da Neosporose

Para o diagnostico da neosporose deve-se associar 0s sinais clinicos e dados
epidemioldgicos com exames soroldgicos, histopatolégicos, moleculares e isolamento do
protozoario (DUBEY, 1993). O diagnostico definitivo de N. caninum é feito por meio da
identificacdo do parasito nos tecidos, especialmente no feto bovino abortado e placenta
(CAETANO DA SILVA, 2004). O feto inteiro deve ser transportado imediatamente ao
laboratdrio, mesmo quando tiver algum grau de autélise. Se ndo for possivel, amostras de
cérebro, coracdo, figado, timo, baco, rins, musculo e placenta devem ser examinadas por teste
histopatoldgico, ap6s fixados em formol a 10%. Fluidos corporais e sangue fetal devem ser
avaliados por sorologia (ALVARES-GARCIA, 2003).A ocorréncia de abortos sempre deve
estar associada as pesquisas sorologicas, para que se possa obter diagnostico preciso da
doenca e desta forma langar mdo das medidas de controle e prevencdo (PAZ; LEITE;
ROCHA, 2007).
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A infeccdo por N. caninum pode ser demonstrada por técnicas
histopatoldgicas,moleculares, pelo isolamento em cultivo celular ou em camundongos, ou
ainda por técnicas soroldgicas como imunofluorescéncia indireta (RIFI), ELISA e aglutinacédo
direta (DUBEY; SCHARES, 2011). A RIFI é o teste mais comumente utilizado, considerado
um padrado, que se baseia na pesquisa de anticorpos 1gG em soro sanguineo (GHALMI et al.,
2014), além de apresentar boa especificidade e sensibilidade (CAMILLO et al., 2010).

2.1.6Aspectos profilaticos e medidas de controle

O controle da neosporose deve visar acdes para interromper as vias de transmissao do
parasito, assim como identificar animais positivos para posterior eliminacdo e prevencao do
ingresso de novos animais infectados ao rebanho podendo com isso diminuir a transmisséo
vertical (ALVARES-GARCIA, 2003). O controle da populacio canina sem procedéncia em
torno de fazendas também é importante, visto que é um fator de risco e pode contribuir para
novas infecces (SANCHEZ et al., 2003; SUN et al., 2015). O descarte dos envoltérios fetais
ou dos fetos abortados deve ser realizado de forma adequada, impedindo 0 acesso aos
hospedeiros definitivos (BRUHN et al., 2013), e evitar o contato destes animais com a dgua e
comida fornecidos aos bovinos (GHALMI et al., 2012; IMRE et al., 2012).

Segundo Dubey(2007), para que ocorra um controle eficaz é importante observar
primeiramente o0s pontos relevantes para instalacdo e manutencdo da enfermidade no rebanho,
abrangendo informac0es relativas da principal via de transmisséo, a prevaléncia de anticorpos
anti-N. caninum de animais soropositivos na populacdo e fatores de risco associados ao
parasito. Desse modo, 0s programas de controle devem ser estabelecidos de modo que seja
calculado e avaliado o custo-beneficio destas agdes, abrangendo as despesas de testes e
medidas de controle comparando-as com as perdas econdmicas ocasionadas pela infec¢éo.

De acordo com Moore et al. (2011), existe uma probabilidade que as vacinas
inativadas possam prevenir a transmissdo vertical do agente, contudo, Weston, Heuer e
Williamson (2012) estudaram a eficacia da vacina Bovilis® Neoguard (Intervet International
B.V., Boxmeer, The Netherlands), e constataram que esta preveniu 61% dos abortos em uma
de cinco fazendas estudadas e ndo se mostrou eficaz na prevencao da transmissao vertical em
nenhuma das propriedades participantes da pesquisa. Foi relatado que uma vacina eficaz deve
reduzir em torno de 90% as perdas econdmicas decorrentes desse agente (REICHEL e ELLIS,
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2009). Estes dados denotam a importancia do desenvolvimento de uma vacina eficaz contra a
neosporose (MOORE et al., 2011).

2.2 Toxoplasma gondii
2.2.1 Historico

T. gondii é um protozoario intracelular obrigatério descrito pela primeira vez em
coelhos, no Instituto Bioldgico de So Paulo, por Splendore (1908) e no Instituto Pasteur da
Tunisia, por Nicolle e Manceux (1909), em um roedor do norte da Africa (Ctenodactylus
gondii). Este coccidioé considerado um dos parasitos mais bem sucedidos do mundo devido
ao seu elevado numero de espécies hospedeiras e inUmeros padrdes de transmissdo que
permitem uma ampla propagacdo na natureza (DUBEY, 2010). Anteriormente, acreditava-se
gue Toxoplasma gondii se tratava de uma forma particular de Leishmania, sendo denominado
pelos cientistas comoLeishmania gondii (NICOLLE; MANCEAUX, 1909).

A toxoplasmose humana foi descrita pela primeira vez por Castellani, em 1913, em
um menino com quadro febril e esplenomegalia. No final da década de 30, este parasito foi
isolado pela primeira vez em animais (SABIN; OLITSKY, 1937) e em 1939, nos Estados
Unidos, foi relatado o primeiro caso de toxoplasmose congénita em um recém-nascido que
morreu aos 30 dias de vida e que apresentava encefalite, mielite e meningite (SIMOES, 2015).
No ano de 1942, Sabin descreveu os sinais clinicos tipicos da toxoplasmose congénita
(hidrocefalia, microcefalia, coriorretinite e calcificagdo intracraniana), conhecidos como
tétrade de Sabin.

A toxoplasmose também foi relatada em diversas espécies de animais domeésticos
como: cdes por Melo (1910) em Turin, Itdlia (DUBEY; BEATTIE, 1988); ovinos em 1942
por Olason e Monlux (ULON, 1996) e suinos em 1952, ambos nos EUA (FARREL et al.,
1952). Em 1956, Feldman e Miller observaram as primeiras evidéncias de infeccdo em
caprinos em um rebanho do estado de Nova York e a primeira ocorréncia natural em bovinos
foi feita por Houersdorf e Holtz no ano de 1952 (OLIVEIRA, et al., 2000).No estudo
realizado por Httchison (1965) foram encontradas formas do parasito em fezes de gatos e no
ano de 1970 o ciclo bioldgico foi concluido, quando Frenkel, Dubey e Miller (1970)
identificaram os estagios sexuais do T. gondii no intestino delgado de gatos e 0s oocistos nas

fezes, confirmando o gato como hospedeiro definitivo.
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Segundo dados da Ecology Global Network (ENG) no mundo existem cerca de 600
milhdes de gatos, e no Brasil de acordo com o IBGE (2013) estima-se um total de 22,1
milhdes de gatos domésticos, 0 que representa aproximadamente 1,9 gatos por domicilio que
tem esse animal. Desta forma, T. gondii também é encontrado em todo 0 mundo e em todas as
regides do Brasil, no ambiente e nos hospedeiros (CHANG, 1996; TENTER, HECKEROTH e
WEISS, 2000).

2.2.2 Biologia e ciclo bioldgico de Toxoplasma gondii

T. gondii pertence ao filo Apicomplexa, subclasse Coccidiasina, ordem Eimeriorina, e
ha& apenas uma espécie conhecida no género Toxoplasma (DUBEY, 2010).Apos a descoberta
do seu ciclo de vida em 1970, este parasito mudou a defini¢cdo de que os parasitos coccidios
possuiam apenas um Unico hospedeiro, incluindo esse patdégeno na classificacdo de multi-
hospedeiros com importancia na salde publica (DUBEY et al., 2009). Nos hospedeiros
definitivos, felideos selvagens e gatos domésticos, ocorre o estagio de multiplicacéo rapida e a
formacdo de oocistos nos intestinos. Milhdes de oocistos sdo eliminados nas fezes e se
espalham e contaminam o meio ambiente (WOUDT, 1990; DUBEY, 2010).

O parasito apresenta trés estagios infecciosos que formam um ciclo de vida complexo
com fases de reproducdo sexuada e assexuada (GILOT-FROMONT et al., 2012), podendo ser
encontrado em trés estagios como: taquizoito, bradizoito e esporozoito. O taquizoito de T.
gondii tem uma regido alongada de aproximadamente 8um de comprimento por 2um de
largura, e é caracterizado por apresentar o conoide, as roptrias, 0s micronemas, o nucleo, o
complexo de Golgi, o apicoplasto e o reticulo endoplasmatico. Por fim, observa-se uma
pelicula que envolve todo o conjunto que parte do anel polar posterior (SOUZA et al., 2010).
Os taquizoitos caracterizam a infeccdo aguda de T. gondii, mesmo que ja tenha instalada a
resposta imune protetora (COSTA-SILVA e CHIOCCOLA, 2010).

As funcbdes do condide, roptrias, microporos e micronemas sao relacionadas a
penetracdo e criacdo de um ambiente intracelular adequado para sobrevivéncia do parasito
(HU et al., 2002; DUBEY, 2010). Os bradizoitos sdo parecidos com os taquizoitos, porém,
sd0 menores e possuem um nucleo situado na parte superior, o que o diferencia dos
taquizoitos que possuem o nucleo mais central. Estes podem ser encontrados dentro dos cistos
teciduais que podem variar de 5-70um de tamanho e podem conter de um a centenas de
bradizoitos no seu interior (VELARDE;MONTENEGRO;CANTO,2009).
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O oocisto mede aproximadamente 10-12um. Neste se encontra um par de esporocistos
cada qual com quatro esporozoitos, que se formam unicamente nos felinos. Ao ingerir
qualquer das trés formas morfologicas de T. gondii, 0s gatos podem desenvolver e eliminar 0s
oocistos. Os gatos sdo considerados 0s hospedeiros mais importantes do parasito, pois sao
altamente amplificantes e responsaveis pela reproducdo sexuada do parasito (DABRITZ;
CONRAD, 2010). Os gatos podem contaminar o ambiente com cerca de 100.000 oocistos por
grama de fezes (DUBEY, 2010). Os oocistos sdo excretados por apenas uma ou duas
semanas, mas podem permanecer viaveis por até dois anos em condi¢des de temperatura e
umidade favoraveis (FREYRE et al., 1997)(Figura 4).

Os oocistos ndo esporulados quando expostos ao ambiente encontram condigdes ideais
de oxigenacdo, temperatura e umidade podendo esporular entre 1 a 5 dias, tornando-se
infectantes para os hospedeiros (DUBEY, 2010). Os oocistos esporulados contaminam o solo,
agua e alimentos e quando os hospedeiros intermediarios consomem esse material
contaminado, este alcanga a luz intestinal e se encistam, liberando os esporozoitos que
invadem os enterdcitos iniciando-se, assim, um novo ciclo (BLACK; BOOTHROYD, 2000).

Figura 4: Ciclo biologico de Toxoplasma gondii.
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2.2.3 Aspectos patoldgicos de toxoplasmose

Embora os bovinos sejam suscetiveis a infeccdo por T. gondii, estes parecem
apresentar uma maior resisténcia a toxoplasmose e geralmente ndo apresentam quadro clinico
(KIDLSTRA; JONGERT, 2008; MILLAR et al., 2008; DUBEY, 2010). Estudos de casos
naturais e induzidos da infeccdo em bovinos ndo demonstraram a ocorréncia de aborto ou
mortalidade neonatal (DUBEY, 1986). Existem poucos estudos relacionando sinais clinicos
em bovinos com toxoplasmose. Em geral, os sinais séo inespecificos e considerados leves. No
entanto, em algumas situag6es, T. gondii pode causar sintomatologia grave em bovinos jovens
(ESTEBAN-REDONDO et al., 1999; CANADA et al., 2002; COSTA et al., 1977; 2011).

Apesar de T. gondii ndo ser considerado uma das principais causas responsaveis por
abortos em bovinos, existem estudos relatando distarbios reprodutivos nessa espécie como
aborto devido a infeccdo e toxoplasmose congénita em bezerros (GOTTSTEIN et al., 1998;
CANADA et al.,2002; ORTEGA-MORA et al., 2007; GHAREKHANI, 2014). A transmissao
transplacentaria de T. gondii em bovinos foi descrita pela primeira vez por Stalheim et al.
(1980), enquanto estudavam a infeccdo por T. gondii em vacas gestantes infectadas
experimentalmente, isolaram T. gondii do cérebro e figado de quatro vacas, de placenta de
duas vacas e de conteudo gastrico em dois fetos. Gottstein et al. (1998) detectaram o DNA de
T. gondii em 5% dos fetos bovinos e um feto foi positivo para os anticorpos anti- N. caninum
e T. gondii.

Os sinais clinicos da toxoplasmose em bovinos geralmente sdo inespecificos e brandos
(DUBEY; JONES, 2008), sendo estes considerados resistentes a infeccdo (KIJLSTRA;
JONGERT, 2008; DUBEY, 2010). No entanto, T. gondii pode causar infeccdo grave,
principalmente em bezerros (COSTA et al.,, 1977; ESTEBAN-REDONDO et al., 1999;
CANADA et al., 2002; COSTA et al., 2011). Apesar deste protozoario ndo ser uma causa
importante de abortamento na espécie bovina, existem estudos relatando disturbios
reprodutivos, inclusive o aborto devido a infeccdo congénita (GOTTSTEIN et al., 1998;
ORTEGA-MORA et al., 2007; GHAREKHANI, 2014). Alguns estudos demostraram que 0
consumo de carne bovina malpassada ou crua pode contribuir para a disseminacao do parasito
na populacdo humana, visto que os cistos se mantém vidveis nos tecidos musculares até a
idade do abate (DUBEY, 1983; COOK et al., 2000). Alguns estudos tém evidenciado a
possivel contribuicdo do leite cru ou ndo pasteurizado como via de transmissdo do parasito
(SACKS et al., 1982; DA SILVA et al., 2015).
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Estima-se que até um ter¢o da populagdo humana do mundo tenha tido contato em
alguma fase da vida com esse parasito. T. gondii pode causar sinais clinicos severos, tanto em
pessoas imunocomprometidas quanto em mulheres gestantes que sdo os principais grupos de
risco para desenvolverem a toxoplasmose grave, além de poderem infectar o feto via
transplacentaria, resultando em toxoplasmose congénita (TENTER;HECKEROTH;WEISS,
2000; MONTOYA,; LIESENFELD, 2004; DUBEY, 2010).

2.2.4 Aspectos epidemioldgicos da toxoplasmose

T. gondii apresenta ampla distribuicdo geografica, sendo um agente zoondtico
cosmopolita com importantes repercussdes na Saude Publica, principalmente quando
associado a doencas congeénitas ou patologias em individuos imunocomprometidos (COURA,
2013; MINISTERIO DA SAUDE, 2010). Apresenta alta prevaléncia soroldgica, podendo
atingir mais de 60% da populacdo em determinados paises, variando de regido para regido,
conforme habitos socioculturais, fatores geogréaficos e climaticos (MELO et al., 2007)sendo
muito prevalente em regides de clima tropical Umido (TENTER;HECKEROTH;WEISS, 2000).

O risco de se infectar a infeccdo € maior em regides quentes e/ou Umidas € menor em
clima seco e frio e depende em grande parte do contato com gatos e outros felinos infectados,
do consumo de carne crua ou mal cozidos e da ma higienizacdo dos alimentos (OLIVA,
2016). As diferentes taxas deinfeccdohumanaeanimalobtido nos diversos paises do mundo
se devem a diferentes fatores como localizacdo geografica, condi¢cdes ambientais, habitos
culturais principalmente no tocante a alimentagdo, tipo de fauna, grau de
desenvolvimento do pais, infraestrutura hidrica e sanitaria (REMINGTON; MCLEOD;
DESMONTS, 1995).

Pode-se classificar a transmissdo de T. gondii como horizontal ou vertical. A
transmissao horizontal ocorre entre as diferentes espécies hospedeiras podendo ocorrer por via
alimentar, via lactea, pelo solo contaminado através do pastejo, ocupacional ou iatrogénica. A
transmissdo vertical do parasito pode resultar em toxoplasmose congénita (DUBEY, 2004,
2010; JONES; DUBEY, 2012). As trés principais formas de transmissao na espécie bovina
sdo: transplacentaria, ingestao de agua e pasto contaminados com oocistos (DUBEY', 1994).

A primeira infeccdo natural em bovinos foi relatada por Sanger et al. (1953) com
grandes perdas e até mesmo morte em animais jovens. Esteban-redondo et al.(1999)

detectaram sinais clinicos em bezerros com idade de 6-7 meses na primeira semana apods a
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infeccdo por T. gondii. Animais herbivoros adultos (> 18 meses de idade), provavelmente se
infectam por meio dos oocistos presentes no ambiente, ingerindo ra¢do ou agua contaminada.
Também podem se infectar acidentalmente ingerindo roedores ou outros hospedeiros
carreando cistos teciduais presentes em silagens ou triturados nas forrageiras. A infeccdo é
possivel também via sémen em hospedeiros infectados (SCARPELLI et al., 2009). Os
bezerros podem adquirir a infec¢do por via placentaria (CANADA et al., 2002; COSTA et al.,
2011), ou via leite (DUBEY, 1986; EFSA, 2015), 4gua ou ambiente contaminado. Animais
jovens, a partir da idade de 7 a 18 meses, provavelmente adquirem a infec¢cdo das mesmas
fontes como alimentos, agua ou ambiente (ESTEBAN-REDONDO et al., 1999).

Anticorpos anti-T. gondii foram encontrados de 0 a 99% dos bovinos estudados ao
redor do mundo (TENTER; HECKEROTH; WEISS, 2000; COOK et al., 2000; KLUN et al.,
2006; MORE et al., 2007; SANTOS et al., 2009; DUBEY, 2010; LOPEZ et al., 2013;
MATSUO et al., 2014). No Brasil, a variacdo da prevaléncia de anticorpos anti-T. gondii em
bovinos é de 1% a 71% (GONDIM et al., 1999; DAGUER et al., 2004; SANTOS et al., 2009;
LUCIANO et al., 2011).No estado do Amazonas, Ferraroni e Marzochi (1978) pesquisaram
anticorpos anti-T. gondii em amostras de 25 bovinos do municipio de Manaus, utilizando a
Reacdo de Hemaglutinacdo Indireta (RHAI), obtendo uma prevaléncia de 60%.

No Par4, Oliveira (2015) testou 358 amostras de soros de bovinos, utilizando a técnica
de RIFI e ELISA, obtendo uma prevaléncia de 38,83% e 26,26%, respectivamente e Carmo et
al. (2017) obtiveram um percentual de 40,6% positividade na RIFI ao analisar a frequéncia de
anticorpos IgG anti-T. gondii em bovinos de corte abatidos na Regido Metropolitana de
Belém. Benigno et al. (2009) detectaram por meio da técnica de RHAI uma prevaléncia em
bovinos de 53,45% e em bubalinos de 57,14% na ilha de Marajé. Em Rondénia, Souza et al.
(2015) examinaram 1000 amostras de soro sanguineo por RIFI e encontraram uma
positividade de 5,3%.

Existe um grande interesse no estudo da ocorréncia de infeccdo por T. gondii em
bovinos principalmente por uma perspectiva de saude publica, pois a ingestdo de cistos
teciduais presentes na carne bovina pode ser uma via de transmissdao para humanos
(ENGLISH et al., 2015). Também sdo relatados estudos sorolégicos em outras regides
brasileiras como descrito na Tabela 2. Os fatores de risco envolvidos na infec¢do por T.
gonddi na espécie bovina identificados sdo: contaminacdo das pastagens, agua contaminada
com oocistos e presenca de hospedeiros definitivos nas propriedades (ALBUQUERQUE et
al., 2011; FAJARDO et al., 2013).
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Tabela 2 - Estudos de ocorréncia de anticorpos anti-T. gondii realizados em diferentes estados

brasileiros nos altimos quinze anos.

Estado Amostras Ocorréncia Técnica Autor(es)
Analisadas (%)
Para 500 40,6 RIFI Carmo et al. (2017)
Para 2070 35,78 ELISA Oliveira (2015)
Para 2070 45,12 RIFI Oliveira (2015)
Rondénia 1000 53 RIFI Souza et al. (2015)
Mato Grasso do Sul 2000 71 RIFI Santos (2008)
Bahia 600 11,83 RIFI Spagnol et al. (2009)
Rio de Janeiro 77 49,4 ELISA Frazdo-Teixeira et al. (2006)
Parana 250 30,8 RIFI Moura et al. (2010)
Parana 385 26 RIFI Ogawa et al. (2005)

2.2.5 Diagnostico da Toxoplasmose

Existe uma grande dificuldade no diagnostico da toxoplasmose bovina, sobretudo
devido ainespecificidade dos sinais clinicos nessa espécie fazendo com que, muitas vezes, ndo
se consiga obter um histérico clinico detalhado dos animais. Portanto, torna-se muito
importante realizar exames laboratoriais para o diagnostico final (HILL; DUBEY, 2002).
Podem ser realizados testes soroldgicos, bioldgicos, moleculares, histolégicos e/ou
imunohistoquimicos para detec¢do dos patdgenos ou ainda uma combinacdo destes (DUBEY,
2010).0s testes diretos confirmam a presenca do agente nos tecidos, excre¢fes ou fluidos
corporais (VELARDE; MONTENEGRO; CANTO, 2009) e os indiretos realizam a pesquisa
de anticorpos anti- T. gondii no soro dos animais (RAGOZA et al., 2008; SOCCOL et al.,
2009; SILVA et al., 2010; PEREIRA et al., 2012).

Para testes diretos, as amostras devem ser colhidas de 6rgdos onde o protozoario possa
ser recuperado como os linfonodos mesentéricos, intestinos, figado, coracdo, musculos
esqueléticos, cérebro, rins e diafragma (MONTOYA; LIESENFELD, 2004; DUBEY, 2010).
Pode-se também utilizar a inoculacdo do material suspeito em camundongos (bioprova)
visando avaliar amostras individuais de tecidos de cada animal, detectando o parasito em
orgdos como estdmago, olhos, pulméo, cérebro, rim, utero, lingua, baco, coracdo e linfonodos
(DUBEY, 1997).
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Os testes indiretos detectam a presenca de anticorpos 1gG e IgM anti-T.
gondii(DUBEY, 2010). S8o varios testes indicados como: o Sabin-Feldman ou teste do
corante (GARCIA-VARQUEZ et al., 1993), aglutinacdo modificada (DUBEY, 2010),
hemaglutinagdo indireta (HAI) (HASHEMI-FESHARKI, 1996; LANGONI et al., 1999;
GORMAN et al., 1999; VITOR; FERREIRA; FUX, 1999), imunofluorescéncia indireta
(MAINARDI et al., 2003; FIGLIUOLO et al., 2004; UZEDA et al., 2004), aglutinagio em
latex (HASHEMI-FESHARKI, 1996; GONDIN et al., 1999; JITTAPALAPONG et al., 2008),
aglutinacédo direta (KLUN et al., 2006), ELISA (SKJERVE et al., 1998; CAVALCANTE,
2004; SAWADOGO et al., 2005) e dot-ELISA (BAHIA et al., 1993).

Com os avangos no conhecimento do genoma de T. gondii foi possivel a utilizacdo da
técnica de reacdo em cadeia da polimerase (PCR) para deteccdo do DNA do parasito na
amostra. Esta técnica se fundamenta na amplificacdo especifica de determinados genes ou
fragmentos de genes, detectando com seguranga, rapidez e precisdo o parasito em qualquer
amostra do animal infectado. Por ser uma técnica muito sensivel, é capaz de detectar
infec¢bes por um Unico taquizoito(WONG; REMINGTON, 1994; BASTIEN, 2002). Segundo
Dehkordi et al. (2013), a PCR é um método de diagndstico preciso, seguro, sensivel,
especifico e rapido para ser utilizado no monitoramentodo parasito no leite. Além disso, a
PCR possui a vantagem demaior sensibilidade quando comparado ao isolamento do parasito
em culturas de tecido (MEIRELES, 2001).

2.2.6 Aspectos profilaticos e medidas de controle

Nos bovinos, a principal via de transmisséo séo 0s oocistos que podem ser encontrados
no ambiente onde os gatos infectados estdo presentes. Estudos epidemioldgicos concluiram
que as pastagens podem ser a fonte mais comum da infeccdo (ORTEGA-MORA et al., 2007),
principalmente devido a presenca de gatos domésticos das propriedades. Para prevenir a
infeccdo em bovinos, deve-se evitar a contaminacdo fecal felina na ragdo, cama, &gua e
pastagens. Além disso, o controle de roedores ajuda a prevenir a infeccdo, devido ao fato de
0s gatos serem atraidos pela presenca desses animais, podendo assim se contaminar pela
ingestdo de tecidos de animais infectados, completando o ciclo e contaminando o meio com
suas fezes (JONES; DUBEY, 2012).

Outras medidas de controle incluem a manutencdo dos animais domésticos fora da

area de criacdo, o0 correto armazenamento de grdos e feno, a remocdo imediata seguida de
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incineracdo de fetos abortados e membranas fetais e evitar a exposicdo de animais recém-
introduzidos nas propriedades ao ambiente contaminado (WATSON; BEVERLEY,
1971;BLEWETT; TREES, 1987; BUXTON, 1998; DUBEY; LINDSAY, 1994;
PERDONCINI et al., 2010).
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3 OBJETIVOS

3.1 Geral

Realizar um estudo soroepidemioldgico da infeccdo por Neospora caninum e

Toxoplasma gondii em bovinos no estado do Amazonas, regido Norte do Brasil.

3.2 Especificos

e Determinar a prevaléncia de anticorpos anti-N. caninum eanti-T. gondii em bovinos nas
diferentes regides do estado do Amazonas.

e Identificar os fatores de risco associados a ocorréncia da infecgdo por Neospora caninum e
Toxoplasma gondii em bovinos.

e Realizar o monitoramento soroldgico em propriedades positivas para Neospora caninum e

calcular a taxa de transmissao vertical da infeccdo em bovinos.
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Abstract

Beef cattle farming in the Amazon region has expanded rapidly, but information on herd
health is still scanty. The purpose of this study was to determine the presence of anti-
Toxoplasma gondii antibodies in cattle, its spatial distribution and the risk factors associated

with the infection in the state of Amazonas, Brazil. Blood samples were collected from 1073
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animals on 47 farms, located in 33 municipalities in the four state subpopulations. Anti-
T.gondii IgG antibodies were detected by means of the indirect fluorescent antibody test
(IFAT). The overall prevalence was 30.9% (332/1073), and seropositive animals were
identified at 93.6% farms (44/47). All the subpopulations studied in the state of Amazonas
had cattle herds seropositive for T. gondii, with some areas showing higher prevalence rates.
The risk factors identified in the logistic regression were number of animals (OR=4.43) and
presence of domestic cats (OR=1.98). It is advisable to correct identified risk factors,
particularly insofar as the definitive hosts of T. gondii are concerned. Attention should also
focus on beef consumption, given the prevalence of T. gondii infection among cattle and the
widespread clandestine slaughtering that occurs in this state.

Keywords: Amazon rainforest; Seroepidemiology; Toxoplasmosis.

Introduction

Cattle herds in the Amazon region have grown rapidly since the 1990s (WWF, 2015).
The state of Amazonas today has approximately 1.48 million head of cattle (Brasil, 2019), and
this inordinate growth is seen by many as the main cause of the expansion of deforestation in
the Amazon, since about 80% of deforested areas are occupied by pastures (Brasil, 2004).
Despite this population expansion, there is still a paucity of data on cattle herd sanitation,
production and management in the Amazon region. Such information could contribute
towards livestock development aimed at improving productivity in the areas already in use,
thereby avoiding the deforestation of new areas.

Most of the beef produced in this state is consumed in Brazil, especially in the
country’s more affluent regions, such as the south and southeast (Ribeiro, 2007; Terraclass,

2010). Beef is considered a major source of human infections (Baril et al., 1999; Opsteegh et
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al., 2011) when the sanitary conditions in beef cattle farming are inadequate, as when T.
gondii infection is present.

Toxoplasmosis, one of the most important zoonotic diseases in the world, is caused by
the protozoan T. gondii. It is prevalent in different regions and its medical and veterinary
importance is significant because it causes abortion or congenital disease in some of its
intermediate hosts (Tenter et al., 2000). In humans, it can cause severe neurological
complications in immunocompromised individuals (Tenter et al., 2000; Weis and Dubey,
2009). Felines are responsible for most of the elimination and dissemination of T. gondii
oocysts and the maintenance of this parasite’s life cycle because they are its definitive hosts
(Dubey and Jones, 2008).

T. gondii is one of the most successful parasites in the world due to its adaptability and
numerous transmission patterns and hosts, which enable its wide dissemination in
nature(Dubey, 2010). T. gondii has three infective forms, namely, tachyzoites, bradyzoites
and sporozoites (Dubey et al., 2004; Montoya and Liesenfeld, 2004). Bradyzoites, which are
asexual forms in tissue cysts (Gross et al., 1996; Dubey 1998), are the main ones responsible
for transmission through the ingestion of raw or undercooked meat (Dubey 1998; Tenter et
al., 2000; EI-On and Peiser 2003).

Few studies have focused on the clinical signs of toxoplasmosis in cattle, which
usually are non-specific and mild in this species (Dubey and Jones, 2008). Cattle are generally
considered resistant to this infection (Kijlstra and Jongert, 2008; Dubey, 2010), but T. gondii
can cause severe infection, especially in calves (Costa et al., 1977; Esteban-Redondo et al.,
1999; Canada et al., 2002; Costa et al., 2011). Although this protozoan is not a major cause of
abortion in cattle, studies have reported reproductive disorders, including abortion, due to
congenital infection (Gottstein et al., 1998; Ortega-Mora et al., 2007; Gharekhani, 2014).

Some studies have shown that eating undercooked or raw beef can contribute to the spread of
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the agent among humans, since its cysts remain viable in muscle tissues of infected animals
until they are slaughtered (Dubey 1983; Cook et al., 2000).

Given the lack of epidemiological information on Toxoplasma gondii infection in
cattle in the Amazon region, our aim was to determine the prevalence, spatial distribution and

risk factors associated with T. gondii infection in cattle herds in the state of Amazonas.

Material and Methods

Farms and sampling

This study was approved by the Ethics Committee on Animal Use (CEUA) of the
Federal Rural University of Pernambuco (UFRPE), under protocol no. 80/2018.

To compose the sample of this study, farms were selected for convenience in the four
subpopulations in the state of Amazonas, which were divided as follows. Subpopulation 1 —
comprising the municipalities of the state of Amazonas surrounding the Rio Negro river and
its tributaries, in the direction of the Amazon River, up to the borders of the municipality of
Barcelos (Barcelos, Marad, Santa Isabel do Rio Negro and Tonantins). Subpopulation 2 —
composed of the municipalities of the state of Amazonas surrounding the Solimdes River and
its tributaries, in the direction of the Amazon River, up to the borders of the municipality of
Anama (Amatura, Benjamin Constant, Beruri, Carauari, Coari, Codajas, Fonte Boa, Itamarati,
Sdo Paulo of Olivenca). Subpopulation 3 — comprising the municipality of Apui and other
municipalities in the state of Amazonas surrounding the Madeira River and its tributaries, in
the direction of the Amazon River, up to the borders of the municipality of Autazes
(Canutama, Eirunepé, Envira, Humaita, Ipixuna, Labrea, Manicore). Subpopulation 4 —
comprising the remaining municipalities of the state of Amazonas surrounding the Amazon

River, and the municipalities or parts of them bordering the state of Pard (Autazes, Boa Vista
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do Ramos, Borba, Caeriranga, Careiro, Careiro da Véarzea, ltacoatiara, Itapiranga, Manaus,
Maués, Nhamunda, Parintins, Urucard) (Figure 1).

Blood serum was collected of 64 animals of subpopulations 1; 174 animals of
subpopulations 2; 467 animals of subpopulations 3 and 368 animals of subpopulations 4,
totalizing 1073 animals of state of Amazonas. Were selected animals older than 2 years, at 47
farms with ten or more cattle (primary sampling units) located in 33 municipalities. A 50%
prevalence rate, 95% confidence interval and 5% statistical error (o) were considered to make
up the sample (Thrusfield, 2004). The animals were identified individually by an ear tag
attached to the left ear. The tag number was recorded on the label of the vacutainer tube and

on the sample collection form.

Sample collection

The blood samples were drawn by venipuncture of the external jugular vein into sterile
and tagged vacutainer tubes. Ten mL of blood without anticoagulant were drawn into
individual test tubes after prior skin antisepsis with 3.0% iodinated alcohol. The samples were
centrifuged at 1000 x g for five minutes to obtain serum. The blood sera were aliquoted and

stored at -20°C until serological tests were performed.

Preparation of antigen for the Indirect Fluorescent Antibody Test (IFAT)

Tachyzoites of the ME-49 strain of T. gondii were kept in a culture of MARC-145
cells under the conditions specified by Regidor-Cerrillo et al. (2010). The number of viable
tachyzoites was determined by counting in a Neubauer chamber using trypan blue. The
purified tachyzoites were resuspended in 0.2% (v/v) formalin solution in PBS, adjusted to a
concentration of 1200-1500 parasites/uL. The microscope slides were sensitized with 10uL of

the suspension of tachyzoites per well for the IFAT.
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Survey of anti-T.gondii 1gG antibodies

The IFAT was performed as described by Camargo (1974), with slight modifications.
Each serum was diluted 1:64 (cutoff), distributed in the wells of the T. gondii antigen-
sensitized slides, and incubated at 37°C for 30 minutes in a humidifying chamber.

The slides were washed and incubated with fluorescein isothiocyanate-conjugated
anti-bovine 1gG serum (Sigma Chemical, USA) containing 0.02% Evans blue (Sigma
Chemical, USA) under the above described conditions. They were then washed again, dried,
coated with buffered glycerol, covered with coverslips, and examined under a fluorescence
microscope (Nikon Eclipse 40x objective lens). All the slides included positive and negative
controls. Samples were considered positive when 50% of the tachyzoites in the wells

presented total peripheral fluorescence.

Risk factors associated with T. gondii infection

The risk factors associated with T. gondii infection were studied based on an analysis
of the variables using Pearson’s chi-square test or Fisher’s exact test, when necessary. Pre-
structured questionnaires were applied to assess the risk factors associated with N. caninum
infection, variables included in the analysis final model were: type of farming system
(suitability; rearing system; farm size; herd size) and management-related (water source;
presence of other domestic and wild animals).

. A logistic regression analysis was then performed, considering the IFAT results
(positive or negative) as the dependent variable. The independent or explanatory variables
considered in the final model were those with a statistical significance of <0.05. The statistical

calculations were made using Epi Info version 3.5.1 software.
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Results

The T. gondii antibody prevalence rate was 30.9% (332/1073, 95% CI, 28.2% -
33.8%) in state of Amazonas, with at least one positive animal in 93.63% (44/47) of farms.
The prevalence of the infection in subpopulations and by property is shown in Table 1. No
significant differences (p>0,05) were observed between the prevalence of subpopulations 1, 2,
3 and 4. The spatial distribution of prevalence by municipality in state of Amazonas is
demonstrates Figure 2.

A univariate analysis revealed a significant association between T. gondii infection
and the following variables: type of farming system (p=0,024); farm size (p=0,030); number
of animals (p=0,012); water source (p=0,008); and presence of domestic cats (p < 0,001). The
risk factors identified in the logistic regression were number of animals (OR=4.43) and

presence of domestic cats (OR=1.98), as described in Table 2.

Discussion

In this study, a comprehensive epidemiological survey of anti-T.gondii antibodies in
cattle was conducted in all the regions of the state of Amazonas. The impact of this survey is
relevant for this state, since the first and only other serological survey of T. gondii infectionin
cattle in the Amazon, which was conducted by Ferraroni & Marzochi, dates back to 1980. The
1980 survey, which involved an analysis of only 25 cattle in a neighborhood of the city of
Manaus, used the indirect hemagglutination assay (IHA) with a frequency of 60% positivity.
However, the results of these two surveys are difficult to compare, since different techniques
were used and the first survey involved only a few animals at a single site in the state of

Amazonas.
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In our study, the overall prevalence of Toxoplasma gondii antibodies in cattle in the
state of Amazonas (30.9%, 332/1073) was lower than the prevalence rates reported in other
states in the northern region of the country, such as the states of Para (87.45%, 669/765) and
Tocantins (87.79%, 446/508) (da Silva et al., 2015). However, it was similar to the results
reported by Daguer et al. (2004) and Moura et al. (2010) in Parana, by Costa (2001) in Séo
Paulo and Minas Gerais and by Ogawa et al. (2005) in Rio Grande do Sul.

The map of T. gondii infection in cattle in the state of Amazonas revealed the presence
of seropositive animals distributed in different subpopulations, no statistical difference was
verified in the prevalence between these subpopulations (Figure 2). The dispersion pattern is
similar to that found in other studies conducted around the world, which found seropositive
animals widely distributed in the regions under study (Tenter et al., 2000; Cook et al., 2000;
Klun et al., 2006; Moré et al., 2007; Santos et al., 2009; Dubey, 2010; Lopez et al., 2013;
Matsuo et al., 2014). Amazonas is a continental size state with environmental, sociocultural,
economic and political differences, and each of its regions has its own distinctive geographic
and ecological features, which may explain the dispersal of and variations among its
subpopulations. This region is home to the world’s largest nature reserve, and hence, the
largest plant and animal biome, with huge numbers of wild animals. Within this biome are
cattle ranches, where numerous wild felids go hunting. These felids often come into contact
with the cattle herds since they drink water from the same sources, or even prey on cattle,
frequently leading to close contact with these animals (Michalski et al., 2006; Sarvi et
al.,2015). According to Santos et al. (2013), continuous exposure to oocysts excreted in feline
feces increases the risk of infections during grazing. In our study, we found that the cattle on
farms frequented by felids showed a 1.98-fold higher chance of becoming infected with T.
gondii, a finding similar to that reported by Vesco et al. (2007), Dubey (2009), Albuquerque

et al. (2011); and Fajardo et al. (2013). Felids are important in the T. gondii life cycle because
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they are its definitive hosts and therefore the only ones that can contaminate the environment
with oocysts (Dubey et al., 2004). They can eliminate large numbers of oocysts, which are
highly resistant to environmental factors and can sporulate and survive in humid
environments for several months (Dubey, 2002).

The number of animals per farm was also found to be a risk factor, and herds of 11 to
50 animals presented an odds ratio of OR=3.80, herds of 51 to 100 animals an OR=4.43 and
herds of more than 100 animals an OR=2.84. These findings differ from those reported by
Albuquerque et al. (2011) in Bahia, and by Fajardo et al. (2013) in Minas Gerais, Brazil, who
found no association between seropositivity and herd size. Extensive livestock farming
predominates in the Amazon region, where the animals remain in the pasture longer until they
reach the slaughter weight, thus increasing the possibility of infection with oocysts shed into
the environment by felids.

T. gondii was estimated to contribute 17.6% to the total burden of foodborne disease in
Europe in 2010 (Havelaar et al., 2015). However, the role of beef as a source of human
infection by T. gondii is still controversial. Serological studies have shown that T. gondii
antibodies are prevalent in cattle (Tenter et al., 2000), but the parasite has rarely been isolated
via bioassay from naturally infected cattle. The inspection of beef for toxoplasmosis in
slaughterhouses is not a priority. Therefore, the consumption of beef with T. gondii in this and
other regions of the country should be ample reason for further discussion, given that several
studies have identified the consumption of beef as a risk factor for humans (Baril et al., 1999;
Cook et al., 2000; Jones et al., 2009; Belluco et al., 2017; Said et al., 2017), and associated
with toxoplasmosis outbreaks (Smith, 1993).

Deforestation in the Brazilian Amazon has as its main cause the expansion of livestock
farming. The expansion of livestock farming in the Brazilian Amazon is the main cause of

deforestation. According to FAO, the highest deforestation rate has occurred in Brazil
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(Houghton, 2005). The diagnosis and the implementation of control measures for cattle
diseases can increase animal productivity per area and reduce illegal deforestation in the

Amazon region.

Conclusions

Cattle herds seropositive for T. gondii were identified in all the subpopulations under
study in the state of Amazonas, with some areas showing a higher prevalence rates. It is
advisable to correct the identified risk factors, particularly in terms of the parasite’s definitive
hosts. Attention should also focus on beef consumption, considering the prevalence of T.
gondii infection found in cattle and the high rates of illegal slaughtering in the state of

Amazonas.
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Figure 1 - Map of the subpopulations 1, 2, 3 and 4 of the state of Amazonas, according to

theMinistry of Agriculture, Livestock and Supply.
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Figure 2 - Prevalence of T. gondii antibodies in cattle for municipalities from state of
Amazonas, Brazil.
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Tablel - The prevalence of the infection in subpopulations and by property is shown.

. Total o Toxoplasma infection
subpopulation Positive animals
No. of animals frequence
1 64 22 34.4%
2 174 46 26.4%
3 467 169 36.2%
4 368 95 25.8%

Subtotal 1073 332 30.9%
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Table 2: Univariate analysis and logistic regression of risk factors associated with
Toxoplasma gondii infection in cattle in the state of Amazonas, Brazil.

Positive Univariate Regression

Variable N (%) p value OR p value
Type of herd
Beef 834 260
(31.2%)
Dairy 25 g@E2ow) OO
Mixed 214 64 (29.9%)
Type of farming
system
Dry land 810 267 i
(32.9%) 0.024
Wetland 10 4 (40.0%) ' 0.73(0.20-2.63) 0.639
Dry land + Wetland 253 61 (24.1%) 0.47 (0.13-1.74) 0.262
Size of farm (Ha)
<50 170 60 (35.3%) -
51 to 500 626 174
(27.8%) 0.030 0.89 (0.53-1.44) 0.652
> 501 277 98 (35.4%) 1.38 (0.79-2.40) 0.256
Number of animals
1-10 36 4 (11.1%) -
11-50 72 25 (34.7%) 380 (109 -
13.21) 0.035
51-100 236 86 (36.4%) 0.012 443 (149 - 0.007
13.08) '
More than 100 729 217
(29.8%) 2.84 (0.98 -8.20) 0.053
Source of  water
supply
Running water 306 88 (28.8%) -
Still water 230 56 (24.4%) 0.008 0.79 (0.53-1.17) 0.254
Running + Still 537 188 '
water (35.0%) 1.33(0.98-1.80) 0.063
Presence of domestic
cats
Cats 656 242
(36.9%) 0.000 1.98 (1.44—-2.71) 0.000
Other animals 294 67 (22.8%)
Presence of wild
animals

Yes 848 271
(31.9%)  0.093
No 225 61 (27.1%)
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4.2 ARTIGO 2

Neospora caninum infection in cattle in the state of Amazonas, Brazil: seroprevalence, spatial
distribution and risk factors

Artigo submetido ao periédico Parasite Epidemiology and Control— ISSN 2405-6731

(Qualis A1 — Fator de impacto: 2.629 - Area de avaliagio: Medicina Veterinaria)

NEOSPORA CANINUM INFECTION IN CATTLE IN THE STATE OF AMAZONAS,
BRAZIL: SEROPREVALENCE, SPATIAL DISTRIBUTION AND RISK FACTORS
ABSTRACT
Livestock productivity in Brazil’s Amazon region is lower in the state of Amazonas than in
the states of Para, Tocantins, Ronddnia and Roraima. The aim of this study was to determine
the prevalence of anti-Neospora caninum antibodies in cattle, its spatial distribution and the
risk factors associated with N. caninum infection in the state of Amazonas. Blood samples
were collected from 1073 animals on 47 farms, located in 33 municipalities in the four state
subpopulations. Anti-N. caninum IgG antibodies were detected using the indirect fluorescent
antibody test (IFAT). The overall prevalence was 30.2%, and seropositive animals were
identified at 43 farms (91.5%), with a prevalence rate varying from 2.2% to 69.2%. All the
subpopulations studied in the state of Amazonas had cattle herds seropositive for N. caninum,
with the highest prevalence found in subpopulation 4. This is the first seroepidemiological
study of N. caninum infection in cattle in the state of Amazonas, Brazil. This infection is

attributed to the presence of dogs, the livestock farming system and water sources.

Keywords: Dog; Amazon rainforest; Neosporosis.
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INTRODUCTION

In Brazil’s Amazon region, livestock productivity is lower in the state of Amazonas
than in the states of Para, Tocantins and Roraima (Valentim and Andrade, 2009). Amazonas is
estimated to have 1.48 million head of cattle, which corresponds to only 0.69% of the national
herd (Brasil, 2019; Adaf, 2019). Several obstacles hinder the development of beef cattle in
this state. Factors such as deforestation, pasture degradation, high rainfall indices, and lack of
information about diseases that affect zootechnical indices all contribute to meager production
and economic rates (Arima et al., 2005). Infectious diseases are considered an important
etiological cause of losses in cattle herds (Pinheiro et al., 2000; Reichel etal., 2013), above all
neosporosis, which is considered the main disease associated with reproductive impairment in
cows in different regions around the world(Dubey et al., 2007; Dubey and Schares, 2011,
Mcallister, 2016).

Neosporosis is caused by the coccidium Neospora caninum. The main pathways of
transmission of this disease are transplacental and the ingestion of sporulated oocysts excreted
in the environment by the definitive hosts, especially domestic dogs (Mcalister et al., 1998;
Donahoe et al., 2015). The pathogenicity of N. caninum varies according to its host species.
Cattle are the most susceptible hosts, and the disease causes abortions, stillbirths and the birth
of weak calves (Cavalcente, 2010). N. caninum infection in cattle is reported in every
continent where cattle are raised (Dubey and ShcareS, 2011). However, prevalence rates of
the infection in cattle herds vary significantly, depending on factors such as production
systems, the presence of definitive hosts, herd health management, etc. (Ghalmi et al., 2012,
Sun et al., 2015).

Several studies have been conducted in different regions of Brazil to detect anti-N.
caninum IgG antibodies in cattle, whose prevalence ranges from 9.1% to 97.2% (Hasegawa et

al., 2004; Vianna et al., 2008; Andreotti et al., 2010; Amaral et al., 2012; Silva et al., 2017).
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In the Amazon region, N. caninum infection has been described in the states of Para
(Minervino et al., 2008; Silva, et al., 2017), Rondbnia (Aguiar, et al., 2006; Boas et al., 2015)
and Tocantins (Martins et al., 2011), with prevalence rates varying from 10.6% to 52%.
However, there are no seroepidemiological studies of N. caninum infection in the state of
Amazonas, so there is a gap in information about herd health and factors associated with
infection in this region of the country. Thus, our aim was to determine the seroprevalence,
spatial distribution and risk factors associated with Neospora caninum infection in cattle herds
in the state of Amazonas.

MATERIAL AND METHODS

Farms and sampling

This study was approved by the Ethics Committee on Animal Use (CEUA) of the
Federal Rural University of Pernambuco (UFRPE), under protocol no. 80/2018.

To make up the sample of this study, farms were selected in the four subpopulations in
the state of Amazonas, defined by the Ministry of Agriculture, Livestock and Food Supply —
MAPA (Brasil, 2014) (see Figure 1). These subpopulations are as follows: Subpopulation 1 —
comprising the municipalities of Rio Negro and its tributaries; Subpopulation 2 — composed
of the municipalities of Rio Solimdes and its tributaries; Subpopulation 3 — comprising the
municipality of Apui and the other municipalities of the Madeira River and its tributaries, and
Subpopulation 4 — comprising the other municipalities of the state of Amazonas on its border
with the state of Para.

Blood samples were collected from 1073 reproductively mature cows (older than 24
months) on farms with more than 10 cattle (primary sampling units) in 33 municipalities. The
animals were identified individually by an ear tag usually attached to the left ear. This tag
number was recorded on the label of the vacutainer tube and on a sample collection form. For

the study sample calculation, an expected prevalence of 50%, 95% confidence and 5%
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statistical error were considered (Thrusfield, 2004). The sample size of the study was
calculated considering a 50% prevalence rate, 95% confidence interval and 5% statistical
error (Thrusfield, 2004).
Sample collection for serology

Blood samples were collected by venipuncture of the external jugular vein into sterile
and tagged vacutainer tubes. Ten mL of blood without anticoagulant were drawn into
individual test tubes after prior skin antisepsis with 3.0% iodinated alcohol. The samples were
centrifuged at 1000 x g for five minutes to obtain serum. The blood sera were aliquoted and
stored at -20°C until serological tests were performed.
Preparation of antigen for the IFAT

Neospora caninum antigen stored in a culture of MARC-145 cell monolayers was
used, according to the conditions described by Regidor-Cerrillo et al. (2010). The number of
viable tachyzoites was determined by counting in a Neubauer chamber using 0.2% trypan
blue. The purified tachyzoites were suspended in 0.6% formalin solution in PBS, adjusted to a
concentration of 1200-1500 parasites/uL, and each well of the slides for the indirect
fluorescent antibody test (IFAT) was sensitized with 10 pL of the tachyzoite suspension. All
the microscope slides were fixed in acetone at -20°C and stored under refrigeration until use.
Todas as laminas foram fixadas em acetona a -20°C e estocadas sob refrigeracéo até o uso.
Survey of anti-N. caninum IgG antibodies

To begin with, serum samples were diluted 1:200 (cutoff) (Gondim et al., 1999) in 1X
PBS, distributed in the wells of the sensitized slides and incubated in a humidifying chamber
at 37°C for 30 min. The slides were then washed and reincubated with fluorescein
isothiocyanate-conjugated anti-bovine IgG serum (Sigma Chemical, USA) containing 0.02%
Evans blue (Sigma Chemical, USA). Lastly, the slides were washed again, covered with

buffered glycerine and coverslips and examined under an epifluorescence microscope (Nikon
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Eclipse 40x objective lens). Samples were considered positive when 50% of the tachyzoites in
the wells presented total peripheral fluorescence. Serum samples known to be positive and
negative were included as control samples.
Spatial distribution of N. caninum infection

The coordinates of each farm were determined by georeferencing, using a
TrackMaker® PRO GPS to characterize the map of the state of Amazonas. The georeferenced
data were entered into the ArcMap version 12.2.2 program, using the kernel density estimator,
which is a non-parametric technique that allows the variability of a data set to be filtered
while preserving the essential local characteristics of the data (Bailey and Gatrell, 1995).
Risk factors associated with N. caninum infection

The absolute and relative frequencies were subjected to dispersion. The risk factors
associated with Neospora caninuminfection were studied based on an analysis of the variables
of interest using Pearson’s chi-square test or Fisher’s exact test, when necessary.A logistic
regression analysis was then performed, considering the IFAT results (positive or negative) as
the dependent variable. The independent or explanatory variables considered in the final
model were those with a statistical significance of <0.05. The statistical calculations were
made using Epi Info version 3.5.1 software.
RESULTS
Survey of anti-N. caninum IgG antibodies

The prevalence of anti-Neospora caninum antibodies in cattle in the state of Amazonas
was 30.2% (324/1073; Cl 95% — 27.5% — 33.0). An analysis of the results per farm indicated
that 43 of the farms (91.5%) had at least one positive animal, and that prevalence rates
ranging from 2.2% to 69.2%. Figure 2 illustrates the prevalence rates by municipality.
Subpopulations 1, 2, 3 and 4 showed average prevalence rates of 26.6, 24.1, 29.1 and 35.1%,

respectively. Figure 3 illustrates the prevalence rates per farm.
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Spatial distribution of N. caninum infection

The spatial distribution of the prevalence rates of anti-N. caninum antibodies on farms
in the state of Amazonas indicated that these rates varied from 2.2 to 69.2%, with the highest
seroprevalence found in subpopulation 4 (Figure 3), based on the kernel estimate.
Risk factors associated with N. caninum infection

A univariate analysis revealed a significant association between N. caninuminfection
in cattle and the following variables: livestock exploitation (p=0.009); type of farming system
(p=0.012); water source (p=0.000); presence of dogs (p=0.000); occurrence of abortion
(p=0.000); newborn mortality (p=0.000); and birth of weak calves (p=0.000) (see Table 2).

The following risk factors for cattle in this region were identified by logistic
regression: dairy farming (OR=2.71), herds raised on a combination of dry and flooded lands
(OR=1.54), source of running water in association with standing water, presence of dogs
(OR=1.80), occurrence of abortion on the farm (OR=2.35), newborn mortality (OR=2.46),
and birth of weak calves (OR=1.88) (see Table 2).
DISCUSSION

To the best of our knowledge, this is the first study on the epidemiology of N. caninum
infection in cattle herds in the state of Amazonas, where a prevalence rate of 30.2%
(324/1073) was found. In fact, reported prevalence rates of N. caninum infection in beef cattle
in Brazil vary widely. For example, in the state of Para, Silva et al. (2017) found 19.2% and
Minervino (2008) reported 52% prevalence. In the state of Rondb6nia, prevalence rates of
9.5% (Aguiar et al., 2006) and 11.2% (Boas et al., 2015) were found, and in Tocantins the
prevalence was 25% (Martins et al., 2011).

Subpopulation 4 showed a higher prevalence (35.1%) than did Subpopulations 1, 2
and 3 (26.6, 24.1 and 29.1%), although the statistical difference between was negligible. An

analysis of the kernel density estimation map for N. caninum infection in cattle in the state of
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Amazonas revealed the presence of seropositive animals distributed throughout the state
(Figure 3). with at least one animal testing positive for the infection at 91.5% of the farms
involved in this study.

In Brazil, the prevalence of anti-N. caninum antibodies varies widely, ranging from
9.1% to 97.2% (Hasegawa et al., 2004; Vianna et al., 2008; Andreotti et al., 2010; Amaral et
al., 2012; Silva et al., 2017). Amazonas is a continental size state with environmental,
sociocultural, economic and political differences, as well as geographical and ecological
characteristics that may partly explain the widely varying prevalence rates among the farms.

Dairy farms were identified as a risk factor for N. caninum infection and were 2.71-
fold more likely to have infected cattle. The animal farming system employed by these farms
may increase the risk of infection because it is more intensive, thus facilitating the
transmission of the parasite. Almeira et al. (2009) reported a similar finding, i.e., that dairy
herds are more susceptible to N. caninum infection than beef cattle, because this livestock
farming system is more intensive and the animals remain in this system for longer periods.

Raising herds on a combined system of dry and flooded lands, which is exclusively the
case of Subpopulation 4, was also identified as a risk factor (OR=1.54). This mesoregion has
two characteristic seasons: the dry season, from July to December, characterized by low water
levels of the Amazon River, exposing the naturally fertilized floodplain lands, and the wet
season, from January to June, characterized by the rising level of the river, whose waters
flood the surrounding lowlands, forcing the riverine population and their livestock, including
cattle, to move to higher ground (Filizola et al., 2006). This seasonal flooding causes cattle
herds to concentrate on small areas of dry land, where they are in direct contact with dogs and
other domestic animals in the surroundings, in livestock sheds and at feed troughs.
Conversely, in the dry season, cattle are raised on the floodplains, in collective systems where

several species of livestock occupy the same area. Dogs, which were previously raised on dry
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land, move to the floodplains with the herds. We believe that this migration increases
environmental contamination with oocysts, leading to a higher prevalence of N. caninum
infection in this mesoregion. Similar findings were reported by Dubey et al. (2007), who
demonstrated that husbandry management is a risk factor for environmental contamination by
N. caninum.

The presence of dogs on the farms was also considered a risk factor in our study.
Cattle raised on farms where dogs lived were 1.80-fold more likely to be infected with N.
caninum. According to Dubey et al. (2007) and McAllister et al. (1998), the presence of dogs
is considered a risk factor, since they are the definitive hosts of N. caninum. Oocysts, the
environmentally resistant stage of the parasite, are excreted in dog feces, contaminating the
environment and transmitting the parasite to cattle via horizontal transmission through the
ingestion of sporulated N. caninum. Ghalmi et al. (2012) found that water sources on a farm
are important reservoirs of N. caninum oocysts, because they can become contaminated by
these infecting forms excreted in the feces of the definitive hosts. The findings of the
aforementioned authors corroborate those of our study, which confirmed that animals that
drink running water in association with standing water were 2.10-fold more likely to become
infected.

A strong correlation was found between abortion, newborn mortality and the birth of
weak calves on farms where cows tested positive for anti-N. caninum antibodies. This finding
is similar to that reported by Boas et al. (2015), who stated that the birth of weak calves,
abortions and newborn mortality and the presence of N. caninum are correlated, and that the
occurrence of the disease is closely associated with production losses, as we found in our
study. Other studies have demonstrated that the probability of abortion occurring among

seropositive cows is two to seven times higher than among seronegative animals (Dubey
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andSchares, 2011), and that this risk is 7.4-fold higher among congenitally infected heifers
(Thurmond and Hietala, 1997).
CONCLUSIONS

This is the first seroepidemiological study of N. caninum infection in cattle in the state
of Amazonas, Brazil. Infected animals were found in all the subpopulations of the state, and
the infection was attributed to the presence of dogs, the livestock farming system and to water
sources.
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Figure 1 - Map of the subpopulations 1, 2, 3 and 4 of the state of Amazonas, according to the

Ministry of Agriculture, Livestock and Supply.
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Figure 2 - Prevalence of anti-T. gondiiantibodies in cattle for municipalities from state of
Amazonas, Brazil.
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Figura 3: Kernel density estimation of the prevalence of Neospora caninuminfection in cattle

in the state of Amazonas, Brazil.
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Table 1: Prevalence of anti-N. caninum antibodies per farm in the state of Amazonas, Brazil.

S Farm Total Positive Neosporosis
Sp Municipality code N.O' of animals infection frequence
animals
1 Barcelos Al 4 0 0.0%
Marad A2 17 7 41.2%
A3 14 3 21.4%
Santa isabel do rio negro A4 9 3 33.3%
Tonantins A5 20 4 20.0%
Subtotal 64 17 26,6%
2 Amatura B.6 12 7 58,3%
Benjamin constant B.7 26 4 15.4%
Beruri B.8 25 13 52.0%
Carauari B.9 20 8 40.0%
Coari B.10 15 0 0.0%
Codajas B.11 25 7 28.0%
Fonte boa B.12 20 10 50.0%
Itamarati B.13 25 1 4.0%
Sé&o paulo de olivenca B.14 6 1 16.7%
Subtotal 174 51 29,3%
3 Canutama C.15 25 0 0.0%
Eirunepé C.16 25 11 44.0%
Envira C.17 20 2 10.0%
C.18 20 8 40.0%
Humaita C.19 30 1 3.3%
C.20 26 0 0.0%
Cc.21 30 12 40.0%
C.22 20 10 50.0%
Ipixuna C.23 15 10 66.7%
Labrea C.24 31 6 19.3%
C.25 25 3 12.0%
Manicoré C.26 25 11 44.0%
c.27 25 8 32.0%
C.28 30 8 26.7%
C.29 30 11 36.7%
C.30 30 11 36.7%
C.31 60 24 40.0%
Subtotal 467 136 29,1%
4 Autazes D.32 25 6 24.0%
Boa vista do ramos D.33 25 8 32.0%
Borba D.34 12 4 33.3%
Caapiranga D.35 25 10 40.0%
Careiro castanho D.36 25 10 40.0%
Careiro da varzea D.37 10 2 20.0%
Itacoatiara D.38 30 13 43.3%
D.39 20 8 40.0%

D.40 19 9 47.4%



Itapiranga D.41 20 3 15.0%
Manaus D.42 17 3 17.6%
Maués D.43 25 11 44.0%
D.44 16 5 31.2%

Nhamunda D.45 13 9 69.2%
Parintins D.46 50 22 44.0%
Urucara D.47 36 10 27.8%
Subtotal 368 133 36,1%
TOTAL 1073 324 30.2%

73
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Table 2:Univariate analysis and logistic regression of risk factors associated with Neospora

caninum infection in cattle in the state of Amazonas, Brazil.

Univariate Regression
Variable N Positive (%)
p value OR p value
Type of herd
Mixed 214 48 (22.4%) -
Beef 834 265 (31.8%) 0.009 1.61 (1.13 - 2.29) 0.008
Dairy 25 11 (44.0%) 2.71 (1.15- 6.37) 0.021
Livestock farming system
Dry land 810 227 (28.0%) -
Floodplain 10 2 (20.0%) 0.012 0.89 (0.18 — 4.35) 0.886
Dry land + Floodplain 253 95 (37.6%) 154 (1.12 - 2.11) 0.007
Size of farm (Ha)
<50 170 56 (32.9%)
51 to 500 626 176 (28.1%) 0.213
> 501 277 92 (33.2%)
No. of cattle
110 animals 36 10 (27.8%)
11 - 50 animals 72 25 (34.7%)
51 — 100 animals 236 77 (32.6%) 0.595
More than 100 animals 729 221 (29.1%)
Source of water supply
Running water 306 64 (20.9%)
Still water 230 68 (29.6%) 0.000 1.58 (1.06 — 2.35) 0.021
Running + Still water 537 192 (35.8%) 2.10 (1.51-2.91) 0.000
Presence of dogs
Yes 737 254 (34.5%)
0.000 1.80 (1.28 — 2.52) 0.000
No 239 54 (22.6%)
Abortions on the farm
Yes 501 199 (39.7%
0.000 2.35(1.80 - 3.07) 0.000
No 572 125 (21.9%)
Newborn mortality rate
Low 607 138 (22.7%) -
Moderate 416 175 (42.1%) 0.000 2.46 (1.88 —3.23) 0.000
High 50 11 (22.0%) 0.95 (0.47-1.92) 0.905
Birth of weak calves
Yes 431 165 (38.3%)
0.000 1.88 (1.44 — 2.45) 0.000

No 642 159 (24.8%)
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ABSTRACT

This study involved a nine-month period of serological monitoring for cows neosporosis in
seropositive cattle herds in the state of Amazonas at five farms where a prevalence of
Neospora caninum infection of > 40% was detected. Vertical transmission of N. caninum was
determined based on serological testing of precolostral blood samples from calves produced
by seropositive cows. The initial prevalence of the infection at the five farms was 53.74%
(43/80) while the final prevalence was 63.75% (51/80). A vertical transmission rate of 8.70%
was observed.This study revealed an increase in the seroconversion rate for anti-Neospora

caninum 1gG antibodies among cows in serologically monitored herds, and a lower vertical
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transmission rate of the parasite in the conditions of cattle husbandry in Brazil’s Amazon

region.

Keywords: Neospora caninum infection, Amazon rainforest, birth.

RESUMO

Objetivou-se realizar um monitoramento sorolégico para neosporose bovina em rebanhos
soropositivos no estado do Amazonas por um periodo de nove meses em cinco propriedades
com prevaléncia da infecgdo por Neospora caninum > 40%.Para 0 estudo da transmissao
vertical de N. caninum realizou-se a sorologia pré-colostral em amostras sanguineas de
bezerros filhos de vacas soropositivas. A prevaléncia inicial nas cinco propriedades foi de
53,74% (43/80) e a prevaléncia final foi de 63,75% (51/80). Observou-se uma taxa de
transmissdo vertical de 8,70%. Este estudo demonstrou uma elevacdo na taxa de
soroconversdo de vacas em rebanhos monitorados sorologicamente para Neospora caninum e
uma menor taxa de transmissdo vertical do parasito nas condi¢cdes de manejo dos bovinos na

regido Amazonica do Brasil.

Palavras Chaves:Infeccdo Neospora caninum; Floresta Amazonica; Natalidade.

INTRODUCTION

In Brazil’s Amazon region, land is less expensive than in the country’s south and
southeast. That is why a large part of the country’s cattle is raised in the Amazon region,
which contributes significantly to Brazil position as one of the world’s leading exporters of
beef (BILLACRES & NOGUEIRA, 2011). Approximately 80% of the deforested areas in the
region are used for pasture planting, which is the main factor responsible for environmental
degradation there. However, unfortunately, cattle in this region are not raised under good
management practices, thus producing low production volumes per area, which in turn leads
to further deforestation aimed at opening up new pastureland (SCHLICKMAN &
SHAUMAN, 2007).
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Infectious diseases are considered the main factor responsible for economic losses in
animal farming (PINHEIRO et al., 2000; REICHEL et al., 2013), particularly neosporosis,
which is considered the main disease associated with reproductive losses in cattle herds in
various regions around the world (DUBEY et al., 2007; DUBEY & SCHARES, 2011,
MCALLISTER, 2016).

Neospora caninum abortions in cattle usually occur between the third and ninth month
of gestation, and may be sporadic, endemic or epidemic. Studies have shown that vertical or
congenital transmission of N. caninum is considered the most important in infected herds, and
may occur over several generations (DUBEY & SCHARES, 2011). However, the definitive
hosts also play an important role in horizontal transmission and maintenance of the infection
in herds (SCHARES et al., 1998).

Studies in California and in the Netherlands found that 20% of cattle abortions are
caused by N. caninum; abortion rates in Belgium and the United Kingdom are around 12.5%
(DAVISON et al., 1999; DE MEERSCHMAN et al., 2002); and in Spain between 10.7% and
57%, depending on the diagnostic technique employed (GONZALEZ et al., 1999; PEREIRA-
BUENO et al., 2003). Studies in Canada have revealed an annual loss of cows attributed to N.
caninum of approximately $1,766.51 CAD per one hundred dams, or $ 18.00 CAD per
infected dam, with abortion accounting for 50% of economic losses (HADDAD et al., 2005).

In addition to abortions caused by neosporosis, other losses must also be considered,
such as declining milk production, lower weight gain, infertility as a result of fetal death and
resorption, discarding and replacement, and shortening of the animal’s productive life, and
veterinary costs (ALVAREZ-GARCIA, 2003).

The purpose of this study was to perform serological monitoring for bovine
neosporosis and to calculate the vertical transmission rate of Neospora caninum among

seropositive cows in the state of Amazonas.

MATERIAL AND METHODS
Composition of groups

This study was approved by the Ethics Committeeon Animal Use (CEUA) of the
Federal Rural University of Pernambuco, under Permit No. 080/2018. Cattle farms in the state
of Amazonas where serology positive for N. caninum was identified were selected. The
inclusion criteria were as follows: the farms had to have a 40% or higher prevalence of

infected cows, easy access, and be situated in regions where livestock raising is economically
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important. Based on these criteria, five farms were included where the cows were monitored
serologically for a 9-month period according to table 1.
All the cows in the herd were initially subjected to an indirect fluorescent antibody test

(IFAT) to identify the Neospora caninum infected females.

Serological monitoring for Neospora caninum
Over a period of nine months, three blood samples were collected from the cows
(positive and negative) at 3-month intervals for serological screening tests. The samples were

analyzed using the IFAT technique to screen for anti-N. caninum IgG antibodies.

Preparation of antigen for IFAT

Slides for the IFAT were sensitized with N. caninum isolate Nc-Sp7, kept in a culture
of monolayers of MARC-145 cells in the conditions described by Regidor-Cerrillo et al.
(2010). The number of viable tachyzoites was determined by counting in a Neubauer chamber
using Trypan blue. They were then purified and resuspended in 0.6% formalin solution in
phosphate-buffered saline (PBS), adjusted to a concentration of 1200-1500 parasites/uL; 10
uL of this tachyzoite suspension was used to sensitize each well of the IFAT slides. All the

slides were fixed in acetone at -20°C and kept refrigerated until use.

Screening for anti-N.caninum IgG antibodies

Initially, serum samples were diluted 1: 200 (cutoff) (GONDIM et al., 1999) in 1x
PBS, distributed in the wells of the sensitized slides and incubated at 37°C for 30 minutes in a
humidifying chamber. After this, the slides were washed and reincubated with fluorescein
isothiocyanate-conjugated anti-bovine IgG serum (Sigma Chemical, USA) containing 0.02%
Evans blue dye (Sigma Chemical, USA). Lastly, the slides were washed again, coated with
buffered glycerol, coverslipped, and examined under an epifluorescence microscope (Nikon
Eclipse; 40x objective lens). The samples were considered positive when 50% of the
tachyzoites in the well showed total peripheral fluorescence. Known positive and negative

serological samples were included as controls in all the IFAT slides.

Evaluation of N. caninum vertical transmission rate
To study the vertical transmission of N. caninum, blood samples were drawn from

calves born to seropositive cows shortly after birth, before they ingested colostrum
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(precolostral serology). Sera were evaluated by IFAT, and calves with a precolostral titer of
100 were considered positive (ALVAREZ-GARCIA et al., 2003).

RESULTS

The initial prevalence at the five monitored farms was 53.74% (43/80). At the end of
the serological monitoring of herds, the prevalence rate was 63.75% (51/80). Table 2
describes the prevalence rates per farm recorded during the study.

No abortion occurred during the monitoring period of the seropositive cows. From the
23 seropositive cows that calved at term at the five farms of this study, 02/23 calves were

IFAT positive, with a cut-off titer of 100 and a vertical transmission rate of 8.70% (Table 3).

DISCUSSION

During this study, the overall prevalence was found to increase, rising from 53.74%
(43/80) at time zero to 63.75% (51/80) after nine months of serological monitoring, with three
of the five farms showing an increase in the number of seropositive cows. This finding is
significant from the standpoint of Neospora caninum transmission, and the final prevalence
rate proved to be higher than that identified in other studies conducted in the Amazon region,
e.g., in Para: 19.2% (SILVA et al., 2017), Rondénia: 9.5% and 11.2% (AGUIAR et al., 2006;
BOAS et al., 2015) and Tocantins: 25% (MARTINS et al., 2011). The increase in the number
of infected animals during the study can most likely be attributed to environmental
contamination by oocysts, especially in view of the environmental factors characteristic of the
Amazon region, which are conducive to parasite survival, as well as the presence of the
parasite’s definitive hosts (dogs) on farms (GOODSWEN et al., 2013). Vertical transmission
of N. caninum is also considered the most efficient route of parasite transmission (DUBEY &
SCHARES 2011). This transplacental transmission may occur through postnatal infection via
the ingestion of oocytes (exogenous route) or by reactivation of the infection in chronically
infected cows (endogenous route), and the transmission rate may differ in these two scenarios
(WILLIAMS et al., 2009).

The cattle ranches of this study use the extensive livestock farming system, and our
study identified problems of animal handling, such as the presence of dogs, definitive hosts of
Neospora caninum, in direct contact with the cows. These dogs had access to the water
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sources and feed destined for the cattle. In addition, cows seropositive for Neospora caninum
were kept on the premises and dams were replaced without considering their serological status
for Neospora caninum. These factors must have influenced the initial and final prevalence
rates on the serologically monitored farms.

The presence of permanent hosts of the parasite in contact with the cattle and
environmental contamination with Neospora caninum oocysts lead to a higher prevalence of
the disease on farms. Studies by Dubey et al. (2007) found that animal husbandry is a risk
factor for environmental contamination by N. caninum, in addition to the presence of dogs on
farms, which increase the possibility of horizontal transmission of N. caninum in herds
(DUBEY et al., 2007). Previous studies have also reported a significant association between
animals seropositive for Neospora caninum and the presence of dogs in cattle herds (BRUHN
etal., 2012; GHALMI et al, 2012; CEDENO & BENAVIDES, 2013; ASMARE et al., 2013).

The vertical transmission rate in our study was 8.70% (2/23). This rate is lower than
that found in samples from slaughterhouses in Argentina, where the vertical transmission rate
by N. caninum in fetal sera was 20.2% (21/104) (VENTURINI et al. 1999). Amaral et al.
(2012) reported a vertical transmission rate of 16.7% in slaughterhouses in the Brazilian states
of Pernambuco and Alagoas. This higher rate may be correlated to the health status of animals
sent for slaughter, which in this case are animals with reproductive disorders, and may explain
the higher vertical transmission rates detected in slaughterhouses.

Studies conducted in Costa Rica (ROMERO et al., 2002) and Germany (DIJKSTRA et
al., 2003) have shown that the congenital infection rate of N. caninum decreases as the
number of pregnancies of a cow increases, and hence, as it ages. According to the
aforementioned authors, multiple pregnancies reduce the possibility of recurrence of
infection, and hence, the vertical transmission rate of N. caninum. This information may, in
part, explain the lower vertical transmission rate identified in our study, as these herds are
composed mostly of old cows.

In our study we also found a low birth rate of 28.75% (23/80) on the five farms. The
higher prevalence of N. caninum infection than that that reported in other studies (AGUIAR et
al., 2006; MARTINS et al., 2011; BOAS et al., 2015) may be responsible for the low
conception and birth rate of the animals under study. N. caninum is recognized as one of the
leading causes of abortion in cattle worldwide (DUBEY et al., 2007; DUBEY & SHARES,
2011), causing substantial reproductive losses in cattle by through abortion, the birth of weak

calves, or persistently infected albeit clinically healthy animals (INNES et al., 2002). The
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parasite may persist on a farm through congenitally infected animals, which pass it down
vertically to other generations. Serological testing is an important tool for the detection of
antibodies in animals with subclinical neosporosis, since there is a positive correlation
between the presence of anti-N. caninum antibodies and low conception rates (ANDREOTTI
etal., 2010; JUSTO et al., 2013).

CONCLUSIONS

This study detected an increase in the seroconversion rate in cows from herds
monitored serologically for Neospora caninum infeccion, allied to a lower rate of vertical

transmission of the parasite in the conditions of cattle husbandry in Brazil’s Amazon region.
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5 CONCLUSAO

Esse estudo é o mais abrangente realizado no estado do Amazonas com alguns
resultados inéditos e de grande importancia para os rebanhos bovinos.

Animais soropositivos para T. gondii foram identificados em todas as subpopulacGes
estudadas no estado do Amazonas, com algumas areas apresentando maiores prevaléncias. E
aconselhavel corrigir os fatores de risco identificados, particularmente aqueles relacionados
aos hospedeiros definitivos do parasito, além de focar a aten¢do no consumo de carne bovina,
considerando a prevaléncia da infeccdo encontrada nos animais e as altas taxas de abate ilegal
no estado.

No que se refere ao estudo soroepidemiolégico da infeccdo por N. caninum em
bovinos no estado do Amazonas, € importante destacar que este € o primeiro relato da
infeccdo por N. caninum. Animais infectados foram observados em todas as subpopulacgdes do
estado, estando associado a presenca de cdes, sistema de criacdo e fonte de agua. A partir
deste estudo, desenvolveu-se um estudo o monitoramento da infeccdo por este parasito em
algumas propriedades, concluindo a existéncia de soroconversédo de vacas e uma baixa taxa de

transmissao vertical 8,7%.
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