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RESUMO

Papilomavirus (PVs) sao considerados oncogénicos, capazes de produzir lesdes
hiperproliferativas de origem benigna ou maligna em tecido cutdneo ou em mucosa.
Estes patégenos séo responsaveis por causar perdas econdémicas consideraveis na
cadeia produtiva bovina, além disso, sdo negligenciados e pouco estudados,
necessitando de estudos mais aprofundados para elucidar a real diversidade de tipos
virais existentes. O objetivo deste trabalho foi avaliar a presenga do virus em lesdes
no trato gastrointestinal superior (TGIS) de bovinos leiteiros criados em pastagens
contaminadas com samambaia (Pteridium spp.), a fim de demonstrar a diversidade de
tipos virais de Bos taurus papillomavirus (BPV), ja caracterizados e ainda nao
descritos, associados com essas lesdes. As lesbes foram coletadas em bovinos
leiteiros de descarte abatidos em abatedouro frigorifico localizado na Mesorregiao
Norte Central do Parana. No primeiro artigo, PCR (Polimerase cadeia reaction —
Reacdo em cadeia da polimerase) convencional com primers degenerados foi
utilizada, seguida pelo sequenciamento Sanger. Vinte e trés lesdes hiperproliferativas
de esbfago extraidas de desesseis bovinos foram avaliadas. Entre elas foi possivel
amplificar os genes L1 e E1 em apenas cinco papilomas. Na analise histopatoldgica,
foi possivel classificar todas as lesbes como papiloma escamoso. Além disso, os BPVs
1 e 4, ja caracterizados nestas lesbes em estudos anteriores, foram detectados. Pela
primeira vez, os BPVs 9 e 39 foram identificados em lesdes presentes na mucosa
deste sitio anatdbmico, além de um possivel novo tipo relacionado ao BPV12. Ja no
segundo artigo, duas lesdes hiperproliferativas em eséfago de um bovino foram
investigadas. Apds analise histopatoldgica, as lesdes foram classificadas como
papiloma escamoso e carcinoma in situ. Para analise molecular, foram utilizadas a
PCR convencional com o uso de primers degenerados, seguida de sequenciamento
Sanger, além da técnica de RCA (Rolling circle amplification - Amplificagédo por circulo
rolante) seguida pelo HTS (High-throughput sequencing — Sequenciamento de alto
rendimento). Com a utilizagdo da PCR convencional com primers degenerados, foi
possivel amplificar fragmento genémico parcial do BPV4 no papiloma escamoso e
pela primeira vez fragmento genémico parcial do BPV2 em carcinoma in situ. J& com
o0 emprego das técnicas RCA e HTS, foi possivel obter o genoma completo do BPV4
a partir do papiloma escamoso e demonstrar a coinfecgdo com os BPVs 2 e 4 no
carcinoma in situ. Conclui-se, a partir dos achados do presente estudo, que a
diversidade viral de BPVs associados a mucosa do TGIS de bovinos é superior a
estimada nos estudos iniciais.

Palavras-chave: BPV. Papilomatose. Papiloma escamoso. Lesbes esofagicas
hiperplasicas. Carcinoma in situ.
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ABSTRACT

Papillomaviruses (PVs) are considered oncogenic, capable of producing
hyperproliferative lesions of benign or malignant origin in skin tissue or mucosa. These
pathogens are responsible for causing considerable economic losses in the bovine
production chain. Furthermore, they are neglected and little studied, requiring more in-
depth studies to elucidate the real diversity of existing viral types. The objective of this
study was to evaluate the presence of the virus in lesions in the upper gastrointestinal
tract (GIT) of dairy cattle raised on pastures contaminated with bracken (Pteridium
spp.), in order to demonstrate the diversity of viral types of Bos taurus papillomavirus
(BPV), already characterized and not yet described, associated with these lesions. The
lesions were collected from dairy cattle slaughtered at a slaughterhouse located in the
North Central Mesoregion of Parana. In the first article, conventional PCR (Polymerase
chain reaction) with degenerate primers was used, followed by Sanger sequencing.
Twenty-three hyperproliferative lesions of the esophagus extracted from sixteen cattle
were evaluated. Among them, it was possible to amplify the L1 and E1 genes in only
five papillomas. In the histopathological analysis, it was possible to classify all lesions
as squamous papilloma. In addition, BPVs 1 and 4, already characterized in these
lesions in previous studies, were detected. For the first time, BPVs 9 and 39 were
identified in lesions present in the mucosa of this anatomical site, in addition to a
possible new type related to BPV12. In the second article, two hyperproliferative
lesions in the esophagus of a bull were investigated. After histopathological analysis,
the lesions were classified as squamous papilloma and carcinoma in situ. For
molecular analysis, conventional PCR with degenerate primers followed by Sanger
sequencing, in addition to the RCA (Rolling circle amplification) technique followed by
HTS (High-throughput sequencing) were used. Using conventional PCR with
degenerate primers, it was possible to amplify a partial genomic fragment of BPV4 in
squamous papilloma and, for the first time, a partial genomic fragment of BPV2 in
carcinoma in situ. Using RCA and HTS techniques, it was possible to obtain the
complete genome of BPV4 from squamous papilloma and demonstrate co-infection
with BPVs 2 and 4 in carcinoma in situ. It is concluded from the findings of the present
study that the viral diversity of BPVs associated with the mucosa of the GIT of cattle is
higher than that estimated in the initial studies.

Key-words: BPV. Papillomatosis. Squamous papilloma. Hyperplastic esophageal
lesions. Carcinoma in situ.
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1 INTRODUGAO

Papilomavirus (PVs) estéo classificados na familia Papillomaviridae e
sao amplamente disseminados entre inUmeras espécies de animais vertebrados,
incluindo os seres humanos. PVs apresentam distribuicio mundial e séao
caracterizados por seu potencial oncogénico, podendo originar lesdes
hiperproliferativas benignas ou malignas em tecido cutdneo e em mucosas. A
formacao tumoral maligna € mais incidente em mucosas (Campo, 2002).

A familia Papillomaviridae possui uma gama de espécies e tipos virais,
representadas em sua maioria por papilomavirus humanos (HPVs) que infectam
exclusivamente o ser humano. No entanto, a real diversidade de PVs que infectam os
animais ainda é desconhecida. Até o momento, mais de 200 tipos de HPVs ja foram
completamente caracterizados, frente a apenas 44 tipos de Bos taurus papillomavirus
(BPVs) (PaVE, 2024). Portanto, apesar dos bovinos serem a segunda espécie animal
mais estudada em relacédo aos PVs, ainda é necessaria a realizagao de estudos mais
detalhados e abrangentes com o objetivo de elucidar a real diversidade de BPVs
associados a diversas entidades clinicas em bovinos. Adicionalmente, investigagdes
completas deverao ser conduzidas com os objetivos de identificar e caracterizar PVs
provenientes de outras espécies animais (Claus et al., 2007).

A investigagdo de BPVs tem sido negligenciada, mesmo estando
entre as enfermidades que causam perdas econémicas consideraveis na cadeia
produtiva de bovinos de leite. As perdas econémicas causadas pelas infeccdes pelos
BPVs podem ocorrer de forma direta, quando ha morte de animais, e de forma indireta,
no caso da papilomatose cutdnea quando localizada no ubere e tetos das vacas,
impossibilitando a ordenha, e depreciando o valor dos animais, devido a perda de
peso causada por tumores no trato gastrointestinal superior de bovinos (TGIS) (Alfieri
et al., 2017).

Estudos prévios, realizados por meio de técnicas moleculares
classicas como hibridizagéo in vitro e PCR com primers especificos, identificaram a
participagdo do BPV4 no desenvolvimento da maioria dos tumores do TGIS de
bovinos. Até o momento, apenas seis tipos de BPVs (1, 2, 4, 5, 13 e 44) foram
descritos em tipos histologicos distintos deste sitio anatémico em bovinos e bubalinos.
Nas ultimas décadas, o emprego da técnica de PCR com primers degenerados,

capazes de anelar nos genes mais conservados de PVs de uma gama de tipos virais,
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demonstrou a ocorréncia de alta diversidade genética de tipos de BPV relacionados a

papilomatose cutanea.



16

2 REVISAO DE LITERATURA

2.1 FAMILIA PAPILLOMAVIRIDAE

A familia Papillomaviridae € atualmente uma familia viral distinta
segundo o 7° relatério do International Committee on Taxonomy of Viruses (ICTV) (de
Villiers et al., 2004) e ¢é subdividida em duas subfamilias, a subfamilia
Firstpapillomavirinae, e a subfamilia Secondpapillomavirinae (ICTV, 2024).

Além de estarem disseminados entre espécies de animais
vertebrados, incluindo os seres humanos, estes agentes virais sdo considerados
espécie especificos, uma vez que a replicagao viral produtiva s6 é observada quando
a infecgdo ocorre em determinada espécie (Roperto et al., 2008). Além disso, PVs
podem ocasionar a formacédo tumoral em seus hospedeiros, sendo por este motivo
considerados virus oncogénicos. As lesdes hiperproliferativas decorrentes da infecgao
por PVs podem ocorrer em tecido cutaneo e mucoso e apresentar origem benigna ou
maligna. Entretanto, a formacdo tumoral de origem maligna é observada
principalmente em mucosas (Campo, 2002). Apesar de serem considerados espécie
especificos, alguns tipos virais possuem capacidade de infectar outras espécies
animais, onde nao ocorre a replicagao viral infecciosa, como por exemplo o sarcoide

equino que é causado pelos BPV tipos 1, 2 e 13 (Lunardi et al., 2013).

2.2 ESTRUTURA, GENOMA E REPLICACAO

PVs sao virus com potencial oncogénico com 52 a 55 nm de diametro,
capsideo icosaédrico desprovido de envelope lipoproteico (Roperto et al., 2008). O
genoma viral é constituido por DNA de fita dupla circular, com extensdao de
aproximadamente 8.000 pares de bases (Munday 2014). O genoma é dividido em trés
regides que sao classificadas em precoce (early - E), tardia (late - L) e regido longa
de controle (long codon region - LCR) (Figura 1) (van Doorslaer, 2013).

A regiao E é responsavel por codificar as proteinas nao estruturais
denominadas de E1 a E7. As proteinas E1, E2 e E4 atuam na replicagao e transcrigao
do genoma, enquanto as oncoproteinas E5, E6 e E7 sado responsaveis pela
transformacdo tumoral (Borzacchiello, 2006). Adicionalmente, a proteina E4 esta

relacionada a remodelagdo da matriz extracelular e maturagao viral (Ferraro et al.,
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2011). A regiao L codifica as proteinas estruturais L1 e L2 que atuam na formacéao do
capsideo viral (Roperto et al., 2008). A regido LCR, apesar de nao codificar proteinas
virais, possui elementos importantes para a transcricdo e replicagao viral, além de

possuir a origem de replicagao (Van Doorslaer, 2013).

Figura 1 — Organizagao genémica do DNA circular do papilomavirus,
demonstrando as subdivisdes: Precoce (Early), Tardia (Late) e Regiao longa de

controle (Long control region).

Fonte: Araldi et al 2017.

A proteina E1 possui trés dominios funcionais sendo que o primeiro,
a porgcao N-terminal, induz a fosforilagdo de Cdk2. O segundo dominio, C-terminal,
atua como helicase dependente de ATP. Por fim, o dominio central se liga a proteina
E2, formando o complexo E1-E2. As proteinas E1 e E2 sido cruciais para que ocorra
a replicagao viral (Forslund et al., 1999; Garcia-Vallvé et al., 2005; Araldi et al., 2017).
O complexo E1-E2 ira se ligar a origem de replicacao localizada na LCR do genoma
viral (Araldi et al., 2017).

A proteina E4 pode ser facilmente detectada nas camadas
suprabasais e granulosas da epiderme, sendo a proteina reconhecida como o
principal sinal de patogenicidade dos PVs. A E4 também contribui com a replicagao
viral por se conectar com a citoqueratina filamentosa (Campo, 1997), além de estar
relacionada a remodelagdo da matriz extracelular e maturagéo viral (Ferraro et al.,
2011).

A oncoproteina E5 é a proteina mais conhecida por fazer a
transformacao celular, tanto in vivo quanto in vitro (Campo, 2006). A E5 é responsavel
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pela indugao de alteragdes na membrana celular, prejudicando o complexo de Golgi,
se ligando a subunidade vacuolar H+ -ATPase, fazendo com que haja a alcalinizagéo
da membrana interna dessa organela (Garcia-Vallvé et al., 2005). Com isso, se inicia
0 sequestro da cadeia pesada do MHC-II (Major histocompatibility complex class Il -
complexo de histocompatibilidade principal classe Il), promovendo um mecanismo de
evasao do sistema imune (Venuti et al., 2011). Outro mecanismo da E5 € a inibigao
da expressao de MHC-I (major histocompatibility complex class | — complexo de
histocompatibilidade principal classe I), e cicloxigenase (COX), fazendo com que
ocorra a persisténcia da infecgao viral (Borzacchiello, 2007; Araldi et al., 2017).
Adicionalmente, a oncoproteina E5 inibe a comunicagdo celular e compromete a
diferenciacdo celular (Rampias et al., 2014). Outra alteragdo causada pela
oncoproteina E5 é sua ligagado ao recepctor beta do fator de crescimento (PDGF R
(Platelet derived growth factor receptors — receptores de fator de crescimento derivado
de plaquetas)), ativando a via Akt mediada por 3-quinase que, consequentemente, ira
ativar a ciclina D3 promovendo entdo a desregulagédo do ciclo celular (Araldi et al.,
2017).

A ativacao do PDGF R também é capaz de estimular a angiogénese
(Pietras e Ostman, 2010). A oncoproteina E6 atua na transformagao e na replicagao
celular, sendo responsavel por causar a degradagao proteolitica da p53 que impede
areplicacdo viral (Araldi et al., 2017). A oncoproteina E7 contribui para a desregulagéo
do ciclo celular, por meio do rompimento de DNA causando instabilidade genémica
por inibir o reparo de DSB (double strand breaks — quebras bifilamentares) (Araldi et
al., 2017).

A proteina L1 esta diretamente ligada ao fator de viruléncia, uma vez
que esta associada ao mecanismo de infecgao viral, se ligando aos receptores de
sulfato de heparina presentes na membrana celular. A proteina L1 tem sido
considerada como um dos fatores de infecgdo produtiva. Durante a morfogénese, a
proteina L2 se liga ao DNA viral, contribuindo com a encapsidacao e liberagdo da
progénie viral, assim como esta diretamente associada a montagem do papilomavirus
e também atua no processo infeccioso (Garcia-Vallvé et al., 2005; Wang e Roden,
2013).
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2.3 CLASSIFICACAO DOS PVs E NOMENCLATURA

A identificacao dos tipos de PV é realizada por meio do percentual de
similaridade de nucleotideos observado no gene L1. Quando a sequéncia nucleotidica
do gene L1 difere em mais de 10% da mesma sequéncia de tipos virais ja
caracterizados, considera-se um novo tipo viral. Ja um novo género de PV é
considerado quando a identidade difere em mais de 40%. Considera-se um novo
subtipo quando se observa diferengas nesta sequéncia entre 2% a 10% e uma nova
variante é considerada quando a diferenca & <2% (Figura 2). Esta definicdo foi
estabelecida no Workshop Internacional de Papilomavirus realizado em Quebec em
1995 (de Villiers 2004; Daudt et al., 2018). Além disso, foi descrito recentemente que
além do percentual de similaridade do gene L1, também se utiliza a posi¢édo do novo
virus na arvore filogenética com o gene L1 completo para sua classificagdo (Van
Doorslaer, 2022).

Figura 2 - Esquema de classificagdo de Papilomavirus (PVs) com base na
sequéncia de nucleotideos do gene L1. A cor verde representa a identidade. A cor vermelha representa

as diferencgas, e a cor amarela representa a porcentagem de variagdo na classificagao.

Classificacdao dos PV baseada no Gene L1

Género: diferenca > 40% 12 354356878 o410

Espécie: diferencaentre 11% & 29% -
1 2 3 4 5 B T & 9 10

Tipe: diferenca » 10% .
1 2 3 4 § 8 7 &8 9 10

Subtipo: diferenca entre 2% & 10% I
1 2 3 4 5§ 6 7 & 910

Variante: diferenca < 2% I
1 2 3 4 5 6 T 8 910

Fonte: Daudt et al., 2018.

Quanto a sua nomenclatura, ha uma variagdo conforme a espécie
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animal que o virus ira infectar, por exemplo Bos taurus papilllomavirus, infectando
principalmente a espécie bovina. Em relacdo a classificacdo taxonémica atual, PV
pertence a familia Papillomaviridae, que € subdividida em duas subfamilias,
Firstpapillomavirinae e Secondpapillomavirinae. A subfamilia Firstpapillomavirinae
possui 52 géneros e 133 espécies, enquanto a subfamilia Secondpapillomavirinae
contém apenas um género, denominado Alefpapillomavirus, que é constituido por uma
unica espécie viral (ICTV, 2024).

2.4 PAPILOMAVIRUS BOVINO

Na espécie bovina, BPVs podem induzir a papilomatose cutanea,
caracterizada pela formagao de tumores benignos na pele, ou seja, fibropapilomas e
papilomas verdadeiros. A papilomatose cutdnea pode ocorrer em diversos sitios
anatémicos, incluindo tetos e ubere de vacas, comprometendo principalmente animais
jovens e/ou imunossuprimidos. Apesar de ser caracterizada por lesées benignas, a
papilomatose cutanea pode acarretar diversos prejuizos a cadeia produtiva bovina,
seja por reducdo na ingestdo de alimentos, limitagcdo no processo de ordenha e
amamentacdo de bezerros. As principais consequéncias para a pecuaria bovina sao
queda na producao de leite e descarte de vacas, maior predisposi¢ao as infecgdes
secundarias e depreciacao do valor do couro (Campo, 2003; Alfieri et al., 2017).

Em bovinos, os tipos virais detectados pertencem aos géneros
Deltapapillomavirus (BPV1, 2, 13 e 14), Dyoxipapillomavirus (BPV7 e BPV-mTAPV-
Isx), Epsilonpapillomavirus (BPV5, 8, 25 e 44), Xipapillomavirus (BPV3, 4, 6, 9, 10, 11,
12, 15, 17, 20, 23, 24, 26, 28, 29, 30, 31, 35, 36, 37, 38, 39, 40, 41, 42 e 43),
Dyokappapapillomavirus (BPV16, 18 e 22), e sem classificagao definida (BPV19, 21,
27,32, 33 e 34) (Tabela 1) (PaVE 2025).
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Tabela 1. Tipos de BPV presentes em lesbes hiperproliferativas e sua associagao com

diferentes sitios anatébmicos de bovinos.

Tipo viral Género Sitio anatéomico

BPV1 Deltapapilomavirus Tecido cuténeo, tetos, vesicula urinaria e TGIS
BPV2 Deltapapilomavirus Tecido cutaneo, Ubere, vesicula urinaria e TGIS
BPV3 Xipapilomavirus Tecido cuténeo, teto e Ubere
BPV4 Xipapilomavirus Tecido cutaneo e TGIS
BPV5 Epsilonpapillomavirus Tetos

BPV6 Xipapillomavirus Tecido cutaneo e tetos
BPV7 Dyoxipapillomavirus Tecido cutaneo e tetos
BPV8 Epsilonpapillomavirus Tecido cutaneo e tetos
BPV9 Xipapillomavirus Tecido cuténeo, tetos e Ubere
BPV10 Xipapillomavirus Tecido cutaneo, tetos e Ubere
BPV11 Xipapillomavirus Tecido cuténeo

BPV12 Xipapillomavirus Lingua

BPV13 Deltapapillomavirus Tetos e vesicula urinaria
BPV14 Deltapapillomavirus Tecido cutaneo

BPV15 Xipapillomavirus

BPV16 Dyokappapapillomavirus Tecido cutaneo

BPV17 Xipapillomavirus Tecido cuténeo

BPV18 Dyokappapapillomavirus Tecido cutaneo

BPV19 Néo classificado Tecido cutaneo

BPV20 Xipapillomavirus Tecido cuténeo

BPV21 Néo classificado Tecido cuténeo

BPV22 Dyokappapapillomavirus Vulva

BPV23 Xipapillomavirus Tecido cutaneo

BPV24 Xipapillomavirus Tecido cutaneo

BPV25 Epsilonpapillomavirus

BPV26 Xipapillomavirus

BPV27 Né&o classificado

BPV28 Xipapillomavirus Tecido cuténeo

BPV29 Xipapillomavirus Tecido cutaneo

BPV30 Xipapillomavirus Ubere

BPV31 Xipapillomavirus Tetos

BPV32 Né&o classificado Tetos

BPV33 Néo classificado Tetos

BPV34 Néo classificado Tetos

BPV35 Xipapillomavirus Tetos

BPV36 Xipapillomavirus Tetos

BPV37 Xipapillomavirus Tetos

BPV38 Xipapillomavirus Tetos

BPV39 Xipapillomavirus Tetos

BPV40 Xipapillomavirus Tetos

BPV41 Xipapillomavirus Tetos

BPV42 Xipapillomavirus Tetos

BPV43 Xipapillomavirus Tetos

BPV44 Epsilonpapillomavirus Tetos

BPV-mTAPV-  Dyoxipapillomavirus

Isx

Fonte: PaVE, 2025.
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2.5 HEMATURIA ENZOOTICA BOVINA

Outro quadro clinico associado a infeccdo por BPV é a Hematuria
Enzootica Bovina (HEB), caracterizada como uma doenga inflamatoria crénica, que
pode estar associada a presenga de lesdes neoplasicas na vesicula urinaria,
relacionada a interagdo entre a ingestao crénica da samambaia (Pteridium spp.) e a
presenca da infecgéo por BPV (Falco et al., 2023). A sugestao da participacao de BPV
na etiologia da HEB foi devido a identificagdo da presenga de transcritos do genoma
viral em células tumorais da vesicula urinaria de bovinos e bufalos (Campo et al., 2002;
Roperto, 2022). A samambaia possui compostos toxicos, carcinogénicos,
mutagénicos e capazes de causar imunossupressao. O consumo de samambaia por
animais infectados por BPV aumenta a probabilidade de ativacdo da replicacao do
BPV latente, determinando o desenvolvimento de lesbes pré-malignas (Campo et al.,
1992). A presenca de BPV e de fatores carcinogénicos presentes na samambaia agem
em sinergismo, desencadeando a progressao tumoral (Jarret et al., 1984; Campo et
al., 1992).

Estudos promovendo a indugcdo de carcinogenicidade foram
realizados com diversos compostos isolados da samambaia. No entanto, o principal
composto capaz de gerar o efeito carcinogénico foi um glicosideo norsesquiterpeno,
denominado ptaquilosideo (Hojo-Souza et al., 2010). Apesar da samambaia néo ser
palatavel para os animais, a ingestao desta planta ocorre quando ha menor oferta de
pastagem, superlotagcdo de pasto, deficiéncia de fibra na dieta ou apds o inverno
rigoroso caracterizado por longo periodo seco (Cruz e Bracarense, 2004).

Os achados histopatologicos em vesicula urinaria de bovinos
comprometidos pela HEB podem ser classificados em alteragdes ndo neoplasicas que
podem conter hiperplasia, displasia, ninhos de Brunn, vacuolos intraepiteliais no
urotélio e papilomas escamosos (Gabriel et al., 2009), e alteragbes neoplasicas
caracterizadas em carcinoma in situ (CIS), neoplasia urotelial papilar de baixo
potencial maligno (PULNMP), carcinoma papilar de baixo grau, carcinoma papilar de
alto grau, carcinoma invasivo de baixo grau, carcinoma invasivo de alto grau e
carcinoma urotelial (Roperto et al., 2010). Adicionalmente, hemangiomas,
hemangiosarcomas, fibromas, carcinomas em células transicionais e
adenocarcinomas também podem estar presentes (Jarret et al., 1978; Souto et al.,
2006).
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2.6 TUMORES DO TRATO GASTROINTESTINAL SUPERIOR DE BOVINOS

Os tumores do TGIS em bovinos sdo causados por BPVs e pelo
consumo crénico da samambaia. O BPV4 é detectado com maior frequéncia em
lesdes da mucosa deste sitio anatdmico, tanto em lesdes benignas como em lesdes
malignas (Borzacchiello et al., 2003). Outro tipo viral associado a lesdes do TGIS é o
BPV2, encontrado em menor frequéncia e ja identificado em fibropapilomas,
papilomas verdadeiros e também em carcinoma in situ (Gasparotto et al., 2024; Matias
et al., 2024), podendo ocorrer a coinfecgédo entre os BPVs 2 e 4, conforme reportado
em investigacdes recentes (Fernandes et al., 2022; Matias et al., 2024).

Estudo realizado envolvendo 27 lesdes do TGIS de bovinos e
bubalinos criados na India, identificou a presenca dos BPVs 1, 2 e 5 em lesbes
classificadas como fibropapilomas e papilomas em rumen, reticulo e boca de
bubalinos, e BPV5 em rumen e esbéfago de bovinos (Kumar et al., 2013). Além dos
tipos virais mencionados nestas lesdes, recentemente, os BPVs 13 e 44 foram
detectados a partir de lesbes ruminais classificadas histopatologicamente como
papilomas escamosos e fibropapilomas, em bovinos abatidos e criados na regiao
Amazobnica do Brasil (Gasparotto et al., 2024). As principais lesbes caracterizadas no
TGIS sao papilomas, fibropapilomas e carcinomas de células escamosas (Jarrett et
al., 1978; Jarrett et al., 1984).

A interagdo da ingestdo cronica de samambaia com a infec¢éo por
BPVs pode resultar no desenvolvimento de lesdes papilomatosas, ou até mesmo
neoplasicas, na mucosa do TGIS de bovinos (Campo et al., 1985). A presenca de
tumores nestas estruturas do TGIS pode trazer como consequéncias clinicas a
obstrucdo da passagem de alimentos, disfagia, regurgitagdo, timpanismo e,
consequentemente, perda de peso (Alfieri et al., 2017). Essas ocorréncias podem
variar conforme a localizagao do tumor, por exemplo, a regurgitacao pode indicar que
o tumor esta localizado na regido esofagica, assim como a distensao abdominal pode
demonstrar que o tumor esta localizado na regido ruminal (Faccin et al., 2018).

Em relacdo aos achados histopatolégicos em TGIS, papilomas
escamosos ou fibropapilomas, histologicamente semelhantes aos papilomas
cutaneos, sao classificados como lesdes benignas (Campo, 1985; Gasparotto et al.,
2024). Ja os carcinomas in situ (Matias et al., 2024) e de células escamosas (CCE),

sdo classificados como lesdes malignas, com extensdes e dimensdes variaveis, sendo
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comumente encontrados na entrada do rumen e eséfago, seguidos por epiglote, base

da lingua e faringe (Jarret et al., 1980; Faccin et al., 2018).

2.7 REACAO EM CADEIA DA POLIMERASE E UTILIZACAO DE PRIMERS DEGENERADOS

A utilizagao da PCR convencional com primers degenerados capazes
de amplificar regides mais conservadas do genoma de PVs, como os genes L1 e E1,
tém demonstrado resultados significativos na identificagdo de tipos virais ja
caracterizados e ainda nao descritos, proporcionando a elucidagao da diversidade
viral de PVs presentes em lesdes hiperproliferativas detectadas em diversas
localizagbes anatdémicas de bovinos (Crespo et al., 2019).

Na papilomatose cutanea de bovinos, a utilizagdo desta estratégia
molecular, associada ao sequenciamento Sanger de fragmentos provenientes destes
genes conservados, tem possibilitado a identificagdo de provaveis novos tipos virais
em lesdes hiperproliferativas de bovinos. Em investigacdes conduzidas em rebanhos
bovinos do Brasil, a identificacdo de provaveis novos tipos virais na papilomatose
mamaria de rebanhos leiteiros permitiu a detec¢cado dos provaveis novos tipos de BPV
denominados BPV/BR-UEL6 e BPV/BR-UEL7, além da identificagdo dos BPVs 6, 7,
8, 9 e 10, anteriormente caracterizados (Lunardi et al., 2016).

Com a utilizacdo dos primers degenerados FAPS59/FAP64 e AR-
E1F2/AR-E1R4, foi possivel a identificacao de infecgcdo mista contendo os BPV2 e 4
em papiloma esofagico de uma vaca leiteira de oito anos de idade, situada na regiao
Centro-Oeste do Brasil (Fernandes et al., 2022). Além disso, utilizando o par de
primers FAP59/FAP64, também foi possivel identificar BPVs em lesdes no TGIS de
bovinos abatidos, detectando o BPV2 e pela primeira vez os BPVs 13 e 44 nesta

localidade anatémica (Gasparotto et al., 2024).

2.8 AMPLIFICACAO POR CIRCULO ROLANTE E SEQUENCIAMENTO DE ALTO RENDIMENTO

A utilizagao das técnicas de amplificagao por circulo rolante (rolling
circle amplification - RCA) associada ao sequenciamento de alto rendimento (high-
throughput sequencing - HTS) apresentou grande eficiéncia na identificacdo e
caracterizagdo de novos tipos de PVs (Silva et al., 2016; Daudt et al., 2016; Sauthier
et al., 2021). A estratégia de deteccao de PVs por RCA utiliza a DNA polimerase do
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bacteriéfago phi29 para a mplificagdoa inespecifica de genomas de PVs presentes
nas lesdes, uma vez que o método envolve o emprego de primers randémicos. O
produto da amplificacdo por RCA consiste em multiplas copias concatenadas do
genoma viral, gerando DNA de dupla fita com elevado tamanho molecular (Rector et
al., 2004).

A aplicacao da estratégia envolvendo a combinacdo de RCA e HTS
vém proporcionando a identificagao e caracterizagado de novos tipos de PV, por meio
da obtencdo da sequéncias gendmicas completas, permitindo a deteccdo de novos
tipos virais distantemente relacionados aos anteriormente caracterizados (Sauthier et
al., 2021). Adicionalmente, estas técnicas tém ampliado o conhecimento sobre a
frequéncia de ocorréncia e a importancia de coinfecgbes em lesdes benignas
determinadas por BPV, com a observacao da presenca de até nove diferentes tipos
de BPV em uma unica lesao papilomatosa cutanea (Daudt et al., 2016; Sauthier et al.,
2021).

Com o uso das técnicas de RCA e HTS, foi possivel ampliar a gama
de tipos virais associados a papilomatose cutanea em bovinos. Desta maneira, foi
possivel identificar um provavel novo tipo viral de BPV em amostra de lesao
hiperproliferativa coletada de um bovino localizado na regidao amazoénica do Brasil.
Este novo tipo foi identificado como BPV23, o qual apresentou 90% de similaridade
no gene L1 em relacdo aos tipos virais anteriormente descritos e pertencentes ao
género Xipapillomavirus (da Silva et al., 2016). Ainda na regido amazonica do Brasil,
foi possivel identificar coinfeccao de sete tipos virais de BPV em uma unica leséao
papilomatosa de um bovino, sendo um deles ja caracterizado e os outros seis novos
tipos virais, os quais foram designados como BPV16, 17, 18, 19, 20 e 21, todos com
menos de 90% de similaridade em relagao ao gene L1 dos tipos virais anteriormente
caracterizados (Daudt et al., 2016).

Em estudos realizados no sul do Brasil, que também utilizaram esta
estratégia molecular, foi possivel identificar 11 tipos virais ja caracterizados e 14 novos
tipos de BPV em lesdes papilomatosas da glandula mamaria de 23 vacas, além de
detectar coinfecgdo em mais de 50% das amostras estudadas. Atualmente estes
novos tipos virais sdo reconhecidos como BPVs 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42 e 43 (Sauthier et al., 2021; PaVE 2025).
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4 HIPOTESE

Este trabalho foi delineado com a hipétese de que tipos de BPVs adicionais,
tanto aqueles ja conhecidos quanto os ainda n&o descritos, podem ser
identificados em associacdo com tumores do TGIS por meio de PCR com
primers degenerados, seguida de sequenciamento Sanger. Adicionalmente,
técnicas moleculares inovadoras, como RCA e HTS, podem proporcionar a
caracterizagao de genomas completos dos tipos virais presentes nestas lesdes,

inclusive a identificagcado de coinfecgdes.
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5 OBJETIVOS

5.1 OBJETIVO GERAL

Investigar e caracterizar a diversidade de tipos de BPVs presentes em

lesdes hiperproliferativas do TGIS de bovinos leiteiros.

5.2 OBJETIVOS ESPECIFICOS

e Detectar a presenga de genomas de BPV em lesdes
hiperproliferativas do TGIS de bovinos por meio da PCR
convencional e da amplificagao por circulo rolante (RCA);

e Identificar e caracterizar, por meio de sequenciamento de
Sanger e HTS (high-throughput sequencing), os tipos de BPV
ja caracterizados e ainda nao caracterizados presentes em
lesdes hiperproliferativas no TGIS de bovinos;

e Correlacionar os tipos de BPV identificados com a classificagcao
histopatoldgica das lesdes hiperproliferativas;

e |dentificar os tipos virais ja caracterizados e ainda néo
caracterizados responsaveis pelas lesdes hiperproliferativas
no TGIS.
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MULTIPLE TYPES OF BOVINE PAPILLOMAVIRUS ARE IDENTIFIED IN
SQUAMOUS PAPILLOMAS IN THE UPPER GASTROINTESTINAL TRACT OF
BRAZILIAN CATTLE

ABSTRACT

Papillomaviruses (PVs) are oncogenic and infect the skin and mucosa of several host
species. This study aimed to investigate the diversity of BPV types in hyperplastic
lesions identified in the upper alimentary canal of cattle from Parana state, southern
Brazil. Twenty-three hyperproliferative lesions were collected from the gastrointestinal
tract of 16 dairy cattle, and the lesions were histologically classified as squamous
papillomas. The degenerate primer pairs MY11/MYQ09, FAP59/FAP64, and E1F2/E1R4
were used to partially amplify the BPV L1 and E1 genes. The obtained amplicons were
sequenced by the Sanger method. Five (21.7%) lesions were BPV-PCR positives.
BPV1 and BPV4, previously found in these lesion types, were identified in two samples.
BPV9 and BPV39 were identified for the first time in other two samples. DNA from a
putative new BPV type, phylogenetically related to BPV12, was sequenced from one
lesion. This study identified five different types of BPV in five lesions of the upper
alimentary tract of cattle. The results suggest that similar to cutaneous papillomatosis,
which is known to be infected by a wide variety of BPV types, it is likely that multiple
BPV types contribute to the development of papillomas in the esophageal mucosa of
dairy cattle raised in pastures contaminated by bracken fern. In conclusion, it is
important to emphasize the need to use multiple degenerate primers capable of
amplifying the partial L1 and E1 conserved genes to elucidate the diversity of BPV
types present in lesions in the upper alimentary tract of cattle since the present study

detected viral types not yet identified in mucosal lesions in this anatomical site.

Keywords: Upper alimentary tract; Esophagus; Hiperplastic lesion; Sequencing;

Polymerase chain reaction.

1. INTRODUCTION

Papillomaviruses (PVs) are oncogenic viruses responsible for causing benign

and malignant lesions in the skin and mucosa of vertebrates, including humans. They
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are non-enveloped viruses with an icosahedral capsid and a genome composed of
double-stranded circular DNA with approximately 8 kbp length (Bernard et al., 2010).
The papillomavirus genome contains ORFs that encode early (E) and late (L) proteins.
The E1 and E2 proteins promote viral replication, the E4 protein participates in the
amplification and production of virions, while the E5, E6, and E7 oncoproteins may
promote cellular transformation. The late-phase proteins L1 and L2 compose the viral
capsid and are necessary to complete the viral cycle (Daudt et al., 2018).

The L1 gene is considered the most conserved ORF within the viral genome.
Therefore, to describe a new viral type, the sequencing of the complete new genome
is necessary, with the demonstration that the nucleotide (nt) sequence of the L1 gene
presents at least 10% divergence when compared to previous sequences
corresponding to any other viral type already recognized. If the new viral strain differs
between 2 and 10%, a new subtype is considered, while a new variant is detected
when the identity observed is <2% (de Villiers et al., 2004).

The viral types detected in cattle belong to the genera Deltapapillomavirus
(BPV1, 2, 13 and 14), Dyoxipapillomavirus (BPV7 and BPV-mTAPV-Isx),
Epsilonpapillomavirus (BPV5, 8, 25 and 44), Xipapillomavirus (BPV3, 4, 6, 9, 10, 11,
12, 15, 17, 20, 23, 24, 26, 28, 29, 30, 31, 35, 36, 37, 38, 39, 40, 41, 42 and 43),
Dyokappapapillomavirus (BPV16, 18 and 22), and some types remain unclassified
(BPV19, 21, 27, 32, 33 and 34) (PaVE 2025).

Bos taurus papillomavirus (BPV) infection may result in cutaneous
papillomatosis, forming hyperplastic lesions on the skin of various anatomical sites,
such as teats and udder. These lesions are characterized as squamous papillomas or
fibropapillomas, being considered benign (Munday 2014). However, BPV infection may
also result in malignancy, being the precursor of neoplastic lesions in the urinary
bladder mucosa, generally associated with bracken fern (Pteridium spp.) consumption,
known as bovine enzootic hematuria (BEH) (Jarrett et al., 1980; Campo et al., 1992;
Borzacchiello et al., 2003). The bracken fern is known for its carcinogenic and
immunosuppressive properties and may act synergistically with BPV, promoting
malignancy (Jarrett et al., 1980).

Another clinical condition that can affect cattle and is associated with BPV
infection is the development of tumors in the mucosa of the upper alimentary tract of
cattle, which is also associated with bracken fern compounds. The viral types already
detected in such lesions were BPV1, BPV2, BPV4, BPV5, BPV13, and BPV44



36

(Borzacchiello et al., 2003; Kumar et al., 2013; Gasparotto et al., 2024), with BPV4
being detected more frequently in both benign and malignant lesions (Borzacchiello et
al., 2003). The cytopathic effects caused by BPV infection and observed in such
lesions are koilocytosis, ortho and parakeratotic hyperkeratosis, hypergranulosis in the
granular layer, and acanthosis (Araldi et al., 2015). The main lesions observed in the
alimentary tract are classified as papillomas, fibropapillomas, and squamous cell
carcinomas (Jarrett et al., 1978; Jarrett et al., 1984). This study aimed to histologically
classify the hyperplastic lesions and investigate the diversity of BPV types in lesions

from the alimentary tract mucosa of cattle from Brazil.

2. MATERIALS AND METHODS
2.1Biological Samples and Histopathological Analysis

Through the post-slaughter inspection of the mucosa lining the whole upper
alimentary tract, 23 proliferative lesions were identified and collected from the
esophagus of 16 Girolando breed mature cattle from farms located in the North Central
mesoregion of the Parana state, southern Brazil, a region known to contain acid soil
and bracken fern infestation. A portion of each esophageal lesion was fixed by
immersing in 10% neutral-buffered formalin solution, and processed routinerally for
histopathological evaluation and stained with hematoxylin and eosin. The proliferative
mucosal lesions were evaluated by histopathology as previously described (Araldi et
al., 2015). The remaining fragments of each tumor were stored at —80 °C for further
molecular evaluations.

This study was approved by the Ethics Committee for Animal Use at the
Universidade Estadual de Londrina (Protocol n°® 050/2021). All the applicable
international, national, and institutional guidelines for animal care and use were

followed.

2.2 PCR Amplification of Partial Fragments of the BPV L1 and E1 Genes

All frozen 23 fragments from each esophageal lesion were disrupted and
homogenized using TissuelLyser LT (Qiagen, Hilden, Germany). Subsequently, total
DNA was purified from these tissue homogenates using the DNeasy Blood and Tissue
kit (Qiagen, Hilden, Germany), following the manufacturer's instructions. Purified DNA

was stored at —80 °C for further molecular analyses. Aliquots of ultrapure sterile water
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were included as negative controls in all DNA extraction procedures.

To investigate the presence of BPV strains potentially associated with the cattle
esophageal mucosa hyperplastic lesions, three degenerate primer pairs
(FAP59/FAP64, MY09/MY11, and AR-E1F2/AR-E1R4), designed to amplify regions of
the L1 and E1 conserved genes of a broad spectrum of cutaneous and mucosal PV
strains, were tested using DNA purified from the lesions. The assays employed for the
amplification of fragments from the L1 and E1 genes, as well as the sequence and

characteristics of the primers used were described previously (Matias et al., 2024).

2.3 Direct Sequencing by Sanger Method and Sequence Analyses

Amplicons representing partial fragments of the BPV L1 and E1 genes were
purified using Wizard SV Gel and PCR Clean-Up System kit (Promega, Madison, WI,
USA), following the protocol provided by the manufacturer. Next, direct nt sequencing
was performed on a 3500 Genetic Analyzer Sequencer (Applied Biosystems,
Carlsbad, CA, USA), using the BigDye Terminator v.3.1 cycle sequencing kit (Applied
Biosystems, Carlsbad, CA, USA), and the corresponding forward and reverse primers
employed in the PCR assays, according to the instructions provided by the
manufacturer. The generated sequences were examined using the Phred application
for quality analysis of chromatogram readings (http://Ibi.cenargen.embrapa.br/phph/).
The sequences with a base quality 220 were considered acceptable. The consensus
sequences were assembled using CAP3 software Version 3, and their identities were
obtained through comparison with nt sequences deposited on the public database

GenBank, using the BLASTn program (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

3. RESULTS

All 23 examined lesions exhibited similar histological features. The
histopathological analyses of the neoplastic lesions located in the esophagus revealed
a well-organized proliferation of stratified squamous epithelial cells. These cells were
arranged in multiple layers and formed papillary projections (Figure 1A). Within the
stratum spinosum of the proliferating epithelium, small clusters of koilocytes were
occasionally observed (Figure 1B). Additionally, prominent desmosomal junctions
were evident between epithelial cells (Figure 1C) and marked parakeratotic

hyperkeratosis was noted (Figure 1D). These histological characteristics are consistent
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with a diagnosis of squamous papillomas. Furthermore, lymphocytic infiltrates were
present in three of the tumors. Such findings are cytopathic effects that suggest BPV
infection. However, only five of the hyperplastic lesions had partial fragments of the
BPV L1 and E1 genes amplified (Table 1).

Figure 1 — Photomicrographs of esophageal papillomas from Girolando cattle.
A) Well-organized proliferation of epithelial cells forming papillary projections. B) Small
clusters of koilocytes (epithelial cells displaying clear cytoplasm and a pyknotic
nucleus) indicated by arrows. C) Epithelial cells exhibiting prominent desmosomal
junctions (arrows). D) Parakeratotic hyperkeratosis highlighted by arrows.

Hematoxylin-eosin staining. Scale bar A 300 ym, B and C 30 ym, D 20 ym.

Fonte: o proprio autor.

Five different types of BPV were amplified from hyperplastic lesions of the TGIS
of cattle. Direct sequencing of the partial fragments amplified from L1 and E1 BPV
genes revealed the presence of the viral types BPV1, BPV4, BPV9, BPV39, and a
putative new BPV type, presenting 77% nt similarity with the previously characterized
BPV type 12 (Table 1).
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Table 1. PCR detection of different BPV types in esophageal lesions collected from the

alimentary tract mucosa of cattle using different primer pairs.

Sample PCR assays (primer pairs) BPV
N° FAP59/FAP64 MY11/MY09 E1F2/E1R4 Type
A1 + _ + BPV9
A6 + — + BPV39

Putative
A7 + — - new BPV
type
(~BPV12)
A14 + - + BPV4
A16 - + + BPV1

Fonte: o proprio autor.

The direct sequencing of the partial BPV L1 gene amplified with the primer pair
FAPS59/ FAP64 in sample A1 revealed 100% similarity with the BPV9 corresponding
sequence (GenBank accession number HM245433). E1 gene partial sequence was
also amplified in the same lesion. The direct sequencing of the E1 gene showed 99%
nt similarity with another strain of the same viral type (GenBank accession number
MW436427). In sample A6, Blastn analysis of the FAP sequence demonstrated
96.24% similarity with BPV39 strain BPV/UFPEO3BR (GenBank accession number
JQ897974) and 93.08% similarity with BPV39 complete genome (GenBank accession
number MW727481). The sequence from the partial E1 gene showed 94.41%
similarity with the BPV39 partial sequence (GenBank accession number MW428426).
As for lesion A14, obtained nt sequences amplified from L1 gene with primer pair
FAP59/FAP64 and from E1 gene demonstrated similarities of 98.48% and 99.59% with
BPV4 (GenBank accession numbers MW436424 and MW436424, respectively). In
lesion A16, obtained nt sequences amplified from the L1 gene with primer pair
MY09/MY11 and from the E1 gene demonstrated similarities near 100% with BPV1
(GenBank accession numbers MG263871 and MG977494, respectively).
Nonetheless, amplification of the partial fragment of the L1 gene (FAP59/FAP64) in
tumor A7 showed only 77.75% nt similarity with BPV12 (GenBank accession number

OP682876), which indicates the presence of a putative new BPV type.

4. DISCUSSION

In this study, the degenerate primer pairs that amplify partial fragments of the
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conserved PV L1 and E1 genes allowed the detection of BPV genomes in 5 out of 23
esophageal tumors of cattle. The direct sequencing of the obtained amplicons revealed
the infection by representatives classified in the Deltapapillomavirus genus (BPV1) and
the Xipapillomavirus genus (BPV4, BPV9, and BPV39), as well as a putative new BPV
type most closely related to BPV12 (77% similarity), also to be classified in the
Xipapillomavirus genus.

BPV type 4, isolated in 1978, is considered the main viral type associated with
tumors that develop in the upper alimentary tract of cattle (Jarret et al., 1978; Campo
et al., 1980). Studies conducted in diverse geographic areas have confirmed this
finding. The analysis of lesions collected in slaughterhouses from Glasgow,
representing 70 different cases, evaluated the presence of BPV4 DNA by in situ
hybridization technique, and confirmed the infection by this viral type in 61 lesions
(Campo et al., 1985). In another investigation involving papillomatosis extending from
the mouth and tongue to the reticulum in two different animals from Scotland and
England, the molecular analysis demonstrated the identification of the BPV4 genome
in those lesions (Tsirimonaki et al., 2003). In Italy, exophytic and inverted papillomas
were detected by histopathological evaluation of the esophagus of 147 out of 1,133
cattle slaughtered between 2000 and 2001. Through molecular analysis, the presence
of BPV4 was also confirmed in more than 60% of the tumors (Borzacchiello et al.,
2003).

Through a combination of different degenerate primer pairs (FAP59/FAP64,
MY09/MY11 and AR-E1F2/AR-E1R4), able to amplify conserved genomic segments
of the BPV genome, our investigation revealed a broader diversity in BPV types than
classically related to hyperplastic lesions that occur in this specific anatomical site.
Despite having been used by other authors, the MY09/MY11 primer pair did not
demonstrate efficacy in the present study since this PCR assay tested positive in only
one esophageal lesion. To the authors’ knowledge, this study represents the first report
that showed the identification of BPV DNA from BPV9 and 39 in tumors located in the
mucosa of the upper alimentary tract of cattle. Recently, a study aiming to detect BPV
DNA in 100 papillomatous lesions from ruminal mucosa of cattle raised in Northern
Brazil, through PCR assay using FAP primer pair, demonstrated the presence of the
BPV13 and 44 in such tumors, besides the BPV2, which is commonly associated with
the bovine upper alimentary tract (Gasparotto et al., 2024).

Our findings, in association with the unusual BPV types previously detected in the



41

rumen from cattle (BPVs 13 and 44), suggest that there is a greater diversity of viral
types related to tumors of the upper digestive tract of cattle than previously suggested
by initial studies (Jarrett et al., 1984; Borzacchiello et al., 2003). Interestingly, despite
having detected the participation of new viral types in the esophageal mucosa of cattle,
the BPV types detected herein differed from the viral types previously found in the
ruminal mucosa of cattle from the Northern region, highlighting the need for in-depth
investigations aiming to elucidate the papillomaviral diversity in the bovine digestive
mucosa of cattle raised in different geographic areas.

Another viral type commonly found in lesions located at the upper alimentary tract
of cattle is the Deltapapillomavirus BPV2, which is usually associated with esophageal
fibropapillomas (Jarret et al., 1984; Kumar et al., 2013). The molecular analyses of
hyperplastic lesions collected from this anatomical site from an affected bull raised in
the Midwestern region of Brazil, demonstrated the occurrence of a mixed infection
caused by BPV2 and 4 through sequencing of the L1 and E1 gene fragments amplified
by FAP59/FAP64 and E1F2/E1R4 primer pairs (Fernandes et al., 2022). More recently,
a mixed infection characterized by the presence of BPV2 and 4 was also detected in a
carcinoma in situ in the esophagus of a bull from Southern Brazil through RCA followed
by HTS (Matias et al., 2024). However, in the present study, BPV2 was not amplified
from any evaluated lesion from the esophagus of the affected cattle from North Central
mesoregion of the Parana state, southern Brazil.

The present study also detected the BPV1 in a lesion from the esophagus, which
was also identified in the upper alimentary tract of buffaloes from India. In addition to
this finding in buffaloes, this previous investigation detected the BPV5 in the same
anatomical location of cattle from the same geographic area (Kumar et al., 2013).

In addition to the detection of genomic sequences from BPV types previously
characterized, the direct sequencing of the partial L1 gene fragment amplified from a
tumor in this study showed the presence of a putative new BPV type closely related to
the Xipapillomavirus BPV12 (77% identity). Regarding the current classification for new
PVs, the sequencing and analysis of the identity observed in the nt sequence of the L1
ORFs, the most conserved gene in the PV genome, define the classification of a new
PV type, subtype or variant.

The use of degenerate primers able to amplify partial sequences from conserved
genes of the BPV genome has represented a useful molecular tool to elucidate the
genetic diversity of BPV types involved mainly in cutaneous hyperplastic lesions from
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cattle. Previously, the analyses of cutaneous papillomas through FAPS59/FAP64
allowed the characterization of a putative new BPV type from a cutaneous papilloma
(Crespo et al., 2019). The molecular investigation by FAP PCR assay of cutaneous
warts from cattle raised in Northern Brazil, enabled the identification of nine possible
new BPV subtypes and four probable new BPV types in cattle affected by
papillomatosis (Silva et al., 2015). These studies demonstrate that degenerate primers
are an effective tool for the identification of putative new viral types of BPV. The present
study highlights the effectiveness of the application of this strategy since the use of a
combination of different consensual PCR assays allowed the identification of additional

viral types that were not previously detected in the upper alimentary tract of cattle.
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Abstract: Papillomaviruses (PVs) are oncogenic and infect the skin and mucosa of various host

species. Considering the recent advances in research on PVs using rolling circle amplification (RCA)

followed by high-throughput sequencing (HTS), in this study, we aimed to investigate the bovine

papillomavirus (BPV) types associated with proliferative lesions in the upper alimentary tract of an

affected bull and characterize the viral strains through complete genome sequencing using this

strategy. We analyzed the PV strains associated with two hyperplastic esophageal lesions through

PCR using degenerate primer pairs and RCA, followed by HTS. HTS of the libraries generated using
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RCA products provided the whole genome sequence of BPV4 present in squamous
papilloma, whereas, the complete genome sequence of BPV2 and subgenomic fragments
of BPV4 were identified in carcinoma in situ (CIS). For the first time, we have sequenced
BPV2 identified from the CIS of the bovine upper alimentary canal. Additionally, RCA
followed by HTS allowed characterization of the mixed infection by BPV2 and BPV4 in this
lesion. These data reveal that BPV4 is not the only BPV type present in CIS of the
esophageal mucous membrane; moreover, a mixed infection caused by BPV2 and BPV4 at
the tested anatomical site was demonstrated.
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1. Introduction
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Papillomaviruses (PVs) are small non-enveloped oncogenic viruses with an
icosahedral capsid and a genome composed of double-stranded circular DNA that is
approximately 8,000 bp in length [1-2]. PVs infect the skin and mucous membranes of
various hosts including humans. These infections usually cause benign lesions that
spontaneously regress [3]. However, in some cases showing no occasional regression
malignant progression may occur, in which benign papilloma transforms into squamous
cell carcinoma [4].

The papillomavirus genome contains open reading frames (ORFs) that encode
the early (E) and late (L) proteins; E1 and E2 proteins promote viral replication, E4
participates in the production of virions, and the oncoproteins E5, E6, and E7 are linked
to cellular transformation. The late proteins L1 and L2 are structural proteins involved in
the formation of the capsid and the completion of the viral cycle [1-2].

Among the Papillomaviridae family, 44 types of bovine papillomavirus (BPV) have
been reported to infect cattle. These diverse viruses belong to the genera
Deltapapillomavirus (BPV1, 2, 13, and 14), Dyoxipapillomavirus (BPV7, 19, and 21),
Epsilonpapillomavirus (BPV5 and 8), Xipapillomavirus (BPV3, 4, 6, 9, 10, 11, 12, 15, 17, and
23), unclassified Dyokappapapillomavirus (BPV16, 18, and 22), unclassified Xipapillomavirus
(BPV20, 24, 26, 28, and 29), unclassified Epsilonpapillomavirus (BPV25), and unclassified
types awaiting official classification (BPV 27, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, and 44) [5-6].

In cattle, BPVs can cause several clinical entities, such as cutaneous papillomatosis
characterized by benign tumors at different anatomical sites on the skin, which can be
histologically classified as fibropapillomas and true papillomas [7]. Other BPV infection-
associated clinical conditions in cattle include bovine enzootic hematuria (BEH), a chronic
inflammatory and neoplastic disease of the urinary bladder [4], and the development of
tumors in the upper alimentary tract; both clinical alterations may be related to the chronic
ingestion of bracken fern (Pteridium aquilinum). In addition to its toxic, carcinogenic, and
mutagenic effects, P. aquilinum has an immunosuppressive effect, which contributes to
papilloma persistence [8-9]. In tumors developed in the upper digestive tract, BPV4 has
mainly been detected in squamous papillomas [10], whereas, BPV2 is associated with
fibropapillomas [11].

The rolling circle amplification (RCA) followed by high-throughput sequencing
(HTS) supported significant advances in recent research on papillomaviruses. This
untargeted amplification method has helped to sequence the genomes of existing and
potential new viral types of PVs with greater sensitivity [12-14]. In this study, we aimed
to investigate the BPV types associated with hyperplastic lesions located in the upper
alimentary tract of an affected bull and to characterize the involved viral strains through
complete genome sequencing using this molecular methodology.

2. Materials and Methods

2.1. Biological Samples and Histopathological Analysis

Through the post-slaughter inspection of the mucosa lining the whole upper
alimentary tract, two proliferative lesions were identified and collected from the
esophagus of a Girolando breed mature dairy bull provenient from a farm located in the
North Central mesoregion of the Parana state, Southern Brazil. A portion of each
esophageal lesion was fixed by immersing in 10% neutral-buffered formalin and stained
using hematoxylin and eosin for routine histopathological evaluation. The proliferative
mucosal lesions were histopathologically evaluated as previously described [15]. The
remaining fragment of each proliferative lesion was stored at =80 °C for further molecular
evaluations.

The sample collection and all procedures performed in this study were based on
ethical and animal welfare considerations. All the applicable international, national, and
institutional guidelines for animal care and use were followed. This study was approved
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by the Ethics Committee for Animal Use at the Universidade Estadual de Londrina
(Protocol No. 050.2021).

2.2. PCR Amplification of Partial BPV L1 and E1 Genes

Frozen fragments acquired from each esophageal lesion were disrupted and
homogenized using TissueLyser LT (Qiagen, Hilden, Germany). Subsequently, total DNA
was purified from these tissue homogenates using the DNeasy Blood and Tissue kit
(Qiagen, Hilden, Germany) following the instructions provided by the manufacturer.
Purified DNA was stored at -80 °C for further molecular analyses. Aliquots of ultrapure
sterile water were used as negative controls in all DNA extraction procedures.

To investigate the presence of PV strains potentially associated with the hyperplastic
lesions collected from the esophageal mucosa of the dairy bull, three degenerate primer
pairs designed to detect the conserved regions of the L1 and E1 genes of a broad spectrum
of cutaneous and mucosal PV strains were tested using DNA purified from both lesions.
The sequences and features of the primers used are listed in Table 1.

Table 1. Sequences and features of degenerate primers used for the PCR amplification of partial papillomavirus genes.

Genomic Expected Annealing
Primer region Polarity Sequence (5°-3°)* amplicon temperature
target length (bp)
MY 11° L1 Forward GCMCAGGGWCATAAYAATGG
450 55°C
MY 09° L1 Reverse CGTCCMARRGGAWACTGATC
FAP59¢ L1 Forward TAACWGTNGGNCAYCCWTATT
480 50°C
FAP64°© L1 Reverse CCWATATCWVHCATNTCNCCATC
AR-E1F2¢ El Forward ATGGTNCAGTGGGCNTATGA
552 50°C
AR-E1R4 ¢ El Reverse ATTNCCATCHADDGCATTTCT

aDegenerate nucleotides: M= A or CG;R=Aor GG W=AorT; Y=CorT,V=A,CorG H=A, TorC;N=A,G,CorT; D=A, Tor G.
c[16]; 4 [17]; < [18].

PCR mixtures (50 pl) contained 5 pl of the purified DNA, 0.4 to 1 uM of each primer,
200 uM of each deoxynucleoside triphosphate (ANTP) (Invitrogen, Carlsbad, CA, USA),
2.5 U of HotStar Taq DNA polymerase (Qiagen, Hilden, Germany), 1x PCR buffer, 1.5 to
2.5 mM MgCl;, and ultrapure sterile water used to make up the final volume.
Amplification was performed with the following cycling profile: an initial step of 15 min
at 95 °C, followed by 45 cycles of 1 min at 94 °C, 1 min at an optimal temperature for
primer annealing (Table 1), and 1 min at 72 °C, with a final extension for 10 min at 72 °C.
Aliquots of the PCR-amplified products were analyzed via electrophoresis using 2%
agarose gels, stained with ethidium bromide (0.5 mg/ml), and examined under UV light.

2.3. Sequencing of Subgenomic Fragments

Amplified partial fragments of the BPV L1 and E1 genes were purified using a
Wizard SV Gel and PCR Clean-Up System kit (Promega, Madison, WI, USA) following
the protocol provided by the manufacturer. Next, direct sequencing was performed on a
3500 Genetic Analyzer (Applied Biosystems, Carlsbad, CA, USA) using the BigDye
Terminator v.3.1 cycle sequencing kit (Applied Biosystems, Carlsbad, CA, USA) and the
corresponding forward and reverse primers, according to the instructions provided by
the manufacturer. The generated sequences were examined using the Phred application
for quality analysis of chromatogram readings. The sequences with a base quality >20
were considered acceptable. The consensus sequences were determined using CAP3
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software, and their identities were analyzed based on the public database GenBank using
the BLASTn program.

2.4. Rolling-circle Amplification

The BPV genomes were amplified using DNA purified from two esophageal lesions
through the multiple-primed rolling-circle amplification (RCA) technique using the
TempliPhi 100 Amplification kit (Cytiva, Marlborough, MA, USA), following a previously
reported protocol optimized for the amplification of papillomaviral genomes [19]. We
verified the amplification of PV DNA through electrophoretic analysis of the RCA product
(2 pl) using a 0.8% agarose gel generating a band corresponding to multiple tandem copies
of the full-length PV DNA.

The RCA products were purified using a Wizard SV Gel and PCR Clean-Up System
kit (Promega, Madison, WI, USA) and quantified through fluorometry using a Qubit 4.0
(Invitrogen).

2.5. High-throughput Sequencing (HTS)

Libraries were prepared using 1 ng of purified DNA using an Illumina DNA Library
Prep kit (Illumina, San Diego, CA, USA). The Agilent D1000 ScreenTape kit (Agilent
Technologies, Santa Clara, CA, USA) was used for the quality control of the library on the
Agilent TapeStation 4150 System (Agilent Technologies, Santa Clara, CA, USA) and
determination of the library size. The library was quantified on a Qubit 4.0 Fluorometer
using the Qubit dsDNA Quantification High Sensitivity Assay kit (Invitrogen, Waltham,
MA, USA). The library was sequenced via the paired-end sequence strategy using the
MiniSeq High Output kit (2 x 150 cycles) and MiniSeq system platform (Illumina, San
Diego, CA, USA). Initially, the quality of the sequencing reads was evaluated using
FastQC software version 0.11.3 (www.bioinformatics.babraham.ac.uk/projects/fastqc). To
minimize possible base-calling errors, reads were trimmed based on a Phred quality score
cutoff of 30; sequence reads shorter than 150 nucleotides (nt) were discarded. Complete
BPV genomes were assembled using a de novo strategy using SPAdes software version
3.9.0 [20].

The reference guided assembly of the sequencing reads obtained for the CIS was
performed using the following steps. Firstly, MultiQC was used for quality control
reporting [21], followed by Trimmomatic for trimming and filtering paired-end reads [22].
The BWA (Burrows-Wheeler Aligner) was employed for aligning reads to the BPV4
reference genome (accession number: X05817) [23], and SAMtools was used to process,
sort, index, and calculate alignment statistics from BAM files [24]. The BCFtools was
employed to generate consensus sequences based on reference guided assembly [25].

To annotate the genomes obtained from HTS, putative ORFs were identified using a
combination of the ORF Finder program and BLASTp developed by the National Center
for Biotechnology Information (NCBI) and compared with previously characterized BPV
strains, while the theoretical isoelectric points and the molecular weigths of the predicted
viral proteins were estimated using the Expasy server
(https://web.expasy.org/compute_pi/).

2.6. Phylogenetic Analysis

Pairwise and multiple sequence alignments at the nucleotide (nt) and amino acid (aa)
levels and sequence similarities were estimated using Clustal W in the MEGA v11 software
[26]. Complete nt sequences of the L1 gene derived from PV types, previously
characterized through complete genome sequencing and representing the
Deltapapillomavirus and Xipapillomavirus genera, were included in the analyses. Two
phylogenetic trees were reconstructed based on the alignment of complete L1 nt
sequences using the Maximum Likelihood method with the general time-reversible model
in MEGA v11 software.
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3. Results

Histopathological analysis revealed marked epithelial hyperplasia, parakeratotic
hyperkeratosis, and koilocytosis, resulting in exophytic folding in the first lesion, which
is characteristic of a squamous papilloma (Figure 1a and 1b). These cytopathic effects
indicate BPV infection (Figure la and 1b). In the second lesion, the proliferation of
disorganized and anaplastic epithelial cells without invasion through the basement
membrane into the submucosa was detected, which characterizes a carcinoma in situ (CIS)
and preneoplastic lesion (Figure 1c and 1d).

Figure 1. Esophageal mucosa of a Girolando dairy bull. (a) Marked epithelium proliferation and
parakeratotic hyperkeratosis resulting in exophytic folding. Scale bar 200 um; (b) Acanthosis and
koilocytosis (arrows). Scale bar 20 um; (c) Proliferation of disorganized epithelial cells without
invasion through the basement membrane into the submucosa. Scale bar 100 um; (d) Epithelial
proliferation without invasion of the basement membrane (arrows). Scale bar 10 pm. Figures a to d
— Hematoxylin-Eosin.

The selected PCR using the primer pairs FAP59/FAP64 and AR-E1F2/AR-E1R4,
whose amplicons represented partial fragments of the BPV L1 and E1 genes, successfully
yielded PCR products with the expected lengths for DNA samples from both lesions
evaluated. In contrast, PCR with MY primer pair resulted in absence of amplification in
either DNA samples. No amplicons were obtained from the negative controls included in
the PCR assays. Direct sequencing of the FAP amplicon obtained from the squamous
papilloma DNA sample generated a partial L1 nt sequence shown to belong to BPV4 by
BLASTn evaluation (99.32% identity; accession number: OP682875). Moreover, the partial
nt sequence of E1, which was obtained from the same lesion, showed the highest identity
(98.96%) with a BPV4 strain available in GenBank (accession number: MW436424).
Contrastingly, direct sequencing of the amplicon representing a partial fragment of the L1
gene obtained from the CIS lesion revealed the highest similarity of this amplicon with
BPV2, with an identity of 99.78% (accession number: KF284153). Similarly, for the
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esophageal CIS DNA sample, sequencing of the PCR product obtained using the primer
pair targeting the E1 gene generated a partial nt sequence highly similar to the same viral
type, exhibiting 99.51% identity (accession number: MF045490) through BLASTn-based
analysis.

Sequencing analysis of the library using the RCA product of the esophageal
squamous papilloma generated a total of 1,796,770 reads. After trimming, 1,127,632 high-
quality reads were retained for the sequence analysis. These sequences were de novo
assembled into contigs that were further compared with the GenBank database using
BLASTn and BLASTx. For the squamous papilloma-derived DNA sample, only one contig
was characterized as PV, representing the complete genome sequence of BPV4 (7,274 nt,
GC content of 41.9%, mean coverage of 4,081, 504,788 used reads, and 40,038 unused
reads). Through BLASTn analysis, the highest identity obtained by comparison with other
BPV complete genomic sequences deposited in GenBank was 99,11% with the BPV4 strain
4827RS16-BR node 9 recovered from a teat papilloma in cattle in Brazil in 2016 (accession
number: MW436424).

In contrast, the library obtained from the RCA product amplified from the CIS lesion
generated a total of 1,867,724 reads, with 1,310,390 high-quality reads remaining after
trimming. From this esophageal lesion, de novo assembly generated one contig
representing the whole-genome sequence of the BPV2 strain (7,947 nt, GC content of 45.8
%, mean coverage of 2,177, 266,312 used reads, and 388,883 unused reads). BLASTn
analysis of this sequence revealed that the BPV2 strains E170428-1 and E181025 (accession
numbers: LC510376 and LC510384), identified from equine sarcoids in Japan in 2017 and
2018, respectively, exhibited the closest similarity to the BPV2 genome obtained (nt
identity of 99.94%). Additionally, de novo assembly generated three other contigs
corresponding to BPV subgenomic sequences. These sequences were highly similar to
BPV4 and represented partial fragments of the L1 (223 nt, mean coverage of 0.946, and 2
used reads), L2 (334 nt, mean coverage of 1.799, and 7 used reads), and E7 (208 nt, mean
coverage of 0.878, and 2 used reads) genes (Table 2). When compared with the BPV4
genome sequenced from the esophageal squamous papilloma, the partial nt sequences of
the L1, L2, E7 genes generated from the CIS by de novo assembly exhibited identities of
100, 99.7, and 100% respectively.

Through the reference guided assembly employing the BPV4 reference genome, the
reads obtained from the CIS lesion generated 12 different contigs that mapped to most
genes of the BPV4. These nucleotide sequences represented partial fragments of the E7
(263 nt, mean coverage of 99.619, 2 used reads, and 1,817,830 unused reads), E1 (194 nt,
mean coverage of 100, and 4 used reads; 913 nt, mean coverage of 100, and 10 used reads;
149 nt, mean coverage of 100, and 1 used read), E2 (147 nt, mean coverage of 100, and 1
used read; 341 nt, mean coverage of 100, and 4 used reads), L2 (627 nt, mean coverage of
100, and 11 used reads; 148 nt, mean coverage of 100, and 1 used read), and L1 (216 nt,
mean coverage of 100, 2 used reads; 147 nt, mean coverage of 94.23, and 1 used read; 519
nt, mean coverage of 100, and 8 used reads; 166 nt, mean coverage of 100, and 3 used
reads) genes. The comparison of these CIS BPV4 partial sequences with the BPV4 strain
sequenced from the squamous papilloma revealed identities varying from 99.4 to 100%.



Table 2. Types of bovine papillomavirus identified in esophageal lesions with distinct
histopathological classifications using different amplification and sequencing strategies.

Amplification and sequencing methods

Histological type PCR / Sanger sequencing RCA / High throughput
sequencing
Partial L1  Partial E1 Complete Partial BPV
gene® gene’ genome genes
Squamous BPV4 BPV4 BPV4°¢ -
papilloma
Carcinoma in situ BPV2 BPV2 BPV2¢ BPV4

Primers: 2aFAP; PAR-E1F2/ AR-E1R4.
GenBank accession Nos.: <PQ140660 ; 4PQ140661.
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Phylogenetic reconstruction based on the complete L1 nt sequences of all PVs,
already characterized through the complete genome sequencing and classified in the
Xipapillomavirus genus, confirmed that the BPV4 genome derived from esophageal
squamous papilloma belongs to the Xipapillomavirus 1 viral species (Figure 2).
Additionally, the phylogenetic tree of the complete L1 nt sequences of PVs fully
sequenced and classified in the Deltapapillomavirus genus revealed that the Brazilian BPV2
strain present in the CIS lesion on the same organ belonged to the Deltapapillomavirus 4

viral species, with high statistical support (Figure 3).
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Figure 2. Phylogenetic analysis of the Brazilian bovine papillomavirus strain identified in a
squamous papilloma developed in the esophagus of a dairy bull from Southern Brazil using
complete L1 gene nucleotide sequences. The evolutionary history was inferred using the Maximum
Likelihood method and General Time Reversible model. The tree with the highest log likelihood (-
18441.70) is shown. Numbers at internal nodes represent the bootstrap support values (percentages)
determined for 1,000 replications (values <50 are not shown). The tree is drawn to scale, with branch
lengths measured in the number of substitutions per site. We included 18 nucleotide sequences in
this analysis. There were a total of 1580 positions in the final dataset. Evolutionary analyses were
conducted using MEGA11 [21]. The Brazilian bovine papillomavirus strain sequenced in this study
is indicated using a black-filled circle. Representatives of the viral PV types belonging to the five
species of the genus Xipapillomavirus, recognized by the International Committee on Taxonomy of
Viruses (ICTV), are shown. The GenBank accession numbers of the PV types included in the

phylogenetic analysis are indicated.
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Figure 3. Phylogenetic analysis of the Brazilian bovine papillomavirus strain identified in a
carcinoma in situ lesion developed in the esophagus of a dairy bull from Southern Brazil using
complete L1 gene nucleotide sequences. The evolutionary history was inferred using the Maximum
Likelihood method and General Time Reversible model. The tree with the highest log likelihood (-
17206.33) is presented. Numbers at internal nodes represent the bootstrap support values
(percentages) determined for 1,000 replications (values <50 are not shown). The tree is drawn to
scale, with branch lengths measured in the number of substitutions per site. This analysis involved
18 nucleotide sequences; the final dataset comprised a total of 1537 positions. Evolutionary analyses
were conducted in MEGA11 [21]. The Brazilian bovine papillomavirus strain sequenced in this
study is represented by a black-filled circle. Representatives of the viral PV types belonging to the
seven species of the genus Deltapapillomavirus, recognized by the International Committee on
Taxonomy of Viruses (ICTV), are shown. The GenBank accession numbers of the PV types included
in the phylogenetic analysis are indicated.

The complete genomic sequence of the BPV4 strain characterized from the esophageal
squamous papilloma was deposited in the GenBank database under the accession number
PQ140660. The whole genome of the BPV2 strain sequenced from the esophageal CIS
lesion has been submitted under the accession number PQ140661, while the nt sequences
obtained from the CSI lesion by the de novo assembly, and representing partial fragments
of the BPV4 L2, E7, and L1 genes, were deposited under the accession numbers PQ140662
to PQ140664, respectively. In addition, the BPV4 subgenomic sequences generated by the
reference guided assembly of the CIS lesion were deposited under the accession numbers
PQ365677 to PQ365688. Summary data of the predicted proteins identified in the BPV4
and BPV2 complete genomes through the ORF Finder program are presented in Table 3.
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Table 3. Features of the predictive ORFs identified in BPV genomes sequenced from bovine esophageal lesions through
high-throughput sequencing of rolling circle amplification products.

BPV strain ORF ORF location  Length (nt)  Length (aa) HI::‘S’;"(CI‘(‘};‘;) pl
E5 333-461 129 42 4.995 421
E8 448-585 138 45 5312 3.58
E7 716-1,012 297 98 10.993 441
El 1,002-2,831 1,830 609 69.506 5.98
BPVe E2 2,773-4,005 1,233 410 46.416 9.96
E4 3,299-3,739 441 146 16.728 6.31
L2 4,020-5,597 1,578 525 57.244 4.84
L1 5,608-7,128 1,521 506 57.575 7.14
E6 935-1,348 414 137 15.867 8.97
E7 1,323-1,706 384 127 13.601 9.08
El 1,693-3,513 1,821 606 68.043 6.10
E8 2,048-2,278 231 76 8.710 9.88
BPV2P E2 3,455-4,693 1,239 412 45.681 6.15
E4 4,038-4,379 342 113 12.688 10.75
E5 4,735-4,869 135 44 5.210 435
L2 5,038-6,441 1,404 467 49.433 4.94
L1 6,454-7,947 1,494 497 55.610 8.44

aGenBank accession No.: PQ140660.

bGenBank accession No.: PQ140661.

4. Discussion

In this study, BPV2 and BPV4 were identified in lesions with different histological
classifications developed in the esophagus of an asymptomatic dairy bull in Southern
Brazil. The viral types were detected by PCR assays using degenerate primers that amplify
a broad range of PV sequences and through a untargeted amplification strategy involving
the RCA of BPV genomes followed by sequencing via HTS. Additionally, deep sequencing
of the RCA product derived from the esophageal CIS lesion revealed mixed infection by
BPV2 and 4; the BPV2 complete genomic sequence and partial nucleotide sequences from
most genes of the BPV4 were obtained.

Although BPV4 is the viral type mostly associated with tumor lesions that develop
in the mucous membrane lining the upper digestive canal of cattle, both BPV4 belonging
to the genus Xipapillomavirus and BPV2 belonging to the genus Deltapapillomavirus, serve
as causal agents of hyperplastic lesions of the bovine upper alimentary tract, as previously
reported [10, 11, 27]. The BPV4 infection was associated with progression to malignancy
[28, 29], however, BPV2 infections seems to rarely lead to fibropapillomas at this
anatomical site [11]. As only BPV4 was identified in alimentary cancers of cattle, a link
between BPV2 infection of the upper digestive tract and the development of malignancy
has not been established in cattle [11].

In this study, the BPV2 complete genomic sequence was amplified from an
esophageal CIS DNA sample and sequenced. To the best of our knowledge, we have
identified this viral type in a premalignant lesion of the bovine upper alimentary tract for
the first time. Additionally, the results reflect that a mixed infection with BPV4 can be
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characterized in the CIS lesion through RCA amplification followed by HTS. A recent
investigation carried out in the midwestern region of Brazil revealed the occurrence of a
mixed infection caused by BPV4 and BPV2 in a squamous papilloma developed in the
esophagus of a dairy cow; viral types were identified using conventional PCR employing
the degenerate primer pairs FAP59/FAP64 and AR-E1F2/AR-E1R4, followed by cloning
and sequencing of the amplified L1 and E1 gene fragments [30]. Mixed infection by BPV2
and BPV4 has been previously described in a squamous papilloma of the esophagus of a
dairy cow; however, for the first time, this study presents its occurrence in a CIS in the
same organ of cattle.

The RCA and HTS of the complete genome of BPV4 in the squamous papilloma of
the esophagus of the dairy bull are comparable to the previous findings. Previously, BPV4
was reported in papillomatous lesions without malignant progression developed in cattle
raised in Scotland and England. The conventional PCR-based molecular analyses of these
biological samples confirmed the viral type, whereas, histopathological analyses revealed
papillomatous changes throughout the upper alimentary tract [31]. In Italy, through
histopathological evaluation, esophageal papilloma (inverted and exophytic) was
detected in 147 cattle among a total of 1,133 animals slaughtered between 2000 and 2001;
BPV4 was present in > 60% of the examined samples [32].

In addjition to the viral types commonly detected in tumors in the upper digestive
tract, studies carried out in India revealed BPV5 in lesions from this anatomical site of
cattle for the first time. This viral type was detected in six hyperproliferative lesions
acquired from the rumen, reticulum, and esophagus of cattle and was histologically
diagnosed to be fibropapillomas and papillomas [33]. In the present study, we did not
detect BPV5 in the lesions developed in the upper alimentary tract of the dairy bull via
broad-spectrum PCR assays using consensus primers or untargeted amplification by
RCA, combined with deep sequencing.

Although BPV4 was associated with the emergence of papillomas in the upper
alimentary tract of cattle, a retrospective survey was conducted using 47 papillomas in the
mouth and esophagus of 30 animals with upper digestive canal carcinomas, collected
from Southern Brazil between 2003 and 2014; PCR assays conducted using both the FAP
primer pair and specific primers targeting the BPV4 L1 gene did not reveal BPV DNA in
these lesions [34]. In the present study, RCA of the BPV genomes followed by HTS
successfully identified BPV2 and 4 sequences in the CIS lesion, as well as BPV4 in a
squamous papilloma in the upper alimentary tract of a dairy bull, which indicates that
BPV4 is not the only BPV type present in the CIS developed in the bovine esophageal
mucous membrane. This molecular strategy potentially allows the identification of
diverse BPV types, even in mixed infections, in different hyperproliferative lesions of
cattle, deepening the research on BPV. In the northern region of Brazil, cutaneous
papillomas collected from cattle were reported to contain three viral types previously
characterized in one sample and BPV24, a novel type of BPV, in another sample; notably,
both samples were collected from the skin lesions of a single animal [35]. In an
investigation carried out on cows slaughtered in another state of Southern Brazil, RCA
and HTS-based assay using 23 teat warts revealed seven known viral types (BPV3, 4, 6, 8,
9, 12, and 27); moreover, 14 new types (BPV30-BPV43) were first characterized [14].

In conclusion, the present study, for the first time, demonstrates the association of
BPV2 with a CIS lesion in the bovine upper alimentary tract and reveals the occurrence of
mixed infection by BPV2 and BPV4 in the tumor. Since mixed infection in esophageal CIS
could not be detected by common molecular tools, such as PCR using degenerate primers
followed by Sanger sequencing of the amplicons, the use of untargeted molecular
techniques, such as RCA and HTS, is essential for advancement in PV research. This is the
first study that revealed the association between BPV and proliferative lesions in the
bovine upper digestive canal using this molecular strategy.
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Neste estudo, tanto tipos de papilomavirus bovino
anteriormente descritos (BPVs 1, 2 e 4), quanto tipos virais
previamente ndo associados com lesdes hiperproliferativas do
trato gastrointestinal superior (BPVs 9, 39 e o provavel novo
tipo de BPV similar ao BPV12), foram identificados em
papilomas localizados em lesdes esofagicas dos animais
avaliados. Estes achados demonstraram diversidade viral
superior a estimada nos estudos iniciais envolvendo o TGIS de
bovinos;

O uso de uma combinagéo de primers degenerados capazes
de anelar com sequéncias dos genes conservados L1 e E1 de
papilomavirus, associado ao sequenciamento direto dos
fragmentos amplificados pelo método Sanger, permitiu a
deteccdo de tipos virais adicionais nas lesbes do TGIS de
bovinos;

A utilizacdo de ferramentas moleculares inovadoras, como a
RCA associada ao HTS, proporcionou a caracterizagao
genbmica completa de tipos virais presentes em duas lesdes
esofagicas de um bovino afetado. O BPV4 foi detectado na
lesdo classificada como papiloma escamoso, enquanto
coinfeccao pelos BPVs 2 e 4 foi demonstrada pela primeira vez

em um CIS esofagico.
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ANEXO A
Protocolos e técnicas

e O protocolo completo utilizado para extragdo das amostras teciduais esta
descrito em anexo A;

e PCR utilizando MY09/MY 11
- 2,5 uL de solugao tampéao para PCR10x;
- 0,5 yL de cada dNTP (Invitrogen, Carlsbad, CA, USA);
- 1,0 uL de MgClz;
- 1,0 yL de cada primer;
- 0,125 uL da enzima HotStar Taq DNA Polimerase (Qiagen, Hilden, Alemanha);
- 2,5 UL de DNA;

- Adiciona-se a agua em quantidade suficiente para completar o volume final de 25
ML.

- Etapas para amplificacao:
- Desnaturagéo inicial: 15 min a 95°C;

- Seguida de 45 ciclos de: i) desnaturagao: 1 min a 94°C; ii) anelamento: 1 min a
55°C; iii) extensdo: 1 min a 72°C;

- Extenséo final: 10 min a 72°C.
e PCR utilizando FAP59/FAP64
- 2,5 yL de solucao tampao para PCR10x;
- 0,5 uL de cada dNTP (Invitrogen, Carlsbad, CA, USA);
- 0,5 yL de cada primer;
- 0,125 uL da enzima HotStar Tag DNA Polimerase (Qiagen, Hilden, Alemanha);

- 2,5 uL de DNA;
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- Adiciona-se a agua em quantidade suficiente para completar o volume final de 25
ML.

- Etapas para amplificacao:
- Desnaturacgao inicial: 15 min a 95 °C;

- Seguida de 45 ciclos de: i) desnaturacao: 1 min a 94 °C; ii) anelamento: 1 min a 50
°C; iii) extensao: 1 mina 72 °C;

- Extenséo final: 10 min a 72 °C.
e PCR utilizando AR-E1R2/E1R4
- 2,5 yL de solugao tampao para PCR10x;
- 0,5 uL de cada dNTP (Invitrogen, Carlsbad, CA, USA);
- 1,0 yuL de MgClz;
- 1,25 pL de cada primer;
- 0,125 uL da enzima HotStar Taq DNA Polimerase (Qiagen, Hilden, Alemanha);
- 2,5 puL de DNA;

- Adiciona-se a agua em quantidade suficiente para completar o volume final de 25
ML.

- Etapas para amplificacao:
- Desnaturagéo inicial: 15 min a 95 °C;

- Seguida de 45 ciclos de: i) desnaturagado: 1 min a 94 °C; ii) anelamento: 1 min a 50
°C; iii) extensao: 1 mina 72 °C;

- Extensao final: 10 mina 72 °C.
e Gel de agarose 2%
e Purificacdo dos produtos de PCR excisados do gel.

¢ Quantificacdo dos produtos de PCR.



e RCA
- Adicione 5 yL de sample buffer;
- Adicione 1 uL de DNA;
- Desnature a amostra por 3 min a 95 °C;
- Resfrie a amostra a 4 °C;
- Em banho de gelo, adicione:
- 5 uL de reaction buffer;
- 0,2 yL do mix me enzima;
- 0,1 yL de ANTP mae;
- Adicione 5 pL do mix acima para a amostra desnaturada e resfriada;
- Incube por 18 h;
- Inative a enzima por 10 min a 65 °C;

- Resfrie a4 °C.
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