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RESUMO

FONTEQUE, G.V. 2023, 74p. Prevaléncia da leucose enzodtica bovina e associacdo dos
alelos BoLA-DRB3 na raga Crioula Lageana. Tese (Doutorado em Ciéncia Animal) —
Universidade do Estado de Santa Catarina. Programa de P6s-Graduacdo em Ciéncia Animal,
Lages, 2023.

A leucose enzodtica bovina (LEB) é uma doenca infecciosa e cosmopolita causada pelo virus
da leucose enzootica bovina (BLV). O BLV é um retrovirus que infecta naturalmente bovinos,
com tropismo por linfécitos B. Na maioria dos casos, a LEB é subclinica e, menos
frequentemente, os animais infectados apresentam linfocitose persistente e linfossarcoma,
levando a deficiéncia imunoldgica, causando perdas econémicas relacionadas aos custos do
tratamento e queda na producdo ou descarte de animais. O virus foi identificado em tecido
mamario oncoldgico em humanos, possibilitando a correlacdo entre o consumo de carne e/ou
leite com a maior frequéncia de desenvolvimento da doenca. A raca Crioula Lageana é resultado
da selecdo natural, e apresenta alta variabilidade genética e alelos de resisténcia associados a
patdgenos e determinacdo de resisténcia as infecgdes. A preservacdo da raca e sua utilizacao
em programas de conservacdo e melhoramento genético contribuem com a manutencéo da
salde Unica, ao fornecer alimento de qualidade, reduzindo risco de transmissdo de doengas,
gastos com tratamento e poluicdo ambiental pelo uso de medicamentos. O objetivo do trabalho
foi determinar a prevaléncia da LEB em bovinos da raca Crioula Lageana e a associacdo dos
alelos do gene BoLA-DRBS3 a resisténcia ou susceptibilidade a infecgdo natural pelo BLV.
Amostras de 308 bovinos de seis propriedades do Planalto Serrano de Santa Catarina, foram
submetidas ao teste de ELISA e PCR. Em nosso conhecimento esse é o primeiro trabalho de
prevaléncia de leucose em bovinos da raca Crioula Lageana. A prevaléncia de LEB foi de
6,82% (21/308) para o teste de ELISA e 36,69% (113/308) para PCR-BLYV. A leucocitose com
linfocitose esteve presente em 11% (18/113) dos animais positivos na PCR. Nenhum animal
apresentou a forma clinica de linfossarcoma. Observou-se alta variabilidade para o gene BoLA-
DRB3 por meio do sequenciamento de Sanger. O alelo DRB3*1201 do gene BoLA-DRB3 esta
associado a resisténcia a infeccdo pelo BLV. Concluimos que o BVL esta presente na raca
Crioula Lageana, e a selecdo de animais contendo o alelo de resisténcia pode ser utilizada no

desenvolvimento de estratégias de prevencao e controle para evitar a disseminagao do virus.

Palavras-chave: Genotipagem; Resisténcia; Raca Crioula.
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ABSTRACT

FONTEQUE, G.V. 2023, 75p. Prevalence of enzootic bovine leukosis and association of
BoLA-DRB3 alleles in the Crioula Lageana breed. Tesis (PhD in Animal Science) —
University of the State of Santa Catarina. Postgraduate Program in Animal Science, Lages,
2023.

Enzootic bovine leukosis (EBL) is an infectious and cosmopolitan disease caused by the bovine
enzootic leukosis virus (BLV). BLV is a retrovirus that naturally infects cattle, with tropism for
B lymphocytes. In most cases, EBL is subclinical and, less frequently, infected animals present
persistent lymphocytosis and lymphosarcoma, leading to immunological deficiency, causing
economic losses related to costs treatment and drop in production or disposal of animals. The
virus was identified in oncological breast tissue in humans, making it possible to correlate the
consumption of meat and/or milk with a greater frequency of development of the disease. The
Crioula Lageana breed is the result of natural selection, and presents high genetic variability
and resistance alleles associated with pathogens and determination of resistance to infections.
The preservation of the breed and its use in conservation and genetic improvement programs
contribute to the maintenance of unique health, by providing quality food, reducing the risk of
disease transmission, treatment costs and environmental pollution due to the use of medicines.
The objective of the work was to determine the prevalence of EBL in cattle of the Crioula
Lageana breed and the association of alleles of the BoLA-DRB3 gene with resistance or
susceptibility to natural infection by BLV. Samples from 308 cattle from six properties in the
Serrano Plateau of Santa Catarina were subjected to ELISA and PCR testing. To our knowledge,
this is the first study on the prevalence of leukosis in Crioula Lageana cattle. The prevalence of
EBL was 6.82% (21/308) for the ELISA test and 36.69% (113/308) for PCR-BLV.
Leukocytosis with lymphocytosis was present in 11% (18/113) of PCR-positive animals. No
animal presented the clinical form of lymphosarcoma. High variability was observed for the
BoLA-DRB3 gene through Sanger sequencing. The DRB3*1201 allele of the BoLA-DRB3
gene is associated with resistance to enzootic bovine leukosis virus infection. We conclude that
BVL is present in the Crioula Lageana breed, and the selection of animals containing the
resistance allele can be used in the development of prevention and control strategies to avoid

the spread of the virus.

Keywords: Genotyping; Resistance; Local breed.
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1 INTRODUCAO

A produgdo animal mundial precisa atender as necessidades e desafios na gestdo de
recursos geneéticos animais, além de suprir as demandas de producdo mitigando a fome e a
pobreza, garantir seguranca alimentar, minimizando a ocorréncia de doencas, visando a
manutencdo da saude Unica, mantendo a biodiversidade e a integridade ambiental. A gestdo
efetiva dos recursos genéticos e sua utilizagdo para suprir as necessidades das geracGes futuras,
parte do conhecimento sobre as racas, programas de melhoramento visando a biodiversidade,
desenvolvimento econdmico e social.

A preservacdo da diversidade pode ser conseguida pela conservagdo dos recursos
genéticos, o uso e propagacdo de material genético, através da reproducdo e multiplicacdo, da
utilizacdo de racas localmente adaptadas de bovinos como a Crioula Lageana. Essas populactes
tém sofrido longos processos de selecdo natural, adaptando-se localmente, gracas as
caracteristicas de rusticidade e resisténcia as doencas, aliadas a indices produtivos satisfatérios.

No estado de Santa Catarina encontra-se 0 maior nucleo de conservacédo in situ dessa
raca, garantindo preservacao e possivel fonte de recursos genéticos para o mundo. Além destes,
locais de conservacao ex situ, na Embrapa Recursos Genéticos e Biotecnologia em Brasilia-DF
e nos estados do Parana e Tocantins onde estdo sendo realizados trabalhos de pesquisa visando
manutencéo e diversidade genética.

Os trabalhos de pesquisa da raca tém sido de suma importancia na obtencdo de
resultados frente aos desafios de conservagdo e manutencao da variabilidade genética, recursos
genéticos e salde Unica. Neste sentido, o objetivo foi determinar a prevaléncia da leucose
enzooltica bovina e a associacdo dos alelos BoLA-DRB3 na raca Crioula Lageana com a
resisténcia ou susceptibilidade a infec¢do natural pelo BLV.

[ —
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2. OBJETIVOS

2.1. OBJETIVO GERAL

Determinar a prevaléncia da LEB em bovinos da raca Crioula Lageana e a associacéo

dos alelos do gene BoLA-DRB3 a resisténcia ou susceptibilidade da infeccao natural pelo BLV.

2.2.  OBJETIVOS ESPECIFICOS

Determinar a soroprevaléncia da leucose enzodtica bovina por meio do teste de ELISA
em bovinos da raga Crioula Lageana;

Determinar prevaléncia da leucose enzoo6tica bovina por meio da técnica de reacdo em
cadeia da polimerase (PCR) para deteccdo de presenca do BLV em bovinos da raca Crioula

Lageana;

Determinar a sequéncia nucleotidica dos alelos do gene BoLA-DRB3 presentes na raga

Crioula Lageana;

Verificar a associacao entre os alelos BoOLA-DRB3 encontrados e a infecg¢ao natural pelo
VLB na raga Crioula Lageana.

[ —
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3 HIPOTESE

Espera-se encontrar associacdo genética positiva entre animais infectados e que
apresentem alelos BoLA-DRB3 associados a resisténcia na populacéo da raca Crioula Lageana,
demonstrando que a variabilidade existente esta intimamente associada a resisténcia a leucose

enzodbtica bovina.

[ —
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4 REVISAO DE LITERATURA

41. ARACACRIOULA LAGENA

A Crioula Lageana é uma raca bovina localmente adaptada do Planalto Serrano de Santa
Catarina, Brasil. E o resultado da selecdo natural decorrente de quase cinco séculos no ambiente
de clima hostil desta regido, caracterizada pelo frio intenso, escassez de alimento, presenca de
parasitas e microoganismos patogénicos. Apos a vinda de material genético de bovinos
europeus, houve miscigenacéo, o que fez com que a raca quase fosse extinta (Mariante and
Cavalcante, 2000; Martins, 2021), constando na lista de racas em risco extin¢do, de acordo com
a classificagdo da FAO (2007).

No entanto, gragas aos trabalhos de pesquisa e dos criadores, fundou-se a Associacao
Brasileira de Criadores de Bovinos da Raca Crioula Lageana (ABCCL), dos quais, por esforcos
conjuntos, levou ao reconhecimento oficial da Raca Crioula Lageana e sua Variedade Mocha
por parte do Ministério da Agricultura Pecuaria e Abastecimento (MAPA) do Brasil em 2008.
Isso alavancou os trabalhos que ja vinham sendo realizados para que houvesse resgate e
manutencdo do material genético, possibilitando a selecdo e o melhoramento genético,
promovendo a conservacao da raca. Isso também permitiu a ampliacdo do rebanho e com a
aquisicao de exemplares da raga por criadores da regido Norte do Brasil, a distribuicdo nacional,
pois até aquele momento a raca estava restrita a regido Sul do pais, com maior concentragdo no
Planalto Serrano de Santa Catarina (Spritze et al., 2003; Serrano et al., 2004; Bianchini et al.,
2006; Egito et al., 2007; Martins, 2009; Teixeira et al., 2012; Cardoso et al., 2013; Fino et al.,
2013; Martins, 2021).

Dentre os trabalhos recentemente realizados, destacam-se os de determinacdo de
variabilidade genética, identificacdo da presenca de alelos de resisténcia, associacdo a
patdgenos e determinacdo de resisténcia as infec¢bes, comprovando a importancia da sua
preservacdo e utilizacdo em programas de conservacdo e melhoramento genético (Casa et al.,
2023; Fiorin et al., 2023).

4.2. LEUCOSE ENZOOTICA BOVINA

A LEB também conhecida como leucemia bovina € uma doenca infectocontagiosa,
cosmopolita, que afeta bovinos, bubalinos e cervideos. Apresenta-se na forma subclinica na
maioria dos casos, podendo evoluir para linfocitose persistente e linfossarcoma, com menor

frequéncia. A transmissdo pode se dar de maneira horizontal, pela exposi¢do a fluidos

N
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contaminados com linfocitos infectados (sangue, leite, sémen e saliva). Ou vertical, ao
nascimento, pelo consumo de colostro ou leite. E mais comum em rebanhos leiteiros onde
determina grandes perdas econémicas relacionadas a queda de producdo, custos com
tratamento, limitacdes na reproducdo e comercializacao, até a morte dos animais (Gillet et al.,
2007; Ramalho et al., 2020; Woah, 2021).

4.2.1 Etiologia

Causada pelo BLV, um membro da familia Retroviridae, é capaz de produzir um pro-
virus DNA ap0s a integracdo com o genoma do hospedeiro, principalmente dos linfocitos B e
T de bovinos (Meirelles et al., 2009).

A organizagdo gendmica do BVL, como nos demais retrovirus, dispostos de 5’ para 3’
entre as repeticbes terminais longas (LTR, long terminal repeats) do genoma, 0s genes
estruturais gap (pl2, p15, p24), pro (protease), pol (transcriptase reversa e integrase), e env
(gp51 e gp30) do capsideo e envelope viral respectivamente, necessarios para a producéo de
virions infectantes; e as proteinas regulatérias codificadas pelo gene X (Tax, Rex, G4 e R3)
(Gaudray et al., 2002). Dentre os trés principais grupos de proteinas virais que determinam a
resposta imunoldgica no hospedeiro, a P24 é a principal proteina estrutural ndo glicosilada, e
no grupo das glicoproteinas a GP51 € o principal antigeno, utilizada no desenvolvimento de

testes de imunodifuséo em gel (Resende et al., 2021).

4.2.2. Epidemiologia

A LEB acomete, principalmente, bovinos, embora a infec¢do natural tenha sido descrita
em bubalinos (Chaves et al., 2012; Olaya-Galan et al., 2022), cervideos (Frolich et al., 2006) e
ovinos (Olaya-Galan et al., 2022).

Relatada pela primeira vez na Alemanha em 1874, a doenca disseminou-se pelo mundo
através do comércio de animais vivos (Figura 1). Atualmente é endémica em muitos paises,
com variacdes epidemioldgicas de acordo com as caracteristicas de cada pais e rebanho (Tabela
1). A prevaléncia ¢ até quatro vezes maior em bovinos leiteiros quando comparada aos bovinos
de corte. N&o tem predilecdo por raca, sexo ou idade, no entanto apresenta maior
sororreatividade em fémeas com idade superior a 48 meses (Juliano et al., 2014; Ramalho et
al., 2020; Woah, 2021).

Em bezerros de seis até 12 meses de idade a sororreatividade pode se dar por transmisséo

passiva via placentaria, ou por ingestao de colostro de maes positivas (Kobayashi et al., 2014;

N
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Ramalho et al., 2020), caracterizando falso positivo. A monta natural pode constituir importante
forma de transmissdo. Em um estudo realizado com 121 touros, 45% foram soropositivos para

o teste de ELISA e 7,4% apresentaram DNA proviral no sémen (Benitez et al., 2019).

Figura 1 — Surtos de leucose enzootica bovina (LEB) notificados em todo o0 mundo em 2021
segundo OIE Platform Wahis.

D No data

"I No information provided in report
For selected disease(s)

lAbsent in the country

Suspected

& :- l Present

Fonte: OIE Platform Wahis

Tabela 1 — Estudos de prevaléncia para leucose enzoo6tica bovina (LEB) de acordo com o

método diagnostico e variacdes epidemioldgicas em cada pais.

Método Frequéncia (%) Pais Referéncia
Diagnostico
AGID 24 Canada (Heald et al., 1992)
AGID 17 Bulgaria (Sandev et al., 2001)
AGID 08 Brasil (Amoril et al., 2009)
AGID 63 Brasil (Meirelles et al., 2009) A
AGID 81 Brasil (Meirelles et al., 2009) B
AGID 26 Brasil (Meirelles et al., 2009) C
ELISA 11 Peru (Uysal et al., 1998)
ELISA 15 Chile (Grau and Monti, 2010)
ELISA 29 Japéo (Murakami et al., 2011)
ELISA 82 Iran (Morovati et al., 2012)
ELISA 61 Venezuela (Nava et al., 2011)
ELISA 20 Colémbia  (Benavides Benavides et al., 2013)
ELISA 02 Turquia (Sevik et al., 2015)
ELISA 07 Iraque (Khudhair et al., 2016)
ELISA 39 EUA (Bauermann et al., 2017)

Fonte: Modificado de Ramalho et al 2020.
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No Brasil foram desenvolvidas pesquisas soroldgicas de prevaléncia, em bovinos de
corte e leite, em todas as regides do pais (Figura 2): Regido Norte: (Carneiro et al., 2003) 9,2%
no Amazonas; (Fernandes et al., 2021) 37% em Tocantins, (Juliano et al., 2014) 27,8% no
estado de Tocantins; Regido Nordeste: (De Matos et al., 2005) 41% na Babhia; (Santos et al.,
2020) 53,8% no Estado do Maranhdo; (Santos et al., 2013) 20,7% na Microrregido Garanhuns,
Pernambuco; Regido Centro-Oeste: (Juliano et al., 2014) 15,3% no estado de Goias; Regido
Sudeste: (Megid et al., 2003) 51,8% em Botucatu — SP; (Rajo et al., 2014) 79,7% em Minas
Gerais; Regido Sul: (Junior et al., 2003) 40,7% em Londrina -PR; (Poletto et al., 2004) 23,53%
em Passo Fundo — RS; (De Barros Filho et al., 2020)56,34% em Curitiba — PR; Rodakiewicz
et al., (2018) encontraram 42,1% dos animais soropositivos para BLV, em 21 propriedades
distribuidas nas quatro mesorregides (oeste, serrana, norte e sul) do estado de Santa Catarina,
Brasil (Figura 3).

Figura 2. - Médias (%) de soroprevaléncias da leucose enzodtica bovina calculadas por regido

de acordo com varios autores no Brasil.

B Norte

B Nordeste
[l Centro-Oeste
B Sudeste

 Sul

Fonte: elaborado pela autora.

Figura 3 - Médias (%) de soroprevaléncias da leucose enzootica bovina calculadas por regido

de acordo com varios autores no estado de Santa Catarina, Brasil.

N
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SANTA CATARINA - MESORREGIOES

LEGENDA

[ GRANDE FLORIANOPOLIS
I NORTE CATARINENSE
[7] OESTE CATARINENSE

] SERRANA

B SUL CATARINENSE

VALE DO ITAJAL

Suporte Geografico
Elaborado a partir de base cartografica do 1BGE

Fonte: elaborado pela autora.

4.2.3 Importancia econémica

Muitos prejuizos sdo causados pela LEB, principalmente, 0os custos com servicos
veterinarios, mortes de animais e restricdes a venda de bovinos com linfossarcoma (Brenner et
al., 1989). As perdas em consequéncia a queda na produgdo em rebanhos leiteiros positivos
para BLV variam em torno de 525 milhdes de ddlares para a indUstria de laticinios nos EUA e
100 dolares por vaca por lactacdo no Brasil, valor altamente significativo especialmente para o
pequeno produtor (Ott et al., 2003; Rajdo et al., 2014). Obviamente 0s impactos econémicos

diferem entre paises onde a doenca é endémica, controlada ou erradicada (Batho et al., 2008).

4.2.4 Importancia para a Saude Publica

O BLYV foi identificado em tecido epitelial de glandulas mamarias humanas e associado
a 59% dos casos de cancer de mama em mulheres, representando um fator de risco para o
desenvolvimento da doenca (Buehring et al., 2014; Buehring et al., 2015). Ha possibilidade de
correlacdo entre o consumo de carne e/ou leite com a maior frequéncia de desenvolvimento de
cancer de mama em humanos (De Quadros et al., 2023). No entanto se faz necessario o
desenvolvimento de estudos mais prolongados e com maior numero de casos para confirmar

alguns achados; uma vez que a quantidade de alimento ingerido € um fator muito varavel e

N
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dificil de ser quantificada e correlacionada de forma correta para fundamentar tais afirmacoes
(Matsumoto et al., 2007; Buehring et al., 2014).

Varios estudos identificaram a presenca de DNA do BLV em tecido de mama canceroso,
em taxa mais altas que em tecido de mama saudavel (Mesa et al., 2013; Buehring et al., 2014;
Baltzell et al., 2018) e pelo menos um estudo indicou presenca de anticorpos reativos contra a
proteina do capsideo do BLV em humanos (Buehring et al., 2003). Recentemente um estudo
realizado no Sul do Brasil encontrou fortes evidéncias sobre o envolvimento do BLV no céancer
de mama, podendo ser utilizado como marcador molecular no diagnostico precoce, ao ser um
potencial fator predisponente ao desenvolvimento da doenca. No entanto, estudos com nimero
maior de amostras podem ser necessarios para confirmar que o BLV € um agente zoondtico

com grande impacto na saude publica (Schwingel et al., 2019).

4.2.5 Patogenia

A transmissdo de BLV ocorre de varias formas, podendo ser vertical: via placenta ou
durante o parto, periparto por meio da ingestdo de colostro ou leite contaminado; horizontal:
pelo contato com fluidos contaminados com linfacitos infectados, por via iatrogénica, durante
procedimentos como palpacdo transretal, transfusdo sanguinea, imunizagdes, assim como a
presenca de insetos hemat6fagos e o contato direto entre os animais (Kobayashi et al., 2014;
Ramalho et al., 2020).

4.2.6 Sinais Clinicos

Na maioria dos casos a LEB apresenta-se na forma subclinica, no entanto
aproximadamente 30% dos animais com mais de trés anos de idade, desenvolvem linfocitose
persistente € uma porcentagem menor, de até 5% o linfossarcoma. Existe ainda a forma
aleucémica, onde os animais apresentam anticorpos (anti-BLV) sem linfocitose persistente ou

lesGes tumorais (Beyer et al., 2002).

Sinais clinicos inespecificos ocorrem normalmente apos dois anos de idade, e sua
variacao depende da localizacéo e do grau de envolvimento do processo neoplasico nos 6rgaos
vitais. Anemia, emagrecimento progressivo e infertilidade foram observados, embora sinais

mais evidentes sejam linfonodos bilaterais aumentados, mais ou menos simétricos, exoftalmia

N
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devido ao envolvimento de estruturas retro-oculares e presenca de massas tumorais subcutaneas

em diferentes localiza¢6es (Ramalho et al., 2020).

4.2.7 Diagnostico

O diagnostico da LEB é imprescindivel para que seja possivel a ado¢do de medidas
profiléticas e de controle. Pode ser realizado por meio de testes sorolégicos e moleculares, com
variacdes de sensibilidade e especificidade, vantagens e desvantagens, sendo considerados
complementares no correto diagnostico de infeccdo viral e no desenvolvimento da doenca.
Testes soroldgicos como o de Imunodifusdo em Gel de Agar (AGID, agar gel immunodifusion)
e testes imunoenzimaticos (ELISA, enzyme-linked immuno-sorbent assay), direto e indireto,
em soro ou leite, testes moleculares como a Reacdo em Cadeia da Polimerase (PCR), nested-
PCR e cultura de células mononucleadas do sangue periférico (PBMC), sdo produzidos

comercialmente para o diagnéstico do BLV (Resende et al., 2021; Woah, 2021).

A AGID foi considerada o teste de eleicdo por muitos anos, utilizada principalmente
nos paises Sul-Americanos, em funcdo dos custos de produgdo, uma vez que eram produzidos
no Brasil. No entanto, atualmente, ndo ha kits AGID comercialmente disponivel. Porém,
ensaios imunoenzimaticos (ELISA) apresentaram maior sensibilidade, com leitura mais rapida
e objetiva. A limitacdo no seu uso esta relacionada ao custo e tempo de importacdo do produto
(Ramalho et al., 2020; Resende et al., 2021).

4.2.8 Tratamento, Controle e Prevencao

A LEB ndo possui tratamento eficaz, portanto, para mitigar a sua disseminagédo, 0s
esforcos sdo concentrados no controle e na prevencao da doenca (Batho et al., 2008). Para o
controle e erradicacdo da LEB, a identificacdo dos animais positivos é o primeiro passo (Woah,

2021), pois possibilita a sua eliminacdo e a manutengédo dos negativos (Johnson et al., 1985).

Apos a implementacdo de programas de controle e erradicagdo, na década de 1960, a
doenca foi controlada e eliminada com sucesso em diversos paises. No entanto, estes
programas, além da demanda de tempo e investimentos, uma vez que se obtenha o status de

LEB-livre, a manutencdo desse status requer medidas de prevencdo e controle para evitar a

N
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reintroducdo da doenca, bem como a notificacdo, caso venha a ocorrer novamente (Batho et al.,
2008).

Com relagéo a prevencéo a LEB, a vacinacdo ndo € um método a ser considerado, haja
vista, ndo existir uma vacina eficaz comercialmente disponivel. Por isso, 0 conhecimento acerca
da resisténcia dos animais a infeccdo pelo BLV torna-se extremamente importante, por
possibilitar a selecdo de animais resistentes como reprodutores em programas de melhoramento

genético animal (Batho et al., 2008).

Ao testar uma nova vacina para BLV, utilizou-se animais susceptiveis, baseando-se na
associacao do gendtipo do BoLA-DRB3 a susceptibilidade a infecgdo experimental em
bovinos. A genotipagem do BoLA mostrou claramente a vantagem de usar bovinos susceptivel
para estimar o efeito da vacina anti-BLV, drogas ou qualquer tratamento (Takeshima et al.,
2014).

O locus BoLA-DRB-3 (Bovine Leukocites Antigens) estd associado a resisténcia
apresentada por alguns bovinos ao BLV, devido a caracteristicas do hospedeiro ligadas ao
Complexo de Histocompatibilidade Principal (MHC) (Brujeni et al., 2016). O conhecimento
acerca dos genes de resisténcia e os programas de controle e profilaxia séo fatores determinantes
para a erradicacdo da LEB nos rebanhos bovinos tornando-se tambeém grandes aliados da satde
publica (Batho et al., 2008).

4.3. COMPLEXO DE HISTOCOMPATIBILIDADE PRINCIPAL
4.3.1. Estrutura tridimensional do Complexo Principal de Histocompatibilidade (MHC)

O complexo principal de histocompatibilidade (MHC) sdo um conjunto de proteinas
presentes nas células apresentadoras de antigenos (APC), que atuam como receptores destas
células, reconhecendo e ligando a antigenos e apresentando-os para os linfécitos T, para sua
degradacdo. O MHC é altamente conservado e polimorfico, sendo suas proteinas codificadas
por mais de 200 genes, distribuidos em trés loci distintos, que codificam as trés diferentes
classes de MHC: MHC-I, MHC-II e MHC-IIl, cada uma destas com fungdes distintas. As
moléculas do MHC-1 estdo presentes em todas as células nucleadas, e apresentam antigenos

para linfocitos T CD8+. As do MHC-II, sdo expressas em APCs especializadas, como as

N
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dendriticas, macrofagos e linfocitos B e apresentam antigenos para os linfécitos T CD4+. As
moléculas de MHC-111 sdo proteinas do sistema complemento (Tizard, 2009).

A estrutura tridimensional das moléculas de classes I e Il determinadas por cristalografia
revelaram locais para ligacdo de peptideos e interagdo com o receptor de antigeno das células
T. O mapeamento dos peptideos e o sequenciamento dos aminoécidos revelaram que a cadeia
a da molécula MHC de classe I estd organizada em trés dominios: al, 02 e a3. Os dominios al
e 02 sao os dominios distais que formam a fenda de ligacao ao antigeno (peptideo) e o dominio
a3 é o dominio proximal da membrana. O dominio a3 e a B2-microglobulina apresentam
significante semelhanga entre si. Cada cadeia em uma molécula de MHC classe Il contém dois
dominios externos: dominios al e a2 e dominios B1 e f2. Os dominios al e B1 sdo os dominios
distais da molécula de classe II que formam a ligagdo ao antigeno. Os dominios a2 e B2 sdo

proximais a membrana celular (Andersson et al., 1988; Reiser et al., 2014).

4.3.2. Organizacdo Gendmica da Regido MHC

Em bovinos o gene MHC foi mapeado no cromossomo 23 (BTA23) e é definido como
Bovine Leukocites Antigens (BoLA) (Van Eijk et al., 1992), em cabras também se encontra no
cromossomo 23, e em ovelhas no cromossomo 20. Nestes ruminantes recebem nomenclatura
de acordo com espécie, Cahi e Ovar respectivamente (Klein et al., 1990; Amills et al., 1998).
A organizacdo do BoLA difere do MHC em humanos, onde se encontra no cromossomo 6
(HLA) (Reiser et al., 2014).

Em geral a estrutura do MHC ¢é relativamente conservada em todas as espécies de
mamiferos, e é dividida em trés regides, conforme sua funcéo: classe I, classe Il e classe 11l. O
mapeamento do cromossomo 23 de bovinos, demonstrou que na regido de classe | encontram-
se aproximadamente 1,550 kilobases (kb) e séo expressos dois loci fortemente ligados, BoLA-
A e BoLA-B (Amills et al., 1998).

A regido de classe Il em ruminantes é subdividida em classe lla e classe Ilb. A subclasse
Ila apresenta os genes DR e DQ, sendo DQA e DQB comumente observados em duplicata
(DQAL, DQA2, DQB1 e DQB?2). A classe llb apresenta os genes DMA, DMB, LMP2, LMP7,
e TAP, envolvidos no processamento e transporte de antigenos, e outros genes de classe Il
DOB, DIB, DYA e DYB (Andersson et al., 1988; Amills et al., 1998).

N
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A regido de classe I11 é constituida por um conjunto heterogéneo de genes relacionados
a resposta imune e outras fungdes como os fatores de complemento BF e C4, esteroides 21-
hidroxilase (CYP21), proteinas de choque térmico 70 (HSP70) e fatores de necrose tumoral
(TNF-0 ¢ TNF-B) (Bensaid et al., 1991).

4.3.3. Complexo de Histocompatibilidade Principal - MHC Classe lla, Sub-regido DR

O gene DRA codificado na cadeia a, foi considerado monomérfico por muito tempo,
por possuir apenas um alelo relatado, BoLA-DRA. No entanto, estudos tem demonstrado
variacgdo potencial no éxon 2 do locus DRA bovino. Analisaram-se amostras de 384 bovinos na
Nova Zelandia e identificaram-se a presenca de quatro alelos no éxon 2. Por outro lado, os
genes que codificam a cadeia f sdo altamente polimérficos (Zhou et al., 2007). O polimorfismo
estd concentrado principalmente no segundo éxon, que codifica a por¢édo variavel do local de
ligagdo do peptideo. Em bovinos o gene DRB possui pelo menos trés loci, mas apenas o gene
DRB3 é funcional. BoLA-DRB1 é um pseudogene com codons de parada, localizado na regido
B1 transmembrana e apresenta baixo polimorfismo. BoOLA-DRB2 € expresso em niveis muito
baixos e € monomorfico (Hedrick et al., 2000). A existéncia de varios genes de cadeia 3
aumenta a possibilidade de provocar uma resposta imune eficaz contra peptideos derivados de
patégenos que diferem significativamente em suas caracteristicas estruturais (Amills et al.,
1998).

4.3.4. Polimorfismo Alélico do Loci BoLA-DRB3

A caracterizacdo de polimorfismo em uma populacao de bovinos na América do Sul foi
realizada por meio do sequenciamento do éxon 2 do gene BoLA-DRB3 em 421 zebuinos,
juntamente com a analise de dados de 1416 taurinos e zebuinos, nos quais identificaram 46
alelos relatados anteriormente e nenhuma nova variagdo. Os resultados mostraram que as
diferencas existentes entre ragas taurinas e zebuinas se devem a origem, selecéo e adaptacéo.
Tais informac@es alélicas serdo importantes para investigar a relacdo existente entre MHC e
doencas, e contribuem para catalogar a frequéncia alélica do MHC de acordo com a raca e

localizagdo (Takeshima et al., 2018).

A caracterizagdo da diversidade do MHC de bovinos em racas Crioulas da América

Latina, por meio de sequenciamento do BoLA-DRB3.2 em 179 amostras revelaram alta

N
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diversidade genética, que pode ser explicada pelas maltiplas origens do germoplasma Crioulo
(Europeu, Africano e Indiano), tal diversidade pode ser mantida com equilibrio na selecéo
(Giovambattista et al., 2013).

Polimorfismo do gene BoLA-DRB3 também foi avaliado em bovinos na ragca Harton
del Valle (HV). O estudo demonstrou que o HV possui alta diversidade genética e a origem
deste polimorfismo pode ser em parte devida a origem da raca e esta alta variabilidade pode ser

mantida mediante equilibrio de selecdo (Hernandez-Herrera et al., 2015).

4.3.5. Locus BoLA-DRB3 associados a Resisténcia e Susceptibilidade a LEB

Acredita-se que a resisténcia apresentada por alguns bovinos ao BLV esté relacionada
com caracteristicas do hospedeiro ligadas ao MHC (Brujeni et al., 2016). O locus BoLA-Aw7
determinou a resisténcia dos bovinos a LEB, enquanto o BoLA-Aw12 a susceptibilidade
(Tizard, 2009). Acredita-se que o tipo de resposta imune contra os peptideos do BLV esteja
associado aos alelos deste gene, no entanto é necessario um aprofundamento nos estudos de
haplotipos especificos de resisténcia (Mirsky et al., 1996; Zanotti et al., 1996). O conhecimento
acerca dos genes de resisténcia e os programas de controle e profilaxia sdo fatores determinantes

para a erradicacdo da LEB nos rebanhos tornando-se também grandes aliados da saude publica.

O polimorfismo do gene DRB3 também foi investigado e associado a LEB em bovinos
Crioulo Colombiano. Os alelos *1101 e *2703 foram identificados e positivamente associados
a diminuicdo da infecgdo viral, baixo desenvolvimento de linfocitose, aumento de anticorpos
para leucose e diminuicdo da carga proviral. Esses animais foram considerados resistentes ao
desenvolvimento e/ou progressao da enfermidade (Hernandez-Herrera et al., 2015).

Takeshima et al., (2014) testaram uma nova vacina para BLV e confirmaram a
associacao do gendtipo do BoLA-DRB3 a susceptibilidade a infeccdo experimental em
bovinos, utilizando técnica de transplante de évulo fertilizado susceptivel. A genotipagem do
BoLA mostrou claramente a vantagem de usar bovino susceptivel para estimar o efeito da
vacina anti-BLV, drogas ou qualquer tratamento.

Genes BoLA s&o amplamente utilizados como marcadores de doengas e caracteristicas
imunologicas em bovinos. Na LEB além do diagnostico a carga proviral é um importante indice
na determinacdo da progressdo da doenca e risco de transmissdo. Takeshima et al., (2019)

investigaram a frequéncia dos alelos BoLA-DRB3, BoLA-DQAL e haplétipos do MHC classe
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Il em vacas Holandesas no Japdo e concluiram que a carga viral estd fortemente associada ao
polimorfismo destes alelos. Estes resultados podem ser Uteis na elimina¢do de vacas com BLV,

sem a necessidade de separar em lotes, positivo e negativo.

Alelos de resisténcia do gene BoLA DRB3.2 (*1101, *2709 e *20012) foram
observados em maior frequéncia em bovino crioulo Colombiano quando comparados com
alelos de susceptibilidade, conferindo baixa presenca de LEB para a raca, em meio a alta

prevaléncia da doenca no pais (Hernandez-Herrera et al., 2011).

4.3.6. Resisténcia X Susceptibilidade a outras doencas

Polimorfismo dos alelos BoLA-DRB3 e sua influéncia na incidéncia de mastite clinica,
ocorréncia de retencdo de placenta, cistos ovarianos, abscessos uterinos e contribuicdo para
caracteristicas de producdo de leite foram avaliados e 23 alelos identificados. O alelo 22
apresentou associacdo com mastite, sendo que nas vacas que possuem coOpia deste alelo a
frequéncia de ocorréncia de mastite esta diminuida e a producdo de leite aumentada, quando

em comparacao aquelas que ndo possuem o alelo (Pokorska et al., 2018).

Foram analisados rebanhos 5/8 Girolando e Holandés do estado de Pernambuco, para
avaliar os polimorfismos do gene BoLA-DRB3.2 associados & mastite. Identificaram-se 39
alelos, revelando alta variabilidade caracterizando-se com alto valor genético para a pecuéria,
devendo essas informacgdes serem consideradas em programas de melhoramento genético
nacional (Vilaga, 2016).

Da Mota et al., (2002) avaliaram a distribui¢do dos alelos BoLA-DRB3 em bovinos de
leite da raca Gir. Dezessete alelos BoLA-DRB3 foram identificados, incluindo alguns que
foram descritos apenas recentemente para o bovino zebu.

Ao avaliar o polimorfismo do BoLA-DRB3 e sua influéncia na producéo leiteira em
vacas Gir, foram identificados sete alelos BoLA-DRB3.2*4, *8, *11, *19, *28, *41 e *48 que
ndo haviam sido encontrados em zebuinos. Dois alelos *16 e *29 estavam significativamente
associados com maiores producgdes de leite, sugerindo que o proprio loco BoLA-DRB3.2 ou
um QTL a ele ligado influenciaria a produgéo de leite nas vacas Gir (Machado et al., 2005).

Dados revelaram que bovinos Wanbei séo resistentes a indugéo viral de febre aftosa,
gracas a presenca de mutagdo em uma proteina que altera a estrutura e a regulacédo celular que

ocorreu durante o longo processo de evolugéo. Os resultados foram obtidos pela investigacédo e
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associacao entre polimorfismo do gene BoLA-DRBS3 e a resisténcia/suscetibilidade a febre
aftosa em 100 amostras de bovinos Wanbei (Lei et al., 2012).

4.4. Consideragdes Finais

A intensa selecdo voltada as caracteristicas de producdo ocasionou aumento na
incidéncia de doencas, de modo que a identificacdo de genes ou regides cromossémicas e suas
associacfes com a resisténcia as doengas se faz urgente. Portanto, definir a estrutura, fungéo e
diversidade deste sistema é muito importante para entender a resposta imune em vertebrados.
A andlise molecular e o mapeamento detalhado de doencas associadas provavelmente
desempenhardo um papel central na genética e na medicina veterinaria por muitos anos. A
crescente resisténcia de microrganismos patogénicos aos antibioticos e outros medicamentos
torna indispenséavel a compreensdo das bases genéticas moleculares de resisténcia a doencas
infecciosas. A combinagdo de selecdo assistida por marcadores para resisténcia a doencas
especificas e vacinas peptidicas que usam informacGes sobre motivos de ligacgdo,
provavelmente contribuirdo para melhorar a sadde Unica, no futuro préximo. Tendo como
objetivo identificar e selecionar animais 0s quais além de produtivos tenham caracteristicas de
resisténcia ou tolerdncia a doencas, e a posterior utilizagdo deste material genético em

programas de melhoramento animal.
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Abstract

Enzootic Bovine Leukosis (EBL) is a chronic, cosmopolitan infectious and contagious disease
caused by the enzootic bovine leukosis virus (BLV), affecting both beef and dairy cattle, leading
to substantial economic losses. The bovine Crioula Lageana breed is a locally adapted Brazilian
breed at risk of extinction according to the FAO, characterized by high genetic variability that
permits its utilization in conservation and genetic improvement programs. Therefore, the
preservation of this breed is essential and requires, among others, the assessment of the health
status, with the determination of the prevalence of natural BLV infection. Blood samples were
taken from 308 animals from different categories: bulls, cows, heifers and male and female

calves; from six farms located in nuclei of in situ conservation for Crioula Lageana breed in
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Planalto Serrano de Santa Catarina, Brazil and were analyzed with hemogram, ELISA and PCR
tests. There was a prevalence of 6.82 % (21/308) for the ELISA test and 36.69 % (113/308) for
the PCR technique. There was no association between categories and natural infection or BLV
positivity in PCR by the Chi-square test (P<0.05). Leukocytosis with lymphocytosis was
observed in 11% (18/113) of PCR-positive animals. No animal showed the form of bovine
lymphosarcoma. We conclude that the BLV is present in Crioula Lageana cattle, requiring the
establishment of prevention and control measures to avoid the spread of the disease within the
herd.

Keywords: ELISA, PCR, Creole cattle, Enzootic Bovine Leukosis, Bovine Leukemia Virus.

Introduction

The Crioula Lageana bovine breed is known for its rusticity and high productivity in the
hostile climate environment of the Serrano Plateau of the state of Santa Catarina, Brazil, due to
the selection and improvement work to which it has been subjected for decades, there has been
a recovery and maintenance of the genetic material [1]. In this sense, the horned and polled
varieties were developed, which have been raised for meat and milk production and dairy
production [2]. The breed has proven its high genetic variability and association of alleles with
disease resistance, such as babesiosis [3]. The continuity of this breed represents the existence
of an unrivalled bank of genetic resources for the bovine species. However, the breed was
recently listed on the extinction risk list of the Food and Agriculture Organization (FAO) and
still has a small number of individuals, currently constituting a population of 1,316 animals in
2017, according to the last FAO count [4].

Among the various infectious diseases, EBL is extremely important for cattle milk and
meat production. EBL is cosmopolitan infectious and contagious disease, also called bovine
lymphosarcoma, that is a natural infection of cattle caused by the enzootic bovine leukosis virus.
BLV, which naturally infects cattle, belongs to the retroviridae family, which integrates into
the DNA of the host genome, forming a provirus that allows viral replication [5]. BLV has a
tropism for leukocytes, especially B-lymphocytes causing several immunological dysfunctions,
varying in intensity according to the viral charge and infection time [6]. After infection, BLV
replicates, causing persistent lymphocytosis that could not cause a major health impact. After
around seven years of infection, the B-lymphocytes can replicate irregularly, giving rise to
malignant lymphocytic tumours, which can be lymphoma or lymphosarcoma, which can affect

different organs and cause the death of the animal [6, 7].
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EBL also, due to the involvement of B-lymphocytes, causes immunodeficiency, which
compromises the health of the animal mainly in the peripartum and contributes to the
occurrence of other diseases like mastitis [8]. EBL presents in a subclinical form most of the
time, causing enormous economic losses that include, in addition to the costs of veterinary
services, a drop-in milk production, a reduction in reproductive efficiency, a decrease in
productive life, animal deaths, and restrictions on the sale of cattle. Due to the drop in milk
production alone, the EBL led to an estimated loss of $ 525 million in 2003 [9]. EBL also
compromises public health by being associated with breast cancer [10]. The virus was identified
in oncological breast tissue in humans, making it possible to correlate the consumption of meat
and/or milk with a higher frequency of disease development [11, 12], as it has already been
found in the milk and meat of this species [13]. On the other hand, another study did not find
any BLV proviral DNA or antibodies in human tissue [14].

EBL can be transmitted in different ways, including horizontal transmission, animal-to-
animal contact, iatrogenic, arthropods, and vertically or congenital, from mother to calf, in utero
or during the peripartum period, or through suckling, either through colostrum or milk [9]. Due
to these many ways of transmission, EBL is widespread around the world, including in Brazil,
which means an increase in risk for already endangered species such as the Crioula Lageana
breed [4].

In Brazil, serological prevalence research has been conducted in both beef and dairy
cattle across all regions of the country, ranging from 9.2% [15] to 79.7% [16]. The only study
on enzootic leukosis prevalence in the state of Santa Catarina was carried out by Rodakievicz
etal. [17] in Holstein, Jersey and crossbred cattle used for milk production. The prevalence was
42.1% (191/454) in the IGDA.

Furthermore, since there is no cure or vaccine commercially available to date [18], it is
necessary to adopt prevention and control measures through the identification and segregation
of positive animals. Identifying the positive animals is the first step to controlling and
eradicating BLV in a population [18], which enables the segregation of positive and negative
animals to create an EBL-free herd.

The objective of this study was to determine the prevalence BLV natural infections in
Crioula Lageana cattle in the Planalto Serrano of Santa Catarina state, Brazil. To the best of our
knowledge, this is the first study on the prevalence of EBL in the Crioula Lageana breed, and

it is extremely important to identify the health situation of the herds.
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Material and methods
Sample size determination

The prevalence of natural infection by the enzootic leukosis virus (EBL) in Crioulo
Lageano cattle population was evaluated using the formulas proposed by Pan Americana Health
Organization (PAHO) in (1979) [19], as follows:

. 1.96%[p(1 — p)]
° (d)?

Wherein: no represents the number of samples, p is the expected prevalence, and d symbolizes

the margin of error.

Assuming a 50% prevalence of positive samples, a 95% confidence interval, and a 5%
margin of error, a sample size of 384 animals was estimated. However, since this is a finite
population, further calculations were performed:

Nxn,
n =
N +n,

Wherein: N is the total number of animals in the population, which comprises 1500 animals of
the Crioula Lageana breed.

These calculations resulted in the amount of 306 animals to be sampled.

Animals and ethics.

Project approved by n°2461171115 of the Committee for Ethics in Animal
Experimentation (CEUA) from Universidade do Estado de Santa Catarina (UDESC). All
animals were registered with the Crioula Lageana Cattle Breeders Association (ABCCL) Cattle
of the Crioula Lageana breed (Figure 1) were used, coming from conservation nucleus
properties in situ, located in four different towns (Figure 2): Lages (Latitude: -27.8167°,
Longitude: -50.3264 27° 49’ 0" S, 50° 19’ 35" W, Altitude 930 m) two farms; Painel (Latitude:
27°55'30" S, Longitude: 50° 6' 12" W, Altitude 1.101 m) one farm; Ponte Alta (Latitude: 27°
29' 03" S, Longitude: 50° 22' 49" W, Altitude: 856 m) two farms; and Curitibanos (Latitude:
27°16'58" S, Longitude: 50° 35' 04" W, Altitude 987 m) one farm.

The climate, according to the Kdppen classification, is Cfb, characterized as a humid
mesothermal climate with cold winters and mild summers, featuring an average annual rainfall
of 1,500 mm and an average temperature of 16°C. The vegetation primarily consists of Campos
do Planalto das Araucarias, and around the valleys of the Pelotinhas and Lava Tudo rivers, there
is the Mixed Ombrophilous Forest with Araucaria trees [20]. The Plateau of Santa Catarina
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experiences evenly distributed rainfall throughout the year, without a defined dry season.
Temperatures are moderate, averaging 16.5°C, with a maximum variation of 8 to 10 degrees
between summer and winter. Frost occurs in the higher altitude areas during autumn, winter,
and spring, and exceptionally in summer in the southern plateau region. Snowfall is observed
in certain locations during winter. In Santa Catarina, a significant portion of the livestock in the
Serrano Plateau region thrives on natural grasslands, primarily composed of coarser and tufted

grasses such as Aristida, Andropogon, Schizachyrium, Elyonurus, and Trachypogon [21].

Blood samples were obtained from 308 animals, including the five available categories,
32 bulls, 140 cows, 65 heifers, 30 male calves, and 41 female calves. Blood samples were
collected via venipuncture from the external jugular vein into vacuum tubes, with anticoagulant
(10% EDTA) for hemogram and PCR, and without for ELISA Assays. Samples without
anticoagulant, after phase separation of the serum was stored in a freezer at -20°C until for the
ELISA test. The samples with EDTA was kept at -20°C until DNA extraction and PCR assay.

Hematology

The total number of leukocytes was measured using the automated blood cells counter
SDH3 Cleaner (Labtest, Lagoa Santa, Brazil). A leukocyte differential count was performed
using microscopic analysis of blood smears stained with Romanowsky-type stains (Fast
Panoptic) [22]. After PCR and leukograms results, the animals were divided into four different
groups, being negatives, with animals PCR-negatives and without hematological alterations;
positives without leukocytosis, with animals BLV-positives in PCR, not presenting
leukocytosis; Positives leukocytic non-lymphocytic: with animals BLV-positives in PCR,
presenting a no-lymphocytic leukocytosis; and Positives leukocytic with lymphocytosis, with
animal BLV-positives in PCR and presenting a leukocytosis with lymphocytosis. Leukocytosis
was considered when the total leukocyte was greater than 15x10%/uL e lymphocytosis when the

total lymphocyte counting was more than 10x10%/uL [23].

Enzyme-linked immunosorbent assay (ELISA)

To carry out the enzyme immunoassays, the serum samples were thawed, and after
thawing, they were used for the detection of antibodies against EBL using commercial ELISA
reagents (Bovine Leukaemia Virus Antibody Test Kit, Veterinary Medical Research and
Development, VMRD, Pullman, WA, EUA).
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Polymerase chain reaction (PCR)

Cellular fraction samples were used for DNA extraction and subsequent PCR analysis.
DNA extraction was performed using the ReliaPrep™ gDNA Miniprep System (Promega, W1,
USA) according to the manufacturer's instructions and used for amplification of the 440 pb
fragment of the EBL virus env gene. The PCR reaction took place in a final volume of 25 uL
of reaction, containing 1 U of Taq Polymerase enzyme GoTag® Hot Start Polymerase,

(Promega, WI, USA); 85 pmoles of each primer; OBLV1A (5-
CTTTGTGTGCCAAGTCTCCCAGATACA-3) and OBLV6A (5

CCAACATATAGCACAGTCTGGGAAGGC-3") [24], 0.2mM nucleotides (ANTPs); 3.5mM
magnesium chloride; 5uL of 5 X Green GoTaq® Flexi Buffer (Promega, WI, USA); 3 uL of
DNA (concentration between 20 and 100ng/uL) and ultra-pure water to complete the volume.

Positive and negative controls were used for each reaction.

The temperature conditions applied in the thermal cycler Biocycler® (Biosystems,
Brazil) were: 94 °C for five minutes, followed by five cycles of 94 °C for 45 seconds, 60 °C for
1 minute, and 72 °C for 90 seconds, followed by 35 cycles of 94 °C for 45 seconds, 59 °C for
60 seconds, and 72 °C for 90 seconds, and the last cycle of final extension at 72°C for 7 minutes.
The electrophoresis of the amplification products was carried out in a horizontal tank in a 2%
agarose gel with the addition of Unisafe Dye 20,000x (Uniscience, Brazil). A 100 pb molecular
weight marker was used as a standard to determine the size of the sample bands. The electrical
source conditions were 140 Volts and 400 mA for 40 minutes, and visualization was achieved
by exposure to ultraviolet light. Bands with a size close to 440 pb were considered positive for
BLV.

Statistical analysis

To calculate the prevalence, a descriptive statistical analysis of the data was carried out,
with the calculation of the prevalence rate in the sample population by property and by category.
The categories were separated by sex and age group, males over two years old, cows over two
years old, heifers between one and two years old, and calves and heifers up to one year old. The
categories were compared using the Chi-square test (P<0.05) between positives and negatives

for the natural infection with BLV. The leukogram results were compared among groups using

w

00 P4g. 36 de 74 - Documento assinado digitalmente. Para conferéncia, acesse o site https://portal.sgpe.sea.sc.gov.br/portal-externo e informe o processo UDESC 00058577/2023 e o cddigo 02AYQT82.



37

the Kruskal-Wallis test (P<0.05) after being assessed by the Shapiro-Wilk Normality Test
(P<0.05).

Results

Prevalence of BLV Natural Infection in Crioulo Lageano

The prevalence of EBL was evaluated in 308 bovine animals of the Crioulo Lageano
breed on six different farms using ELISA and PCR assays. We found an overall prevalence of
6.82% (21/308) for the ELISA test (Table 1) and 36.68% (113/308) for PCR (Table 2).

Prevalence BLV Natural Infection in Crioula Lageano cattle of different ages

For the ELISA test, the seroprevalence of VBL among different animal categories was
9.37% (03/32) for bulls; 9.28% (13/140) for cows, 6.15% (04/65) for heifers and 3.33% (01/30)
for male calves. None of the evaluated female calves showed VBL serum reactivity (Figure
1A). When PCR was used, the positive detection of BLV was 31.25% (10/32) for bulls; 40.71%
(57/140) for cows; 35.38% (23/65) for heifers (10/30); 33.33% (10/30) of female calves; and
31.71% (13/41) of male calves (Figure 1B). There was no difference between sex and categories
by Chi-square Test between positives and negatives for the natural infection with BLV (P>0.05)
(Table 3).

Prevalence of BLV in Crioulo Lageano cattle in different farms

The seroprevalence for BLV among the different farms was also compared, showing farm
A 7.78% (14/90); B 0% (0/17); C 6.56% (4/61); D 7.89% (3/38); E 13.33% (4/30); and F 4.16%
(3/72) (Figure 2A), with no differences (P<0.05) found for ELISA. The prevalence of BLV in
PCR among the different farms was also compared with farm A 33.33% (30/90); B 0% (0/17);
C 54.1% (33/61); D 31.58% (12/38); E 20% (6/30); and F 44.44% (32/72) (Figure 2B) with no
difference (P<0.05).

Hematology of BLV in Crioulo Lageano

The blood analysis showed that all animals BLV-negative on PCR also were no-
leukocytic (Table 4). The results for each group were: group Negative 63.31% (195/308); group
Positive without leukocytosis 29.54% (91/308); group positive with leukocytosis without
lymphocytosis 1.29% (4/308); and group positive with leukocytosis with lymphocytosis 5.84%
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(18/308) (Table 5). The prevalence of positive animals with leukocytosis with lymphocytosis
was 11% (18/113) in PCR. Among the animals presenting persistent lymphocytosis, the results
for each category were: bull 3.12% (1/32), cows 2.14% (3/140), heifers 2.14% (3/140), male
calves 26.66% (8/30), and female calves 7.31% (3/41).

Discussion

To our knowledge, this is the first work on the prevalence of natural infection of the
bovine enzootic leukosis virus (BLV) in cattle of the Crioula Lageana breed. In this study, we
used two assays, ELISA and PCR, which are the most common methods to detect BLV [10], to
assess the prevalence of BLV in six different herds. According to the World Organization for
Animal Health (WOAH), both ELISA and PCR are recommended tests for the identification of
EBL [18]. The serological test, on the other hand, may give a false negative if it looks for
antibodies against gp51 because the animals may not have enough antibodies when the blood
is taken, especially if they are recently infected, pregnant, or have humoral immune failures
occur [18]. As for the PCR, we used it to identify the presence of the env gene, as it is one of
the most used in PCR tests [10, 24] due to encoding viral proteins (gp51) that determine BLV
infectivity [25].

The prevalence was of 6.82 % (21/308) for the ELISA test and 36.69 % (113/308) for
the PCR technique. Our data indicate a low EBL seroprevalence based on ELISA tests, similar
to some studies. For example, in Turkey, which presented a 2% prevalence in dairy cattle [26],
7% of a mixed herd of Friesian/native cattle crossbred with pure native cattle was EBL positive
in Iraq [27], and 11% in Holstein and Brown Swiss in Chile [28]. On the other hand, other
studies showed a great prevalence of EBL. In Colombia, in a study with dairy cattle, 19.8% of
ELISA-tested animals were positive for BLV [29], while in the USA, 33.6% and 47.6% of beef
and dairy cattle were BLV positive, with an average prevalence of 38.6% [30]. Even higher
prevalence was presented in dairy cattle in Venezuela (60.83%) [31], and Iran (81.9%) [32].
Other locally adapted or creole breeds have also conducted prevalence studies for EBL.
Curraleiro Pe-Duro cattle from Brazil showed an average serum reactivity of 21.1% on the
IGDA test [33]. In Harton Del Valle Creole cattle from Colombia, a seroprevalence of 30.3%
was identified [34]. Both breeds showed a higher prevalence than that we presented for Crioula
Lageana cattle detected in the present study.

Regarding the PCR characterization of BLV infection, we found that Crioula Lageana

cattle presented a prevalence of 36.69%, with no difference among the different categories. Our
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results are similar to those found in Hartdn Del Valle Creole cattle; 38.3% of the animals tested
positive for PCR [34], but higher than in a native Iraqi breed, in which 8.3% were PCR-positive
for BLV[26]. In a study of Pyar Sein breeds, Friesian, Jersey, and Pyar Ni breeds from several
ages, ranging from three months old to 11 years old, in Myanmar, 9.1% of animals were BLV-

positive in PCR; however, the prevalence for each breed was not presented [35].

In this study, the prevalence of EBL detected by PCR, when compared among animal
categories, ranges from zero in female calves to 9.37% for bulls, the category with the highest
prevalence, followed by cows, with a similar prevalence of 9.28%. However, there was no
difference (P<0.05) among the categories. This result differs from those that indicates that adult
animals show a higher prevalence due to BLV [33]. The increase in the frequency of positives
as age advances may be related to a higher likelihood of contact between infected and non-

infected animals, due to their longer tenure within the herd [33].

When analyzing the infection among farms, 83.33% (5/6) of farms had positive animals
both in ELISA and in PCR analysis, with an average prevalence of 6.81% in ELISA and 36.68%
for PCR, which is 5.38-fold higher than that for ELISA. This occurred because to obtain
positive results using the ELISA test, the animal needs to present antibodies, which in turn
depends on the viral load and incubation time [36]. Once the virus has infected this animal, its
DNA will be present and therefore will be identified at any time, which justifies the disparity
of results when comparing both used tests. PCR techniques do not replace serological tests;
however, they are complementary ways that effectively identify the presence of early infection
when we still do not have the production of antibodies [18]. One of the analyzed farms tested
negative for both ELISA and PCR, which is probably the result of the adoption of handling
techniques to prevent the entry of BLV since depending on the handling used influences the
prevalence of EBL in the herd, as shown in other studies [29, 37] or the absence of contact of
between the cattle and virus in this farm. Interestingly, despite the lower or higher prevalence,
no animal presented symptoms or presented the disease, i.e. lymphosarcoma, during this study.
However, 11% (18/113) of BLV-positive animals in PCR showed leukocytosis with
lymphocytosis. Persistent lymphocytosis can be found in 30 to 70% of infected cattle, often
accompanied by lymphocytic atypia. BLV primarily infects B lymphocytes, altering cellular
morphology and modulating the apoptotic process [38].

In our study, due to logistical issues, a second blood sample collection to characterize
persistent lymphocytosis was not performed. Persistent lymphocytosis can be confirmed by

repeating the hemogram after 72 days [38].
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This indicates that the animals are exposed to the virus, and are infected, and few
animals have developed leukocytosis with lymphocytosis. None of the cattle developed the
clinical form of lymphosarcoma. On the other hand, despite the absence of clinical signals, once
the disease is present in the herd, the infected animals could be a source of infection for other

animals on the farm.

Cattle naturally infected with BLV had consistently shorter lifespans compared to their
negative counterparts, suggesting that the infection could be one of the main causes of

premature culling or death of the animals [39].

Conclusion

According to our understanding, this is the first study on the prevalence of leukosis in
cattle of the Crioula Lageana breed. We identified that BLV is present in the breed, requiring
the institution of prevention and control measures to prevent the spread of the disease within
the herds. Identifying all animals and separating positive and negative herds is one of the
measures that can be adopted. All BLV-positive animals can be a source of infection for other

animals on the property or in other herds.
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Figures and legends

Figure 1 Specimens of Crioula Lageana cattle, reared on native pasture, from an in situ

conservation nucleus. Important to observe the variety in hair colour and the long horns.

Municipality of Painel, Santa Catarina, Brazil.

Figure 2. Highlighted (a), is Brazil’s Southern region, emphasizing the state of Santa Catarina,
where the experiment took place, in the darkest shade of gray; The four municipalities where
six in situ conservation sites for the Crioula Lageana cattle breed are located, within the state
of Santa Catarina, Brazil (b).

9 Curitibanos (n=30, 1 Farm)
Ponte Alta (n=72, n=93, 2 farms) 9

Lages (n=38, n=61, 2 farms) 9
9 Painel (n=17, 1 Farm)
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Figure 3 - Prevalence of enzootic bovine leukosis (EBL) detected by ELISA and PCR tests in
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Figure 4 - Prevalence of enzootic bovine leukosis (EBL) detected by ELISA and PCR tests in
308 Crioula Lageana cattle of six different farms in the Planalto Serrano, Santa

Catarina, Brazil
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Table 1 - Seroprevalence of enzootic bovine leukosis (EBL) in 308 Crioula Lageana cattle
using the ELISA test, in different classes, in six farms in Planalto Serrano, Santa

Catarina, Brazil.

. Calves

Farm Samples Bulls Cows Heifers Males Females

N + N + N + N + N + N +
1 90 7 4 1 15 4 40 2 6 0 25 0
2 17 0 0 0 7 0 6 0 2 0 2 0
3 61 4 5 1 39 3 3 0 13 0 1 0
4 38 3 3 0 19 3 8 0 1 0 7 0
5 30 4 0 0 22 2 7 2 1 0 0 0
6 72 3 20 1 38 1 1 0 7 1 6 0
Total 308 21 32 03 140 13 65 04 30 01 41 00
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Table 2 - Prevalence of enzootic bovine leukosis virus (BLV) in 308 Crioula Lageana cattle

using PCR, in different classes, in six farms in Planalto Serrano, SC, Brazil.

. Calves

Farm Samples Bulls Cows Heifers Males Females

N + N + N + N + N + N +
1 90 30 4 0 15 5 40 17 6 0 25 8
2 17 0 0 0 7 0 6 0 2 0 2 0
3 61 33 5 2 39 25 3 0 13 6 1 0
4 38 12 3 2 19 1 8 5 1 0 7 4
5 30 6 0 0 22 5 7 1 1 0 0 0
6 72 32 20 6 38 21 1 0 7 4 6 1
Total 308 113 32 10 140 57 65 23 30 10 41 13

Table 3 - Prevalence of the bovine enzootic leukosis virus (BLV) in 308 Crioula Lageana cattle
breed using PCR, in the different classes and associations using the Chi-Square test (y?), in six

farms in Planalto Serrano, Santa Catarina, Brazil.

Categories BLYV positives Chi-squared

Bulls 31% (10/32)

Cows 40% (57/140)  P=0.321

Heifers 35% (23/65)  P=0.686  P=0.490
Females 32% (13/41)  P=0967 P=0.313  P=0.697

Calves Males  33%(10/30)  P=0.861 P=0.470 P=0.885 P=0.831

Table 4 - Mean values and standard deviations (x+sd) of the leukocyte count, total number of
leukocytes, rod neutrophils, segmented neutrophils, lymphocytes, monocytes, eosinophils, and
basophils of 308 Crioula Lageana cattle positive and negative for enzootic bovine leukosis
using polymerase chain reaction (PCR) in the Planalto Serrano, Santa Catarina, Brazil.

. Positives -

Positives leukocvtic Positives

Negatives without y leukocytic

Cell types > . non- X
(n=195) Leukocytosis . lymphocytic

lymphocytic
(n=91) (n=2) (n=18)

Leukocytes (x10%/uL) 12.80+4.91% 10.71+2.93° 17.35+2.3%° 21.80+6.20°
Band neutrophils (x10%/uL) 0.03+0.08* 0.02+0.07*  0.04+0.08*  0.06+0.13%
Segmented neutrophils (x103/uL) 3.40+2.55® 2.76+1.55° 6.58+3.32% 5 8445 27%
Lymphocytes (x10%/uL) 8.06+3.528 6.75+2.54° 8.41+1.53* 14.43+3.94¢
Monocytes (x10%/uL) 0.39+0.34® 0.41+0.39  0.68+0.09° 0.83+0.81°
Eosinophiles (x10%/uL) 0.70+0.71*  0.65+0.54*  1.64+1.68* 0.62+0.81%
Basophiles (x10%/uL) 0.01+0.04* 0.01+0.04*  0.00+0.00*  0.01+0.05%

Different letters indicated statistical differences (P<0.05).
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Table 5 — Percentage and number over total of animals in each category negative for BLV in
PCR and not presenting leukocytosis, positive without leukocytosis, positive with
nonlymphocytic leukocytosis and with persistent lymphocytosis in 308 Crioula Lageana cattle
in the Planalto Serrano, Santa Catarina, Brazil.

Groups
. . . Positives Positives
Categories Negatives iosmves W'.thOUt leukocytic non- leukocytic
eukocytosis | : .
ymphocytic lymphocytic
Bulls 68.75% (22/32) 28.12% (9/32) 0% (0/32) 3.12% (1/32)
Cows 59.28% (83/140) 36.42% (51/140)  1.42% (2/140) 2.14% (3/140)
Heifers 63.07% (41/65)  30.76% (20/65) 1.53% (1/65) 4.61% (3/65)
Calves Females  66.66% (20/30) 6.66% (2/30) 0% (0/30) 26.66% (8/30)
Males 65.85% (27/41)  24.39% (10/41) 2.43% (1/41) 7.31% (3/41)
Average 63.31% (195/308) 29.549% (91/308)  1.29% (4/308) 5.84% (18/308)
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Abstract

Molecular understanding of bovine leukosis virus (BLV) infection in Crioula Lageano cattle,
identification of 41 alleles, exhibited high genetic variability and the association of BoLA-
DRB3*1201 with resistance provide valuable perspectives. The absence of alleles linked to
susceptibility highlights the potential for selective breeding to enhance resistance, crucial
considerations for disease control of genetics in enzootic bovine leukosis (EBL) resistance and
its potential implications for public health. DNA was extracted from 208 Crioula Lageano
bovine blood samples, spanning various ages, categories, and both sexes. The PCR technique
targeted the 440bp fragment of the env gene of the BLV and 284bp for the alleles BoLA-DRB3
gene. Subsequent Sanger sequencing aimed for precise allele identification. Using the direct
counting method, allele frequency and the number of this alleles were determined. The
DRB3*1201 allele displayed association with resistance to BLV infection (p = 0.035, O.R. =
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0.000). The association between genetic variability and disease incidence underscores the
importance of genetic considerations in formulating management and control strategies for EBL
in diverse cattle populations, with potential implications for food safety and public health.

Keywords: resistance alleles, genotyping, creole breed, veterinary genetics, bovine enzootic
leukosis, PCR.

Introduction

The appropriate use of genetic resources is crucial to guarantee food security and
production committed to social and environmental sustainability. Concerning livestock, locally
adapted breeds are known for presenting high genetic variability achieved due to the constant
challenges imposed by the environment (Fioravanti et al., 2020). The Crioula Lageana breed is
locally existing from the Serrano Plateau of the state of Santa Catarina (Brazil). The breed is
well known for its rusticity, high productivity and genetic variability (Martins, 2021). The
challenges faced by this breed along its formation and existence include the severe climate and
infectious diseases caused by different etiological agents (Mariante, 2005; Casa, 2023).

Enzootic bovine leukosis (EBL) is an infectious and contagious disease, cosmopolitan
in nature, caused by the bovine leukosis virus (BLV), a natural viral infection for bovine is an
important disease, causes a persistent infection of B-lymphocytes, compromising the
immunological response and causing severe economic losses in the cattle industry (Kuczewski
et al.,, 2021). EBL can be transmitted in different ways, including horizontal transmission,
animal-to-animal contact, iatrogenic and many others . To control and avoid the spread of the
disease, are needed several approaches. Since there is no cure or vaccine commercially
available to date identification and segregation of positive animals is one of the most used
measures to create an EBL-free herd of positive and negative animals to create an EBL-free
herd (Gillet et al., 2007; WOAH, 2018; Ramalho et al., 2020;).

However, despite the effectiveness of the identification and segregation method, this is
only possible after infection occurs, not impending economic losses. Alternative to this is the
identification of polymorphisms in genes that confer resistance to BLV infection and then,
selecting the animals carrying the resistance-associated alleles (Bishop and Woolliams, 2014).
The Bovine Leukocytes Antigens class 1l, DRB3 (BoLA-DRB3) gene encodes the B chain of
MHC class 1l molecules, expressed in antigen-presenting cells (Brujeni et al., 2016). BoLA-

DRB3 has been associated with resistance to several infectious diseases including mastitis
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(Pokorska et al., 2018), foot and mouth disease (Lei et al., 2012), anaplasmosis and babesiosis
(Casa et al., 2023) and EBL/BLV (Lo et al., 2020;Lo et al., 2021).

The occurrence of resistance alleles in locally adapted breeds is very well reported and
is important to the preservation of breeds because these breeds represent a reservoir for genes
that could be used in genetic selection or gene transfer programs through gene editing tools. On
this hand, this study aimed to determine the presence of BoLA-DRB3 alleles associated with

resistance or susceptibility to BLV infection in Crioula Lageano cattle.

Material and Methods
Animals, samples, and ethical aspects

DNA was extracted from 208 Crioula Lageana bovine blood samples, of different ages,
categories (bull, cows, heifers, and calves) and both sexes. These samples were obtained from
in situ breeding properties in the mountainous region of Santa Catarina, southern Brazil, where
the animals face similar climatic and grazing conditions. A breed that originated from Bos
taurus strains, it stands out for its high and robust meat quality, exhibiting remarkable
adaptability to challenging environments (Martins et al., 2021). This study was approved by
Ethics Committee on the Use of Animals of Santa Catharina State University (CEUA/UDESC)
(protocol n® 2461171115).

Molecular analyses
DNA extraction

DNA extraction was done using the ReliaPrep™ Blood gDNA Miniprep System

(PROMEGA®) kit, according to manufacturer instructions.

PCR-BLV

The PCR technique was used to amplify the 440bp fragment of the env gene of the
enzootic bovine leukosis virus. The PCR reaction took place in 0.2mL microtubes, where a final
volume of 25uL of solution was added, containing 1U of Tag Polymerase enzyme GoTaq® Hot
Start Polymerase, (Promega); 8.5 pmoles of each primer: OBLV1A (5'CTT TGT GTG CCA
AGT CTC CCA GAT ACA3') and OBLV6A (5'CCA ACA TAT AGC ACA GTC TGG GAA
GGC3), 0.2mM of nucleotides (dNTPs); 3.5mM magnesium chloride; 5uL of 5X Green
GoTag® Flexi Buffer (Promega); 3uL of DNA (concentration between 20 and 100ng/uL) and
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ultra-pure water to complete the volume. Positive and negative controls were used for each
reaction, the latter being used to guarantee the quality and specificity of the technique,
addressing the same parameters mentioned above, only replacing the use of genomic DNA with
ultra-pure, DNAse-free water.

The temperature conditions applied in the thermocycler (Biocycler®) were: 94°C for
five minutes, followed by five cycles of 94°C for 45 seconds, 60°C for 1 minute and 72°C for
90 seconds, followed by 35 cycles of 94°C for 45 seconds, 59°C for 60 seconds 72°C for 90
seconds, and the last final extension cycle at 72°C for 7 minutes.

Electrophoresis of the amplification products was carried out in a horizontal tank, in a
2% agarose gel added with Unisafe Dye 20,000x (Uniscience). In the first gap of the gel, a
100bp molecular weight marker was used as a standard to determine the size of the sample
bands. The electrical source conditions were 140 Volts and 400mA for 1h00min, and
visualization through exposure to ultraviolet light. Bands with a size close to 440bp were
considered positive for the EBL virus.

BoLA-DRB-3.2 genotyping

Amplification of the BoLA-DRB3 gene was carried out using the single-step PCR
technique, with the primers HLO30 (5'-ATC CTC TCT CTG CAG CAC ATT TCC-3') and
HLO32 (5'-TCG CCG CTG CAC AGT GAA ACT CTC-3') (DUANGIJINDA et al., 2013).

The reaction conditions were initial denaturation at 95°C for five minutes, followed by
35 cycles of 95°C for 1 minute, 65°C for 1 minute and 72°C for 1 minute and a final extension
at 72°C for 10 minutes. Electrophoresis of the amplification products was carried out in a
horizontal tank, in a 1.5% agarose gel added with Unisafe Dye 20,000x (Uniscience).

Used as a standard to determine the size of the sample bands, a 100 base pair (bp)
molecular weight marker was employed. The electrical source operated for 40 minutes at 100
V and 400 mA, with visualization achieved through exposure to ultraviolet light. From exon 2
of the BoLA-DRB3 gene, a fragment of 284 bp was obtained.

Sent to a specialized company (ACTGene — Rio Grande do Sul, Brazil) for sequencing
by the Sanger method, the products of this PCR reaction aimed at the precise identification of
alleles.

Analyzed using Assign 400ATF ver. 1.0.2.41 software (Conexio Genomics, Fremantle,
Australia), as outlined by Takeshima et al. (2011), the raw sequence data were also cross-

referenced with a database containing all BoLA-DRB3 alleles documented in the IPD-MHC
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(https://www.ebi.ac.uk/ipd/mhc/). Leveraging this information, the software identified the
genotype that explains the multiple polymorphic sites within the BoLA-DRB3 second exon.

Statistical analysis

The direct counting method was employed to obtain allele frequency and the number of
alleles for the BoLA-DRB3 gene. Positive and negative groups were formed during the
association analysis, with the consideration that all animals were equally exposed.
Subsequently, the chi-square test (p<0.05) was utilized to determine the association between
each allele and infection by EBL. This was followed by odds ratio analysis using the
SigmaPlot12 software (SigmaPlot version 12.0 for Windows, Systat Software Inc., San Jose,
CA, USA). Alleles with an odds ratio (OR) less than 1 were classified as resistance alleles,
whereas those with an OR greater than 1 were deemed susceptibility alleles.

Results

The examination of the 208 animals clinically revealed that Crioulo Lageano did not
exhibit clinical signs consistent with EBL, but the molecular diagnosis out shows the
proportions of infection occurrence of 38% (80/208) BLV prevalence.

A high genetic variability for the BoLA-DRB3 gene was shown in the Crioula Lageana
breed, with 41 alleles found through DNA sequencing. (Table 1). Among all the alleles
evaluated, the DRB3*1201 allele presented a p value = 0.035 and O.R. = 0.000 which means
an association with the resistance to the BLV infection. The allele was found in 7 different
animals, being 5 heifers, 1 cow and 1 male calf, all of them were heterozygous, which means
an allelic frequency of 1.68% (7/416). None of the alleles was associated with susceptibility to
BLYV infection.

Table 1 - Chi-square (X2) and Odds ratio analysis between BoLA-DRB3 alleles and
presence/absence of the BLV in the PCR, to determine resistance/susceptibility alleles in the
Crioulo Lageano cattle.

Alelo BoLA-DRB3 Ho He P Value O.R.
BLV +(160) BLV-(256) BLV+ BLV

DRB3*0101 15 18 13 20 0,389 1,333
DRB3*0201 09 08 07 10 0,210 1,800

)
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DRB3*0501
DRB3*0503
DRB3*0701
DRB3*0801
DRB3*0802
DRB3*0901
DRB3*0902
DRB3*1101
DRB3*1201
DRB3*1501
DRB3*1506
DRB3*1601
DRB3*1701
DRB3*1703
DRB3*1801
DRB3*1804
DRB3*2002
DRB3*2003
DRB3*2101
DRB3*2201
DRB3*2212
DRB3*2214
DRB3*2406
DRB3*2601
DRB3*2606
DRB3*2705
DRB3*2801
DRB3*2802
DRB3*3101
DRB3*3201
DRB3*3701
DRB3*4401
DRB3*5701
DRB3*5702
DRB3*10001

06
00
06
00
01
02
03
09
00
05
00
07
04
02
20
00
01
00
02
14
01
00
00
08
00
00
17
02
02
03
02
06
02
06
02

17
01
10
03
00
02
02
16
07
18
01
14
07
00
26
02
00
02
00
25
01
01
03
07
01
03
21
00
00
01
03
10
00
16
01

09
00
06
01
00
02
02
10
03
09
00
08
04
01
18
01
00
01
01
15
01
00
01
06
00
01
15
01
01
02
02
06
01
08
01

14
01
10
02
01
02
03
15
04
14
01
13
07
01
28
01
01
01
01
24
01
01
02
09
01
02
23
01
01
02
03
10
01
14
02

0,209
0,429
0,936
0,169
0,205
0,634
0,319
0,794
0,035
0,090
0,429
0,620
0,885
0,073
0,458
0,262
0,205
0,262
0,073
0,730
0,737
0,429
0,169
0,228
0,429
0,169
0,404
0,073
0,073
0,131
0,943
0,936
0,073
0,268
0,314

54

0,565
0,000
0,960
0,000
0,000
1,600
2,400
0,900
0,000
0,444
0,000
0,800
0,914
0,000
1,231
0,000
0,000
0,000
0,000
0,896
1,600
0,000
0,000
1,829
0,000
0,000
1,295
0,000
0,000
4,800
1,067
0,960
0,000
0,600
3,200

a1
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DRB3*140101 01 06 03 04 0,185 0,267
DRB3*200101 00 02 01 01 0,262 0,000
DRB3*250101 02 00 01 01 0,073 0,000
DRB3*020101 00 01 00 01 0,429 0,000

The DRB3*1201 allele, identified in seven animals, showed heterozygosity, indicating
an allelic frequency of 1.68%. None of the alleles were associated with susceptibility to BLV
infection. Crioula Lageana breed revealed a occurrence of 38% (80/208) for EBL, contrasting
with the regional average of 68%. This marked difference suggests a significant role of genetic
factors, particularly resistance alleles found in the Crioula Lageana breed (Table 2).

Table 2 — Animals according to category identified with the BoLA-DRB3*1201 allele,
associated with resistance to enzootic bovine leukosis (ELB) in the Crioulo Lageano cattle.

Categories Alleles Alleles

Calve DRB3*1201 DRB3*1801
Heifer DRB3*0201 DRB3*1201
Heifer DRB3*2201 DRB3*1201
Heifer DRB3*0201 DRB3*1201
Heifer DRB3*1201 DRB3*1501
Heifer DRB3*1201 DRB3*1701
Cow DRB3*1201 DRB3*1701

Discussion

This research marks the pioneering analysis of the association between BoLA-DRB3
alleles and natural Leukosis infection in the Crioulo Lageano breed. Understanding resistance
genes, along with effective control and prophylaxis programs, is essential for eradicating BLV
in herds. These factors also play a crucial role as significant allies in public health efforts.

A resistance exhibited by certain cattle to BLV is believed to be associated with host
characteristics linked to the Major Histocompatibility Complex (MHC) (Brujeni et al., 2016).
The consistent findings across various studies, including our own, emphasize the genetic

underpinnings of resistance to BLV.

The identification of the BoLA-DRB3 gene on chromosome 23, as observed by Aida et
al. (2011), suggests a potential linkage to the development of BLV induced EBL. This insight
was gained through the utilization of monoclonal antibody markers (Mab) ¢143 in conjunction

with microsatellite markers in cattle with lymphoma and asymptomatic individuals.
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BoLA genes are extensively utilized as markers for diseases and immunological traits in
cattle. In the context of BLV beyond diagnosis, the proviral load plays a crucial role in assessing
disease progression and transmission risk. Takeshima et al. (2019) investigated the frequency
of BOLA-DRB3, BoLA-DQAL alleles, and MHC class |1 haplotypes in Holstein cows in Japan.
They concluded that viral load is strongly associated with the polymorphism of these alleles.
These results have the potential utility in identifying and eliminating cows carrying BLV,
eliminating the need for segregation into positive and negative batches.

Understanding resistance genes, coupled with effective control and prophylaxis
programs, emerges as a crucial component in eradicating BLV in herds. This not only aids in
disease management but also serves as a significant ally in public health efforts. The potential
utility of genetic markers, as demonstrated by Takeshima et al., (2019), can streamline
identification and elimination strategies, eliminating the need for segregation into positive and

negative batches.

Resistance alleles of the BoLA DRB3.2 gene (*1101, *2709, and *20012) were observed
at a higher frequency in Colombian Criollo cattle compared to susceptibility alleles. This
observation indicates a low incidence of Bovine Leukosis (BL) within the breed, despite the
high prevalence of the disease in the country (HERNANDEZ et al., 2011).

Polymorphism of the DRB3 gene was investigated and associated with BLV in
Colombian Criollo cattle. Alleles *1101 and *2703 were identified and positively linked to
reduced viral infection, low development of lymphocytosis, increased antibodies against
leukemia, and decreased proviral load. As a result, these animals were classified as resistant to
the development and/or progression of the disease (HERNANDEZ et al., 2014).

The polymorphism analysis in Colombian Criollo cattle by Herndndez et al. (2014) and
Hernandez et al. (2011) offers additional context. The higher frequency of resistance alleles
(*1101, *2703, and *20012) in Colombian Criollo cattle suggests a lower incidence of Bovine

Leukosis within the breed, despite the high prevalence of the disease in the country.

The discovery becomes particularly intriguing when compared with data obtained from
our previous study involving the Crioula Lageana breed. Our results indicate an occurrence of
38% (80/208) for EBL, while the average in the Serrana region, where the properties were
studied, is 68%. This marked discrepancy between the average prevalence in the region and
within the Crioula Lageana breed strongly suggests that genetic factors, exemplified by the
resistance alleles identified in Colombian Criollo cattle, may play a significant role in the lower

incidence of BL in this specific breed. This association between genetic variability and disease
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incidence underscores the importance of genetic considerations when assessing and developing

management and control strategies for Bovine Leukosis in different cattle populations.

The characterization of the bovine Major Histocompatibility Complex (MHC) diversity
in Criollo cattle breeds of Latin America, through BoLA-DRB3.2 sequencing, revealed high
genetic diversity. This diversity, attributed to the multiple origins of Criollo germplasm
(European, African, and Indian), has the potential to be maintained in a balanced manner
through selection (GIOVAMBATTISTA et al., 2013). Comparing these findings with the
observed high genetic variability in Crioula Lageano cattle in our study emphasizes similarities,
suggesting the presence of diverse germplasm elements, possibly of European, African, and
Indian origins. This similarity underscores the importance of preserving this diversity in a
balanced way through selection strategies, which can have significant implications for genetic
resistance to diseases and overall health in these Criollo breeds. Establishing connections
between MHC genetic variability in Latin American Criollos and Crioula Lageano cattle can

enhance the understanding of the genetic foundations of these populations.

Our study contributes to the molecular understanding of BLV infection within Crioulo
Lageano cattle. The identification of 41 alleles for the BoLA-DRB3 gene, with the DRB3*1201
allele showing a significant association with resistance, provide valuable perspectives into the
genetic diversity of this breed. Furthermore, the absence of alleles associated with susceptibility

underscores the potential for selective breeding to enhance resistance.

These collective findings have practical implications for disease control strategies. The
genetic markers identified present opportunities for selective breeding programs aimed at
enhancing resistance within cattle populations. Such targeted genetic interventions could prove
instrumental in reducing the prevalence and impact of BLV, ultimately contributing to the

overall health and sustainability of cattle herds.

The pronounced presence of BLV DNA in cancerous mammary tissue, surpassing rates
in healthy tissue, has been identified in humans in recent studies (Giovanna et al., 2013;
Buehring et al., 2014; Baltzell et al., 2018; Schwingel et al., 2019, Gao et al., 2020) and human
blood (Buehring et al., 2019). Given this, the significance of our study becomes apparent, as it
not only contributes to the comprehension of BLV in cattle but also proposes substantial
consequences for human health, considering the plausible zoonotic dimension. Emphasizing

the potential repercussion of BLV on public health, our findings underscore the pivotal

al

© P4g. 57 de 74 - Documento assinado digitalmente. Para conferéncia, acesse o site https://portal.sgpe.sea.sc.gov.br/portal-externo e informe o processo UDESC 00058577/2023 e o cddigo 02AYQT82.



58

importance of investigations that establish correlations between bovine health and overall well-
being.

A valuable suggestion for future research would be to conduct additional studies
involving the specific testing of these alleles under artificial infection conditions. These
experiments would allow for a more precise and detailed analysis of the immune response
associated with BoLA-DRB3 in cattle exposed to BLV. Through the development of cells with
known resistant genotypes, aiming to deepen our understanding of the molecular mechanisms
underlying resistance to infection, disease progression, and the development of specific
immunological strategies. Such studies are crucial for advancing our understanding and
establishing a solid foundation for future interventions and management strategies in preventing
EBL.

Conclusion

The identification of the allele BoOLA-DRB3*1201, associated with resistance to EBL
infection and presence of 41 alleles for the BoLA-DRB3 gene in Crioulo Lageano cattle,
suggests a genetic diversity that can be harnessed through selective breeding programs to

promote more resistant animals.

Our findings not only contribute to the molecular understanding of BLV infection in
Crioulo Lageano cattle but also provide valuable perspectives for disease control strategies,
highlighting the significance of genetics in resistance to EBL and its potential implications for

public health and food security.
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CONCLUSAO

A prevaléncia de leucose enzootica bovina (LEB) na raca Crioula Lageana foi de 6,82%
(21/308) para o teste ELISA e 36,69% (113/308) para a PCR. O alelo DRB3*1201 apresentou
associagdo com resisténcia a infeccdo natural pelo BLV.

Concluimos que o BLV esta presente em bovinos Crioula Lageana, sendo necessario o
estabelecimento de medidas de prevencao e controle para evitar a propagacao da doenca dentro
do rebanho. O alelo DRB3*1201 pode ser utilizado nos programa de selecdo e melhoramento

para selecionar animais resistentes ao BLV.
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