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RESUMO 

 
SÁ, Gizele Lima de. Produção e caracterização de um anticorpo policlonal 
monoespecífico contra rNcp43 para o diagnóstico da neosporose. 2012. 36f. 
Dissertação (Mestrado) – Programa de Pós-Graduação em Parasitologia. 
Universidade Federal de Pelotas, Pelotas.  
  

A neosporose é considerada uma doença de distribuição mundial, causada 
pelo protozoário apicomplexa Neospora caninum, causador de desordens 
neuromusculares em cães e abortos em bovinos, o que o torna um patógeno de 
relevância na bovinocultura. O diagnóstico desta enfermidade pode ser realizado 
através da identificação do parasito em cortes histológicos ou pela detecção de 
anticorpos específicos. No entanto, os métodos sorológicos aplicados podem ser 
dificultados por reações cruzadas com outros parasitos apicomplexas, como 
Toxoplasma gondii. Antígenos específicos do parasito utilizados para detecção de 
anticorpos ou na produção de insumos biológicos para a detecção de taquizoítos 
podem melhorar a especificidade e a sensibilidade dos testes de diagnóstico e de 
estudos da biologia do parasito. Entre os antígenos específicos de Neospora, 
destaca-se a proteína de superfície imunodominante NcSRS2 (Nc-p43), presente 
tanto em taquizoítos quanto em bradizoítos. Neste estudo, a proteína Nc-p43 foi 
produzida em sua forma recombinante (rNc-p43), através da inserção do gene 
NcSRS2 no vetor de clonagem pET100/DTOPO, o qual foi utilizado para transformar 
a bactéria Escherichia coli BL21 Star. A proteína rNc-p43 foi avaliada quanto a 
reatividade com soros imunes de animais naturalmente infectados das espécies 
bovina, ovina e canina; e utilizada para imunizar camundongos da linhagem BALB/c 
para a produção de um anticorpo policlonal (pAb). O anticorpo anti rNc-p43 
(pAb/rNc-p43) foi conjugado com isotiocianato de fluoresceína (FITC) e avaliado 
quanto a reação com a proteína nativa na superfície do parasito por 
imunofluorescência. A proteína rNc-p43 foi reconhecida por anticorpos anti – N. 
caninum presente nos soros imunes, através de ELISA e Dot blot e foi capaz de 
gerar anticorpos contra o antígeno rNc-p43. O pAb/rNc-p43 reagiu com a proteína 
rNc-p43 em ELISA indireto e Western blotting, detectou taquizoítos de N. caninum 
em imunofluorescência indireta e direta, apresentando um padrão de fluorescência 
somente no complexo apical do parasito, mantendo sua afinidade mesmo após sua 
conjugação com FITC. O pAb/rNc-p43 não apresentou reação cruzada com T. 
gondii. Os resultados deste estudo sugerem que a rNc-p43 obtida e o pAb gerado 
podem ser úteis no desenvolvimento de testes de diagnóstico baseados na detecção 
de anticorpos específicos e do antígeno presente na superfície do parasito. 
 
 
 
Palavras chave: Neospora caninum. rNc-p43. Anticorpo policlonal. 
 
 
 
 
 
 
 
 



ABSTRACT 

 
SÁ, Gizele Lima de. Produção e caracterização de um anticorpo policlonal 
monoespecífico contra rNcp43 para o diagnóstico da neosporose. 2012. 36f. 
Dissertação (Mestrado) – Programa de Pós-Graduação em Parasitologia. 
Universidade Federal de Pelotas, Pelotas. 
 
Neosporosis is considered a disease of worldwide distribution. It is caused by the 
apicomplexa protozoan Neospora caninum, responsible for neuromuscular disorders 
in dogs and abortions in bovines, which makes it an important pathogen in cattle 
breeding. The diagnosis of this disease can be accomplished by identifying the 
parasites by histological sections or by detection of specific antibodies. However, 
serological methods can be hampered by cross-reactivity with other apicomplexa 
parasites, such as Toxoplasma gondii. Parasite-specific antigens used for detection 
of antibodies or in the production of antiserum for the detection of tachyzoites can 
improve the specificity and sensitivity of diagnostic tests and studies of the biology of 
the parasite. Among specific antigens of Neospora genus, NcSRS2 (Nc-p43) which is 
an immunodominant surface protein stands out. It is present in tachyzoites as well as 
bradyzoites. In this study, Nc-p43 protein was produced in its recombinant form (rNc-
p43), by inserting the gene NcSRS2 in the cloning vector pET100/DTOPO, which 
was used to transform Escherichia coli BL21 Star.  rNc-p43 protein was evaluated for 
reactivity with immune sera from naturally infected bovine, ovine and canine species, 
and used to immunize BALB/c mice for the production of a polyclonal antibody (pAb).   
rNc-p43 (pAb/rNc-p43) antibody was conjugated to fluorescein isothiocyanate (FITC) 
and the reactivity with the native protein on the surface of the parasite was evaluated 
by immunofluorescence. rNc-p43 protein was recognized by anti – N. caninum 
present in immune sera by ELISA and dot blot and it was able to generate antibodies 
against the p43 antigen. The pAb/rNc-p43 reacted with the rNc-p43 protein in indirect 
ELISA and Western blotting, detecting N. caninum tachyzoites in direct and indirect 
immunofluorescence, with a fluorescence pattern only in the apical complex of the 
parasite, maintaining affinity even after conjugation with FITC. pAb/rNc-p43 showed 
no cross-reactivity with T. gondii. The results of this study suggest that the rNc-p43 
obtained and the pAb produced can be useful in developing diagnostic tests based 
on the detection of specific antibodies and the antigen present on the surface of the 
parasite. 
 
 
Key Words: Neospora caninum. rNc-p43. Polyclonal antibody 
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1. INTRODUÇÃO GERAL 

 

A neosporose é uma enfermidade causada pelo protozoário do filo 

apicomplexa Neospora caninum, classe Sporozoea da família Sarcocystidae, 

subfamília Toxoplasmatinae. Este protozoário até o ano de 1988 foi confundido com 

Toxoplasma gondii, devido à similaridade morfológica e biológica entre os mesmos. 

Contudo, o agente foi isolado na Noruega a partir de amostras biológicas de cães 

por Bjerkas et al. (1984) e sua característica antigênica foi descrita por Dubey et al. 

(1988a) diferenciando-o definitivamente de T. gondii. A doença ocorre de forma 

clinica importante em bovinos e cães, hospedeiros intermediário e definitivo do 

parasito, respectivamente, e tornou-se uma patologia de relevância devido aos 

prejuízos econômicos causados a bovinocultura, sendo relacionada a falhas 

reprodutivas e diminuição da produtividade (DUBEY, 1999; TREES, 1999). No 

entanto, a infecção natural foi demonstrada através do isolamento do parasito em 

outros animais como ovelhas, cabras, veados, rinocerontes e cavalos; e anticorpos 

contra N. caninum já foram detectados em soros de búfalos, raposas, coiotes, 

camelos e felinos (DUBEY, 2003). O potencial zoonótico deste parasito foi avaliado 

por ensaios sorológicos em diferentes populações humanas aparentemente sadias 

(NAM et al., 1998; TRANAS, 1999) e em indivíduos imunocomprometidos (LOBATO 

et al., 2006), tendo sido detectados anticorpos específicos contra N. caninum. 

Embora não haja relatos sobre a infecção humana sua ocorrência não esta 

descartada (GRAHAM et al., 1999).  

 O N. caninum é um parasito intracelular obrigatório com predileção pelo 

sistema nervoso central (SNC) dos hospedeiros e apresenta três estágios evolutivos: 

taquizoítos, bradizoítos e oocistos (DUBEY, 2003). A infecção do hospedeiro 

intermediário ocorre pela ingestão de oocistos levando a uma infecção sistêmica, e o 

hospedeiro definitivo desenvolve uma infecção intestinal ao alimentar-se da carcaça 

de hospedeiros intermediários. Os oocistos não esporulados quando eliminados nas 

fezes dos hospedeiros definitivos não são infectantes, medem de 10 a 11μm de 

diâmetro, são esféricos ou subesféricos contendo um esporonte central. Decorridos 

três dias no ambiente os oocistos esporulam, tornando-se infectantes (MACLLISTER 

et al., 1998). Na forma esporulada apresentam dois esporocistos que medem 8,4 X 

6,1μm, e cada esporocisto contém quatro esporozoítos, medindo 7-8 X 2-3μm 

(LINDSAY et al., 1999). Os esporozoítos liberados invadem as células da parede 
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intestinal e passam a ser chamados de taquizoítos, multiplicando-se rapidamente por 

endodiogenia podendo apresentar forma ovóide, lunar ou globular e medir cerca de 

6 x 2μm, formando pseudocistos os quais se rompem liberando taquizoítos. Neste 

estágio, após 5min de contato com outras células hospedeiras (células neurais, 

macrófagos, fibroblastos, células endoteliais, monócitos, hepatócitos e células 

epiteliais do tubo neural), o parasito é capaz de penetrar a célula ativamente 

(HEMPHILL; GOTTSSTEIN, 1996). Após a multiplicação no interior da célula e 

posterior rompimento celular, novos taquizoítos são liberados, mantendo a infecção 

tecidual. Contudo, alguns taquizoítos ao penetrarem na célula hospedeira se 

diferenciam em bradizoítos, exibindo uma multiplicação lenta por endodiogenia, 

medindo de 6 a 8 X 1 a 1,8μm e apresentam as mesmas organelas do estágio de 

taquizoíto, exceto pela menor quantidade de roptrias e estrutura mais delgada 

(BJERKAS; DUBEY, 1991). Estas formas estão contidas no interior de cistos 

teciduais, os quais possuem formas ovais com diâmetro de até 107μm, tendo sido 

observados no tecido cerebral, medula espinhal, nervos e retina (DUBEY et al., 

1988b). A espessura da parede cística varia de acordo com o tempo de infecção 

podendo chegar a 4μm. Cistos com bradizoítos são oralmente infecciosos e estão 

intimamente ligados à transmissão vertical e horizontal da infecção. A reativação dos 

cistos no hospedeiro intermediário, caracterizada pela reconversão ao estágio de 

taquizoíto, pode ocorrer durante a gravidez, devido a imunossupressão, levando a 

infecção da placenta e do próprio feto (INNES et al., 2002; QUINN et al., 2002).  

Na neosporose bovina, a principal via de transmissão é a via 

transplacentária exógena e endógena (TREES; WILLIANS, 2005). A maioria dos 

terneiros que nascem de mães previamente infectadas são portadores da infecção, a 

qual pode perdurar durante toda vida do animal (ANDERSON et al., 1997). Portanto, 

uma vaca cronicamente infectada pode transmitir a infecção em sucessivas 

gestações (DUBEY, 2003). No entanto, sabe-se que a infecção em bovinos pode 

também se estabelecer pela ingestão de oocistos esporulados por via horizontal 

contidos em água ou alimento contaminado (DE MAREZ et al., 1999). A transmissão 

lactogênica de N. caninum já foi demonstrada experimentalmente em terneiros 

recém-nascidos, alimentados com taquizoítos adicionados ao colostro, mas não há 

evidências de que isso ocorra naturalmente (DAVISON et al., 2001), apesar da 

demonstração de DNA do parasito no leite de fêmeas lactantes naturalmente 

infectadas (MOSKWA et al.,2003). Hospedeiros definitivos alimentados com 
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taquizoítos adicionados ao leite não apresentaram evidências de infecção, mas 

quando alimentados com tecidos de terneiros contendo cistos eliminaram oocistos 

não esporulados nas fezes, não sendo detectados anticorpos anti N. caninum antes 

de 38 dias pós infecção experimental (DIJKSTRA et al., 2001). Esta via de 

transmissão foi associada a fazendas com evidencia de infecção por N. caninum, 

onde os cães consumiam placenta e defecavam no pasto e nas silagens 

armazenadas, enquanto nas fazendas sem evidências de infecção esta prática não 

ocorria com freqüência (DIJKSTRA  et al.,2001). Estes experimentos levam a 

conclusão de que os cães são provavelmente infectados por fluidos fetais ou restos 

de placenta expelidos por bovinos infectados, podendo infectar bovinos sadios 

horizontalmente pela liberação de oocistos, sendo um dos fatores que permite a 

persistência do parasito por muitos anos em um rebanho. Apesar de o parasito 

infectar uma ampla gama de hospedeiros, podendo causar danos a várias espécies, 

cães e bovinos são as espécies mais significativamente afetadas, sendo o aborto o 

principal sinal clínico observado em bovinos adultos (BARR et al., 1998) e desordens 

neuromusculares em cães (DUBEY, 2003) e terneiros até 4 meses de idade 

(MEERSCHMAN et al., 2005). Vacas infectadas podem abortar com qualquer idade 

a partir do terceiro mês até o final da gestação, e aquelas soropositivas para N. 

caninum são mais suscetíveis ao aborto do que as soronegativas (THURMOND; 

HIETALA, 1996). 

As conseqüências de uma infecção por N. caninum, em uma fêmea durante 

a gestação, seja por uma transmissão transplacentária exógena (por ingestão de 

oocisto esporulado pela fêmea) ou endógena (reativação de cistos contendo 

bradizoítos), podem ser: abortos, natimortos, nascimento de terneiros debilitados e 

infectados ou mesmo clinicamente sadios. Assim, cerca de 95% dos terneiros 

provenientes de vacas infectadas podem nascer clinicamente sadios, ainda que 

soropositivos, e somente uma pequena parcela dos fetos sucumbe à infecção a 

ponto de ser abortado. A ocorrência ou não de aborto é influenciada pela idade do 

feto, a taxa de parasitemia materna e de características particulares da cepa de N. 

caninum (INNES et al., 2002). Assim, pelo menos em bovinos, a idade e 

conseqüentemente a maturidade imunológica do feto foi associada ao resultado da 

infecção (BUXTON et al, 2002).  

O diagnóstico post mortem da neosporose pode ser realizado pela detecção 

parasitológica através da histopatologia (SAGER et al., 2001), imuno-histoquímica 
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(PETERS et al., 2001), isolamento in vitro ou in vivo (DUBEY et al.,1998) ou pela 

detecção do DNA do parasito por métodos moleculares (ELLIS, 1998); e o ante 

mortem,  pela observação de oocistos a fresco, em exame de fezes de hospedeiros 

definitivos (MACLLISTER et al., 1998), pela detecção de anticorpos específicos 

contra N. caninum presente no soro de animais infectados (HEMPHILL et al., 2000) 

ou métodos moleculares aplicados a fluidos biológicos (SCHATZBERG et al., 2003, 

GONDIM et al., 2004, FERRE et al., 2005). Dentre os diagnósticos desenvolvidos, 

aqueles aplicados a detecção do parasito em tecidos tornam-se inviáveis em nível 

de rebanho, por apresentarem dificuldade no seu desenvolvimento, baixa 

especificidade e sensibilidade (DEMEERSCHMAN et al., 2005, DUBEY et al., 2006). 

Resultados anteriores corroboram com esta afirmativa, uma vez que em 

experimentos utilizando bovinos, não foram constatadas lesões histológicas ou 

parasitos pela imunohistoquímica, utilizando anticorpos anti-antígenos totais, no 

entanto o N. caninum foi isolado a partir de amostras teciduais em cultivo celular 

(STENLUND et al., 1997; DAVINSON et al., 1997; SAWADA, 2000).   

Por este motivo, os testes sorológicos são amplamente aplicados em 

levantamentos epidemiológicos. Entre os testes que detectam anticorpos, a 

imunofluorescência indireta (IFI) é considerada como teste de referência (DUBEY et 

al., 1988a). Outros formatos de testes foram descritos para identificar anticorpos 

específicos em soros animais, tais como Enzyme-Linked Immunoabsorbent Assay 

(ELISA) (AHN 2003; BJORKMAN; UGGLA, 1999) e teste de aglutinação (Neospora 

Agglutination Test) (ROMAND et al., 1998). Porém, os ensaios ELISA desenvolvidos 

apresentaram menor especificidade quando comparados a IFI, pois se baseiam na 

utilização de antígenos solúveis totais do parasito, incluindo antígenos intracelulares, 

enquanto que a IFI utiliza taquizoítos fixados intactos, prevalecendo os antígenos de 

superfície do parasito (BJORKMAN; UGGLA, 1999).  

O estudo da antigenicidade do parasito sugeriu que os antígenos 

imunodominantes, específicos das espécies pertencentes ao filo Apicomplexa a qual 

compreende o gênero Neospora, encontram-se na superfície celular e testes 

sorológicos que possuem como alvo estes antígenos apresentam menor percentual 

de reações cruzadas com parasitos do mesmo filo (BJORKMAN; UGGLA, 1999). Os 

antígenos imunodominantes NcSAG1 (Nc-p29) e NcSRS2 (Nc-p43) tem sido 

descritos como os principais alvos para o desenvolvimento de vacinas e de ensaios 

diagnósticos mais sensíveis e específicos (HOWE et al., 1998). A Nc-p43, expressa 
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pelo gene NcSRS2: é uma proteína de superfície imunodominante presente nos 

estágios de taquizoítos e bradizoítos (HEMPHILL et al., 1997), é altamente 

imunogênica (HOWE et al., 1998), conferiu proteção eficaz frente à infecção e a 

transmissão vertical em camundongos fêmeas gestantes (NISHIKAWA et al., 2001) 

e estimulou a produção de anticorpos específicos  em experimentos de imunização 

conduzidos em cães (NISHIKAWA et al., 2000). Ainda, quando utilizada para o 

diagnóstico da neosporose bovina apresentou alta sensibilidade e especificidade 

(BORSUK et al., 2010), e anticorpos monoclonais e policlonais gerados contra esta 

proteína, foram capazes de inibir a adesão e invasão de células hospedeiras in vitro 

(HALDORSON et al., 2006). 

Neste contexto, a utilização da proteína Nc-p43 para o desenvolvimento de 

ferramentas de diagnóstico ou em estudos de desenvolvimento de vacinas, torna-se 

promissor, uma vez que anticorpos gerados contra este antígeno podem ser 

utilizados como insumos biológicos em ensaios moleculares ou imunológicos, ou em 

estudos de inibição da adesão e invasão de células hospedeiras in vitro e in vivo 

pelo parasito.  

A hipótese deste estudo foi de que o antígeno Nc-p43, na sua forma 

recombinante, pode ser utilizado em testes de diagnóstico e na produção de 

anticorpos capazes de reconhecer a proteína nativa exposta na superfície da 

membrana do N. caninum. Nesta perspectiva, o objetivo deste estudo foi produzir a 

proteína Nc-p43 em sua forma recombinante e utilizar a rNc-p43 obtida para gerar 

um anticorpo policlonal monoespecífico (pAb); caracterizar o pAb por 

Imunofluorescência Indireta, Imunoblot e ELISA; avaliar o pAb produzido quando 

conjugado a fluoróforos o que possibilitará a identificação específica do parasito em 

amostras clínicas e cortes de tecido.  

A dissertação está apresentada na forma de artigo científico, a qual foi 

submetida para publicação no periódico Journal of Veterinary Science, portanto 

esta formatado conforme as exigências deste periódico. 
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Abstract 
 

Neospora caninum is an important veterinary pathogen that causes abortion in 
cattle and neuromuscular disease in dogs however causes natural infections in 
several other ruminant species, including goats, sheep and deer. The diagnosis of 
neosporosis is based on antigen detection by histopathology and 
immunohistochemistry, and on specific antibodies detection against Neospora, 
among that the standard Indirect Fluorescent Antibody Test (IFTA), and diagnostic 
test formats using native proteins from the parasite, such as ELISA and agglutination 
test. The recently of a major surface protein Ncp43 was obtained on it recombinant 
form (rNcp43) to detect specific antibodies in infected hosts and to immunize BALB/c 
mice to generate murine polyclonal antibody (pAb) for antigen detection in ELISA and 
fluorescence approaches. The rNcp43 obtained was able to detect anti N. caninum 
antibodies in bovine, sheep and canine sera with both ELISA and Dot blot, and 
induced antibodies generation against Ncp43. pAb anti rNcp43 detected N. caninum 
tachyzoites by label only apical complex of the parasite, and it activity remained after 
enzyme and fluorophore conjugation. Results of this study suggest that rNcp43 
obtained and pAb generated can be useful for the development of diagnostic tests 
based on both antibodies and antigen detection. 

 
Key Words: Neospora caninum; rNcp43; polyclonal antibody 
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Introduction  

 
Neospora caninum do not only causes neuromuscular infections in dogs its 

definitive host (Canis familiaris), but also abortion, stillbirth and infection in cattle [12]. 
Natural infections of the parasite have been identified in several other species of 
ruminants, including goats, sheep and deer [10], which results in losses livestock [3]. 

The diagnosis of neosporosis in infected host is usually based on 
histopathology and immunohistochemistry (IHC) of the aborted fetus; however, in 
some cases the fetal tissue is not available. The alternative is by specific antibodies 
detection against N. caninum, whereas the presence of antibodies in animal serum 
indicates the presence or recent infection with the parasite [6]. 

Serological methods are often used in seroepidemiological studies of 
N.caninum in animals [13]. Among tests for antibodies detection, indirect fluorescent 
Antibody Test (IFTA) is considered as standard [11]. Other diagnostic test formats 
were described to identify antibodies in animal sera such as ELISA [1,6] and 
agglutination test [27]. However, the ELISA developed are less specific than IFTA, 
due the use of total soluble parasite antigens, including intracellular antigens, since  
IFTA uses fixed intact tachyzoites and is possible to detect only surface antigens of 
the parasite [6]. 

The use of recombinant antigens can improve ELISA sensitivity and specificity 
by using a reduced number of antigens. In addition, recombinant antigens are 
produced more easily in large quantities and better standardized for serological 
assays development [13].  

Studies are currently focused on surface antigens that characterize species of 
phylum Apicomplexa, which includes the genus Neospora, and also provide lower 
percentage of cross-reactivity with parasites of the phylum [6]. Among Neospora 
immunodominant membrane proteins, NcSRS2 (Ncp43) being both tachyzoites and 
bradyzoites stages [24] and reported as a successful alternative to detect antibodies 
present in bovine sera, supporting the use of this protein in enzyme immunoassays 
[7].   

Polyclonal and monoclonal antibodies against N. caninum were developed 
with the aim of improving the vaccine and diagnostic [5,32,20]. In a recently work, a 
panel of specific monoclonal antibodies (mAbs) to N. caninum, and mAbs generated 
recognized a variety of protein compartments from Neospora including the 
micronemes, rhoptries (body and neck), dense granules, mitochondrion, apicoplast, 
inner membrane complex, and parasite surface, useful in vaccine and diagnostic 
development were reported [29].  

In this study we report the usefulness of rNcp43 from N. caninum to identify 
infect host and generate a monospecific polyclonal antibody. The rNcp43 was 
recognized by antibodies from infected animals. The polyclonal antibody (pAb) 
recognized rNcp43 on different approaches, it recognized the native protein on the 
surface of N. caninum and did not react with Toxoplasma gondii tachyzoites 
suggesting it could be a useful diagnostic tool for neosporosis.  

 
Materials and Methods 
 
Parasites 

 N. caninum (NC-1) strain [11] was a gift from Dr.ª Débora Pereira Garcia 
(Federal University Goias), and was used to prepare an antigen formulation for 
Immunofluorescent assays. The parasites were propagated in Vero cells maintained 
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in Dulbecco’s modified essential medium (DMEM) supplemented with 10% fetal calf 
serum (FCS), at 37ºC with 5% CO2. When 80% of the Vero cells that had been 
infected with N. caninum tachyzoites showned citopaticeffect (CPE), the cell 
monolayers were removed by scraping, were washed twice with phosphate-buffered 
saline (PBS) solution, and then centrifuged at 1000×g for 10min.  

 
Sera  

 The sera used in this experiment were kindly provided by Laboratory of 
Parasitology from Federal University of Pelotas. Thirty cattle, 30 sheep, and 20 dog 
sample sera were used, half of each one negative and half were positive to N. 
caninum, and further stored at -20ºC until analysis. All samples were tested in 
the Indirect Fluorescent Antibody test (IFAT) to determine the positive and negative 
sera according to what has been established by Pitel et al. [26]. To obtain the 
positive control (C+) of each species used in serological reactions of this study an 
indirect ELISA was performed in triplicate with the positive serum samples, where 
samples had averaged absorbance values twice larger than the negative control 
reaction were combined in pool, and the negative control  (C-) used was normal 
mouse serum. 
  
Recombinant NcSRS2 
 The antigenic domain of NcSRS2 (Ncp-43), located in the distal C - terminal 
two thirds of the molecule, was amplified by PCR using primers F5’-CAC CAA AGA 
GTG GGT GAC TGG and R5’- GGT AAG CTT TGC ATC TCC TCT TAA CAC-3’ and 
cloned into pET100/D TOPO vector (Invitrogen Tech, Carlsbad, CA, USA). The 
recombinant plasmid (pET100/D-TOPO/NcSRS2) was used for transformation into 
Escherichia coli BL21 Star (Invitrogen Tech, Carlsbad, CA, USA). The E. coli cells in 
the log phase were treated with 0.75-mM isopropyl α-D-thiogalactoside (IPTG) for 3 
hat 37ºC to induce expression of fused fragments of NcSRS2. According Borsuk et 
al. [7], the recombinant NcSRS2 expression was confirmed by SDS-PAGE and 
Western blotting using anti-6×His alkaline phosphatase conjugate (1:10,000) (Sigma 
Chemicals, USA). Antibody-reacting protein bands were revealed using 3,3’-
tetrahydrochloride (DAB) and H2O2. The protein was purified using affinity 
chromatography on a HiTrap chelating column (GE Healthcare, UK) charged with 
Ni2+ ions. The protein was solubilized in a buffer containing 0.2% N-lauroyl sarcosine. 
Subsequently, the concentration and purity of recombinant NcSRS2 were determined 
using a BCA kit (Pierce, Rockford, IL, USA) and SDS-PAGE, respectively. 
 
Polyclonal Antibodies 

Polyclonal Antibody (pAb) to recombinant protein Ncp43 (rNcp43) were 
prepared as previously described [9]. Briefly, 100μg of rNcp43 was emulsified with an 
excess of complete Freund's adjuvant (Sigma Aldrich Co., St. Louis, MO) and 
injected intraperitoneally on days 0, 7, 14 and 21, into two 6-week-old BALB/c mice 
treated with pristane on day 6. The pAb was purified by affinity chromatography on a 
protein A-Sepharose CL-4B column (GE Healthcare Company, USA) according to 
manufacturer’s instructions. Purification efficacy was evaluated by SDS-PAGE and 
final concentration was measured by spectrophotometry at 280 nm. Purified pAb was 
stored at -20ºC. The reaction pAb against rNcp43 was evaluated by 
immunoenzymatic assays, and native protein recognition by direct and indirect 
immunofluorescence, using Toxoplasma gondii tachyzoites to detected cross-
reactivity. To investigate how would protein conjugation affect pAb performance, a 
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conjugate of pAb/rNcp43 and POase (pAb/rNcp43- POase) and a conjugate of 
pAb/rNcp43 and FITC were produced following established procedures [31,33]. The 
study protocol was approved and maintained in accordance with the guidelines of the 
Ethics Committee in Animal Experimentation of the UFPel (registration number in the 
CEEA: 9577).  

 
Direct and Indirect Enzime-Linked Immunosorbent Assays (ELISA) 

Polystyrene 96-well microtiter plates (Polysorp Nunc, USA) were coated 
overnight at 4ºC with 50ng/well of recombinant protein NcSRS2 (rNcp43) in 0.05-M 
carbonate-bicarbonate buffer (pH9.6). The plates were then washed three times 
using 0.01-M PBS with 0.05% Tween 20 (PBS-T) and blocked using 0.01-M PBS 
with 5% nonfat milk at 37ºC for 1h. After three washes with PBS-T, both positive and 
negative control sera and serum samples of each species were added in duplicate, 
diluted at 1:100 in 0.01-M PBS with 5% nonfat milk and incubated at 37ºC for 1h. 
After three washes, 100μL/well of anti-bovine IgG (diluted at 1:4000), anti-sheep IgG 
(diluted at 1:2000) and anti-dog (diluted at 1:5000) conjugated to peroxidase (Sigma 
Chemicals, USA), diluted in 0.01-M PBS with 5% nonfat milk were added, followed by 
incubation at 37ºC for 1h. After five washes, 100μL of the substrate (o-
phenylenediamine dihydrochloride; OPD tablets, Sigma Chemicals, USA) in 
phosphate-citrate buffer (0.4mg/mL) containing 0.04% of 30% (v/v) hydrogen 
peroxide, pH 5.0, were added to each well and the plates were incubated in the dark 
at room temperature for 15min. Optical density (OD) was read at 450 nm in an ELISA 
reader (VICTORTMX5/2030Multilabel Reader - PerkinElmer). For experiments testing 
pAb/rNcp43 and pAb/rNcp43 – POase reactivity to rNcp43 the same ELISA 
conditions were used excepting addition of anti-mouse peroxidase conjugate (Sigma 
Chemicals, USA) and pAb/rNcp43 peroxidase conjugate respectively. 

 
Dot blot 

Nitrocellulose membrane (GE Healthcare, UK) was coated with 76ng of 
rNcp43, incubated at 37ºC to dry, blocked with PBS 5% nonfat milk (PBS-NM) for 1h 
at 37ºC and than incubated with pAb/rNcp43 diluted 1:20 at 37ºC for 1h. The 
membrane was washed three times with 0.05% PBS-T for 5 min each, incubated with 
anti-mouse peroxidase conjugate (Sigma) diluted 1:5000 in PBS-NM at 37ºC for 1h, 
and washed five times with 0.05% PBS-T. Blot was visualized after the addition of the 
substrate/chromogen solution (H2O2/4-chloro-1-naphtol). Normal mouse serum and 
positive control bovine were used as negative and positive control, respectively. 

 
Direct and Indirect Fluorescent Antibody Test 

The antigen for Indirect Fluorescent Antibody Test (IFAT) was prepared as 
following: cells infected with N. caninum tachyzoites were diluted in PBS buffer in 
order to obtain ∼1×106 tachyzoites/mL, then 20–30μL (~30,000 tachyzoites) were 
added to each slide well. The slides were dried at 37ºC and stored at −20ºC until use. 
Different dilution of pAb in PBS buffer, ranging from 1:5 to 1:100 were added to slide 
and incubated for 45 min at 37ºC, washed twice with PBS and coated with 
fluorescein isothiocyanate-conjugated anti-mouse IgG (Sigma Chemicals, USA) at a 
dilution of 1:100 in PBS buffer and incubated for 1 h in a dark humid chamber for 45 
min at 37ºC. Each glass slide included negative and positive control sera added of 
anti-bovine IgG fluorescein isothiocyanate-conjugated (Sigma Chemicals, USA). 
Evans blue dye was used in sample buffer. For experiments testing pAb/rNcp43 and 
pAb/rNcp43 – FITC reactivity to native protein the same IFAT conditions were used 
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excepting by addition of anti-mouse fluorescein isothiocyanate-conjugated (Sigma) 
and pAb/rNcp43 fluorescein isothiocyanate conjugated respectively; slides containing 
Toxoplasma gondii tachyzoites were used to investigated pAb/rNcp43 cross-reactivity 
following manufacturer’s instructions  (kit Imuno-con Toxo, WAMA Diagnóstica, 
Brasil). After washing with PBS a drop of mounting medium was added and a cover 
slip was sealed with acrylic. Labeling was visualized by fluorescent microscopy 
(Olympus BX 51) with excitation wavelength of 450 nm. These experiments were 
repeated three times.  
 
Results 
 
Cloning of expression of recombinant NcSRS2 (rNcp43) 

E. coli BL21 Star transformed with the expression plasmid pET100/D-
TOPO/nSRS2 expressed a recombinant protein of the expected size (~29 kDa). 
Purification of rNcp43 from E. coli by affinity chromatography was highly efficient, 
resulting in approximately 1mg/L of rNc-p43. A single band was observed when the 
protein was submitted to SDS-PAGE (Fig. 1A) and Western blot (Fig. 1B). 

 
Antigenic properties of rNcp43 

The rNcp43 was recognized by antibodies present in naturally infected animal 
sera. Out of 15 cattle, 15 sheep and 10 canine positive samples, all of them reacted 
in ELISA/rNcp43. The averaged absorbance values at 450nm were 1,236; 0,624 and 
0,322 for cattle, sheep and canine sera, respectively. The antigenicity of rNcp43 was 
evaluated in ELISA by using serum sample from animals naturally infected. The 
averaged absorbance of negative sera of all species studied was at least twice lower 
compared with the average shown by the positive sera (Fig. 2). 

 
pAb 

The pAb/rNcp43 obtained was evaluated in immunoenzymatic assays and 
immunofluorescence. To determine pAb recognition of rNcp43, indirect ELISA and 
Dot blot were carried out. pAb/rNcp43 showed titers of 1,280 in indirect ELISA (Fig. 
3A), detected immobilized protein on Dot blot  (Fig. 3B) and it activity remained after 
peroxidase conjugation (data not show). pAb/rNcp43 labeled N. caninum tachyzoites 
both direct and indirect immunofluorescence (Fig. 4) and did not label T. gondii 
tachyzoites. Fluorescent reactivity patterns exhibited by the pAb/rNcp43 exposed to 
the N. caninum consisted of only apical complex fluorescent.  
 
Discussion 
 

In this study we evaluated the potential immunogen and antigen rNcp43 
protein produced in E. coli. For that purpose the antigenic domain of NcSRS2 (Ncp-
43), located in the distal C-terminal two thirds of the molecule, was obtained 
according Borsuk et al. [7]. Despite of successful cloning and expression of rNcp43 in 
baculovirus expression system [23], the use of E. coli was described by Howe et al. 
[19] to expression of rNcp43. Thereafter, studies of rNcp43 expressed in E. coli have 
been reported for diagnostic purposes using indirect ELISA in cattle [30,21,7] and 
sheep sera [4]. Recently, a commercial Sandwich Enzyme-Linked Immunosorbent 
[14] was developed for cattle and dog neosporosis diagnosis. 

The rNcp43 antigen obtained is recognized by antisera from animals naturally 
infected by N. caninum and was able to generate a monospecific pAb/rNcp43 that 
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recognized native protein from tachyzoites. Monoclonal and polyclonal antibodies 
against SRS2 native protein of N. caninum were described by Haldorson et al. [15] 
and were able to block the invasion of tachyzoites into both trophoblasts and Vero 
cells. Monospecific polyclonal antibodies generated against Ncp43 in its recombinant 
form were not described yet.   

 Indirect and direct immunofluorescence was carried out to explore 
pAb/rNcp43 potential in differentiation of protozoan tachyzoites. Anti-rNcp43 pAb 
labeled the apical complex of N. caninum tachyzoites both primary antibody and 
conjugated to FITC, and did not attach to Toxoplasma gondii. Polyclonal antibodies 
have been successfully used in immunofluorescence based diagnostic tests for 
cryptosporidiosis [25,8], giardiasis [2,34] and toxoplasmosis [28,22] also caused by 
protozoan. The antibody reported here provided evidence of its usefulness to 
differentiate tachyzoites of N. caninum from T. gondii in tissue and biological fluids. 

Immunoenzymatic assays were used to investigate pAb reaction against 
rNcp43. pAb/rNcp43 reacted with the protein antigen on Dot blot and indirect ELISA. 
Furthermore, pAb/rNcp43 maintained antibody activity after conjugation with 
peroxidase suggesting it is suitable for two-site immunoassays such as sandwich 
ELISA and useful in immunohistochemical methods. Since a commercial Sandwich 
Enzyme-Linked Immunosorbent utilize specific antibody for neosporosis diagnosis 
[14], the polyclonal antibody developed is a reagent suitable for enzymatic assay.  

There are two antigens majority on surface of tachyzoites and bradyzoites of 
approximately 29kDa and 35kDa designated Ncp36 and Ncp43 respectively [18,17]. 
Among these, Ncp43 is considered most likely involved in the adhesion and invasion 
process [17,24], it is present in dense granules and rhoptries [16] and has been the 
mostly cited antigen in diagnostic studies in cattle [30,21,7], sheep [4] and dog [14].  

These findings are promising for diagnostic assays development whereas 
rNcp43 obtained could be used in neosporosis serological surveys for cattle, dog and 
sheep species. pAb/rNcp43 – FITC is a potential tool for tachyzoites detection on 
biological fluids and tissues. Moreover, the pAb/rNcp43 described here is suitable for 
further diagnostic studies using immunoseparation techniques or chromatographic 
assays, and in immune protective studies.   

In conclusion, the results reported in this work demonstrated that rNcp43 
expressed in E. coli is recognized by antibodies from naturally infected animals and 
were able to generate a monospecific polyclonal antibody that recognized native 
protein from N. caninum tachyzoites. pAb against this target will be useful in different 
test formats for diagnosis of neosporosis.  
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Fig. 1. Evaluation of rNcp43expression in E. coli BL21 Star. (A) 12% SDS-PAGE 

under reducing conditions, stained with Coomassie brilliant blue. [1] rNcp43 

(~29kDa); [2] positive control LipL32 (32kDa). (B) Detection of fused fragment of 

NcSRS2 by Western blot analysis upon separation in 12% SDS-PAGE. [1] rNcp43 

(~29kDa) of N. caninum [2] negative control - extract of E. coli BL21Star [3] positive 

control - Ag85B (32.4 kDa) of Mycobacterium bovis. 
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Fig. 2. Antibodies to N. caninum rNcp43 in naturally infected animals. Average 

absorbance values of animals species studied in ELISA/rNcp43. (■) negative sera of 

cattle, (■) positive sera of cattle, (■) negative sera of sheep, (■) positive sera of 

sheep, (■) negative sera of dog (■) positive sera of dog.   
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Fig. 3. Polyclonal antibody reaction against rNcp43 (pAb/rNcp43). (A) pAb/rNcp43 

dilute 1:20 to 1:2,560 in Enzyme-linked Immunosorbent assay using rNcp43. (B) Dot 

blot assay using rNcp43. [C-] mouse normal serum diluted 1:100, [C+] hyperimmune 

bovine serum diluted 1:100, [pAb/rNcp43] pAb diluted 1:20. 
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Fig. 4. Immunofluorescence assay probed with polyclonal antibody (pAb/rNcp43). 

Panel A and B: Indirect immunofluorescence (IFAT) using pAb/rNcp43 visualized 40X 

and 100X objective on an Olympus BX 51 fluorescent microscope. Panel C: Direct 

immunofluorescence using pAb/rNcp43-FITC. Panel D: Indirect immunofluorescence 

probing pAb/rNcp43 T. gondii tachyzoites. Panel E: Positive control. Panel F: 

negative control. 
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3. CONCLUSÃO 

 

 Estes resultados são promissores para o desenvolvimento ensaios de 

diagnóstico já que a proteína rNc-p43 obtida reagiu com anticorpos presentes em 

soros das espécies bovina, ovina e canina, infectados naturalmente. O pAb/rNc-p43 

- FITC é uma ferramenta em potencial para a detecção de taquizoítos em fluidos 

biológicos e tecidos. Além disso, o pAb/rNc-p43 aqui descrito é adequado para 

estudos de diagnóstico através de técnicas de cromatografia ou immuno-separação, 

e em estudos de resposta imunidade. 

 Em conclusão, os resultados reportados neste trabalho demonstrou que 

rNcp43 expressa em E. coli é reconhecido por anticorpos de animais infectados 

naturalmente e foram capazes de gerar um anticorpo policlonal monoespecífico que 

reconheceu a proteína nativa de taquizoítos de N. caninum, portanto o pAb contra 

esta alvo pode ser útil em diferentes formatos de testes para o diagnóstico da 

neosporose. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



30 

 

4. REFERÊNCIAS 

 

AHN, H. J.; KIM, S.; KIM, D. Y.; NAM, H. W. ELISA detection of IgG antibody against 

a recombinant major surface antigen (Nc-p43) fragment of Neospora caninum in 

bovine sera. The Korean Journal of Parasitology. v. 41, n. 3. p. 175-177, set. 

2003. 

ANDERSON, M. L., Reynolds, J. P., Rowe, J. D., Sverlow, K. W., Packham, A. E., 

Barr, B. C., Conrad, P. A. Evidence of vertical transmission of Neospora sp. infection 

in dairy cattle. Journal of the American Veterinary Medical Association. n. 210, p. 

1169–1172. 1997. 

BARR, B.;  DUBEY, J. P.; LINDSAY, D.; REYNOLDS, J. P.; WELLS, S. J. 

Neosporosis, its prevalence and economic impact . Veterinary Exchange. v. 20, n. 

8, p. 4-15, 1998. 

BJERKAS, I.; MOHN, S. F.; PRESTHUS, J. Unidentified cystforming sporozoon 

causing encephalomyelitis and myositis in dogs. Zeitschrift Parasitenk. v. 70, n. 2, 

p. 271-274, 1984. 

BJORKMAN, C.; UGGLA, A. Serological diagnosis of Neospora caninum infection. 

International Journal for Parasitology. v. 29, p. 1497-1507. 1999. 

BORSUK, S.; ANDREOTTI, R.; LEITE, F. P. L.; PINTO, L. S.; SIMIONATTO, S.; 

HARTLEBEN, C. P.; GOETZE, M.; OSHIRO, L. M.; MATOS, M. F. C.; BERNE, M. E. 

A. Development ofanindirectELISA-NcSRS2fordetectionof Neospora caninum 

antibodies in cattle. VeterinaryParasitology. v. 177, p. 33-38, nov. 2010. 

BUXTON, D.; MCALLISTER, M.M.; DUBEY, J. P. The comparative pathogenesis of 

neosporosis. TRENDS in Parasitology. v. 18, n. 12, p. 549-552, 2002. 

caninum tachyzoites. International Journal for Parasitology. v. 31, p. 747-752, jun. 

2001. 

DAVINSON, H. C.; GUY, C. S.; MCGARRY, J. W.; GUY, F.; WILLIANS, D. J. L.; 

KELLY, D. F.; TREES, A. J. Experimental studies on the transmission of Neospora 

caninum between cattle. Research in Veterinary Science. v. 70, p. 163–168, 2001. 

DAVINSON, H. C.; TREES, A. J.; GUY, F.; OTTER, A.; HOLY, J. J.; SIMPSON, V. 

R.; JEFFREY, M. Isolation of bovine Neospora in Britain.  The Veterinary Record. n. 

6, p. 607, dec. 1997. 

DE MAREZ, T.; LIDDELL, S.; DUBEY, J. P.; JENKINS, M. C.; GASBARRE, L. Oral 

infection of calves with Neospora caninum oocysts from dogs: humoral and cellular 



31 

 

immune responses. International Journal for Parasitology. v. 29, p. 1647-1657, 

set. 1999. 

DE MEERSCHMAN, F.; FOCANT, C.; DETRY, J.; RETTIGNER, C.; CASSART, D.; 

LOSSON, B. Clinical, pathological and diagnostic aspects of congenital neosporosis 

in a series of naturally infected calves. Veterinary Record. v. 157, n. 4, p. 115-118, 

2005. 

DE MEERSCHMAN, F.; FOCANT, F.; DETRY, J. Clinical, pathological and 

diagnostic aspects of neosporosis in a series of naturally infected calves. Veterinary 

Record. v. 157, p. 115-118, jul. 2005. 

DIJKSTRA, T.; EYSKER, M.; SCHARES, G.; CONRATHS, F. J.; WOUDA, W.; 

BARKEMA, H. W. Dogs shed Neospora caninum oocysts after ingestion of naturally 

onfected bovine placenta but not after ingestion of colostrum spiked with Neospora 

DUBEY, J. P. Recent advances in Neospora and neosporosis. Veterinary 

Parasitology. v. 84, p. 349–367, 1999. 

DUBEY, J. P. Review of Neospora caninum and neosporosis in animals. The Korean 

Journal of Parasitology. v. 41, n. 1, p. 1-16, mar. 2003. 

DUBEY, J. P.; Buxton, D.; Wouda, W. Pathogenesis of Bovine Neosporosis. Journal 

of Comparative Pathology. v. 134, p.  267-289, mai. 2006. 

DUBEY, J. P.; CARPENTER, J. L.; SPEER, C. A.; TOPPER, M. J.; UGGLA, A. 

Newly recognized fatal protozoan disease of dogs. Journal of the American 

Veterinary Medical Association. v. 192, n. 9, p. 1269-1285, 1988a. 

DUBEY, J. P.; Dorough, K. R.; Jenkins, M. C.; Liddell, S.; Speer, C. A.; Kwok, O. 

C.H.; Shen, S.K. Canine neosporosis: clinical signs, diagnosis, treatment and 

isolation of Neospora caninum in mice and cell culture. International Journal for 

Parasitology. v. 28, p. 1293-1304, abr. 1998. 

DUBEY, J. P.; HATTEL, A. L.; LINDSAY, D. S.; TOPPER, M. J. Neonatal Neospora 

caninum infection in dogs: Isolation of the causative agent and experimental 

transmission. Journal of the American Veterinary Medical Association. v. 193, n. 

10, p. 1259-1263, nov. 1988b. 

ELLIS, J. T. Polymerase chain reaction approaches for the detection of Neospora 

caninum and Toxoplasma gondii. International Journal for Parasitology. v. 17, p. 

1053-1060, abr. 1998. 

FERRE, I.; ADURIZ, G.; DEL-POZO, I.; REGIDOR-CERRILLO, J.; ATXAERANDIO, 

R.; COLLANTES-FERNANDEZ, E.; HURTADO, A.; UGARTE-GARAGALZA, C.; 



32 

 

ORTEGA-MORA, L. M. Detection of Neospora caninum in the semen and blood of 

naturally infected bulls. Theriogenology. v. 63, n. 5, p. 1504-1518, mar. 2005. 

GONDIM, L. F. P.; MCALLISTER, M. M.; PITT, W. C.; ZEMLICKA, D. E. Coyotes 

(Canis latris) are definitive hosts of Neospora caninum. International Journal of 

Parasitology. v. 34, n. 2, p. 159-16, 2004. 

GRAHAM, D. A.; CALVERT, V.; WHYTE, M.; MARKS, J. Absence of serological 

evidence for human Neospora caninum infection. Veterinary Record. v. 144, p. 672-

673, jun. 1999. 

HALDORSON, G. J.; STANTON, J.. B.; MATHISON, B. A.; SUAREZ, C. E.; 

BASZLER, T. V. Neospora caninum: Antibodies directed against tachyzoite surface 

protein NcSRS2 inhibit parasite attachment and invasion of placental trophoblasts in 

vitro. Experimental Parasitology. v. 112, p. 172–178, 2006. 

HEMPHILL, A.; FELLEISEN, R.; CONNOLLY, B.; GOTTSTEIN, B.; HENTRICH, B.; 

MÜLLER, N. Characterization of a cDNA-clone encoding Nc-p43, a major Neospora 

caninum tachyzoite surface protein. Parasitology. v. 115, p. 581-590, dez.1997. 

HEMPHILL, A.; GOTTSSTEIN, B. Identification of a major surface protein on 

Neospora caninum tachyzoites. Parasitology Reseach. v. 82, n. 6, p. 497-504, 

1996. 

HEMPHILL, A.; GOTTSTEIN, B.; CONRATHS, F. J.; DE MEERSCHMAN, F.; ELLIS, 

J. T.; INNES, E. A.; MCALLISTER, M. M.; ORTEGA-MORA, L. M.; TENTER, A. M.; 

TREES, A. J.; UGGLA, A.; WILLIAMS, D. J. L.; WOUDA, W. A European perspective 

on Neospora caninum. International Journal for Parasitology. v. 30, p. 877-924, 

2000. 

HOWE, D. K.; CRAWFORD, A. C.; LINDSAY, D.; SIBLEY, L. D. The p29 and p35 

immunodominant  antigens of Neospora caninum tachyzoites are homologous to the 

family of surface antigens of Toxoplasma gondii. Infection and Immunity. v. 66, n. 

11, p. 5322-5328, nov. 1998. 

INNES, E. A.; ANDRIANARIVO, A. G.; BJORKMAN, C.; WILLIAMS, D. J. L.; 

CONRAD, P. A. Immune responses to Neospora caninum and prospects for 

vaccination. TRENDS in Parasitology. v. 18, n. 11, p. 497-504, nov. 2002. 

LINDSAY, D. S.; UPTON, S. J.; DUBEY, J. P. A structural study of the Neospora 

caninum oocyst. International Journal for Parasitology. v. 29, n. 10, p. 1521-1523 

1999. 



33 

 

LOBATO, J.; SILVA, D. A. O.; MINEO, T. W. P.; AMARAL, J. D. H. F.; SILVA 

SEGUNDO, G. R.; COSTA-CRUZ, J. M.; FERREIRA, M. S.; BORGES, A. S.; 

MINEO, J. R. Detection of immunoglobulin G antibodies to Neospora caninum in 

humans: high seropositivity rates in patients who are infected by human 

immunodeficiency virus or have neurological disorders. Clinical and Vaccine 

Immunology. v. 13, n. 1, p. 84–89, jan. 2006. 

MACLLISTER, M. M.; DUBEY, J. P.; LINDSAY, D. S.; WILLIAM, R. J.; WILLS, R. A.; 

MCGUIRE, A. M. Dogs are definitive hosts of Neospora caninum. International 

Journal for Parasitology. v. 28, n.9, p. 1473-1478, 1998. 

MOSKWA, B.; CABAJ, W.; PASTUSIAK, K.; BIEN, J. The suitability of milk in 

detection of Neospora caninum infection in cows. Acta Parasitologica. v. 48, n. 2, p. 

138-141, 2003. 

NAM, H. W.; KANG, S. W.; CHOI, W. Y. Antibody reaction of human anti-

Toxoplasma gondii positive and negative sera with Neospora caninum antigens. The 

Korean Journal of Parasitology. v. 36, n. 4, p. 269-275, 1998. 

NISHIKAWA, Y.; XUAN, X.; NAGASAWA, H.; IGARASHI, I.; FUJISAKI, K.; OTSUKA, 

H.; MIKAMIA, T. Monoclonal antibody inhibition of Neospora caninum tachyzoite 

invasion into host cells. International Journal for Parasitology. v. 30, p. 51-58, 

2000. 

NISHIKAWA, Y.; XUAN, X.; NAGASAWA, H.; IGARASHI, I.; FUJISAKI, K.; OTSUKA, 

H.; MIKAMI, T. Prevention of vertical transmission of Neospora caninum in BALB/c 

mice by recombinant vaccinia virus carrying NcSRS2 gene. Vaccine. v. 19, n. 13-14, 

p. 1710-1716, 2001. 

PETERS, M.; LÜTKEGELS, E.; HECKEROTH, A. R.; SCHARES, G. 

Immunohistochemical and ultrastructural evidence for Neospora caninum tissue cysts 

in skeletal muscles of naturally infected dogs and cattle. International Journal for 

Parasitology. v. 31, n. 10, p. 1144-1148, 2001. 

QUINN, H. E.; ELLIS, J. T.; SMITH, N. C. Neospora caninum: a cause of immune 

mediated failure of pregnancy? TRENDS in Parasitology. v.18, n. 9, p. 391-394, set. 

2002.  

ROMAND, S.; THULLIEZ, P.; DUBEY, J. P. Direct agglutination test for serologic 

diagnosis of Neospora caninum infection. Parasitology Research. v. 84, n. 1, p. 50-

53, 1998. 



34 

 

SAGER, H.; FISCHER, I.; FURRER, K.; STRASSER, M.; WALDVOGEL, A.; 

BOERLIN, P.; AUDIGÉ, L.; GOTTSTEIN, B. A Swiss case–control study to assess 

Neospora caninum-associated bovine abortions by PCR, histopathology and 

serology. Veterinary Parasitology. v. 102, n1-2, p. 1–15, 2001. 

SAWADA, M.; KONDO, H.; TOMIOKA, Y.; PARK, C. H.; MORITA, T.; SHIMADA, A.; 

UMEMURA, T. Isolation of Neospora caninum from the brain of a naturally infected 

adult dairy cow. Veterinary Parasitology. v. 90, n. 3, p. 247–252, 2000.   

SCHATZBERG et al., 2003 

STENLUND, S.; BJORKMAN, C.; HOLMDAHL, O. J. M.; KINDAHL, H.; UGGLA, A. 

Characterization of a Swedish bovine isolate of Neospora caninum. Parasitology 

Research. v. 83, p. 214-219, 1997. 

THURMOND, M. C.; HIETALA, S. K. Culling associated with Neospora caninum 

infection in dairy cows. American Journal of Veterinary Research. v. 57, n. 11, p. 

1559-1562, nov. 1996. 

TRANAS, J.; HEINZEN, R. A.; WEISS, L. M.; MCALLISTER, M. M. Serological 

evidence of human infection with the protozoan Neospora caninum. Clinical and 

Diagnostic Laboratory Immunology. v. 6, n. 5, p. 765-767, 1999. 

TREES, A. J.; DAVISON, H. C.; INNES, E. A.; WASTLING, J. M. Towards evaluating 

the economic impact of bovine neosporosis. International Journal for Parasitology. 

v. 29, n. 8, p. 1195-1200, 1999. 

TREES, A. J.; WILLIANS, D. J. L. Endogenous and exogenous transplacental 

infection in Neospora caninum and Toxoplasma gondii. TRENDS in Parasitology. v. 

21, n. 12, p. 558-561. 2005. 

 

 

 

 

 

 

 

 

 

 

 



35 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ANEXO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 



36 

 

Normas da revista Journal of Veterinary Science para submissão dos artigos. 
Site:  http://www.vetsci.org/submission/page/manuscript.html 

All materials must be written in proper and clear English. The manuscript, prepared 

according to "Uniform Requirements for Manuscripts submitted to the J Vet Sci ", is 

not returned to the corresponding author because of the incorrectness of the format. 

The manuscript including tables and their footnotes, and figures legends, must be 

typed in double space on A4 size (21 x 28 cm) white paper, with a margin of at least 

2.5cm on every side. Materials should be prepared with a letter quality printer using 

ragged right margin and standard 12 point font. Good quality photocopies are 

acceptable. The manuscript should be in the following sequence: checklist, copyright 

assignment, cover letter, title page, abstract and key words, introduction, materials 

and methods, results, discussion, acknowledgment, references, tables, and figure 

legends. The title page, abstract, references, each table and figure legend should 

start with a new page. All pages should be numbered consecutively starting from the 

title page. All tables and figures are to be numbered consecutively using Arabic 

numerals. Their approximate positions should be indicated in the appropriate margin 

of the typescript. The average size of original articles is around six(6) printed pages 

including table(s), figure(s) and references (typescripts: 65 letters 25 lines, 

typewritten 14 pages). A short communication and case reports are three(3) printed 

pages(double-spaced, typewritten 8 pages) including the figure(s) and table(s), and 

there is no size limitation for reviews. 

Cover letter 

 The corresponding author must give written assurance that neither the submitted 

materials nor portions therefore have been published previously or are under 

consideration for publication elsewhere. When more than one related manuscript has 

been published or is under consideration for publication by this or other journals, 

authors are required to declare this in their letter and to enclose copies of those 

publications for an editorial perusal. Failure to do so may lead to automatic rejection 

of the submitted manuscript. The corresponding author should certify that all listed 

authors participated meaningfully in the study and that they have seen and approved 

the final manuscript. 

Title page 

 This should be contain the title of an article, full names of author(s) and institutional 

affiliation(s). If several authors, and institutions are listed, they should be clearly 

indicated with which department and institution each author is affiliated. In separate 

paragraph, address for correspondence, including the name of corresponding author, 

degree, address(institutional affiliation, city, zip-code and country), telephone and fax 

number, and e-mail address, should be given. Information concerning sources of 

http://www.vetsci.org/submission/page/manuscript.html
http://www.vetsci.org/submission/page/copyright_assignment_form.pdf
http://www.vetsci.org/submission/page/copyright_assignment_form.pdf


37 

 

financial support should be placed as a footnote. A running title, less than ten words, 

should not be declarative or interrogative sentences. 

 1. Title : Titles should be brief but informative. It is important for literature retrieval to 

include the key words in the title which are necessary to identify the nature of the 

subject matter, including the species of the animal on which the work is done. Use of 

expressions such as "Studies on .......... " "Observation of ........." or "Effects of ......." 

should be avoided, since they are not sufficiently informative. Chemical formulas or 

abbreviations should be used. Titles in the form of declarative or interrogative 

sentences are not encouraged. Also, do not use Roman or Arabic numerals to 

designate that the paper is one in a series. 

 2. Authors and Affiliation : Authors are urged to include their full names, complete 

with first and middle names or initials. Confusion often arises in the literature when 

authors are identified by surname and initials only. Authors' academic degrees 

should not be included. The full name of institutions and subsidiary departments 

should be given, together with a useful address including postal code. If several 

authors and institutions are listed on a paper, it should be clearly indicated with which 

department and institution each author is affiliated. The affiliation address in each 

case should be indicated by superscript. Author's academic degrees should not be 

included. 

 3. Running title: A brief running title should be provided, not to exceed ten words. If 

running title is declarative or interrogative sentences, it is not acceptable. 

 4. Abstracts: Abstract should be concise less than 200 words and describe, in a 

paragraph, concisely purpose, methods, important results and describe conclusion of 

the study, but not repeat information already presented in the title. It should be 

suitable for direct inclusion in Index Medicus/Medline and CAB/ Index Veterinarius. 

Authors may wish to remember that "Medline", a computerized monthly bibliography 

prepared by the National Library of Medicine (NIH/NLM), includes only those 

abstracts that contain less than 200 words. Longer abstracts are not accessible 

through the Medline service. Short communication must also be submitted with an 

abstract. 

 5. Key word: This is a list important terms relevant to the content of paper. Up to 5 

key words should be listed at the bottom of abstract to be used as index terms. For 

the selection of key words, please refer Medical Subject Heading(MeSH) in Index 

Medicus/Medline, or in Website, www.nlm.nih.gov/ mesh /Browser .html 

 6. Introduction : This is a brief background. It is not necessary to include all of the 

background literature .Brief reference to the most pertinent generally is enough to 

inform readers with findings of others in the field. The specific questions to be 

addressed the study should also described. It should not contain either authors' result 

and conclusion. 

 7. Materials and Methods: Experimentation of the experimental methods should be 

concise but sufficient for repetition by other qualified investigators. Procedures that 

have been published previously should not be described in detail, but merely cited 

with appropriate references. However, new or significant modifications of previously 

published procedures need full descriptions. The sources of special chemicals or 



38 

 

preparations should be given along with their location (company name and country). 

All chemicals and regents should be used a generic name but not brand name. For 

animal experimentation reported in this Journal, it is expected that the "Guide for the 

care and use of laboratory animals" approved by the National Research Council 

(ILAR) in USA will have been observed. We encourage that the ethical guidelines of 

animal welfare committee should be cited. Research on humans must be approved 

by IRB. Please refer the Declaration of Helsinki (http://www.wma.net).. 

 8. Results: This part should be included a concise textual description of the data 

presented in tables and figures. Repetition of the same data in different forms should 

be avoided. The results should not included materials appropriate to the discussion. 

 9. Discussion: In this section, the data should be interpreted concisely without 

repeating material already presented in the results section. It should be considered 

the results in relation to any hypotheses advanced in the introduction. This may 

include an evaluation of the methodology and of the relationship of new information 

to the knowledge in that field. 

 10. Acknowledgments: All person who have made a genuine contribution and who 

endorse the data and conclusions may be included. Authors are responsible for 

obtaining written permission to use any copyrighted text and/or illustration. 

 11. References: The references section must include all relevant published works, 

and all listed references must be cited in the text. Arrange the references section in 

alphabetical order, by the first author’s surname, and number the entries 

consecutively. And the cited references in the text should be cited by their list 

number. Journal name should be abbreviated in accordance with the style of Index 

Medicus/Medline (www.nlm.nih.gov/tsd/serials/lji.html). Cite each listed reference in 

the text by number in brackets. The number of references should be less than forty 

(40). Follow the styles shown in the example below: 

o 1. Brock TD, Madigan MT. Biology of Microorganism. 5th ed. pp. 42-59, 

Prentice Hall, Englewood Cliffs, 1988. 

o 2. Palmer N, Jensen ML, Raine H. Tumors of joint. In: Jubb KVF, Kennedy 

PC, Burke E (eds.). Pathology of Domestic Animals. 2nd ed. pp. 140-144, 

Academic Press, San Diego, 1993. 

o 3. Kim HY, Kwon OK, Nam TC. Effect of BL-21 (Wei-Yu) acupoint stimulation 

on gastric motility following preanesthetic treatment in dogs. J Vet Sci 2000, 1, 

133-138. 

o 4. Rogers PL, Lee KJ, Skotnicki ML, Fiecher DE (eds.). Advances in 

Biochemical Engineering. Vol. 23. pp. 15-25, Springer-Verlag, Berlin, 1999. 

The following types of references are not valid for listing: unpublished data, personal 

communication, manuscripts in preparation or submitted, pamphlets, abstracts, 

patents, newsletters, website and material that has not been subjected to peer 

review. 

 

http://www.iacuc.org/
http://www.iacuc.org/
http://www.apa.org/science/anguide.html
http://www.apa.org/science/anguide.html
http://www.wma.net/
http://www.nlm.nih.gov/tsd/serials/lji.html


39 

 

Table and Figures 

 Tables should be typewritten separately from the not text, double spaced, and each 

table should include a title. Vertical rulings in tables are unacceptable. Figures should 

ordinarily be original drawings. However, glossy photographs of line-drawing are 

usually satisfactory. In each original line-drawing, letters or numbers should be left 

blank because they will be typed in during printing. Letters or numbers should be 

included in the figures contained in a submitted manuscript along with caption for 

figures. Authors should place explanatory matter in footnotes, not in the heading. 

Explain in footnotes all nonstandard abbreviations that are used in each table. For 

footnotes use the following symbols, in sequence: *,†,‡,§,||,¶,**,††, ‡‡ .  

Draw each curve with a different kind of line (solid, dashed, dotted) or with a different 

symbol for the plotted points dot, triangle and square in oder 

of . 

All figures should be created with applications that are capable of preparing high 

resolution TIFF, JPEG or PPT files acceptable for publication. Diagrams and 

photographs submitted in electronic format must be of the following minimum 

resolutions: 

*300 dpi for photographs or halftones only, in both B/W or color 

*600 dpi for photographs or halftones with line art work as insets or lettering 

*1200 dpi for line art work and artwork with greyscale 

All kinds of figures may be reduced, enlarged or trimmed for publication by the Editor. 

The figure numbers should be appeared directly at the lower left corner. And then 

symbols, arrows, or letters used in photographs could be possible to rearrange for 

journal format. 

Nomenclatures, Unit, and Abbreviations 

 Nomenclatures for chemicals and biochemicals, microorganism, and genes should 

follow the guidelines in the instructions to authors of journals published by American 

Society for Microbiology. SI units (System International Unites) should be used 

whenever possible. Abbreviations should be used for those recommended by IUPA-

IUB Commission on Biochemical Nomenclature and Related Documents. In addition 

to abbreviation to SI unit, other common abbreviations may be used without definition 

in Table. (the same abbreviations are used for plural forms): hour(s) = h, minute(s) = 

min, second(s) = sec, liter(s) = L, mililiter(s) = mL, meter(s) = m, centimeter(s) = cm, 

gram(s) = g, miligram(s) = mg, microliter(s) = µL, micrometer(s) = µm, micron(s) = 

µm, standard deviation = SD, standard error = SE, molar = M, mole = mol. 

12. Research and publication ethics 

 For the policies on the research and publication ethics not stated in this instructions, 

'Good Publication Practice Guidelines for Medical Journals 

(http://kamje.or.kr/publishing_ethics.html)', 'Uniform Requirements for Manuscripts 

Submitted to Biomedical Journals: Writing and Editing for Biomedical Publication 

http://kamje.or.kr/publishing_ethics.html


40 

 

(www.icmje.org)' or 'Guidelines on good publication (www.publicationethics.org.uk/ 

guidelines)' can be applied. 

13. Conflict of interest 

 Conflict of interest exists when an author (or the author's institution), reviewer, or 

editor has financial or personal relationship that inappropriately influence his/her 

actions (such relationships are also known as dual commitments, competing 

interests, or competing loyalties). All authors should disclose their conflict of interest, 

i.e., (1) financial relationships such as employment, consultancy, stock ownership, 

honoraria, paid expert testimony, (2) personal relationship, (3) academic competition, 

and (4) intellectual passion. These conflicts of interests must be included in the 

acknowledgment section. 

o Alteration in proof The Journal of Veterinary Science is no manuscript 

processing fee, regardless of the number of resubmissions required. Five 

possible reviewers (name, e-mail address and expert field) who are not 

members of editorial board must be suggested. The use of these is at the 

discretion of the editors. 

 

Reprint 

 Fifty copies of reprints of an article will be sent corresponding author free of charge. 

The author is responsible for reprint charge over fifty copies. Reprint Order Form is 

available in this homepage (www.vetsci.org). Reprints are normally shipped 4 weeks 

after publication of the Journal of Veterinary Science. 

o Alteration in proof The Journal of Vetrinary Science is no manuscript 

processing fee, regardless of the number of resubmissions required. In the 

review process, self-citations from published articles of the Journal of Vetrinary 

Science will be looked into with special interest. 

o Electronic manuscripts After being accepted, the corresponding author should 

submit final copy by E-mail for fast editing and printing process. Please send 

manuscripts in MS-word (or MS-word compatible format) or HWP using word 

processor. Do not convert your text file to plain ASCII. 

o Submission check-list 

1. Double-spaced typing in A4 size white paper with 12-point font. 

2. Sequence of title page, abstract and key words, introduction, materials 

and methods, results, discussion, acknowlegment, references, tables 

and figure legends. All pages should be numbered consecutively 

starting from the title page. 

3. Title page with article title, authors' full name(s) and affiliation, address 

for correspondence ( including telephone, fax numbers and e-mail 

address), running title(less than 10 words). 

http://www.icmje.org/
http://www.publicationethics.org.uk/guidelines
http://www.publicationethics.org.uk/guidelines
http://www.vetsci.org/submission/File/reprintsorderform.doc


41 

 

4. Abstract in unstructured format within 250 words, and key words(less 

than 5 words) as in MeSH. 

5. One original and two copies of text, tables and figures. 

6. All table and figure numbers found in the text. 

7. References listed in proper format. Check that all references listed in 

the references section are cited in the text and vice versa. 

8. A covering letter signed by the corresponding author stating that the 

material has not been published previously, and will not be submitted 

for publication elsewhere, and stating conflicts of interest of all listed 

authors, if any. 

9. Declaration of potential conflict of interest 

10. Suggestion of reviewers 
 


