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RESUMO

A placa aural é uma doenga cosmopolita, caracterizada por lesdes nodulares na
pele que raramente regridem espontaneamente. Foram descritos nove Equus
caballus papillomavirus (EcPVs), desses, apenas os EcPVs 1, 3, 4, 5 e 6 foram
associados a placa aural no Brasil, ocorrendo de forma isolada ou em
coinfeccdo. Os EcPVs 8 e 9 foram os Uultimos papilomavirus equinos
identificados, por isso h&d poucas descricbes sobre suas caracteristicas de
manifestacao clinica e sua associacao a placa aural nao foi avaliada. O objetivo
desse estudo foi verificar a presenca do DNA dos EcPV 8 e 9, por PCR, em
amostras de placa aural de equinos de diferentes regides do Brasil. No total, 137
amostras foram utilizadas, das quais 108 foram previamente avaliadas quanto a
presenca do DNA dos EcPVs 1 -7 (Miraetal., 2018). As demais amostras, foram
coletadas para este estudo (n = 29), e avaliadas quanto a presenca dos EcPVs
1 - 9. Foram utilizados primers previamente descritos para as PCRs dos EcPVs
1 - 8, enquanto para o EcPV 9, foram sintetizados primers especificos. Para os
EcPVs ndo detectados em nossas amostras, foram sintetizados mini-genes e
utilizados como controle positivo nas reacdes de PCR. A histopatologia,
hiperqueratose, hipomelanose e hiperplasia epidémica foram os principais
achados. O DNA dos EcPVs 2, 7, 8 e 9 ndo foi detectado nas amostras avaliadas.
Das amostras testadas para os EcPVs 1 — 9, foram identificados os EcPVs 1, 3,
4,5 e 6, presentes de forma isolada ou em coinfeccéo, o EcCPV 6 foi o tipo viral
mais prevalente nas amostras. Nao foi observada relagdo entre o tipo viral
detectado e as caracteristicas clinicas das lesdes. Concluimos que os EcPVs 2,
7, 8 e 9 ndo tiveram associacdo com lesdes de placa aural analisadas e, podem
ndo estar relacionados a etiologia desta enfermidade no Brasil. A utilizacdo de
mini-genes foi fundamental para validar as técnicas de PCR e a sensibilidade
dos primers utilizados.

Palavras-chave: Cavalo, EcPV, papilomatose, PCR.
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ABSTRACT

Aural plaque is a cosmopolitan disease, characterized by nodular lesions on the
skin that rarely regress spontaneously. Nine Equus Caballus papillomavirus
(ECPVs), have been described, of these, only the EcPVs 1, 3, 4, 5 and 6 were
associated with aural plagues in Brazil, occurring in isolation or in coinfection.
The EcPVs 8 and 9 were the last papilomavirus identified, so there are few
descriptions about clinical manifestation features and association with aural
plagues were not evaluated. The aim of this study was to verify the DNA presence
of EcPVs 8 and 9 by PCR in aural plaques samples of horses from different
regions of Brazil. A total of 137 samples were used, of these samples, 108 were
previously evaluated for the presence of EcPVs 1 — 7 (Mira et al., 2018). The
other samples collected for this study (n = 29), and evaluated for the presence of
EcPVs 1 — 9. Primers previously described were used for PCR of EcPVs 1 — 8,
while for the EcPV 9, specific primers were synthesized. For the EcPVs not
detected in our samples, mini-genes were used as a positive control in the PCR
reactions. hyperkeratosis, hypomelanosis and epidemic hyperplasia were the
main histopathological findings. The DNA of the EcPVs 2, 7, 8 e 9 was not
identified in the analyzed samples. Of the samples tested for the EcPVs 1 — 9,
the EcPVs 1, 3, 4, 5 e 6 were identified, in isolated form or in coinfection, the
EcPV 6 was the most prevalent viral type in the samples. No relationship was
observed between the viral type detected and the clinical lesions features. In
conclusion, the EcPVs 2, 7, 8 e 9 was no association with the aural plaque
samples analyzed and, therefore, are not associated with the etiology of this
disease in Brazil. The use of mini-genes was essential to validate the PCR
reactions and the primers sensitivity used in this work.

Keywords: Papillomavirus, horse, papillomatosis, PCR.
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1. Introducéo

A papilomatose € uma neoplasia benigna comum em equinos, causada
pelo Equus caballus papillomavirus (EcPV), um virus DNA de fita dupla, néo
envelopado, da familia Papillomaviridae, que infecta as células basais da
epiderme (Alfieri et al., 2007; Sousa et al., 2008). A placa aural é uma das
manifestacdes da papilomatose nos equinos, caracterizada por lesdes nodulares
na pele que, embora sejam de baixa malignidade, podem causar sensibilidade e
desconforto nos animais e levar a perda do valor comercial dos equinos
acometidos (Sousa et al., 2008; Mira et al., 2016).

Nao ha predisposicdo por raga, sexo ou idade. As lesdes acometem a
superficie interna do pavilhdo auricular, sdo placas hiperqueratéticas, elevadas
e bem demarcadas, despigmentadas, isoladas ou multiplas podendo coalescer
(Scott & Muller, 2011; Torres & Koch, 2013). As placas aurais ndo regridem
espontaneamente, o0 tratamento consiste na aplicacdo de Imiquimode
(imidazoquinolina sintética a 5%), que atua como estimulante imunoldgico com
efeitos antivirais (Mira et al., 2018).

Nove EcPVs ja foram descritos, mas apenas os EcPVs 1, 3, 4, 5 e 6 foram
amplificados das lesbGes de placa aural, ocorrendo de forma isolada ou em
coinfeccdo (Mira et al., 2018; Li et al., 2019). A identificacdo do papilomavirus
pode ser realizada por exames histopatolégicos, imunoistoquimica, microscopia
eletrbnica, reacdo em cadeia da polimerase (PCR) e técnica de PCR quantitativa
em tempo real (QPCR) (Fairley & Haines, 1992; Gorino et al., 2013; Zakia et al.,
2015).



2. Revisao de literatura

2.1. Os papilomavirus

Os papilomavirus pertencem a familia Papilomaviridae, apresentam DNA
circular de fita dupla, ndo envelopados, com capsideo icosaédrico (Taniwaki et
al., 2013). Possuem cerca de 52 a 55 nandmetros (nm) de diametro, e genoma
de aproximadamente 8 quilobases (kb) de comprimento (De Villiers et al., 2004;
Torres & Koch, 2013; De Araldi et al., 2017). Possuem resisténcia as condicdes
ambientais podendo sobreviver varios dias em temperaturas de 4 a 8°C, e até
seis horas a 37°C, sdo sensiveis a temperaturas elevadas, detergentes e ao
formaldeido (Torres & Koch, 2013).

Identificados em diversas espécies, 0s papilomavirus podem infectar
animais domésticos e selvagens, seres humanos e aves (Alfieri et al., 2007;
Taniwaki et al., 2013). Sao epiteliotréficos, com caracteristicas especificas para
o tipo tecidual infectado (Jones, 2021), e altamente espécie-especificos, com
excecdo do Papilomavirus Bovino (BPV), gendtipos BPV1, BPV2 e BPV13, os
quais sao frequentemente identificados em lesdes de sarcéide em equinos,
sugerindo uma associacao etioldgica no desenvolvimento desta neoplasia em
cavalos (Torres & Koch, 2013; Yamashita-Kawanishi et al., 2020; Jones, 2021).

Caracterizados por seu potencial oncogénico, os papilomavirus infectam
células basais do epitélio e de mucosa, induzindo neoplasmas epiteliais
proliferativos, comumente denominados papilomas ou verrugas (Alfieri et al.,
2007; Scott & Muller, 2011; Peters-Kennedy et al., 2020). Ap6s a infeccéo, o
virus pode ficar latente nos queratinécitos basais, tornando o individuo infectado
assintomatico, até sua replicacao e manifestacao clinica (Scott & Muller, 2011).

As lesBes tumorais sao benignas e podem persistir sem proliferar ou
regredir espontaneamente, no entanto, eventualmente, podem evoluir para
tumores malignos, ocasionando alteragdes morfologicas e funcionais nas células
(Alfieri et al., 2007; Scott & Muller, 2011, Jones, 2021).



2.2. Organizacao genbmica

O genoma viral é dividido em trés regides: a regido de genes iniciais (E),
regido de genes tardios (L) e a regido de cédon longo (LCR). A regido de genes
iniciais (E), é expressa desde a camada basal até a superficie do tecido, codifica
proteinas que atuam na replicagéo viral (E1, E2 e E4) e oncoproteinas (E5, E6 e
E7). As proteinas E1 e E2 atuam na replicagdo do material genético viral,
enquanto a proteina E4 esta associada também a maturacao viral e remodelacdo
da matriz extracelular (Araldi et al., 2017; Kaynarcalidan & Oguzoglu, 2020).

As oncoproteinas atuam em diversas vias tumorigénicas, sdo essenciais
para persisténcia do virus nas células infectadas (Araldi et al., 2017). As
principais oncoproteinas identificadas nos Papilomavirus sdo as E6 e E7
(Kaynarcalidan & Oguzoglu, 2020). A E6 induz alteracBes na transformacéo
celular, capaz de inibir as vias de reparo celular, além de promover alteracées
citogenéticas e perda do contado intercelular. Ja a E7 promove quebras no DNA
da célula infectada levando a instabilidade gendmica e desregulacéo do ciclo
celular (Alfieri et al., 2007; Araldi et al., 2017; Kaynarcalidan & Oguzoglu, 2020).

Estudos identificaram a oncoproteina E5 em Papilomavirus Humano
(HPV), do género Alphapapillomavirus (Araldi et al., 2017). Embora seus
mecanismos oncogénicos néo estejam completamente elucidados, sabe-se que
essa proteina atua em diversas vias tumorigénicas, auxiliando na expressao e
nas funcdes de E6 e E7 e contribuindo para a progressao tumoral (Alfieri et al.,
2007; Araldi et al., 2017).

A regiéo de genes tardios (L), inserido nas camadas mais superficiais do
epitélio (granular e cornificada), expressa proteinas estruturais (L1 e L2). A
proteina L1 compde 80% do capsideo viral (Alfieri et al., 2007), sendo a proteina
mais conservada do genoma viral (De Villiers et al., 2004; Alfieri et al., 2007;
Araldi et al., 2017), por isso é utilizada para identificar novos genotipos dos
papilomavirus. Desta forma, diferencas superiores a 10% de homologia com a
sequéncia de L1 definem um novo tipo de virus, enquanto diferencas entre 2-
10%, determinam um novo subtipo viral (Alfieri et al., 2007; Araldi et al., 2017).
Como proteina secundaria do capsideo, a L2 possui capacidade de induzir
anticorpos neutralizantes que contribuem para a penetracdo do virus na ceélula
infectada (Alfieri et al., 2007).



A regido de coédon longo (LCR) ndo codifica proteinas, mas possui
elementos que atuam na regulacéo da replicacao viral (De Villiers et al., 2004,
Torres & Koch, 2013; Araldi et al., 2017).

2.3. Ciclo de vida

Na célula infectada o genoma viral pode ser encontrado em duas
diferentes formas: a epissomal, presente em lesdes iniciais, em formato circular
e em multiplas cépias e a forma integrada, localizado apenas em células
transformadas, neste caso o genoma viral esta integrado ao cromossomo da
célula infectada, contendo uma copia por célula (De Villiers et al., 2004; Alfieri et
al., 2007).

O virus infecta inicialmente os queratindcitos basais, a partir de micro
lesBes na pele, onde ha perda da barreira cutanea (Torres & Koch, 2013), em
seguida, por endocitose, penetra nas células das camadas basal e suprabasal,
onde ocorre a expressao dos genes iniciais (E). Ap0s a penetragao, o virus perde
seu capsideo e insere seu DNA no nucleo celular, onde inicia a replicacao viral.
Este processo ocorre na regido de diferenciacdo das camadas espinhosa e
granular, onde além dos genes iniciais sd0o expressas oncoproteinas, sendo
possivel observar histologicamente alteracdes citopaticas e a presenca de
inclus@es virais (Alfieri et al., 2007; Torres & Koch, 2013).

Os genes estruturais (L1 e L2), sdo entdo expressos e o0 DNA transferido
para as células da camada escamosa, a partir das quais 0s novos virus sdo
liberados via descamacao celular normal do epitélio (Alfieri et al., 2007; Jones,
2021) (Figura 1). O resultado da infeccdo depende de diversos fatores que
incluem o status imune do animal, fatores genéticos e condicbes ambientais que
influenciam diretamente no periodo de laténcia do virus e na gravidade das
lesbes (Alfieri et al., 2007; Torres & Koch, 2013).
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FIGURA 1. Representacdo gréfica do ciclo de vida dos papilomavirus
(ADAPTADO Jones, 2021).

2.4. Papilomavirus na espécie equina

A papilomatose equina, causada pelo Equus caballus papillomavirus
(EcPV), é uma neoplasia benigna comum nesta espécie (Sousa et al., 2008).
N&o ha predilecdo por raca ou sexo, no entanto, animais jovens podem ser mais
acometidos por alguns EcPVs (Torres & Koch, 2013). Existem nove EcPVs
descritos (Peters-Kennedy et al., 2019; Li et al., 2019), responsaveis por
diferentes manifestacdes clinicas que podem ocorrer na forma de papilomatose
classica, genital, generalizada ou placa aural, que variam de acordo com o tipo
viral envolvido, isso explica suas distintas formas de apresentacao, distribuicdo
das lesdes e evolucao clinica (Torres & Koch, 2013; Linder et al., 2018).

O primeiro EcPV foi caracterizado em 1986, por O’Banion e
colaboradores, denominado como Equus caballus papillomavirus tipo 1 (EcPV
1). Entretanto, a sequéncia completa do DNA genémico do primeiro EcPV foi
identificada anos depois por Ghim et al. (2004), em um papiloma cutaneo
localizado na regiao do focinho. Posteriormente, Lange et al. (2011), detectou os
EcPVs 2 e 3, em lesbes de papilomas genitais e em placas aurais,



respectivamente. Em 2013, Taniwaki et al. (2013), identificaram o EcPV 4 em
amostras de placas aurais. Neste mesmo periodo Lange e colaboradores (2013),
detectaram os EcPVs 4, 5, 6 e 7, em placas genitais (EcPV 4), placas aurais
(EcPV 5 e 6) e em neoplasias penianas (EcPV 7). O EcPV 8 foi identificado por
Linder et al. (2018), associado a uma nova forma de manifestacdo clinica,
denominada papilomatose generalizada e em seguida o EcPV 9 foi observado
por Li et al. (2019), presente no sémen de um equino com papilomatose genital
e por De Paolis e colaboradores (2022), em swabs genitais coletados de equinos
assintomaticos, sugerindo sua predisposicao a infeccdes genitais.

Estudos prévios descrevem uma associacdo entre EcPV 2 com o
desenvolvimento de carcinoma de células escamosas, no entanto seu papel na
etiologia dessa doencga néo esta totalmente esclarecido (Hibi et al., 2019; Alloway
et al.,, 2020; Greenwood et al.,, 2020). Os EcPVs 4 e 8 também ja foram
identificados em lesdes de carcinoma de células escamosas, supondo que
possam estar associados ao desenvolvimento dessa neoplasia (Peters-Kennedy
et al., 2019; Peters-Kennedy et al., 2020).

O uso de vacinas imunoterapeuticas utilizando virus inativado em
formalina (Onen, 2020) ou subunidades virais, a partir da proteina L1
(Schellenbacher et al., 2015), tem sido descrito com bons resultados no
tratamento de lesbes causadas pelos EcPVs 1 e 2 em equinos. Estes autores
propdem o uso das vacinas como importante ferramenta para prevencgdo e

tratamento das papilomatoses nesta espécie.

2.5. Papilomatose em equinos

Os equinos podem apresentar papilomatose do tipo classica, genital,
generalizada ou placa aural (Scott & Miller, 2011). A papilomatose classica esta
associada ao EcPV 1, acomete principalmente equinos jovens. As lesdes
ocorrem principalmente em focinho e labios, podendo acometer palpebras e
orgdos genitais. Inicialmente as verrugas apresentam-se como pequenas
papulas que tendem a regredir espontaneamente, podendo persistir em animais
imunocomprometidos (Scott & Muller, 2011; Torres & Koch, 2013; Dong et al.,
2017).
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A papilomatose genital esta relacionada a infeccfes pelos EcCPVs 2,7 e 9
(Lange et al. 2013; Li et al., 2019; De Paolis et al., 2022). As lesbes podem afetar
a mucosa e a pele da genitélia externa de equinos adultos, raramente regridem
espontaneamente e podem evoluir para carcinoma de células escamosas (Scott
& Muller, 2011; Lange et al., 2013; Hibi et al., 2019).

A papilomatose generalizada € uma nova manifestacéo clinica descrita
por Linder et al. (2018), causada pelo EcPV 8. As lesGes podem acometer as
regides da axila, inguinal, membros, regido cervical, térax e abdémen, além da
face e as orelhas. Esta papilomatose ocorre de forma grave e persistente, com
tendéncia a coalescer podendo evoluir para carcinoma de células escamosas
(Linder et al., 2018; Peters-Kennedy et al., 2019).

2.6. Placa Aural

A associacao da placa aural ao papilomavirus foi inicialmente descrita por
Fairley & Haines (1992), os quais detectaram o virus utilizando imunoistoquimica
e microscopia eletrénica. Anos depois os EcPVs 3, 4 5 e 6 foram identificados
em amostras de placas aurais utilizando técnicas de PCR (Lange et al., 2011,
Lange et al., 2013; Taniwaki et al., 2013).

No Brasil, os primeiros estudos relacionados a placa aural foram
realizados por Sousa e colaboradores (2008), que avaliaram a presenca destas
lesGes em equinos das racas Mangalarga e Quarto de Milha no estado de Sao
Paulo, encontrando prevaléncia de 57% e 35% dos animais, respectivamente.
Ainda no estado de S&o Paulo, Gorino et al. (2013) identificaram o DNA dos
EcPVs 3 e 4 em 62% amostras de placa aural (n = 45). Neste estudo o EcPV 3
e 4 foram detectados isoladamente em 9% e 38% das amostras,
respectivamente, e a presenca de coinfeccdo foi identificada em 15% das
amostras.

A frequéncia e os aspectos epidemiolégicos da placa aural no Brasil foram
estudados por Mira et al. (2016), que encontraram lesdes de placa aural em
cerca de 15% dos 891 equinos avaliados, sendo que em 85% das propriedades
avaliadas existiam pelo menos um animal acometido com a doenca. Esses
autores determinaram que o tipo de manejo semi-intensivo e a realizacao de

tosquia das orelhas foram fatores importantes associados esta enfermidade.
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Em 2018, Mira e colaboradores analisaram a distribuicdo dos EcCPVs no
pais. A presenca do virus foi avaliada em 108 amostras de placa aural
provenientes de equinos de diferentes regides brasileiras. O DNA de pelo menos
um tipo viral foi amplificado em 97% das amostras, sendo identificados os EcPVs
1, 3, 4, 5 e 6, ocorrendo de forma isolada ou em coinfec¢cdo. Os autores nao
observaram relacéo entre o ECPV identificado com as caracteristicas das lesdes,
e os tipos virais foram bastante variaveis de acordo com as regides analisadas.

As placas aurais sao lesdes planas hiperqueratoticas, despigmentadas de
coloracdo esbranquicada ou acinzentada, possuem formato circunscrito e seu
tamanho pode variar de 1 — 3 centimetros de diametro (Sousa et al., 2008).
Podem ocorrer de forma isolada, como pequenas papulas, ou multiplas,
tendendo a coalescer (Mira et al.,, 2018) (Figura 2). Raramente regridem
espontaneamente e embora tenham caracteristica progressiva ha apenas um
relato de sua evolucéo para CCE, o caso ocorreu em um equino com lesdes que
placa aural no pavilhdo auricular onde foi detectado o EcPV 4, no entanto, o
mecanismo que esse EcPV desempenha no desenvolvimento do CCE néo foi
estabelecido (Peters-Kennedy et al., 2020).

FIGURA 2. Orelhas com lesbes de placa aural dos tipos: A: “isolada”, B:

“multipla” e C: “coalescente”. (Fonte: Arquivo pessoal).

As lesdes acometem uma ou ambas as superficies internas dos pavilhdes
auriculares (Sousa et al., 2008), raramente podem ser observadas nas regioes
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da virilha, coxa e anus (Scott & Miller, 2011). Nao ha predisposicéo racial ou
sexual e pode afetar equinos de todas as idades (Sousa et al., 2008; Scott &
Miller, 2011).

Equinos com placa aural podem apresentar desconforto e
hipersensibilidade na regido das orelhas (Sousa et al., 2008; Scott & Miller, 2011;
Zakia et al., 2016), além de ser esteticamente desfavoravel e levar a perda do
valor comercial dos equinos acometidos (Sousa et al., 2008).

A forma de transmissdo das placas aurais ndo é conhecida, embora
suspeita-se que simulideos (Simulium spp.) possam estar envolvidos em sua
patogénese, por provocarem lesdes cutaneas pela picada, atuando como
vetores mecanicos do virus (Sousa et al., 2008). Além disso, Peters-Kennedy et
al. (2020) sugerem que traumas cutaneos e fOomites contaminados possam
facilitar o desenvolvimento das placas aurais.

A identificacdo dos EcPVs pode ser realizada por imunoistoquimica e
microscopia eletrénica, que permitem identificar células com inclusdes virais
basofilicas intranucleares nas camadas espinhosa e granular, além de células
paraqueratéticas da camada cornea (Fairley & Haines, 1992; Postey et al., 2007).
Duas amostras de placa aural coletas neste estudo foram submetidas a
imunohistoquimica utilizando o Clone K1H8 Monoclonal Mouse Anti-Human
Papillomavirus (HPV) (Dako, Carpinteria, CA, USA), na diluicdo 1:50 (Peters-
Kennedy et al., 2019). As amostras foram positivas para o antigeno utilizado
permitindo a observacdo das particulas virais intranucleares (Figura 2) (dados

nao publicados).
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A deteccdo do DNA viral pode ser realizada por PCR em amostras de
placa aural frescas (Gorino et al., 2013; Lange et al., 2013; Taniwaki et al., 2013),
ou fixadas em blocos de parafina (Zakia et al., 2015), e utilizando a técnica de
PCR quantitativa em tempo real (QPCR) (Zakia et al., 2019). A histopatologia,
pode-se observar hiperplasia epidérmica, hipomelanose, ortoqueratose e
paraqueratose, além de mitose de células basais no estrato espinhoso (Sousa
et al., 2008; Torres & Koch, 2013).

Em raz&o da auséncia de remissao espontanea das placas aurais, Zakia
et al. (2016), avaliou os efeitos do Imiquimode® e obteve bons resultados no
tratamento da placa aural. Este farmaco é destinado ao tratamento da
papilomatose genital humana (Torres et al., 2010), atuando como um modulador
da resposta imune com potente acdo antiviral (Saunder, 2000). Embora possa
ser considerado como farmaco de escolha para tratar placa aural equina (Torres
etal., 2010; Zakia et al., 2016), seus efeitos colaterais devem ser avaliados antes
de seu uso o0 que torna o tratamento das placas aurais um desafio para os

meédicos veterinarios de equinos.
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Trabalho cientifico

O trabalho a seguir foi redigido de acordo com as normas da revista

(<https://www.journals.elsevier.com/journal-of-equine-veterinary-science>).

Original Research:

Detection of Equus caballus papillomavirus in equine aural plaque samples

ABSTRACT:

Aural plaques have been linked to Equus caballus papillomavirus (EcPV). Nine
types of EcPVs have already been described; however, only EcPVs 1, 3, 4, 5 and
6 have been observed in association with aural plagques. Accordingly, the
objective of this study was to evaluate the presence of the EcPVs (1 - 9) in equine
aural plaque samples. A total of 29 aural plaque samples were collected and
assessed for the presence of these EcPVs by PCR. Additionally, 108 aural plaque
samples used in previous research were evaluated for the presence of EcPVs 8
and 9. Previously described primers were used for PCR to detect EcCPVs 1-8,
and specific primers were designed for ECPV 9. Minigenes were synthesized and
used as a positive control in the PCRs for the undetected EcPVs. EcPVs 2, 7, 8
and 9 were not detected in any of the evaluated samples, suggesting that these
viral types are not involved in the etiology of equine aural plague in Brazil. ECPV
6 was the most prevalent (81%), followed by EcPVs 3 (72%), 4 (63%) and 5
(47%), reinforcing the idea that these viruses play an important role in the etiology

of equine aural plaque in Brazil.

Keywords: dermatopathy, horse, PCR, virus.

1. Introduction

Papillomatosis is a benign cutaneous neoplasm common in horses [1] that
is associated with Equus caballus papillomavirus (EcPV), Papillomaviridae, an
enveloped double-stranded DNA virus with an approximately 8-kb genome [2].

Nine types of ECPVs have already been described, each associated with different
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clinical manifestations, including classic viral papillomatosis, genital

papillomatosis, aural plaque or generalized forms [2,3].

The aural plaque affects the inner face of the pinna, unilaterally or
bilaterally, but may also occur in other regions [4,5]. The lesions are
circumscribed and depigmented hyperkeratotic plaques, occurring in isolation, as
multiple lesions or as coalesced lesions [4]. Although aural plaque is a benign
neoplasm, the plaques rarely regress spontaneously, causing discomfort to the
animals and reducing the commercial value of affected horses due to the

aesthetic aspect [1].

Histopathology shows epidermal hyperplasia, hyperkeratosis, areas of
hypomelanosis and mitosis of basal cells of the epithelium [5]. ECPVs may be
detected by immunohistochemistry, electron microscopy, PCR and qPCR [6-11].
Previous studies identified EcCPVs 1, 3, 4, 5 and 6 in aural plague samples, while
EcPVs 2 and 7 were not associated with these lesions [9,12-14]. EcPVs 8 and 9
were associated with generalized and genital papillomatosis, respectively [15-
18]; however, there are still no studies verifying the contribution of these viruses
to the etiology of equine aural plaque. Therefore, the objective of this study was
to evaluate the presence of EcPVs in aural plaque samples from horses in Brazil

and to verify their contribution to some lesion patterns.

2. Materials and Methods

This study was approved on December 16, 2020, by the Institutional
Animal Care and Use Committee (0193/2020 - CEUA—UNESP).

2.1. Included Horses and Sample Collection

In order to assess the presence of viral DNA from EcPVs 1-9, we selected 15
horses that showed aural plaque lesions, regardless of breed, sex or age. The
lesions were evaluated according to the number and distribution in the pinna [4].
A total of 29 aural plaques were collected from the internal pinnae of the horses
using a 6 mm disposable punch, without prior cleaning of the pinna. Prior to the
biopsy procedures, the horses were sedated with 0.01 mg/kg detomidine. Then,

the samples for PCR were stored at -80 °C, and the samples for histopathological
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evaluation were fixed in 10% neutral buffered formalin until processing. Three
aural plaque samples located outside the ear of one of these horses were also
collected.

Additionally, 108 aural plaque samples (108 horses) that were previously
collected and evaluated for the presence of DNA from EcPVs 1-7 in a study by
our group [14] were included in this study and evaluated for the presence of
EcPVs 8 and 9 by PCR.

2.2. Histopathology

The formalin-fixed aural plaque samples were routinely processed,
embedded in paraffin wax, stained with hematoxylin and eosin and analyzed by

optical microscopy according to a previous description [19].
2.3. Polymerase Chain Reaction

The DNA was purified from 32 aural plague samples with a GenElute™
Mammalian Genomic DNA Miniprep Kit (Sigma—Aldrich®, St. Louis, MO)
according to the manufacturer’s instructions. The 108 previously purified DNA
samples [14], were stored at -80 °C. The DNA purity and concentration were
determined by spectrophotometry (NanoDrop 2000, Thermo Scientific,
Wilmington, DE), with purity assessment based on an A260/280 ratio of 1.8.

PCR was performed using specific primers that have been previously
described (EcPVs 1-8) [10,14,17] or were designed for this study (EcPV 9) (Table
1). The specificity of the all-PCR primers was evaluated in silico with the Basic
Local Alignment Search Tool (National Center for Biotechnology Information,
USA). EcPV 1-7 PCRs were performed as previously described [14]. EcPV 8 and
9 PCR mixtures (25 yL) contained 2.5 uL of template DNA, 0.3 uM each primer,
12.5 pL of PCR Master Mix (Promega, CA, USA), and 8.8 uL of nuclease-free
water. The amplification conditions were as follows: initial denaturation at 94 °C
for 3 min, followed by 40 cycles of denaturation at 94 °C for 30 s, annealing at X
°C (according to each EcPV, Table 1) for 60 s and extension at 72 °C for 60 s,
with a final extension at 72 °C for 4 min. To verify the presence of cellular DNA,
PCR using equine B-actin gene primers was also performed for all samples [20].
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The positive PCR products, regardless of which EcPV, were purified and
subjected to Sanger sequencing. The obtained sequences and
electropherograms were examined using Geneious® software (Biomatters®©,
Auckland, New Zealand), and the sequences were compared with the sequences
of each EcPV deposited in GenBank™ (Table 1).

Additionally, synthetic mini-genes were made from sequences of EcPVs
deposited in GenBank™ (Table 1) and used as PCR positive controls for
undetected EcPVs (EcPVs 2, 7, 8 and 9). These sequences were inserted into
plasmid DNA, diluted in 100 pL of nuclease-free water (final concentration of 50
ng/pL) and used as templates in the PCR. After amplification, the positive PCR
products were purified, sequenced and analyzed as previously described. The
analytical sensitivity of each mini-gene PCR was determined using 10-fold

dilutions (from undiluted to 107°).
2.4. Data Analysis

The chi-squared test and Fisher's exact test (PROC MEANS, SAS v.9.4,
SAS Institute, Cary, NC) were performed to determine the frequency distribution
of the viral types and the associations linking the type of ECPV detected and the
presence of coinfection to the type and distribution of the lesion. Descriptive
statistics were applied to determine the frequency of viral detection in the internal

pinna unilaterally or bilaterally.
3. Results

Of the 15 horses sampled, aural plagues were present in both ears of 14
horses (n = 28), and three samples were collected from the periocular (n = 2) and
preputial (n = 1) regions from a horse, resulting in a total of 32 samples. The aural
plaques affected three or more quadrants in 86% (25 of 29) of the ears’ internal
pinna, and ears with coalescing aural plaque lesions were more frequent (76%,
22 of 29), followed by 14% (4 of 29) of the ears with one to five punctate lesions
and by 10% (3 of 29) of the ears with more than five lesions [4]. The aural plaques

found in the periocular and preputial regions were punctate lesions.
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According to the histology results, the aural plaque samples, including the
periocular and preputial samples, were primarily characterized by moderate-to-
intense hyperplasia of dermal cells, cellular hyperkeratosis, hypomelanosis and
orthokeratosis. The presence of mononuclear cell inflammation, hyperplasia of
the sebaceous glands and vacuolization of spinosum and granulosum cells was

also observed.

The B-actin gene was amplified in all aural plaque samples, confirming the
presence of cellular DNA in these samples. In addition, all mini-genes used as
positive controls (EcPVs 2, 7, 8 and 9) were readily detected in the assay, and
amplified products were observed at dilutions of at least 10, showing that the
PCR was adequately standardized.

EcPVs 2, 7, 8 and 9 were not detected in any of the 32 samples collected
for this study. EcPVs 6, 3 and 4 were the most detected viral types, followed by
EcPV 5 and EcPV 1 (Table 2). When assessed just the aural plaque samples
from the internal pinna, at least one viral type was detected in 97% (28 of 29)
(Table 3). Coinfection was observed in 86% (25 of 29) of these samples. No
significant association was found when assessing lesion characteristics (type and
distribution), ECPV type, or coinfection presence. When EcPV infection status
was compared between the ears of the same horse, it was observed that EcCPV
6 was the most common EcPV type detected bilaterally (83.3% of horses, or
10/12), followed by EcPV 3 (81.8%, 9/11), EcPV 4 (72.7%, 8/11) and EcPVs 5
(50%, 4/8) and 1 (50%, 1/2).

EcPVs 3, 5 and 6 were identified in coinfections in periocular and preputial
aural plaques collected from one of the horses. Notably, in addition to these
viruses, EcPVs 1 and 4 were also identified in the ear lesions of this animal.
EcPVs 8 and 9 were not detected in any of the 108 aural plaque samples used

in the previous study [4].
4. Discussion

The clinical and histological characteristics of the lesions matched the
descriptions in the literature and included depigmented and hyperkeratotic
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plaques [1,2,5] presenting epidermal hyperplasia, hyperkeratosis, orthokeratosis,
hypomelanosis and inflammatory infiltration in the histopathological analysis.
Other alterations, such as koilocytosis, parakeratosis, cell mitosis and the
presence of viral inclusions, may also be present in aural plaque lesions;

however, they were not observed in the samples evaluated in this study.

Lesions affecting three or more quadrants of the pinna (86.2%, 25 of 29)
and lesions of the coalescing type (75.9%, 22 of 29) were predominant (P<0.001),
corroborating the previous observation that aural plaques tend to coalesce and
affect the entire inner face of the pinna [1,5]; however, these results differ from a
study previously carried out by our group [4], in which we did not observe a single
predominant distribution or type of aural plaque lesion in horses in Brazil.

Aural plaque lesions can rarely be found in other regions, i.e., the gluteal,
vaginal and perineal regions [5], as was observed in a single horse in this study,
which presented lesions in the periocular and preputial regions. Thus, it is
important to consider aural plaque as a differential diagnosis for neoplasms that
have characteristics similar to papillomas affecting any part of the body,

especially in cases in which the animal’s ears are also affected.

EcPVs 2, 7, 8 and 9 were not identified either in the samples unique to this
study or in the previously analyzed samples [14]. These results are reliable
because 1. the B-actin gene was amplified in all samples, 2. the specificity of the
primers was confirmed in silico, and 3. all minigene PCRs amplified products of
the expected sizes and sequences. EcPVs 2, 7, 8 and 9 have been associated
with other types of papillomas in horses, with ECPV 8 being related to generalized
lesions [15, 17] and EcPVs 2, 7 and 9 being associated with genital lesions [13,
16]. In addition, ECPV 9 and 2 coinfection was detected in genital samples from
asymptomatic horses located in Italy, suggesting the predisposition of ECPV 9 to
genital infections [18]. The lack of detection of these EcPVs in the samples may
be related to the fact that the horses evaluated in this study did not present genital
or generalized lesions. Furthermore, the DNA of these viruses was also not
detected in aural plaques collected from the periocular and preputial regions,

suggesting that the prevalence of these EcPVs in Brazil is very low or that these
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EcPVs are absent and that they are not associated with the etiology of aural

plague.

Only EcPVs 1, 3, 4, 5 and 6 were detected in the 32 samples assessed in
this study. The association of these viral types with aural plaque etiology has
been reported in previous studies in Brazil [9, 14] and in other countries [12,13].
As previously observed [8,14], coinfections were detected in 86% (25 of 29) of
auricular lesions; in addition, coinfections were also observed in the aural plaques
of the periocular and preputial regions. There was no relationship between the
EcPV detected and the clinical and/or histopathological characteristics of the
lesions. It is known that environmental and immunological factors and the type of
management carried out in animals may influence the development of aural
plaque lesions [2,4,5]; however, an association between the viral type and the
characteristics of aural plaque lesions was not observed in a study carried out in
Brazil [14]. Furthermore, coinfections between EcPVs tend to occur randomly,
and the way that they impact the development of aural plaque lesions is also
unclear [2,14].

EcPV 1 was less commonly detected (P<0.001), being identified in only
9% (3/32) of the samples and always as part of a coinfection with another viral
type, highlighting its apparent need for previous infection with another EcPV [8].
Therefore, considering the low frequency of this ECPV and its coinfection rate, it
can be assumed that EcPV 1 does not act as a causative agent of aural plaque,
occurring only concomitantly in these lesions [11,14], with its main role related to

the development of classic papillomatosis in horses [5,19].

In the 32 samples collected for this study, EcPV 6 (81%) was the most
prevalent virus detected, along with EcPV 3 (72%) and EcPV 4 (63%), followed
by EcPV 5 (47%) (P<0.001); this observation contrasts with previously reported
data [14] showing that EcPV 4 was the most prevalent (detected in more than
80% of samples), while EcPV 6 was observed in only 18% of samples.
Furthermore, EcPVs 3 and 5 were more frequently detected than in the study
previously carried out by our group in Brazil [14], especially EcPV 5, which was
previously identified in only 2% (2/108) of aural plaque samples. EcPVs 3 and 4

were the only viruses detected in the context of monoinfection, corroborating
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previous studies that also detected these viruses in isolation and suggesting their

potential to establish primary infection [8,13,14].
5. Conclusion

The lack of detection of EcPVs 2, 7, 8 and 9 suggests that these viruses
are not related to the etiology of aural plagues in Brazil. ECPVs 6, 3 and 4 were
the most prevalent, reinforcing the concept that these EcPVs play an important

role in the etiology of the disease in Brazil.
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Table 1. PCR and sequencing primer sets used in this study.

Primer sets Primer sequences (5'-3’) Product (bp)* Melting GenBank™ ID

IPECPVLL GTGGTGTCTGGCTCCTTATTT 186 56 oc NP620513
GGTATCCTTCTCCCTCTCATCT

JPECPV2! ATGGTAACAGCGAGCGTATG 179 529C ADZ73319.1
CGAGGTCTCTGGGTTGTAAATG

JPECPV3? TTGCGCCAGGTTTCCACATCTA 116 60 C GU384895
TTGTTCTGGCCTTGTGCACGTT

IPECPV42 ACAATGGTGTTTGCTGGCACGA 187 60 C JF939718.1
ACCGTGCAAAGCTGCAGAATGA

JPECPV52 GGCTCCGTAGACATTCCTAAAG 184 62 °C YP007349388
CTGTTACACCCACGCCTAAT

JPECPV6? CTACCAGAGGAACGAGCTTTAC 203 62 °C YP007518497
TAGCTCCCAATCCTCCAAGATA

JPECPV7L GGACGTATGGAGTGACTTTG 202 60°C  YP007518498.1
TTTCCATAGGGTCGGGTAG

EcPV_Palo? ~ CTCAATAGGAGGGCAAGACC 392 55 0C MK029059.1

- AAACAGTCACGGTTCCCAAG
CB_EcPV9 CCGTGGAGTTTGAGGAAGAAA 202 60°C MN117918.1
- CCATTATATCCTCGCGTGGTG
Bactin® CATTGTCCACCTTCCAGCAGATGT 86 60 °C AF035774

CTAGAAGCATTTGCGGTGGACGAT

1Mira et al. [14], 2Zakia et al. [10], 3Peters-Kennedy et al. [17], “Oliveira-Filho et al. [19]. “Base pairs.
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Table 2. The frequency (%) of Equus caballus papillomavirus (EcPV) in 32 equine

aural plaques.

EcPV 1 ECZPV EC3PV EcPV 4 ECSPV EcPV6 EcPV7 EcPV8 EcPVO
9%° 7202 63%2  47%P  81%:2
(3/32) T (23/32) (20/32) (15/32) (26/32) - -

Dash (-): viral type not detected. Different superscript letters reflect statistically significant differences (P<0.001).
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Table 3. The frequency (%) of each distribution and type of lesion for Equus caballus papillomavirus (EcPV)
detected in 28 aural plaque samples from the internal pinna.

Quadrant affected” Type of lesion™
EcPV Frequency

I Il 11 A B C

3 3.6 (1/28) 100 (1/1) - - 100 (1/1) - -

4 7.1 (2/28) 50 (1/2) 50 (1/2) - 100 (2/2) - -
3and 4 3.6 (1/28) - - 100 (1/1) - - 100 (1/1)
3and5 3.6 (1/28) - - 100 (1/1) - - 100 (1/1)

3and 6 3.6 (1/28) - - 100 (1/1) - 100 (1/1) -
4and 6 10.7 (3/28) - - 100 (3/3) - - 100 (3/3)
1,3and 6 3.6 (1/28) - - 100 (1/1) - - 100 (1/1)
3,4and 6 21.4 (6/28) - - 100 (6/6) - - 100 (6/6)
3,5and 6 10.7 (3/28) - - 100 (3/3) - - 100 (3/3)
4,5and 6 10.7 (3/28) - - 100 (3/3) - 33.3 (1/3) 66.7 (2/3)
1,3,5and 6 3.6 (1/28) - - 100 (1/1) - - 100 (1/1)
3,4,5and 6 14.3 (4/28) - - 100 (4/4) - 25 (1/4) 75 (3/4)
1,3,4,5and 6 3.6 (1/28) - - 100 (1/1) - - 100 (1/1)

*Quadrant affected: | = only 1 quadrant affected; Il = 2 quadrants affected; Ill = 3 or more quadrants affected. “Type of lesion: A = ears

with 1-5 punctate lesions; B = ears with >5 lesions; C = ears with coalescing aural plaque lesions. A dash (-) indicates an outcome
that was not observed.
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1. Concluséao Geral

Os EcPVs 2, 7, 8 e 9 foram previamente associados a outras
manifestacbes clinicas de papilomatose em equinos, a auséncia de deteccao
desses EcPVs nas amostras de placa aural coletadas em diferentes regiées do
pais, sugere que estes EcPVs ndo possuem relacdo com a etiologia da
enfermidade no Brasil.

A deteccédo dos EcPVs 1, 3, 4, 5 e 6 confirma a associagdo destes virus a
etiologia da placa aural, sendo que a menor frequéncia de detec¢édo do EcPV 1
supde que este virus ndo desempenha papel relevante no desenvolvimento das
lesGes auriculares. Embora nossos resultados tenham divergéncias quando
comparados a frequéncia de detecgéo dos EcPVs 3, 4 e 6 em estudos anteriores,
€ importante ressaltar que a alta taxa de deteccdo desses EcPVs sugere que
estes tipos virais tenham maior importancia na etiologia da placa aural.

Devido a auséncia de amostras de placa aural positivas para os ECPVs 2,
7, 8 e 9, a sintese de mini-genes foi essencial para padronizar as reacdes de
PCR e seu uso como controles positivos nas reag¢des permitiu validar os
protocolos de termociclagem estabelecidos bem como para comprovar a

sensibilidade dos primers utilizados.
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