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RESUMO
Dissertacdo de Mestrado
Programa de P6s-Graduacao em Bioexperimentacao
Universidade de Passo Fundo

DESENVOLVIMENTO DE UM ELISA in house INDIRETO BASEADO NA
PROTEINA p24 RECOMBINANTE PARA DIAGNOSTICO DA LEUCOSE
ENZOOTICA EM BOVINOS

Autor: Ana Paula Andreolla
Orientador Luiz Carlos Kreutz
Passo Fundo, 07 de agosto de 2017
O virus da leucemia bovina (BLV) ¢ o agente etiologico da leucose enzodtica bovina (LEB), uma
doenca infecciosa persistente e altamente prevalente no gado leiteiro. Testes sorologicos e
remog¢ao de animais infectados sdo fundamentais para o controle da doenca. No Brasil, a
imunodifusdo em gel de dgar (IDGA) usando o BLV produzido em cultivo de células de rim fetal
de carneiro ¢ o unico teste comercial genuinamente brasileiro disponivel para o diagndstico da
LEB. Para suprir essa deficiéncia no diagndstico, desenvolvemos um ELISA indireto com base
na proteina recombinante do capsideo viral (p24) do BLV para detectar anticorpos em bovinos
com diferentes aptiddes. Para isso, foi desenhado um par de primer para amplificar por meio da
PCR a sequéncia de nucleotideos que codifica a proteina p24, clonando o DNA resultante no
plasmideo pET-20. O plasmideo foi clonado em Escherichia coli ER2566 calcio-competente ¢ a
expressao da proteina foi induzida com IPTG (0.1mM). A proteina resultante (BLVp24r) foi
purificada pelo sistema de cromatografia através da coluna HisTrap acoplada no equipamento
AKTA Pure Chromatography e, posteriormente, analisada por SDS-PAGE. As caracteristicas de
antigenicidade e imunogenicidade da BLVp24r foram avaliadas através da técnica de Western
Blot, utilizando soro policlonal de ratos imunizados com a BLVp24r e soro de bovinos
naturalmente infectados, para posterior desenvolvimento do ELISA. Para o ELISA, o tipo de
microplaca, a concentragdo de antigeno e a diluicdo de soro ideal foram determinados por
titulagcdo seriada das amostras. A analise da curva de Caracteristica de Operacao do Receptor
(ROC) e a Anélise de Area sob Curva (AUC) foram utilizadas para avaliar o desempenho do
ELISA desenvolvido. Ao fim da padronizacdo, realizamos um estudo soroepidemioldgico da
prevaléncia de anticorpos anti-BLV em soros de bovinos. A proteina BLVp24r foi expressa com

a proteina de fusdo com peso molecular de 67 KDa.. O soro de ratos imunizados e soro de
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bovinos naturalmente infectados com BLV reconheceram somente a proteina BLVp24r por
Western Blot. A microplaca Polysorp® obteve melhor performance no ELISA com BLVp24r
utilizando 50 ng/pogo de proteina e soro bovino diluido a 1:100. O ELISA indireto padronizado
para BLV possui um cut-off de 0.320 na OD450nm e apresentando uma sensibilidade de 98.5% e
especificidade de 100%. A ROC representa um valor da ASC de 0,9989 (intervalo de confianga
de 95% de 0,9961 em 1,002; p <0,0001), o que indica um alto nivel de precisdo. Com o ELISA
padronizado, realizamos um estudo soroepidemiologico para validagdo do teste utilizando soros
bovinos, demonstrando que a prevaléncia de anticorpos para o BLV foi de 31.1% em bovinos de
leite e de 9.5% em bovinos de corte. O ELISA desenvolvido e otimizado utilizando a BLVp24r
como antigeno ¢ adequado para detectar anticorpos anti-BLV em soros bovinos e pode ser

considerado um forte candidato a kit comercial visando o controle de BLV em bovinos

Palavras chaves: Leucose enzodtica bovina, padroniza¢ao, ELISA indireto, soroprevaléncia.
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ABSTRACT

Master’s Dissertation
Programa de pos-graduacdo em Bioexperimentacao
Universidade de Passo Fundo

DEVELOPMENT OF AN in house INDIRECT ELISA BASED ON THE RECOMBINANT
p24 PROTEIN FOR THE DIAGNOSIS OF ENZOOTIC LEUKOSIS IN CATTLE
Author: Ana Paula Andreolla
Advisor: Luiz Carlos Kreutz
Passo fundo, dia de Julho de 2017
Bovine Leukemia Virus (BLV) is the etiological agent of enzootic bovine leukemia (EBL) a
persistent infectious disease highly prevalent in dairy cattle. Serological testing and culling
infected animals are central to disease control. The agar gel immunodiffusion (AGID) assay that
uses BLV cultivated in Fetal Lamb Kidney cells is the only assay produced in Brazil and used in
most laboratories for EBL diagnosis. Aiming to fulfil this gap, we developed an indirect ELISA
based on the recombinant capsid protein (p24) of BLV to detect antibodies in cattle. To reach our
goals, we designed PCR primers to amplify the nucleotides coding for the p24 protein and cloned
the resulting DNA fragment in the pET-20 plasmid. The resulting plasmid was transformed in
competent E. coli ER2566 and the protein expression was induced by IPTG (0.1mM). The
protein (BLVp24r) was purified using a HisTrap column coupled to an AKTA Pure
Chromatography equipment, and later analyzed by SDS-PAGE. The antigenicity and
immunogenicity of the BLVp24r were evaluated by Western blot using sera from rats immunized
with BLVrp24 and with sera from naturally infected cows prior to the development of the
ELISA. For the ELISA, the microplate type, antigen concentration and serum dilution were
determined by checkboard analysis. The receptor operation characteristics (ROC) curve analysis
and the area under the curve (AUC) analysis were used to evaluate the ELISA performance. After
that, the ELISA was used to evaluate the prevalence of anti-BLV antibodies in cattle blood. The
BLVp24r protein was expressed as a fusion protein and had a molecular mass of 67 KDa. Only
the serum from immunized rats and from cattle naturally infected with BLV recognized the
BLVp24r by Western blot. The PolySorp® plates provide the best performance on the BLVp24r
ELISA with 50 ng/well of the protein and with bovine serum diluted 1:100. Our indirect ELISA
to BLV was set with a cut-off value of 0.320 at OD450nm and had sensibility of 98.5% and
100% specificity. The ROC had an AUC value of 0.9989 (95% confidence interval from 0.9961



15

to 1.002), indicating high level of precision. With this ELISA we screened sera samples from
cattle and found a prevalence of antibodies to BLV in 31.1% of dairy cattle and 9.5% in beef
cattle. The BLVp24r is suitable to detect antibodies to BLV in bovine serum by ELISA and
should be a strong candidate for the development of a commercial assay aiming to control EBL in

cattle.

Key words: enzootic bovine leukemia, standardization, indirect ELISA, seroprevalence.
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1.  INTRODUCAO

A leucose enzodtica bovina (LEB) ¢ uma doenca infectocontagiosa viral de distribui¢do
mundial, que atinge principalmente bovinos leiteiros (1,2). Os Estados Unidos possui uma das
maiores taxas de animais infectados do mundo, chegando a 38% em rebanhos de bovinos de corte
e 84% em bovinos com aptidao leiteira (3,4). As perdas econdmicas decorrentes da infec¢do pelo
virus da LEB (BLV) ultrapassam os US$500 milhdes ao ano (5). A situagdo epidemiologica no
Brasil ndo ¢ diferente. Diversos estudos realizados em varias regides do Brasil demonstraram que
a prevaléncia ¢ alta; a estimativa nacional em 2006 era de 27,6% de animais soropositivos (6). No
ano de 1996, a prevaléncia média de animais soropositivos, no estado do Rio Grande do Sul era
de 12% (7), e, em 2004, no municipio de Passo Fundo/RS, 23,5% dos rebanhos bovinos leiteiros
possuiam prevaléncia superior a 30% (8).

O BLV ¢ um virus envelopado que possui um genoma constituido de duas fitas de RNA
ndo complementares, senso positivo, pertencente a familia Retroviridae (9,10). O genoma do
BLV possui trés janelas abertas de leitura, a saber: a) GAG, que origina as proteinas do
capsomero; b) ENV, que origina as proteinas do envelope viral; e ¢) POL que codifica as enzimas
transcriptase reversa ¢ a DNA-ligase (11,12). As principais proteinas produzidas pelo BLV e que
desencadeiam a producdo da resposta imune do animal infectado estdo inseridas no envelope
viral (gp51 e gp30) ou fazem parte do capsideo viral (p24) (13,14).

A infeccdo causada pelo BLV ¢ considerada de carater persistente e ocorre através do
contato com os linfocitos B contaminados. As duas principais vias de transmissdo sdo a
iatrogénica, em procedimentos como descornas, vacinagdes, aplicagcdes de tuberculina, palpacdes
retais, e colocagdes de brincos de identificagdo; além disso, o colostro/leite de bovinos positivos
sdo importantes na transmissao aos animais lactantes. Ha outras vias de transmissao, que ocorrem
em menor frequéncia, como vetores mecanicos (insetos hematofagos), infec¢do intrauterina e
perinatal (1,2,15). A maioria dos animais infectados sdo assintomaticos, mas em alguns casos a
infec¢do pode progredir para uma linfocitose persistente (30%) e, em pelo menos 5% dos animais
infectados a infec¢do pode evoluir para linfomas (2). Animais soropositivos para o BLV

geralmente possuem altos niveis de infec¢des secundarias e queda na produgdo naqueles com
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aptidao leiteira quando comparados com os negativos, aumentando a taxa de descartes desses
animais pelo proprietario (1,2,15).

O controle da LEB ¢ dificultado, pois ndo ha vacinas disponiveis comercialmente. O inico
controle disponivel consiste na identificacdo e segregacdo dos animais positivos e negativos. Ha
varias técnicas que podem ser utilizadas para o diagnostico, dentre elas o Western Blot,
imunodifusdo em gel de dgar (IDGA), ensaio de imunoabsor¢do enzimatica (ELISA), e reacgao
em cadeia da polimerase (PCR), (15,16). Entretanto, pela facilidade e, principalmente, pelo custo,
os testes de IDGA e ELISA sdo os mais utilizados na rotina diagnostica.

A Organizagcdo Mundial de Saude Animal (OIE) e o Ministério da Agricultura, Pecuaria e
Abastecimento (MAPA) recomendam a IDGA e o ELISA como testes soroldgicos oficiais para a
LEB (16,17). O teste de IDGA possui baixa sensibilidade quando comparado com o teste de
ELISA e a leitura do resultado ¢ mais demorada e leva em torno de 48 a 72h. Entretanto, a IDGA
¢ o teste para LEB mais utilizado no Brasil, por ser nacional e possuir melhor custo/beneficio se
quando comparado com o ELISA, pois, os reagentes do teste de ELISA, que possui autorizagao
do MAPA para ser comercializado, ndo sdo produzidos no Brasil, encarecendo muito o
diagnostico. Por isso, a importidncia de desenvolver um teste de ELISA nacional com alta
sensibilidade e especificidade, minimizando os custos quando comparados aos testes disponiveis
comercialmente.

Nesse trabalho, foi desenvolvido e caracterizado um antigeno recombinante baseado na proteina
p24 do capsideo viral do BLV. O antigeno foi utilizado no ELISA indireto, onde descrevemos a
optimizagao do teste e a capacidade de diagnosticar sorologicamente bovinos reagentes para o
BLV. Apresentamos dados sorologicos da prevaléncia de anticorpos em bovinos com aptidao
leiteira e de corte. Os resultados gerados nesse estudo, estdo descritos no artigo “Development of
an indirect ELISA based on recombinant capsid protein to detect antibodies to bovine

leukemia virus” que sera submetido ao “Brazilian Journal of Microbiology”.
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2. REVISAO DA LITERATURA

2.1. Viséao geral
A LEB ¢ uma infecgao viral cronica disseminada em rebanhos bovinos de todo o mundo. O

primeiro relato da infeccao data de 1871 e foi feito por Leisering, na Europa (11). No Brasil, o
primeiro caso de LEB foi registrado em 1943 (18). A LEB ¢ considerada uma doenca de alta
morbidade e, em rebanhos de bovinos leiteiros onde ndo se faz controle da infeccdo, a

prevaléncia pode chegar até 90% (15).

2.2. Agente Infeccioso: o Virus da Leucemia Bovina (BLV)
O agente etiologico da LEB é um virus, denominado de virus da LEB (Bovine Leukemia

Virus = BLV). O BLV ¢ um virus envelopado, icosaédrico, com 90-120nm de diametro, possui
duas fitas simples de RNA como material genético, senso positivo, pertencente a familia
Retroviridae, sub-familia Osthoretrovirinae, ordem Deltaretrovirinae (19). As principais
caracteristicas dessa familia sdo a presen¢a de uma enzima denominada de transcriptase reversa,
que durante a replica¢do viral nas células converte o RNA viral em DNA e ¢é crucial para os
proximos passos da replicagdo. Além disso, possui, também, a enzima DNA ligase que tem como
funcdo integrar ao genoma da célula hospedeira o DNA pr¢6 viral produzido durante a transcrigao
reversa, tornando essa célula persistentemente infectada (20-23).

O genoma viral possui aproximadamente 8,7Kb e contém trés importantes janelas abertas
de leitura (Open Reading Frames = ORF) denominadas GAG, ENV e POL. Através do DNA
pro-viral, as proteinas da ORF GAG sao codificadas e ddo origem aos capsdmeros, formando o
capsideo viral, sendo a proteina p24 a mais importante dessa janela de leitura. A ORF ENV
codifica as glicoproteinas do envelope, como a gp51 e a proteina gp30, que sdo determinantes na
adsorcao viral, no tropismo e na especificidade, bem como na formagdo de sincicios e na
ancoragem celular, respectivamente. E a ORF POL, ¢ responsavel pela codificagdo das enzimas
transcriptase reversa ¢ DNA-ligase (12,23,24). A acdo das duas enzimas codificadas pela POL ¢
de suma importancia na replicagdo e persisténcia viral, pois a transcriptase reversa age no RNA
viral transcrevendo-o em DNA e, a DNA-ligase, integra a nova fita de DNA viral no genoma do

hospedeiro, tornando a célula e, por consequéncia, o hospedeiro persistentemente infectados
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(25,26). Além das ORFs estruturais e enzimatica, o BLV possui uma importante regido de leitura,
a pX, responsavel pela regulagao do gene e pela codificagdo, principalmente, das proteinas Tax e
Rex. A Tax atua na modulagdo dos genes que estdo envolvidos na proliferagdo dos linfocitos,
regulando o crescimento, a imortalizacdo ¢ a oncogénese das células infectadas; ¢ a Rex ¢
importante na manuten¢ao dos linfomas e atua nos processos apos a transcricdo do genoma viral,
exportando o RNA do nucleo para o citoplasma, acumulando o RNA mensageiro e iniciando a
codificagdo das proteinas estruturais do BLV (23,27). .

A replicacdo in vitro do BLV ¢ restrita a poucas células, como as células fetais de rim de
carneiro (Fetal Lamb Kidney = FLK), desenvolvida em 1974, as quais tem sido utilizadas para o
estudo da replica¢do do virus e producao de antigenos virais para uso em testes de diagnostico

(28).

2.3. Patogenia e sinais clinicos
O BLYV apresenta tropismo pelos linfécitos B, integrando seu material genético. A entrada

do virus no linfécito B ¢ mediada através das glicoproteinas do envelope, a gp30 e a gp51 (23).
Inicialmente, a gp51 se liga aos receptores celulares especificos dos linfocitos B, propiciando que
a gp30 se ligue, por meio de receptor especifico, na membrana celular, ancorando o virus. A
ligagdo da gp30 com a célula proporciona que a gp51 induza a célula a iniciar a formagao de
sincicios. Os sincicios promovem a fusdo do envelope viral com a membrana da célula
hospedeira que resulta na liberacdo total do RNA viral de dentro do capsideo para o citoplasma
celular. No citoplasma, o RNA viral serd convertido em DNA por meio da enzima transcriptase
reversa. A nova fita de DNA formada migrard para o nucleo da célula hospedeira onde ira
integrar-se a0 DNA do hospedeiro através da enzima DNA-ligase, tornando o animal
persistentemente infectado. Assim, o provirus, agora integrado ao genoma da célula do
hospedeiro, comeca a utilizar a maquinaria da célula para transcrever seu genoma, sintetizando
mRNA que ird originar as proteinas virais no citoplasma e novos genomas virais. As proteinas
formadas serdo complexadas ao RNA viral e a nova particula viral serd liberada a partir da

superficie celular por meio de exocitose (23,25,26).
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A infecgdo pelo BLV ¢ de carater persistente e a resposta imune inicia-se, principalmente,
contra as glicoproteinas de superficie (gp51 e gp30) e contra a proteina do capsideo (p24) (13).
Os anticorpos gerados sdo produzidos ap6s uma a duas semanas do inicio da infec¢ao (2,29).

Apo6s o estabelecimento da persisténcia da infe¢do, a doenca pode progredir de 3 formas:
assintomatica, desenvolvimento de linfocitose persistente ou linfoma. Em um rebanho infectado,
as chances de um animal adquirir a infec¢do aumentam conforme a idade. Estima-se que até 10%
das infec¢des podem ocorrer via transplacentaria; a probabilidade de infec¢do até os 25 meses de
vida da terneira ¢ de aproximadamente 40% e, apoOs isso, devido as praticas de manejo, a
probabilidade de infeccdo aumenta para 80% ou mais, o que explica o alto indice de animais
adultos soropositivos ao BLV (1,10).

A maioria das infecgdes (70%) sdo assintomaticas, ou seja, os animais sdo portadores
persistentes da infecgdo e nao demonstram sinais clinicos da infec¢do, mas sdo potenciais
transmissores virais mesmo possuindo altos niveis de anticorpos circulantes (15,30). Outra forma
de infec¢do manifesta-se por meio de uma linfocitose persistente que se caracteriza por niveis
elevados de linfocitos B policlonais circulantes, considerado um processo linfoproliferativo
benigno, que acomete cerca de 30% dos animais infectados (10,15,31). Entretanto, a principal
forma de infecgdo, ou a responséavel pelos maiores prejuizos na cadeia bovina, manifesta-se pelo
desenvolvimento de linfomas e acomete em torno de 2 a 5% dos animais, considerada altamente
fatal (2,31). Os linfomas se desenvolvem principalmente a partir dos 6 anos de vida do animal e
causam transtornos como paresias do trem posterior, diarreias e/ou constipagdes, exoftalmias,
problemas cardiacos e respiratérios devido ao aumento dos linfonodos afetados (2). Além disso,
animais soropositivos para o BLV possuem queda na produgdo e, por comprometer a imunidade
do animal, aumenta a taxa de infec¢des secundarias, elevando as taxas de descarte. Quando o
foco da produgdo dos rebanhos bovinos ¢ a exportacao, tanto vivo como embrides ou s€émen, nao
ter controle do BLV no pais aumenta o custo de producdo, pois ¢ necessario o diagnostico de

todos os animais do rebanho quando comercializa-se com paises livres da infecgao (1,2,15).

2.4. Transmisséo
O BLV possui tropismo pelos linfécitos B, permanecendo com o material genético inserido

nessas células (32). A transmissdo ocorre pelo contato com fluidos biolégicos, como sangue,
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leite, s€émen e saliva, contendo linfocitos B integros contaminados (10,33). Assim, podemos
apontar duas formas de transmissao: vertical e horizontal (15).

Entre as principais formas de transmissdo vertical temos: transplacentaria e colostro/leite. A
mais importante forma entre esse grupo € via ingestao do leite de vacas positivas que pode atingir
uma taxa de infecc¢ao de até 16% (32,34).

Dentre a horizontal a iatrogénica ¢ a forma mais importante nessa via. Geralmente ¢
causada pela ma higienizagdo dos fomites e instrumentos cirurgicos utilizados na pratica comum
de manejo bovino (15). Comumente ocorre no momento da vacinacdo, aplicacdo de tuberculina
descorna, colocagdo de brincos, palpagdo, inseminagado e castragao (10,35). Também, em animais
confinados, pode ocorrer outras formas de contagio através do contato direto com secrecdes

nasais, urina e fezes e através de vetores mecanicos, como insetos hematdfagos (2).

2.5. Prevencao e tratamento
Até o momento ndo ha vacinas disponiveis comercialmente. O método mais eficiente para

prevenir a infecgdo ¢ a segregagdo de animais negativos dos positivos, e dentro do possivel,
removendo os soropositivos do rebanho e implementacdo da biosseguridade na propriedade
(10,32). Animais nascidos de vacas positivas devem ser alimentados de colostro ou leite
proveniente de vacas negativas ou de um banco de colostro (2). A higienizagdo adequada de
todos os equipamentos utilizados que tenham entrado em contato com o sangue de animais
infectados € obrigatoria. O confinamento intenso em determinadas épocas do ano também pode
ser um fator agravante se possuir animais positivos no rebanho, pois em épocas quentes €
chuvosas pode aumentar a populagdo de insetos, principalmente, mosquitos hematofagos,

aumentado a possibilidade de disseminagdo da infeccao (34).

2.6. Prevaléncia
Todos os bovinos sdo susceptiveis a infec¢do do BLV e a infeccdo possui distribui¢ao

mundial. Ocorre com maior frequéncia em rebanhos com aptidao leiteira do que de corte,
principalmente por serem submetidos a um manejo e confinamento mais intensos (1). Alguns

paises europeus conseguiram erradicar a doenga dos rebanhos, como por exemplo, Bélgica (36) e
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Finlandia (37). No entanto, na maioria dos paises a infeccao pelo BLV tem sido negligenciada,
como ¢ o caso do Brasil, e a prevaléncia de animais soropositivos ¢ alta.

No Brasil, ha diversos estudos sobre a prevaléncia da infec¢dao. No entanto, nenhum estudo
apresenta uma abordagem epidemiologicamente correta. Mesmo assim, os resultados destes
estudos sdo importantes, pois indicam que a doenga encontra-se amplamente disseminada nos
rebanhos bovinos de todas as regides, e, de forma geral, tem uma prevaléncia nacional estimada
em 27,6% (6). Esses estudos demonstram que a prevaléncia pode variar muito entre estados e
aptidao do rebanho (5,7% a 70%) (1). No Rio Grande do Sul, vérios estudos realizados com
bovinos produtores de leite demonstram prevaléncia de até 33% e na regido de Passo Fundo

23,5% dos rebanhos possuem uma prevaléncia superior a 30% (1,8).

2.7. Diagndstico
As técnicas de diagndstico recomendadas pela OIE sao tanto para identificacdo do agente

infeccioso (PCR) como para detec¢do de anticorpos circulantes no sague do animal (IDGA e
ELISA) (16).

A PCR consiste em identificar o pr6 virus através da extragdo do DNA das células
mononucleadas do sangue periférico (PBMC) do animal infetado. Essa técnica ¢ importante para
diferenciar animais infectados daqueles que possuem imunidade colostral contra o BLV ou para
aqueles animais que sdo doadores de sangue total, colostro, ou sémen, pois ¢ uma técnica
altamente especifica e sensivel quando comparada as outras (2,15). Segundo a OIE, os genes
alvos da PCR sdo ENV, GAG e POL, dependendo do par de primer utilizado (16).

Entretanto, os métodos soroldgicos sdo os mais utilizados na rotina diagnostica. Os testes
recomendados pela OIE sdo o teste de ELISA para amostras de soro e leite e a IDGA apenas para
soro (16). A principal diferenca entre as técnicas de IDGA e ELISA ¢ a sensibilidade, pois a
IDGA requer maior quantidade de anticorpos circulantes para detectar animais infectados,
possuindo menor sensibilidade quando comparado com o ELISA. (38).

A técnica mais utilizada no Brasil ¢ o teste de IDGA. Entretanto, o antigeno disponibilizado
para o teste de IDGA (TecPar®) apresenta alto nimero de falsos-negativos por conta da baixa
sensibilidade do teste quando comparado a outros testes soroldgicos, além disso, a sua leitura ¢

demorada (48-72h) (14). Além do IDGA, ha testes de ELISA indireto que utilizam proteinas
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recombinantes mas, para comercializagdo no Brasil, necessita de autorizacdo do MAPA. Este
teste possui boa sensibilidade e especificidade, além de ser um método rapido de diagndstico.
Todavia, por ser um teste importado, o custo ¢ elevado.

Nesse contexto, em fungdo das limitagdes diagnosticas atuais, ¢ importante desenvolver
testes que possibilitam facilitar e acelerar o diagnostico da infec¢@o, e contribuir para o controle
dessa importante enfermidade. Com esse objetivo, nesse estudo, utilizamos a proteina p24
recombinante do BLV para desenvolver um teste do tipo ELISA indireto para aplica¢do no soro
de bovinos. Os procedimentos e resultados deste projeto estdo relatados no préximo capitulo, o

qual esta formatado na forma de um artigo cientifico para publicacao.
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Abstract

Serological testing and culling infected animals are key management practices aiming eradication
of bovine leukemia virus (BLV) infection. Here we report the development of an indirect ELISA
based on BLV recombinant capsid protein (BLVp24r) to detect anti-BLV antibodies in cattle
serum. The BLVp24r was expressed in Escherichia coli and purified by affinity chromatography,
and then used to set up iIELISA parameters. The Polysorp® plate sensitized with 50 ng of
antigen/well and bovine serum diluted 1:100 gave the best results during standardization. Using
sera from infected and non-infected cattle we set up the cutoff point at 0.320 (OD4sonm) with a
sensitivity of 98.5% and specificity of 100.0%. Then, we tested 1.187 serum samples from dairy
(736 samples) and beef cattle (451 samples) with unknown status to BLV. We found that 31.1%
(229/736) and 9.5% (43/451) of samples amongst dairy and beef cattle, respectively, had
antibodies to BLV. The rate of agreement with a commercial competitive ELISA was 84.3% with
a k value of 0.68. Thus, our BLVp24r iELISA is suitable to detect BLV infected animals and
should be a useful tool to control BLV infection in cattle.

Key words: bovine leukemia virus, retrovirus, diagnosis, immunoassay
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Introduction

Bovine leukemia virus (BLV) is the etiological agent of a neglected, silent lifelong
infection commonly found in dairy cattle’ named enzootic bovine leukosis (EBL). A large
percentile of animal infected by the BLV might be asymptomatic or aleukemic (AL), at least at
the initial stages of infection, while up to 30% develop a persistent lymphocytosis (PL)? that in
some cases, depending on the animal’s Bola genotype®, progresses to B cell lymphoma.** The
infection is considered eradicated in several parts of the world® but is widely spread in North””
and most South American countries'® in which dairy farming is considered an important
economic activity. There is no official data on the rate of infection in Brazilian dairy farm and
most limited and biased epidemiological studies indicate that the range of seropositive animal
varies from 12,5% to 100%.'"12 In South Brazil, in which most high productivity dairy farms are
located, a within-herd infection rate usually exceeds 30%'*'*. BLV transmission might occur
during pregnancy, calving or by ingesting colostrum from infected cows.' In the herd, BLV
spreading occurs mostly by management practices such as vaccination, dehorning, ear tagging,
artificial insemination and uterine palpation®!%!7 that, when performed with the same equipment,
might transfer BLV-infected cells from infected to non-infected animals.

Historically, BLV was considered a quite benign infection of cattle mainly because
lymphomas were detected mostly in older animals that were still kept in the herd.! However, in
the last decade, several studies indicated that BLV negatively affects the productivity of dairy
cows!®2% and that B and T lymphocytes from BLV-infected animals have impaired immune
functions?!, which could affect the overall immune status by reducing the ability to respond to
vaccine antigens?> and by predisposing to other infectious diseases including mastitis.

Furthermore, a tremendous turnover on BLV research is on the way driven by data indicating that
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BLV might be associated with certain types of human cancer.”>2* Altogether, these data should
encourage official measures to introduce compulsory diagnosis aiming to limit the spread of BLV
and initiate control and eradication programs.

BLV infected animal produce a robust anti-BLV humoral immune response that might be
detected by agar gel immunodiffusion (AGID) or by immune-enzymatic assays such as
ELISA.?%27 In Brazil, antigen to AGID is produced on fetal lamb kidney (FLK) cells persistently
infected with BLVs but, unfortunately, it is scarce and not reliable, and the use of overseas made
ELISA kits for diagnosis is restricted by regulatory agency, discouraging even more voluntary
diagnosis. Because several countries, mostly at the European Economic Community already
eradicated EBL, the presence of BLV-infected animals in the herd might soon affect international
trade of dairy products. Thus, controlling BLV spreading amongst dairy cattle by continuous
diagnosis and culling infected animal should become mandatory to assure trading and safety of
dairy products. With this in mind, in this study our major goal was to evaluate a recombinant

BLYV capsid protein as antigen to develop an iELISA to diagnose BLV-infected cattle.

Material and methods
DNA extraction, cloning and sequencing of BLV capsid protein gene

Blood samples from a cow infected by BLV (positive by AGID) was collected with EDTA
and centrifuged (1300 x g/ 10 min) to obtain peripheral blood mononuclear cells (PBMC) from
which total DNA was extracted using the Wizard® Genomic DNA Purification Kit
(PROMEGA®, WI). The amount of DNA was measured by spectrophotometry and stored (-

20°C) up to use.
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PCR primers were designed to amplify a 666 bp DNA fragment covering the complete
nucleotide sequence of the BLV capsid protein and we included restriction sites ate the 5° end
(BamHI and HindIIl in the forward and reverse primer, respectively, underlined) to easy
directional cloning of the amplified fragments into the cloning vector (Forward: 5’-
ATTAGGGGATCCCCAATCATATCTGAAGGGAATCGCAA-3’; Reverse: 5’-
TGGCAGAAGCTTTTAGAGAAGTGCAGGCTGTTTCA-3’). The  amplification  was
performed using 400 ng of DNA, 0.4uM of each primer, 1,5U of Tag DNA polymerase, 2,5 uL
of 10X buffer supplemented with MgSO4, 100 uM of dNTPs (Promega®, Brazil) and
DNA/RNA-free water (Sigma, Brazil) to a final volume of 25 uL. DNA was denatured at 95°C/5
min, and then amplified by 35 cycles of denaturing (94°C/1min), annealing (52°C/40sec) and
extension (72°C/2min) followed by a final amplification at 72°C for 10 min. The resulting DNA
fragment was analyzed by electrophoresis in agar gel (1%), purified and cloned into the pGEM-T-
Easy vector (Promega®, Brazil), and transformed into calcium competent TOP10 E. coli
(ThermoFisher Scientific®). Penicillin-resistant clones were obtained and the presence of the
capsid protein gene into the vector (pPGEM-BLVp24) was confirmed by PCR and by sequencing
using the vector forward primer (pUC/M13, Promega, Brazil). The sequence obtained was
compared with reference genes available at GeneBank.

Expression of BLV capsid protein

The pGEM-BLVp24 vector was digested with BamHI and HindIll (Promega, Brazil)
restriction enzymes and analyzed by low melting point agar gel electrophoresis, The DNA
fragment corresponding to the complete sequence that codifies de p24 capsid protein was cut out
of the gel, purified (Wizard SV Gel Promega, Brazil) and cloned into the pET-20 vector

previously digested with the same restriction enzymes. The resulting plasmid (pET-20-BLVp24)
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was transformed into competent ER2566 E. coli (New England Biolabs Inc®, USA) for
expression as a fusion protein containing histidine, a maltose binding protein (MBP) and a
restriction site for the tobacco etch virus (TEV) protease at the N-terminus. The expression of the
recombinant His-Mbp-TEV-BLVp24 (BLVp24r) was induced overnight with 0.1 M isopropyl-f-
D-thiogalactopyranoside (IPTG, Sigma, USA). The bacteria cells were pelleted (4000 x g, 15
min, 4°C), suspended in lysis buffer (20mM NaH;PO4, 500mM NaCl, 10mM Imidazol, pH 8,0)
and sonicated thrice (70watts) (Ultronic, Brazil). Then, the sonicated bacteria was centrifuged
(13000 x g, 1h, 4°C) and the supernatant filtered (0.22 uM) and purified using the Akta Pure
Chromatography System (GE Healthcare, Germany) connected to a HisTrap (GE Healthcare,
Germany) column. The purified proteins were measured (nanoespectrophotometry), aliquoted
and stored at -80° up to use.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)

Aliquots containing the BLVp24r protein eluted from the HisTrap affinity columns were
analyzed by standard SDS-PAGE under reducing conditions (5% B-mercaptoethanol) using 5%
acrylamide stacking gel overlaid on 10% acrylamide resolving gel. Samples collected prior to and
after induction were also analyzed simultaneously. The SDS-PAGE gel was stained with
Coomasie Blue R-250 or used for Western blotting.

Production of polyclonal antibodies to the BLVp24r

Two Wistar rats were immunized twice (subcutaneous route, 21 days apart) with 50
png/dose of BLVp24r mixed to Montanide gel (15%v/v, Seppic, France). Blood samples were
collected prior to and during immunization by puncturing the caudal vein, and final bleeding was

performed by cardiac puncture. All procedures with rats were performed after anesthetizing with
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Isofluorane (Cristalia, Brazil). The experimental protocol was approved by the local Committee
on Animal Ethics and Usage (CEUA, protocol 12/2014)
Western Blotting

After SDS-PAGE, BLVp24r were transferred to nitrocellulose membranes (Bio-Rad
Laboratories, USA) using a semi-dry apparatus (Electrosystems, Brazil). The nitrocellulose
membrane containing the proteins was blocked overnight at 4°C with phosphate buffered saline
(PBS, pH 7,4) containing 0.05% Tween-20 (PBS-T) and 3% skim milk (PBS-TSK) constant
shaking and then cut into strip (4 mm each). Serum from rats previously and after immunization
with the BLVp24r, and serum from non-infected cows (IDGA negative; n = 8) and cows
naturally infected with BLV (n = 8) were analyzed by western blotting. Rat or bovine serum
samples were diluted 1:100 in 1% PBS-SK and incubated with the membrane strips for 1 h at
22°C under constant shaking. Then, the membranes were washed three times, 10 min each, with
PBS-T. Peroxidase conjugated anti-rat, or anti-bovine IgG whole molecule was diluted 1:1000
and incubated with the membranes under the same conditions as the primary antibody. After
washing thrice, the membranes were incubated with peroxidase substrate (4-Cloro-1-Naphthol +
0.06% H202) for 10 minutes and then transferred to distilled water to stop the reaction.
In house indirect ELISA

Two commercially available polystyrene microplates (Maxisorp® and Polysorp®, Nunc,
USA) were evaluated regarding the ability to adsorb the BLVp24r. The plates were coated with
BLVp24r (2 pg/well) diluted in carbonate buffer (pH 9.6) at 4°C for 12 h and then washed three
times with phosphate buffered saline 0.05% Tween (PBST, pH 7.2). Plate wells were blocked
with PBS-TSM at 37°C for 2 h. Bovine serum positive (n = 4) and negative (n = 4) to BLV

antibodies were diluted 1:100 in PBS-TSK 1%, added to the wells and allowed to react with the
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antigen for 1h at 27°C, in duplicates. After washing three times, peroxidase conjugated goat anti-
bovine IgG (Sigma, USA) diluted 1:10.000 in PBS-TSK1% was added and the plates were
incubated as indicated above, followed by three washes and addition of substrate (3,3, 5,5’-
tetrametilbenzidina + 0,06% H>0:). The plates were then incubated in the dark at 22 °C for 10
min and the reaction was stopped by adding 3 N HCI. The plates were read at 450 nm using a
Synergy HI plate reader (BioTek®, USA). We used the optical density (OD) from three plates to
calculate the mean positive/negative (P/N) ratio and the mean within-plate percent coefficient of
variation (CV%) as previously described.?® The plates were then compared using an index
obtained by dividing the P/N ratio by the CV%.

After selecting the best plate (Polysorp®), the optimal antigen concentration was
evaluated in duplicates using different concentrations of the BLVp24r (2.0000, 1.000, 500, 250,
125, 100 e 50 ng/well) in a final volume of 100 pL, and serum from naturally infected (n = 16) or
non-infected cows (n = 16). Cows negative to BLV by the AGID were further evaluated by PCR
targeting the Tax (nested PCR) and GAG BLV genes *° to assure they were negative. The optimal
antigen concentration was defined as the lowest antigen concentration that caused no significant
changes in the OD obtained with the positive and negative sera.

The ideal serum dilution was determined by diluting bovine serum (negative and positive,
n = 16 each) from 1:25 to 1:200, and plates sensitized with the best antigen concentration
determined in the previous step (50 ng/well). The ideal dilution was determined taking into
consideration the best specificity and sensitivity obtaining by the receiver operating
characteristics (ROC) curve performed in all sera in duplicates.

The cut-off point was set by analyzing 100 serum samples previously tested by AGID

(Tecpar, Brazil). Out of this, 70 samples were positive and 30 were negative to the presence of



32
anti-BLV antibodies. Polysorp® plates were sensitized with BLVp24r (50ng/well) and serum
samples were diluted 1:100.With the samples OD values we determined the threshold following
the ROC curve analysis.

The in house ELISA was then used to evaluate the prevalence of BLV infection in dairy (n
= 736) and beef (n = 451) cattle in the central region of Rio Grande do Sul, Brazil. Samples were
obtained from our Virology Diagnosis Laboratory and from the Virology Laboratory at the
Federal University of Santa Maria (UFSM), RS. Then, we randomly selected 255 serum samples
and tested them also by a commercial competitive BLV ELISA kit (Ingezim BLV Compac 2.0,
Spain) to estimate the rate of agreement and Kappa (k) values.

Statistical Analysis

The Kolmogorov-Smirnov test was used to determine the normal distribution of the data.
The results were analyzed by Kruskal-Wallis or One Way Anova followed by Tukey post-test
according to the data. Significant differences were considered when p < 0.05. All the statistics

were performed using the GraphPad Prism software (GraphPad, USA).

Results
Cloning, expression and characterization of BLVp24r

A 666 bp DNA fragment (Fig. 1A) was obtained and cloned into the pGEM-T-Easy vector
and then sub-cloned into the pET20 aiming expression of a recombinant capsid protein from
BLV (BLVp24r). The inserted fragment was sequenced and aligned to reference BLV genome
(GenBank access number K02120, AP018032, LC080653, HE967302 and KT122858) resulting

in 96% to 99% identity (data not shown).
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The expression of the pET-20-BLVp24 construction in E.coli ER2566 was analyzed by
SDS-PAGE and the resulting fusion protein His-Mbp-TEV-BLVp24 (BLVp24r) had a molecular
mass of 67 Kda (BLVp24r + MBP 43Kda) (Fig. 1B). The expression yielded 14mg/L of purified
BLVp24r.

The immunogenicity and reactivity of the BLVp24r was demonstrated by western blot
using sera from immunized rats and sera from non-infected or from cows naturally infected with
BLV. Sera from non-infected cows (Fig. 1C) and serum collected from rats prior to immunization
failed to recognized BLVp24 (Fig. 1E 0) while sera from naturally infected cows and post-
inoculation rat serum recognized the same protein (Fig. 1 D and 3E 41). The reactivity of each
serum used in the western blot was later evaluated by the standardized ELISA and the OD
obtained is indicated in the lower panel.

Microplates

The mean OD obtained with negative and positive serum samples was significantly lower
(p <0.01 and p <0.05, respectively) when tested with antigen adsorbed to Polysorp® microplate
compared to the Maxisorp® microplate (not shown). However, the overall, analysis indicated a
better efficiency with the Polysorp® microplates in that the P/N ratio obtained (4.5) was 2.2
times higher than the P/N ratio obtained with the Maxisorp® microplates (2.04). A lower CV was
observed amongst negative and amongst positive samples with Polysorp® microplates which
yielded a higher microplate index (Table 1). Considering that Polysorp® microplates allowed a
better distinction between positive and negative samples (P/N ratio) compared to Maxisorp®

microplates, they were then used on the remaining experiments.



34
Optimal antigen concentration and serum dilution

The ideal concentration of BLVp24r antigen to be used in the Polysorp® microplates was
evaluated using a wide range of antigens dilutions and BLV negative (n = 16) and positive (n =
16) bovine serum. The mean serum OD reading obtained in each antigen dilution was not
significantly different (p > 0.05) from the next lower dilution and thus we choose the lower
antigen concentration evaluated (50 ng/well) to perform the remaining assay (Fig. 2).

To set up the best serum dilution we tested samples diluted 1:25, 1:50, 1:100 and 1:200
with Polysorp® microplates sensitized with 50 ng of BLVp24r/well. When all dilutions were
compared, we observed a reduced sensitivity only with serum diluted 1:200 (83.33%) compared
to 91.67% of sensitivity obtained with the other serum dilutions (not shown). Thus, we use the
highest possible serum dilution (1:100) for the remaining studies.

Specificity, sensitivity and cut-off point determination

Seventy AGID negative sera samples and 30 AGID positive samples were used to
determine the in house ELISA sensitivity and specificity for different cut-off point values. The
ROC curve analysis of the in house ELISA data produced paired estimates of relative sensitivity
and relative specificity at different cut-off values. A cut-off of OD > 0.320 was recommended. At
this cut-off value we obtained a relative sensitivity of 98.5% (95% confidence interval =
91.96.3% to 99.96%) and specificity of 100% (95% confidence interval = 95.01% to 100%) with
a likelihood ratio of 75. The ROC curve had an area under the curve (AUC) value of 0.9989
(95% confidence interval = 0.9961 to 1.002; p< 0.0001) demonstrating a high level of accuracy
for this ELISA (Fig. 3). Thus, samples with an OD higher than 0.320 were considered positive

when the negative control was at least 1.5 times smaller than the cut-off value.
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Epidemiology study of BLV infection on dairy and beef cattle and comparison between in
house ELISA and commercial assay

By using our in house ELISA, we analyzed 1187 sera samples from dairy (736) and beef
(451) cattle from the North part of Rio Grande do Sul State. Within dairy cattle, we found 229
(31.1%) positive samples and within beef cattle only 43 (9.5%) samples had antibodies to
BLVp24r (OD > 0.270) (Table 2).

The performance of the in house ELISA to detect anti-BLV antibodies was compared with
the commercial anti-gp51 competitive ELISA assay. We randomly selected 255 sera previously
tested in the in house iELISA (118 negative and 137 positive) and evaluated them in duplicates
using the commercial ELISA. We found 122 negative and 133 positive samples (Table 3)

resulting in 84,3% of agreement and a Kappa (K) index of 0.68 (good agreement).

Discussion

Enzootic bovine leukosis usually occurs as a silent, asymptomatic disease in most dairy
farms and, for this reason, has been neglected for decades. Up to 30% of infected animal develop
a persistent lymphocytosis (PL) which in some animal might progress to B cell lymphoma. There
are no vaccines and all infected animals respond to infection by producing antibodies to the gp51
viral envelope glycoprotein and to the p24 viral capsid protein. These viral antigens have been
explored in diagnosis assays; the gp51 is used mostly, but no exclusively, in AGID assays and the
p24 in immunoassays.’**? The AGID assay is the only official diagnostic method accepted in
Brazil but, unfortunately, antigen production is limited and the assay yields unreliable results that

frustrates diagnosticians and difficult a rational approach to disease control. In addition, because
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the possible involvement of BLV with certain types of human cancer,”>** EBL control in dairy
cattle becomes a matter of public health and should become mandatory.

With this in mind, here we describe the production of a recombinant BLV capsid protein
(BLVp24r) and its use for development of an indirect ELISA assay to detect anti-BLV antibodies
in blood samples. The vector and expression system was chosen aiming to improve the
recombinant protein yield, solubility and purification without losing immunogenicity and
recognition by antibodies from BLV naturally infected animals. Indeed, the recombinant protein
was easily purified by standard procedures and its immunogenicity demonstrated in rats.
Furthermore, the protein was recognized by antibodies from BLV naturally infected cows, both
by western blot and ELISA, and by the OIE reference serum E 05, kindly provided by the OIE
reference laboratory for EBL at the University of Leipzig (Germany), that was also used in the
iELISA settings. In addition, the MBP tail is not immunogenic to rats, or even other species,
which allows the recombinant fusion protein to be used in developing diagnostic assays.*>-*

We found that microplate characteristics affected the outcome of the assay. Overall, negative and
positive sera samples tested with the Polysorp® microplate had a lower OD reading but the P/N
ratio and the %CV found with both types of plates indicated that the Polysorp® microplates
should be used to better differentiate negative from positive samples. Interestingly, in a previous
study in which we expressed the capsid protein of Hepatitis E virus (BEV) in the same expression
system we found that Maxisorp® microplates had a higher antigen binding efficiency and a lower
CV compared to Polysorp® microplates.>*> We are aware that antigen adsorption to microplates is
affected by hydrophobic and hydrophilic domains present on the molecules and this should
account for by the differences observed in the ability of antigen binding to different microplate.

Thus, in this sense, testing different microplates for antigen binding is required to achieve better
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results. Considering the maximal binding capacity/cm? of the well (0.5 pg protein) and the final
volume used in the assay (100 pl), we estimated that saturation would be achieved with 0,037 ug
of antigen. However, the differences on P/N ratio and %CV were not significant when we
compared different antigen concentration and, therefore, we choose the lowest antigen
concentration tested (50 ng/well) to carry out the study. Even though antigen concentration might
affect ELISA parameters, similar recombinant antigen concentrations were used in previous
study to detect BLV*? and other viral infections.?> Furthermore, our BLV p24r was fused to MBP
and resulted in a protein with a higher molecular mass (67 kDa) when compared to the BLV
capsid protein per se (24 kDa). When larger proteins are used, lower concentrations (pg/well)
might be required to optimize ELISA parameters. We hypothesize that MBP would contribute to
protein adsorption to the microplate well leaving relevant antigenic epitopes completely
uncovered and available improving the efficiency of antibody binding to the recombinant protein
and reducing the amount of antigens required to optimize ELISA parameters.

The performance of our in house iIELISA was compared to the AGID and a commercial
competitive ELISA that used a peroxidase-labelled monoclonal antibody as detecting antibody.
There was a 72% agreement between the in house iELISA and AGID and the kappa index was
low (0.42; data not shown). However, in our experience with the available AGID assay, we
noticed that even the positive control serum provided with the kit commonly fails to give a
reliable result, which is difficult to read even by experienced diagnosticians. Furthermore,
because iELISA is more sensitive than AGID in detecting even small amounts of antibody to a

given antigen,?’-3?

animals recently infected would not be detected by AGID. However, when
compared to the commercial ELISA, we found 84.3% of agreement between the results with a k

value of 0.68. Although the agreement found between the assays is considered good, it is worth
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nothing that the commercial assay detects antibodies to the BLV gp51 glycoprotein using a
peroxidase-labelled competing monoclonal antibody. Thus, in this case, because gp51 is a highly
variable surface glycoprotein, animals infected with a different genotype'® might not have
antibodies to the epitope targeted by the detecting monoclonal antibody and would result negative
in the commercial but positive in the in house iELISA that uses the highly conserved BLV p24r
protein. In fact, one animal positive by iELISA and Western Blot assay (Fig. 1C, second strip
ODusso 0.997) ended negative when assayed by the commercial ELISA, strengthening the
hypothesis that different genotypes of BLV are circulating on different geographical areas and
would escape detection by serological assay that would target unique epitopes. In the other hand,
animals negative to the in house iIELISA but positive in the commercial assay could have been
infected recently and developed antibodies mostly to the viral surface glycoprotein. In any case,
controlling BLV infection in a herd requires periodical testing to remove positive animals as long
as any positive animal is still detected within the herd.
BLV causes a silent, life-long infection of dairy cattle which has been mostly
underestimated or even overshadowed by other diseases. However, as the economic impact of

d18720,36,37

BLV on cow’s health and milk production is appreciate and, most recently, with its

2325 3 major switch on diagnosis and disease control

possible link with human breast cancer,
should be expected. Thus, rapid and reliable serological test should be promptly available at low
cost to milk farmers and eradication policies should become mandatory. Using our in house
iIELISA, we tested 736 dairy and 451 beef cattle sera samples from the North region of Rio
Grande do Sul and found a prevalence of 31.1% (229/736) and 9.5% (43/451) respectively. For

dairy cattle, the prevalence to BLV infection remains similar to that reported in previous

studies.'®>!* In fact, we were expecting a higher prevalence. Thus, we hypothesize that current
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invasive management procedures like ear tagging, vaccination, artificial insemination and
tuberculosis testing are performed taking into consideration the risk of transmitting BLV amongst
cattle, mainly because most veterinarians are aware of the relatively high prevalence of within
herd infection already reported in dairy cattle from this region. By doing so, iatrogenic
transmission of BLV is kept at minimum. Also, we are aware that most veterinarians recommend
that once an infected animal is detected, it should be removed from the herd or managed in such a
way to reduce the risk of transmitting BLV to non-infected cows.

In conclusion, the in house iIELISA we developed using BLVp24r might be explored as a
commercial test to detect BLV infected animals. The protein expressions and purification system
we used yields enough protein to make it affordable and simple to use. Because BLV is
widespread in dairy cattle and we showed a high rate of infection also in beef cattle, and because
of the recent reports of BLV infection in humans, controlling BLV infection in cattle becomes a

public health issue that should become mandatory.
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FIGURE LEGENDS

Figure 1. (A) Polymerase chain reaction (PCR) amplification of the nucleotide sequence
corresponding to the BLV capsid protein gene. Lymphocytes from BLV-infected cows (lanes 1
and 2) and from a non-infected cow (lane 3) were used for DNA extraction and analyzed by PCR.
The fragment amplified was 666 nucleotides in length. M: 1 Kpb molecular weight markers. (B)
Analyses of the recombinant BLV capsid protein (BLV p24r). Samples were collected prior to
IPTG induction (lane 1), after overnight induction (lane 2), and after purification by the HisTrap
column (lane 3), analyzed by SDS-PAGE and stained by Coomassie blue. The size of the
molecular weight markers are indicated on the left side. (C) Western blot analysis of the
BLVp24r protein. The purified BLVp24r protein resolved by SDS-PAGE and transferred to
nitrocellulose membrane. Membrane strips containing the BLVp24r were incubated with serum
from non-infected (panel C; n = 8) and naturally BLV-infected (panel D; n = 8) cows, and with
rat serum (panel E) collected prior to (day 0) or after immunization (day 41) with the BLVp24r.
All sera were also evaluated by our in house iIELISA and the optical density (ODassonm) of each

serum is indicated below the strips. M: molecular weight markers.

Figure 2. Ideal antigen concentration determination for the in house iELISA. Different antigen
concentrations were adsorbed to the Polysorp® microplates and then incubated with serum from
non-infected (n = 16) and naturally BLV-infected (n = 16) cows diluted 1:100. The antigen
concentrations evaluated are indicated. The results represent the OD mean = SEM at each antigen

concentration. The arrow indicates the ideal antigen concentration.

Figure 3. Receiver operating characteristic (ROC) analysis. The ROC curve was created using the
results obtained from analyzing 70 BLV negative and 30 BLV positive bovine serum samples
(diluted 1:100) by the in house iELISA (50 ng antigen/well) performed with the Polysorp®

microplate. The area under the ROC curve was 0.9989.
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Figure 2
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Table 1. Performance of Maxisorp® e Polysorp® ELISA microplates. The wells of both plates
were sensitized with BLVp24r (2 pg/well) and evaluated in triplicates with negative (n = 4) and
BLV-positive (n = 4) sera samples to determine the P/N ration (P/N) and the percentile of the
coefficient of variation (%CV). The index value was then obtained by dividing the P/N ratio by
the CV (%) from positive samples.

) Cv
Microplate P/N i __ Index
Negative Positive
Maxisorp 2.04 7.1% 8.8% 0.23

Polysorp 4.50 2.2% 4.1% 1.1




51

Table 2. Anti-BLV antibodies prevalence in dairy and beef cattle. Serum samples from dairy

cattle (n = 736) and beef cattle (n = 451) were evaluated in duplicates by the in house iELISA,

using 50 pg/well of BLVp24r in Polysorp® microplates and a 1:100 sera dilution. Samples with a

OD > 0.320 were considered positive

Result
Cattle type n __ i
Positive Negative
Dairy 736 229 (31.1%) 507 (68.9%)
Beef 451 43 (9.5%) 408 (90.5%)
Total 1187 272 (22.9%) 915 (77.1%)
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Table 3. Rate of agreement between the 1ELISA (anti-p24 antibodies) and a commercial

competitive ELISA (anti-gp51 antibodies) evaluated using 255 samples

amongst dairy cattle serum samples.

selected randomly

Competitive gp51 ELISA

Positive Negative Total
_ Positive 115 22 137
IELISA ]
Negative 18 100 118
BLVp24r
Total 133 122 255
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4, CONCLUSAO

O desenvolvimento de um teste de ELISA indireto genuinamente brasileiro ¢
imprescindivel para o controle da LEB no Brasil. Assim, consideramos o nosso ELISA um
possivel candidato para kit comercial, o que possibilita diagnosticar corretamente todos os
animais de um rebanho, pois o teste apresenta altissima sensibilidade e especificidade, ou seja,
alta acuracidade no diagnostico. Com os resultados desse trabalho concluimos que:

1. A tecnologia que foi utilizada para obtengdo da proteina recombinante ¢ de alta
complexidade, considerada uma técnica dificil de ser realizada. Entretanto, quando comparamos
o sistema de expressdo por nds utilizado (E. coli e um vetor que expresse uma proteina de fusao)
com outros sistemas, como por exemplo, baculovirus e células eucariotas, percebemos que ¢ uma
técnica menos laboriosa e mais rapida de obter a proteina purificada.

2. A padronizacao de qualquer interferente no teste ¢ de suma importancia, pois reduzimos
ao maximo a quantidade de reagentes utilizado sem prejudicar os resultados. Além disso, a
otimizagao total do teste gera resultados que aumenta ainda mais a confiabilidade do diagnostico.

3. O ELISA desenvolvido consegue eliminar muitos interferentes e limitagdoes que o IDGA
possui, como por exemplo, falsos negativos decorrentes do manejo, animais no periodo perinatal
ou lactantes.

4. O estudo sorologico demonstrou que a nossa regido continua sendo endémica para o
BLV em rebanhos com aptidao leiteira. Além disso, demonstramos que a infec¢do esta presente

em bovinos de corte também, porém com uma prevaléncia menor do que aquele de leite.
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5. CONSIDERAGOES FINAIS

Para chegarmos a esse nivel de padronizagdo do ELISA utilizando a BLVp24r foi
necessario mudar varias vezes a estratégia utilizada, tanto inicialmente, na clonagem do

fragmento no vetor, bem como na purificacao da proteina.

Primeira

A primeira dificuldade enfrentada foi a clonagem do fragmento no plasmideo pET-20.
Realizamos a PCR e a digestdo do fragmento e do plasmideo com as enzimas de restricio BamHI
¢ HindlIIl, incubagdo e inativagdo das mesmas, em diferentes tempos e temperaturas, segundo as
recomendagdes do fabricante. Entretanto, quando essas amostras foram submetidas a ligagdo com
a T4-ligase, nenhuma das tentativas foi bem sucedida. Nesse momento, realizamos o
sequenciamento do fragmento do PCR para analisar que, se de fato, os primers possuiam a sitio
de restricdo correto. Apos analise, comprovamos que o problema ndo estava nos sitios de
restricdo. Assim, partimos para uma nova estratégia: a clonagem do fragmento no plasmideo
pGEM. Seguimos conforme as instru¢des do fabricante e a clonagem foi bem sucedida.

Com o fragmento no pGEM, digerimos e purificamos o fragmento de interesse, ¢ mais uma
vez falhamos na clonagem com o pET-20. Nesse momento, mudamos o método de purificagdo,
ou seja, estavamos usando o kit e passamos a utilizar a purificagdo por precipitagdo do DNA por
etanol, pois acreditdvamos que o kit deixava muitos residuos no produto eluido. Assim, uma nova
tentativa de ligacdo foi realizada e a clonagem foi bem sucedida, conseguindo, finalmente, a

constru¢do BLVp24-pET-20.

Segunda

A expressdo e purificagdo da proteina também foi um desafio. Varias concentragdes do
agente indutor (IPTG) de expressao génica foram testadas em diferentes tempos de expressao (1-
Sh e overnight), para se chegar na maior concentragdo possivel da proteina BLVp24r expressa.
Além disso, a purificagdo também passou por varios passos de padronizagdo, iniciando pelos
tampdes utilizados para ligagdo do produto na resina de afinidade ao niquel, bem como nos

tampoes de lavagem e de eluicdo da proteina. Além da resina de afinidade ao niquel, também
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utilizamos a Q-Sepharose para testarmos se, apds o produto ser eluido da primeira purificacdo,
conseguiriamos deixar a proteina livre de quaisquer proteinas co-purificadas, entretanto a
segunda purificagdo com a Q-sepharose nao surtiu o efeito desejado.

Assim, partimos para a expressdo em escala maior, utilizando 0.1M de IPTG overnight e a

purifica¢ao apenas com a coluna com a resina de afinidade ao niquel (HisTrap).

Terceira

Além da proteina do capsideo viral (BLVp24r), tentamos expressar a glicoproteina do
envelope viral (BLVgpSIr). Conseguimos padroniza-la, utilizando os mesmos passos que foi
utilizado para a BLVP24r, entretanto a concentracdo de proteina obtida foi bem inferior. Isso se
deve ao fato de que o plasmideo que utilizamos para clonar foi o pPBAD-TOPO. Esse plasmideo
ndo possui expressdao tdo boa quanto o pET-20, pois ndo possui nenhuma proteina fusionada,
diminuindo a solubilidade das proteinas expressas. Entretanto, foi iniciada a padronizagdo do
ELISA utilizando a gp51 e observamos que ela teve reatividade no Western Blot e no ELISA com

soros de bovinos naturalmente infectados.

Quarta

O teste de ELISA ndo era o unico teste sorologico que gostariamos de ter padronizado. O
teste de IDGA foi realizado de varias formas utilizando tanto a proteina BLVp24r e a BLVgpS51r.
Utilizamos varias metodologias, mudamos tampdes em que a proteina estava eluida, o tampao
que a agarose ¢ diluida, temperaturas de incubagdo, quantidade de proteina colocada no teste,
soros fortemente positivos no ELISA e no IDGA comercial, soro de referéncia da OIE para a
LEB, mas nao obtivemos sucesso. Apenas conseguimos que o soro hiperimune de cada proteina
reagisse contra a proteina alvo e, quando testamos de forma cruzada, ndo houve reagao.

Outra padronizacdo que gostariamos de ter feito ¢ a combinagdo das duas proteinas
(BLVp24r e BLVgp51r) tanto no teste de ELISA como no teste de IDGA. No teste de IDGA
descartamos, pois ndo conseguimos fazer com que o teste funcionasse € no ELISA descartamos,
pois ndo conseguimos caracterizar perfeitamente a gp51, necessitando mais testes para,

primeiramente, sua padroniza¢do no ELISA e, posteriormente, como iriam se comportar as duas

proteinas num mesmo pogo e a padronizagdo desse novo ELISA.
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Quinta

Ha relatos na literatura de que o BLV pode infectar seres humanos. Com isso, testamos 872
amostras humanas no ELISA por ndés desenvolvidos. Utilizamos os mesmos parametros de
analise dos bovinos, ou seja, nosso cut-off continuou em 0.270. Com isso, obtemos 4.2% (26) de
soros reagentes. Entretanto, ¢ necessario melhorar a padronizagdo, utilizando amostras humanas
sabidamente positivas e negativas testadas através de PCR e IDGA. Infelizmente, ndo dispomos
dessas amostras de soro e portanto, teremos que achar outro meio de padronizar o teste visando

detectar anticorpos anti-BLV em pessoas.

Perspectivas futuras

Com os resultados obtidos, o préximo passo para o teste de ELISA desenvolvido seria a
inoculagdo experimental de BLV em bovinos, para acompanhar a partir de quantos dias, apds
contato com o virus, seria possivel diagnosticar o animal como positivo. Também, seria
necessario, a comparagdo interlaboratorial de amostras positivas e negativas testadas, além de
ajusta-lo e realizar as validagdes conforme as normas da ANVISA para poder ser candidato a

comercializacdo no Brasil.
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