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RESUMO

Astrovirus suino 3 (PAstV3) é um virus emergente na suinocultura mundial
responsavel por causar polioencefalomielite e sinais clinicos neurolégicos em suinos.
O objetivo deste estudo foi relatar a identificacdo de RNA de PAstV3 no sistema
nervoso central (SNC) de suinos desmamados, provenientes de um rebanho do
estado de S&o Paulo, sudeste do Brasil, apresentando tetraplegia, opistotono,
nistagmo e febre ocasional, compativeis com doenga neurolégica associada a
polioencefalomielite. Fragmentos em duplicata de SNC de trés animais com 24 a 26
dias de idade foram submetidos a avaliacdo histopatolégica pela técnica de
hematoxilina e eosina. As amostras de SNC foram também avaliadas por cultura
bacteriana e técnicas moleculares (PCR e suas variagdes) para identificar os
principais agentes de doencgas infecciosas associados a doenga neuroldgica em
suinos (teschovirus suino, sapelovirus suino, enterovirus G suino, pestivirus suino
atipico, senecavirus A, virus da encefalomiocardite e PAstV3). As principais
alteragbes neuropatoldgicas ocorreram na substancia cinzenta da medula espinhal e
tronco encefalico, sendo semelhantes em intensidade e distribuicdo e apresentando
rombencefalite aguda, moderada, multifocal a coalescente, ndo supurativa e
polioencefalomielite. Na cultura bacteriana nenhuma bactéria foi isolada. O RNA do
PAstV3 foi detectado por nested-PCR, confirmado por sequenciamento de
nucleotideos (Sanger) e quantificado por RT-gPCR (Cq 24,55 a 32,51) nas amostras
de SNC dos trés suinos com evidéncia histopatologica de polioencefalomielite. Outros
virus ja descritos em infeccoes no SNC de suinos nao foram detectados pelas técnicas
moleculares utilizadas. Esta é a primeira confirmacao molecular de PAstV3 em suinos
com doenca neurolégica e lesbes consistentes com polioencefalomielite no Brasil e
destaca a importancia do monitoramento de eventos de saude animal como a
emergéncia de novos agentes etioldgicos, que podem comprometer a produtividade
da suinocultura e o bem-estar animal.

Palavras-chave: PAstV3. Mamastrovirus. Doenga neuroldgica. Virus neurotropico.
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RNA in the central nervous system of pigs with polioencephalomyelitis in Brazil.
2025. 74pp. Dissertation (Master’s degree in Animal Science) — Universidade Estadual
de Londrina, Londrina, 2025.

ABSTRACT

Porcine astrovirus 3 (PAstV3) is an emerging virus in the global swine industry
responsible for causing polioencephalomyelitis and neurological clinical signs in pigs.
The aim of this study was to report the identification of PAstV3 RNA in the central
nervous system (CNS) of weaned pigs from a herd in the state of Sdo Paulo,
southeastern Brazil, presenting tetraplegia, opisthotonus, nystagmus and occasional
fever, consistent with neurological disease associated with polioencephalomyelitis.
Duplicate CNS fragments from three animals aged 24 to 26 days were submitted to
histopathological evaluation using the hematoxylin and eosin technique. CNS samples
were also evaluated by bacterial culture and molecular techniques (PCR and
variations) to identify the main infectious disease agents associated with neurological
disease in pigs (Porcine teschovirus, porcine sapelovirus, porcine enterovirus G,
atypical porcine pestivirus, senecavirus A, encephalomyocarditis virus and PAstV3).
The main neuropathological alterations occurred in the gray matter of the spinal cord
and brainstem, being similar in intensity and distribution and presenting acute,
moderate, multifocal to coalescent, non-suppurative rhombencephalitis and
polioencephalomyelitis. No bacteria were isolated in the bacterial culture. PAstV3 RNA
was detected by nested-PCR, confirmed by nucleotide sequencing (Sanger) and
quantified by RT-gPCR (Cq 24.55 to 32.51) in CNS samples from the three pigs with
histopathological evidence of polioencephalomyelitis. Other viruses previously
described in CNS infections in pigs were not detected by the molecular techniques
used. This is the first molecular confirmation of PAstV3 in pigs with neurological
disease and lesions consistent with polioencephalomyelitis in Brazil and highlights the
importance of monitoring animal health events such as the emergence of new
pathogens, which can compromise swine productivity and animal welfare.

Key-words: PAstV3. Mamastrovirus. Neurological disease. Neurotropic virus.
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1 INTRODUGAO

A suinocultura no Brasil, € um dos setores com maior impacto
socioecondmico na agropecuaria, ocupando o quarto lugar nos rankings mundiais de
producao e de exportacao de carne suina, com 1,23 milhdo de toneladas exportadas
em 2023 (ABPA, 2024). No mesmo ano foram abatidos 46,5 milhdes de suinos, com
valor de produgéo bruta de aproximadamente 34,1 bilhées de reais (ABPA, 2024).

O mercado interno brasileiro € a base da manutengao da suinocultura
no pais e representa mais de 70% da producéo nacional (ABPA, 2024). Com a alta
demanda por carne suina tanto no mercado nacional quanto internacional,
investimentos na intensificagdo e modernizacédo dos sistemas de producéo tornam-se
essenciais. Porém, em contrapartida, aumentam-se os riscos do surgimento de
doengas infectocontagiosas que impactam a rentabilidade do setor produtivo,
consequéncia de fatores como a alta densidade de animais (Alfieri, 2007).

Os suinos sao susceptiveis a uma série de infeccbes que podem
afetar o sistema nervoso central (SNC). Os virus neurotropicos podem representar um
problema de saude importante em animais e também em humanos com a
possibilidade de transmissdao entre as espécies, infecgdes em suinos podem ter
impacto também em saude publica (Granerod et al. 2010; De Blauw et al. 2020; Wildi
e Seuberlich, 2021). Os virus com potencial neurotrépico podem representar um
importante desafio sanitario com impacto econémico para a cadeia produtiva de
suinos. A vigilancia ativa, avangos no diagndstico e a implementagcdo de medidas de
biosseguridade interna e externa sdo fundamentais para mitigar riscos de infecgdes e
0os seus potenciais efeitos deletérios a producdo e produtividade desta cadeia
produtiva. Logo, o estudo da interagdo entre os virus neurotrépicos e o sistema
imunologico dos suinos pode abrir caminhos para o desenvolvimento de vacinas e
terapias eficazes.

Astrovirus (AstV) ja foram detectados em mamiferos e em aves. A
primeira descricdo de AstV associado a infeccdo com doenga neurolégica em
humanos ocorreu nos Estados Unidos da América (EUA), no ano de 2010 (Quan et
al. 2010). Ja a primeira descri¢cao de astrovirus suino 3 (PAstV3) em SNC de suinos
com sinais clinicos neurolégicos ocorreu na Europa em 2017 (Boros et al. 2017).

Como PAstV3 é um virus amplamente adaptado a hospedeiros vertebrados, as
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1 recentes identificagdes deste virus em SNC de suinos criaram preocupagao com 0s

2 riscos de sua disseminacdo em escala epidémica (Chen et al. 2020; Wildi e
3  Seuberlich, 202
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2 REFERENCIAL TEORICO

2.1 DOENCAS NEUROLOGICAS EM SUINOS

As doencas que afetam o SNC de suinos s&o relativamente
frequentes em diversas fases da produgao (Madson et al. 2019). Essas doencgas
podem ser causadas por fatores genéticos, congénitos e/ou toxicos (Donin et al. 2015;
Madson et al. 2019), embora a maioria ainda seja de origem infecciosa, incluindo
bactérias, virus, parasitas e fungos (Aragon, Segalés e Tucker, 2019; Madson et al.
2019).

Entre os agentes bacterianos mais frequentes em infecgdes
neuroloégicas em suinos estdo Streptococcus suis (S. suis), Glaesserella parasuis (G.
parasuis) e Escherichia coli (E. coli). Infecgbes por esses agentes ocorrem
predominantemente em leitdes lactentes e no periodo do pds-desmame
(Hammerschmitt, 2021).

S. suis é o agente causador de meningite estreptocdcica em suinos.
A infeccdo ocorre com maior incidéncia em suinos com 5 a 10 semanas de idade. Os
sinais clinicos observados sao incoordenacdo motora, movimentos de pedalagem,
decubito lateral, opistétono e crises convulsivas (Gottschalk e Segura, 2019; Santos e
Barcelos, 2012; Madson et al. 2019). No Brasil, S. suis € um agente etiologico
enzodtico sendo que o sorotipo 2 o mais prevalente. Porém, outros sorotipos ja foram
isolados de amostras bioldgicas de suinos com sinais clinicos (Soares et al. 2014;
Matajira et al. 2020; Hammerschmitt et al. 2022).

A doencga de Glasser, causada pela bactéria G. parasuis (Espindola
et al. 2019; Dickerman, Bandara e Inzana, 2020), € uma infeccdo septicémica
envolvida em quadros de pneumonia, polisserosite fibrinosa, poliartrite e meningite,
acometendo leitdes do periodo do desmame até a terminacdo. A doenca aguda,
caracteriza-se por sinais clinicos como hipertermia, tumefacdo articular com
claudicagao, movimentos de pedalagem e tremor generalizado (Santos, Sobestiansky
e Santos, 2012; Espindola et al. 2019; Aragon, Segalés e Tucker, 2019). Em leitdes,
surtos da doenca de Glasser podem ocasionar taxas de mortalidade de 5 a 10% do
plantel (Costa-Hurtado et al. 2020). Os sorotipos 1, 4 e 5 sdo 0s mais relevantes no

Brasil, representando 70% dos isolados (Espindola et al. 2019). No Brasil, ha relatos
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da ocorréncia de doenca de Glasser em rebanhos das principais regides produtoras

de suinos (Moreno et al. 2011; Teixeira, Kuchiishi e Brandelli, 2011; Espindola et al.
2019; Bom et al. 2020).

A doenga do edema, também envolvida em quadros clinicos
neurolégicos em suinos, € causada pela bactéria Escherichia coli (EDEC - Escherichia
coli associada a doenga do edema). A infeccdo pode ocasionar lesdes intestinais,
subcutaneas e tronco encefalicas. Essas lesbes sdo causadas pela toxina Shiga-Like
Toxin 2e (Stx2e). Leitdes desmamados apresentam manifestagao sistémica com a
ocorréncia de edemas e de sinais clinicos neurolégicos como andar em circulos,
opistotono e ataxia progressiva (Fairbrother e Nadeau, 2019).

As encefalites causadas por infeccbes virais possuem relevancia
mundial (De Blauw et al. 2020; Wildi e Seuberlich, 2021). Entre os potenciais
patégenos virais que com frequéncia sao associados ao desenvolvimento de doengas
neurolégicas em suinos destacam-se teschovirus suino (Porcine teschovirus - PTV),
sapelovirus suino (Porcine sapelovirus - PSV) (Donin et al. 2014), pestivirus suino
atipico (Atypical porcine pestivirus - APPeV) (Possatti et al. 2018) e astrovirus suino 3
(Porcine astrovirus 3 - PAstV3) (Yasumitsu et al. 2024). Outros virus como enterovirus
G suino (Donin et al. 2014), Senecavirus A (Leme et al. 2015), e o virus da
encefalomiocardite (Encephalomycarditis virus) (Gris et al. 2023) também ja foram
associados a doenca neuroldgica em suinos no Brasil.

PTV inclui 13 diferentes sorotipos que ocasionam doengas subclinicas
elou infecgbes assintomaticas em suinos. Entretanto, algumas cepas com maior
potencial de viruléncia podem levar a quadros de polioencefalomielite grave que,
anteriormente, eram denominados como doenca de Teschen (Trefny, 1930). A doenga
€ mais frequente em suinos de idade entre seis e sete semanas (SHIC, 2021). Os
animais acometidos podem apresentar sinais clinicos como hipertermia,
incoordenacdo motora, nistagmo e convulsdes. Nesta faixa etaria a taxa de
mortalidade pode alcangar até 90% (Yamada et al. 2008; Salles et al. 2011; Horak,
Killoran e Larson, 2016; Alexandersen et al. 2019).

As infecgbes por PSV ocorrem predominantemente em animais com
idade entre 40 e 65 dias (Hammerschmitt et al. 2021). Com frequéncia, as infecgdes
sdo assintomaticas. Porém, animais infectados podem apresentar sinais clinicos de

polioencefalomielite, além de sinais respiratorios e entéricos. Em matrizes a infecgao
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pode ser acompanhada por disturbios reprodutivos (Horak, Killoran e Larson, 2016;

Arruda et al. 2017; Kumari et al. 2019).

APPeV é um virus causador de tremor congénito em leitdes recém-
nascidos que foi descrito pela primeira vez em 2015 nos EUA (Hause et al. 2015).
Posteriormente, o virus foi identificado em leitbes com sinais clinicos neurolégicos
provenientes de diversos continentes, incluindo rebanhos sul-americanos no Brasil
(Postel et al. 2016; Williamson e Group, 2017; Mufioz-Gonzalez et al. 2017; Kim et al.
2017; Possatti et al. 2018; Gatto et al. 2018; Dénes et al. 2018).

A variedade de agentes causadores de infecgdes neurolégicas em
suinos com sinais clinicos muito semelhantes torna a realizagdo de um diagndstico
clinico extremamente dificil. Portanto, considerando os agentes infecciosos
mencionados anteriormente como relevantes na suinocultura, bem como a
emergéncia de novos microrganismos, a exemplo de PAstV3, € imprescindivel que os
gestores sanitarios dos rebanhos suinos tenham conhecimento sobre as
particularidades de cada doencga, tenham condi¢cdes de providenciar a realizacédo de
diagnostico etiologico e tenham condi¢cdes de implementar e avaliar estratégias de
mitigacao de risco sanitario e de controle e profilaxia das infec¢des (Wildi e Seuberlich,
2021; Obradovic et al. 2021).

2.2 ASTROVIRUS

As particulas virais da familia Astroviridae possuem morfologia
icosaédrica, com didmetro de 28-35 nm e nao possuem envelope (Figura 1). O
genoma é composto por uma fita simples linear de RNA com polaridade positiva, com
tamanho variando entre 6,4—7,7 kb (ICTV, 2024) (Lulla e Firfh, 2020). O genoma sao
identificadasapresenta trés sequéncias abertas de leitura - ORFs (Open Reading
Frame) e duas regides nao traduzidas (UTR’s — Untranslated regions). As ORF1a e
ORF1b codificam proteinas nao estruturais (Non structural protein - NSP).

A partir do RNA subgenémico (sgRNA) a ORF2 codifica uma proteina
de capsideo (Cap) (Donato e Vijaykrishna, 2017), e uma poliproteina proteina
precursora com tamanho molecular total (VP90) do capsideo que sofre diversas
clivagens por proteases celulares (caspases), gerando uma proteina denominada

VP70, que é novamente clivada por proteases gerando trés polipeptideos (VP25,
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VP27 e VP34). As proteinas VP25 e VP27 formam as espiculas de superficie e sdo

sitios de ligagado dos anticorpos neutralizantes enquanto a VP34 forma o capsideo
(Payne, 2017).

Figura 1 — Esquema da Particula viral de Astrovirus. Imagem de ViralZone, sob uma

Licenca Internacional Creative Commons Attribution 4.0.

Fonte: Adaptada ICTV, 2024.

Figura 2 — Alinhamento da sequéncia de nucleotideos da jungao parcial ORF1b-ORF2
de astrovirus suinos tipo 3 (PAstV3) disponiveis publicamente.

PoAstV-3

nt position
1 1000 2000 3000 4000 5000 6000
ol ORF1a ORF2 gLtk
ORF1b An

Fonte: Laszl6 et al. 2022.

A familia Astroviridae é dividida em dois géneros. O género,
Avastrovirus (AAstV) compreende trés espécies virais encontradas em aves (Donato
e Vijaykrishna, 2017) e o género Mamastrovirus (MAstV) que, até o momento,
compreende 19 espécies virais de origem mamifera (ICTV, 2024). Essa classificagao
€ baseada nas sequéncias completas de aminoacidos da ORF2, com similaridade
minima de 75% entre cepas da mesma espécie (King et al. 2011; Huang et al. 2024).

Entretanto, como o numero de sequéncias disponiveis é limitado, ainda nao foi
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possivel classificar muitas cepas de AstV (Donato e Vijaykrishna, 2017; Wang et al.

2021; Huang et al. 2024).

Os virus dessa familia ja foram detectados em mais de 80 espécies
animais incluindo humanos, mamiferos e aves (Mendenhall, Smith e Vijaykrishna,
2015). MAstV estdo relacionados predominantemente a infeccdo de mamiferos
(Pankovics et al. 2015; Ng et al. 2024), apesar de diversos estudos descreverem
infeccdes por MAstV em aves e por AAstV em mamiferos (Sun et al. 2014; Meyer et
al. 2015; Pankovics et al. 2015). A infecgao entre espécies virais e animais/humanos,
destaca a natureza adaptativa dos virus dessa familia e o potencial risco zoonético
das infec¢des por AstV’s (Wohlgemuth, Honce e Schultz-Cherry, 2019; Huang et al.
2024).

A primeira descricao de AstV foi realizada em fezes humanas foi em
1975 (Appleton e Higgins, 1975; Madeley e Cosgrove, 1975). Infeccbes
assintomaticas e sintomaticas ja foram descritas, porém doencga clinica ocorre com
maior frequéncia em individuos imunocomprometidos (Johnson et al. 2017). A
infeccdo por AstV em criangas, tem como consequéncia a ocorréncia de
gastroenterite, sendo precedida em importancia clinica e epidemiolégica somente pela
infeccéo por rotavirus (Maclachlan et al. 2016).

Em 2010, nos EUA, AstV foi descrito pela primeira vez em associacao
a um quadro neuroldégico em humanos (Quan et al. 2010). Este achado ressalta a
possibilidade de infecgdes extraintestinais causadas por este virus, o que
posteriormente foi reiterado por um numero consideravel de descricbes de AstV
relacionados a encefalites em humanos em paises como o Reino Unido (Brown et al.
2015; Lum et al. 2016; Bami et al. 2022), Franca (Frémond et al. 2015), Japao (Sato
et al. 2016), Suica (Wunderli et al. 2011; Cordey et al. 2016), Alemanha (Koukou et al.
2019) e Suécia (Krdl et al. 2021).

2.2.1 Astrovirus suino

Astrovirus suinos (PAstV) séo classificados na familia Astroviridae,
género Mamastrovirus e espécie Mamastrovirus suis e estdo subdivididos em cinco
linhagens distintas (PAstV-1 a 5) (Boros et al. 2017; ICTV 2024), sendo possivel a

ocorréncia de infecgcdes sintomaticas ou assintomaticas.
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As cinco linhagens de PAstV sao filogeneticamente distantes entre si

estando mais relacionados a AstV de espécies aviarias do que entre as linhagens da
prépria espécie (Luo et al. 2011). Essa diversidade pode indicar um precursor diferente
para cada linhagem viral (Haley et al. 2024). Ha ainda a possibilidade de infecgbes
por multiplas linhagens de PAstV em um mesmo animal (Luo et al. 2011; Xiao et al.
2013) que é um fator de risco importante para a ocorréncia de eventos de
recombinagdo gendmica.

As primeiras descri¢oes de PAstV foram relacionadas a manifestagao
entérica em suino apresentando diarreia em 1980 (Bridger, 1980). Dez anos apds a
primeira descrigdo em suinos o virus foi isolado em cultivo celular ESK (Embryonic
Swine Kidney) no Japao (Shimizu et al. 1990) e em 2001 foi realizada a primeira
descricao molecular de PAstV em fezes, que foi denominado PAstV1 (Jonassen et al.
2001; Wang et al. 2001; Laurin, Dastor e L’'Homme, 2011; Shan et al. 2012). Até o
momento, ha descricdo de outras quatro linhagens de PAstV (PAstV2-5) (Laurin,
Dastor e L'Homme, 2011; Luo et al. 2011; Shan et al. 2012).

PAstV sdo associados a quadros entéricos (Xiao et al. 2013;
Salamunova et al. 2018), e todas as linhagens ja foram descritas associadas a
quadros de diarreia, com maior concentragdo de descricdes na Asia, incluindo a China
(Lan et al. 2011; He et al. 2024), Japao (lto et al. 2017); Coréia do Sul (Lee et al. 2013;
Shin et al. 2021), Tailandia (Kumthip et al. 2018) e india (Kattoor et al. 2019; Sawant
et al. 2023).

Existem descricoes de quadros entéricos em suinos distribuidos por
todo o continente europeu, incluindo Hungria (Reuter, Pankovics e Béros, 2011; Zhou
et al. 2015), Alemanha (Kreuzer et al. 2012; Zhou et al. 2015), Croacia (Brni¢ et al.
2013; Brni¢ et al. 2014), Italia (Monini et al. 2015; Tassoni et al. 2019), Austria (Zhou
et al. 2015), Espanha (Zhou et al. 2015; Puente et al. 2023), Suécia (Zhou et al. 2015),
Dinamarca (Goecke et al. 2017), Eslovaquia (Salamunova et al. 2018; Vilcek,
Salamunova e Jackova, 2019), Bélgica (Van Borm et al. 2020), Republica Tcheca
(Indik et al. 2006), Franga (Capai et al. 2022) e Grécia (Stamelou et al. 2022).

Na América do Norte, ha descrigcdes do virus em suinos, no Canada
(Luo et al. 2011; Nantel-Fortier et al. 2022) e nos EUA (Mor et al. 2012; Xiao et al.
2013; Opriessnig, Xiao e Halbur, 2020), enquanto na América do Sul trés paises
incluindo Colémbia (Ulloa e Gutiérrez, 2010), Chile (Flores et al. 2021) e Brasil
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(Hammerschmitt et al. 2021) ja relataram a presenca de PAstV. PAstV também ja foi

detectado no continente africano, Africa do Sul (Amimo et al. 2020) e na Oceania,
Australia (Bhatta, Chamings e Alexandersen, 2021).

Apesar das infecgbes por PAstV serem relacionadas a quadros
clinicos entéricos, algumas descricbes do virus foram relatadas em animais
assintomaticos como em grupos de animais utilizados como controle em pesquisas
realizadas na Alemanha (Kreuzer et al. 2012) e no Brasil em 2021 (Hammerschmitt et
al. 2021).

Quadros clinicos nado entéricos ja foram descritos na Hungria
ocasionado por PAstV3 (Laszlo et al. 2022) e por PAstV4 nos EUA (Padmanabhan e
Hause, 2016; Rahe et al. 2023). Em 2016 nos EUA, PAstV4 foi descrito em suinos
com 10-21 dias de idade apresentando doenca respiratoria. Porém, nesta situagao
nao foi possivel estabelecer uma relagao direta entre a detecgdo do virus e o
estabelecimento de sinais clinicos (Padmanabhan e Hause, 2016). Em 2023, nos
EUA, PAstV4 foi identificado por hibridizagdo in situ realizada em tecido do sistema
respiratorio de suinos com 42 dias de idade. O RNA do virus foi detectado em lesdes
consistente com infecgao viral no epitélio respiratorio. Essa foi a primeira descricao da
relagéo direta da infecgdo por PAstV4 com sinais clinicos respiratérios (Rahe et al.
2023).

Um estudo realizado na Suécia, em 2012, detectou PAstV2 e 5 em
tecido cerebral de leitbes com idade entre quatro e seis dias apresentando tremor
congénito. Entretanto, esse estudo ndo foi considerado a primeira descrigdo de
encefalite causada por PAstV pois, concomitantemente, também foi detectado
circovirus suino tipo 2 (Porcine circovirus 2 - PCV2) em amostras de animais do
mesmo rebanho. Na ocasiao, ambos os virus (PAstV2 e 5 e PCV2) foram detectados
tanto em animais com sinais clinicos neurolégicos quanto em animais assintomaticos
(Blomstrom, Ley e Jacobson, 2014).

No Brasil, a primeira descricao de PAstV foi realizada em um estudo
que investigou a presenca de PTV, PSV e PAstV em um surto de doenca neurolégica
em granja localizada no Sul do Brasil (Hammerschmitt et al. 2021). No entanto, nesse
estudo, a presenga de PAstV foi encontrada em amostras fecais de animais
assintomaticos que pertenciam ao grupo controle. Nesse estudo, o ensaio utilizado foi
uma RT-PCR Pan-Astrovirus para amplificacdo do gene RdRp (Chu et al. 2008), nao
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determinando a linhagem de PAstV.

Sinais neurologicos em suinos foram relatadas e atribuidas pela
primeira vez ao PAstV3 na Hungria (Béros et al. 2017), seguidas por relatos nos
Estados Unidos em 2017 (Arruda et al. 2017), na Coréia do Sul em 2020 (Park et al.
2024) e no Brasil em 2023 (Yasumitsu et al. 2024).

A primeira confirmagdo molecular de PAstV associado a doenca
clinica no Brasil, ocorreu em 2023, em que PAstV3 foi identificado e associado a
polioencefalomielite em leitdes com idades entre 24 e 26 dias (Yasumitsu et al. 2024).
Inicialmente, foi realizada a triagem com amplificagdo do gene RdRp (Chu et al. 2008)
e em seguida, foi confirmado por RT-qPCR (Cap) especifica para PAstV3 (Rawal et
al. 2019).

N&o ha outros estudos acerca PAstV no Brasil além destes dois
publicados, ratificando a importancia da realizagao de estudos complementares sobre

a presenca deste virus emergente no pais.

2.2.1.1 Astrovirus suino 3

A primeira descrigao de PAstV3 foi em amostras de fezes de suinos
coletadas entre 2005 e 2007 no Canada (Luo et al. 2011). O primeiro depdsito de
genoma completo de PAstV3 foi realizado em 2012, descrevendo a cepa como uma
linhagem distinta das demais (Xiao, Halbur e Opriessnig, 2012; ICTV 2024).

Estudos adicionais relataram a presenca de PAstV3 em amostras
fecais normais e diarreicas em paises do continente americano, europeu, asiatico e
africano (Rawal et al. 2019; Amimo et al. 2020; Folgueiras-Gonzalez et al. 2021; Liu
et al. 2021; Nantel-Fortier et al. 2022).

Na Hungria, além de amostras fecais o virus também foi descrito em
swabs nasais de leitdes com doenca neurolégica (Boros et al. 2017) e em leitdes
assintomaticos (Laszl6 et al. 2022). Nos EUA, PAstV3 também foi identificado em
swabs orofaringeos de animais provenientes rebanhos com circulagdo de PAstV3

previamente conhecida (Rawal et al. 2020).

2.2.1.1.1 Astrovirus suino 3 e doenga neuroldgica

Relatos que correlacionaram a ocorréncia de sinais clinicos
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neurolégicos com a infecgdo por PAstV3 sao relativamente recentes. A primeira

descrigdo ocorreu na Hungria em 2017 em leitdes com paraplegia posterior. Essa
descoberta baseou-se em amostras de SNC coletadas entre 2015 e 2016, em leitdes
com idade entre 25 e 35 dias (Boros et al. 2017). Neste relato, PAstV3 foi identificado
em ceérebro, tronco cerebral e medula espinhal de animais com sinais clinicos, que
apresentavam lesdes consistentes com encefalomielite e necrose neural. Ainda em
2017, nos EUA, por meio do sequenciamento de nova geracdo (New generation
sequencing — NGS), PAstV3 foi o unico patdégeno identificado em SNC de duas fémeas
adultas e de um leitdo de 35 dias de idade. Os sinais clinicos apresentados eram
fragueza dos membros posteriores, tetraplegia e convulsdes. A histopatologia foi
sugestiva de polioencefalomielite ndo supurativa infecciosa (Arruda et al. 2017).

Posteriormente, em 2020, na Coréia do Sul, PAstV3 foi descrito em
leitdes com idades entre quatro e oito semanas associado a encefalomielite nao
supurativa, vacuolizagdo neuronal e gliose. Entretanto, PAstV5 foi identificado em
infeccéo singular, infeccbes mistas de PAstV1, 4, e 5, e PAstV3 e 5, sugerindo que,
além de PAstV3, possivelmente as outras linhagens de PAstV estavam associadas.
Adicionalmente, essas linhagens podem também apresentar comportamento
neurotrépico, embora estudos complementares sejam necessarios para confirmar
esse comportamento (Park et al. 2024).

Com o objetivo de avaliar a patogenia, sinais clinicos e alteracdes
histopatoldgicas da infecgao pelo PAstV3 em suinos em um ambiente controlado, em
2021, foi realizado um estudo de infeccdo experimental em suinos (Ferreyra et al.
2021). Apesar de alguns estudos falharem no isolamento viral (Indik et al. 2006; Fang
et al. 2019), leitdes de seis semanas de idade foram inoculados com homogeneizados
de SNC obtidos de surtos de doenga neuroldgica positivos para PAstV3 e negativos
para os demais patdogenos causadores de doenga neuroldogica. Apos 25 dias de
infeccédo (dpi), todos os animais se apresentavam clinicamente letargicos, e aos 28
dpi apresentaram ataxia dos membros posteriores e foram submetidos a eutanasia. A
presenga de PAstV3 no SNC foi confirmada por RT-qPCR, hibridizacao in situ e
microscopia eletronica. Adicionalmente, altos titulos de anticorpos foram encontrados
a partir do dia 14 dpi. Histologicamente, todos os animais inoculados apresentaram
lesbes compativeis com polioencefalomielite linfoplasmocitica contendo areas

multifocais de gliose e manguitos perivasculares. Portanto, esse foi o primeiro estudo
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que reproduziu a doenga no SNC ocasionada pelo PAstV3 com sinais clinicos que

mimetizam a infecg&o natural (Ferreyra et al. 2021).

O desenvolvimento de métodos de controle para PAstV3 é
imprescindivel, considerando sua capacidade de infectar diversos tecidos (Rawal et
al. 2019; Laszl6 et al. 2022) e a sua emergéncia em infecgdes do SNC. Também sao
necessarios estudos adicionais que visem elucidar a patogenia e disseminacéo de
PAstV3 (Matias Ferreyra et al. 2021).

Em 2021, Matias Ferreyra e colaboradores, identificaram dois
epitopos antigénicos conservados correspondentes as extremidades 3’ da VP27 em
cepas virais norte americanas. Este achado abre a perspectiva do desenvolvimento
de vacinas especificas para PAstV3 com o objetivo de prevenir surtos associados a
cepas neurotropicas (Matias Ferreyra et al. 2021).

Até o momento, nao existe confirmagdo molecular do PAstV3 no
Brasil, e com o numero de detecg¢des crescente ao redor do mundo, a investigagao da

presenga do virus em casos com sinais clinicos compativeis é essencial.
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4 HIPOTESE

PAstV3 é um agente etiologico envolvido em manifestagbes
neurolégicas em suinos na regidao Sudeste do Brasil.
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5 OBJETIVOS

51 OBJETIVO GERAL

Identificar caracterizar molecularmente cepas de PAstV3 em SNC
de suinos com quadro clinico neurolégico em um rebanho com histérico de doenga

neuroldgica.

5.2 OBJETIVOS ESPECIFICOS

* Descrever as alteragdes histopatolégicas das amostras;

*  Obter e quantificar fragmentos parciais dos genes RdRp de AstV
em tecidos do SNC de suinos desmamados com sinais clinicos neurolégicos;

* Realizar diagndstico diferencial para outros virus neurotrépicos
em tecidos do SNC de suinos desmamados com sinais clinicos neurolégicos;

* Quantificar a carga viral de PAstV3 por meio da técnica de RT-
gPCR, usando o gene Cap, em tecidos do SNC de suinos desmamados e previamente
identificados com a infecgao por PAstV3;

* Sequenciar e analisar os amplicons de PAstV3 obtidos nos
ensaios de RT-PCR para realizar a caracterizagao molecular;

* Avaliar a variabilidade genética das sequéncias de nucleotideos

de PAstV3 obtidas no sequenciamento e realizar analises filogenéticas.
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This report aims to deseribe the identification of parcine asrrovirus 3 (PAsSIVE) BMNA in the central nervous system
(CMS) of weaned pigs with clinical =igns of neurological disease associated with policencephalomyelitis in
southeastern Brazil Three, 20 -35 days-old piglers thar died after clinical manifestations of & neurological syn-
drome were submitted to pes-mortem evalustions. Tissue samples were examined by histopathology, bacteri-
ology, and molecular aseays (RT-PCR, nested-PCR, RT-gPCR, and Sanger sequencing} to detect the primary
infectious disease agents associated with neurclogical disease in pigs. The principal nevropathological alterations
occurred in the grey matter of the spinal cord and brainstem resulting in nonsuppurative poliomyelitis and
rhombencephalitie. PAsIVE RMA was detected in the CNS samples of all plglets with histopathological evidence
of disease and was confirmed by nucleotide sequencing. Nucleic aeids from pathogens commonly associated with
neurological diseases in pigs. such as poreine teschovirus, porcine sapelovirus, porcine enterovirus G, atypical
parcing pestivirus, senecavirus A, and encephalomyocardinis virus was not detected by molecular assays in the
three piglets. This is the first report of PAStVE In piglets with neurological disesse and lesions consistent with
policencephalomyelitis in Brazil, This report highlights the Imponance of monitoring health events that could
compromise pig farming productivity and animal welfare.
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1. Introduction genome is formed by single-stranded RNA with a size of 6.4-7.7 kb [8].

PAStY is an cmerging virus of pigs with five lincages (PAstV1-PAstVS)

Astroviruses (AstVs) are found worldwide and have been linked to
both subelinical and clinical infections in birds [1], several mammalian
species [2,9], including humans [4]. Furthermore, there is a high po-
tential for interspecies transmission and recombination events between
different astrovinus strains [5]. These characterisdes emphasize the
significance of these viruses for one health [6].

Porcine astrovirus (PAstV) belongs to the family Astroviridae, genus
Muarmastrovirus, and species Mamastrovires suis [71, The viral particles are
spherical, not enveloped, and have a diameter of 28-30 nm. The viral

[9], and infections can ovcur in asymplomatic or sick pigs [10,11].
Enteric diseases in pigs have often been associated with different
PAstVs lineages, infections with a single lineage, associations between
distinct lineages, or even with other eticlogical agents [10,12]. Neuro-
logical conditions have been more recently reported and attributed,
especially to PAstVE [15,14]. The initial descriptions of pigs with
neurological manifestations associated with PAstVE occurred between
2015 and 2016 in Hungary [14], followed by 2017 in the USA [15], and
muore recently (2020), in South Korea [unpublished data — Preprints
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version; Park et al., 2023]. Furthermore, the virus has been identified in
clinically healthy piglets and sows from pig farms with previous reports
of PAstV3-associated neurological disease [15,16]. Since outbreaks of
novel infectious disease agents can have devastating economic impacts
on pig production, monitoring these infections is necessary to develop
adeqguate control and prophylactic measures,

In Brazil, only one description of PAstV was reported in fecal samples
from healthy piglets, however, PAstY was not identified in the central
nervous system (CNE) of piglets with neurclogical disease [17], [t must
ke highlishted that all previous descriptions of PAstV-associated
neurological disease were observed in pigs from the Northern Hemi-
sphere [13-15], and there are no reports of similar discase in the
Southern Hemisphere. This report aims to describe the identification of
PAstVE RNA in the CNS of weaned pigs with clinical signs of neuro-
logical disease associated with polivencephalomyelitis in southeastern
Brazil.

2, Materials and methods
2.1, Study location, clinical history, and sample collection

The outhreak ocourred in 2023, at a multisite pig production farm
with around 3,200 sows located in the state of 550 Paulo, Southeastern
Brazil. The consulting veterinarian reported that, for over a year,
weaned piglets at this farm have been showing neurological signs, The
clinical manifestations included quadriplegia, opisthotonos, nystagmus,
and occasional fever in suckling (from 20 days of age) and newly weaned
piglets (up to 356 days old). It was noted that approximately 2 % of these
piglets were affected, and the lethality rate was almost 100 %, Despite
receiving broad-spectrum antimicrobials and anti-inflammatorics the
affected pigs showed no response to treatment.

In mid-April 2023, three weaned piglets, aged between 24 and 26
days, with similar neurological clinical signs but without receiving any
supporting therapy, were found dead. All carcasses were submitted for
post-mortem: evaluation to determine the possible cause of the neuro-
logical syndrome within 4 h after death.

22, Pathological evaluation

Tissue samples of all major organs including the cerebrum, cere-
bellum, brainstem, cervical spinal cord, lungs, myocardiom, liver, kid-
ney, intesting, and spleen were collected. These samples were then fixed
by immersion in 10 % buffered formalin solution, processed for routine
histopathologic evaluation, and stained with the Hematoxylin and easin
(H&E) stain, Feces and duplicates of all organs (cerehrum, cerebellum,
brainstem, cervical spinal cord, lungs, myocardium, liver, kidney, and
spleen) collected were maintained at —80 “C until used in molecular
assays designed to detect agents associated with neurological diseases of

swine,
2.3, Bacterial analysis

Aseptic swabs were collected from the surface of the CNS of the three
piglets during post-mortern evaluations, promptly plated on 5 % sheep
blood agar, and then incubated at 37 ©C for 24-48 h for bacterial culture
and isolation,

2.4, Molecular detection of agents associated with neurological disease in
Ewing

Suspensions {10 % w/v) were prepared from a 100 mg fragment of
ecach organ collected during post-mortem cvaluation and then mechani-
cally disrupted using the TissueLyser LT (QIAGEN, Hilden, Germany),
Fecal suspensions at 10-20 % (weight/volume} and disrupted tissue
samples were homogenized in 0,01 M phosphate-buffered saline (PBS)
at pH 7.2 and clarified by centrifugation at 1000xg for 5 min. Nucleic
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acid extraction was performed on 500 pL aliquots of the tissue/fecal
suspensions that had been pre-treated with proteinase K and 1 % sodium
dodecyl sulphate (Invitrogen™ Life Technologies, Carlsbad, CA, USA).
The nucleie acid was extracted by a combination of phenol/chloroform,
isoamyl aleohol {25:24:1) and silica/guanidine isothiocyanate methods
[1%,19]. The extracted nueleic acids were eluted in 50 pL of UltraPure™
DEPC-treated water (Invitrogen™ Life Technologies, Carlsbad, CA,
USA) and stored at -80 €. Nuclease-free water was used as a negative
control in all nucleie acid extractions and subseqguent procedures.

Muolecular assays were used to amplify the nucleic acids of the main
infectious disease agents associated with neurological disease in pigs.
The nucleie acids were tested using the semi-nested RT-PCR with Pan-
Astrovirus primers [20]. The PAstV3 RNA presence in the tissue sam-
ples and Cg were determined using a TaghMan-based RT-qPCR assay. The
RT-gPFCR was carried out with SuperScript™ 111 Platinum™ One-Step
Quantitative RT-PCR System (Invitrogen™ Life Technologies, Carls-
bad, CA, USA] [16]. All reactions were performed in triplicate.

Additionally, other viral pathogens associated with the development
of neurological diseases in swine were included in the analysis, such as
porcine teschovirnes (PTV), porcine sapelovirus (PSV), porcine entero-
virus G (EV-G) [21,22], atypical porcine pestivirus (APPeV [23], Sen-
ecavirus A (SVA) [24,25], and encephalomyocarditis virus (EMCV) [20].
The specific pene targets, primers, amplicon size, and type of malecular
assays used to identify neurological infectious discase pathogens are
provided in Supplementary Table 1.

25, Sequencing and phylogenetic analysis

One amplicon from each piglet was chosen for nucleotide (nt)
sequencing to confirm Pan-Astrovines specificity. The amplicons wene
purified using a PureLink® Quick Gel Extraction and PCR Purification
Combo Kit (Invitrogen® Life Technologies, Carlsbad, CA. USA} and
quantified wsing Qubit® Fluorometer (Invitrogen® Life Technologics,
Eugene, OR, USA). Direct sequencing was performed using a BigDye#:
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystemsi, Foster
City, CA, USA) with the forward and reverse primers in a 3500 Genelic
Analyzer sequencer (Applied Binsystems® ).

Sequence quality analyses and consensus sequences were obtained
using Phred and CAP3 homepages, respectively (hitp://asparugin.cena
rgen.embrapa, br/phph/). Similarity searches were performed with nt
sequences deposited in the GenBank database using the Basic Local
Alignment Search Tool homepage (hitps://blast nebi nlonihogovs Bla
stogt). Multiple and pairwise alignments with strains available in Gen-
Bank were performed with MEGA software version 7.0.26 [27], and the
nt sequence identity matrix was constructed using BioEdit software
version 7.2.5 [28]. A phylogenetic tree based on mt sequences was ob-
tained using the Neighbor-Joining method [29] with the Tamura-Nei
method [30] wsing MEGA software version 7.0.26 [27]. The boot-
strapping probabilities were calculated using 1000 replicates.

3. Results
3.1, Pathological and bacteriological findings

The most important gross alterations were restricted to the brain of
all weaned piglets evaluated and the lungs of piglets #1 and 3. There
was marked congestion of the meningeal vessels of the cerebrum of all
piglets, while rib impressions were prominent al the lungs of piglets #1
and 3. The histological evalustions revealed similar patterns of nearo-
logical disease consistent with viral infoctions in the CNS of all piglets.
These lesions wene predominant at the grey matter of the brainstem and
the cervical region of the spinal cord but mild at the cerebellum and rare
at the cerebral cortex. The intensity and distribution of the nearological
lesions were more severe at the brainstem and spinal cord, followed by
the cerebellum, and lasty at the cerebral cortex. Lesions at the brainstem
and spinal cord were similar in intensity and distribution and consisted
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of acute, moderate, multifocal to coalescing, nonsuppurative rhomben-
cephalitis and poliomyelitis, respectively, having perivascular cuffings
formed by one to two layers of lymphocytes, fodd of neuronal necrosis,
neuronophagia, and glial nodes (Fig. 1A-F). Histological alteration
identified at the cerebellum consisted essentially of several perivascular
cuffs observed predominantly at the white matter (Fig. 1G). In contrast,
the histopathological alterations at the cerchral cortex were sparse in all
piglets and consisted of rare perivascular cuffings formed by one layer of
inflammatory cells (Fig. TH). Additional neuropathological alterations
included mild cerebral congestion in all piglets and focal perivascular
hemorrhage at the spinal cond of piglet #1.

Significant non-neurclogival pathological alterations were observed
in the lungs of all piglets, characterized as moderate to severe, diffused,
interstitial pneumonia. This was due to marked thickening of the alve-
olar walls caused by hyperplasia of type II pneumocytes with an influx of

lymphocytes.
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Bacteria were not isolated from the CNS swabs collected during the
gross evaluation of these piglets.

3.2, Molecular detection of neurological agents and characterization of
porcing astrovirus 3

PAstY RNA was amplified by the Pan-Astrovirus assay from the
brainstem and spinal cord of all piglets, the cerebrum of two (# 1 and ),
as well as the cerebellum of piglet #1 with histopathological evidence of
neurological disease. Furthermore, PAstV3 RNA was identified using
specific RT-qPCR in most of the neuroanatomical regions that were
positive with the consensus primers, except for the cercbrum of piglet
#1 (Tuble 1), Additionally, PAstY3 RNA was only amplified from the
myocardium of piglet #1. All other non-neurological organs evaluated,
even the lungs with interstitial pneumonia, did not contain PAstV3 RNA
The nucleic acids of common agents (FTV, PSY, EV-G, 3VA, APPeV, and

o

ran

o

Fig. 1. Principal histopathological findings were observed at the brainstern (A-C). spinal cord {D-H), eerebellum (G), and cerebrum (H) of piglets infected with
porcine astrovirus 3. Observe the lymphocytic perivascular cuffings (A-B), newronal necrosis, and glial node (C) at the brainstem. There is severe neuronophagia (D,
perivascular cuffing (E), and a glial node (F) at the cervical spinal cord. Observe perivascular cuffings formed by one layer of inflammatory cells at the cerebellum (iG]

and cerebrum (H). Hematoxylin and eosin stain. Bars: &-H, 50 gm.
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Table 1

Detection of porcine astrovirus by semi-nested RT-PCR (Pan-Astroviros ) and RT-
qPCR (PAstV3) assay in biological samples of weaned piglers with histopatho-
logical confirmation of neurological disease.

Pigles # Oryans =n-RT-PCR ET-qPCR - Cg
#1 Brainstem e 3042
Cerebrum e KD
Cerebellum THe 3015
Spinal cord +e 24.55
Byocardium Ve J0.51
Feces ND KD
w2 Drainster e 24.67
Carebrum +ye 26.56
Cerebellam ND KD
Spinal cord Ve 26.49
Myocardium ND L H
Peces e KD
#3 Brainsiem v 1119
Cerebrum ND NI
Carebellum ND KD
Spinal cord Ve 32.51
Ayocnrdium ND NI}
Feces MO KD

Legend: sn-RT-PCR {semi-nested RT-PCR): Pan-Astrovims: RT-gPCR: Porcine
Asorovirus 3; Cg: quantification cycle; +ve: positive; NI Not detected.

EMCV) associated with the development of newrological diseases in
swine were not detected by their respective molecular assays in the three
piglets.

The guantification cycles (Cy) ranged from 24.55 to 32,51, pigler #1
had the lowest Cq (24.55) in the spinal cord, while piglet #3 had the
highest Cg (32.51) in the spinal cord. In the other tissues evaluated (non-
CNS tissues), the RNA of PAstV3 was only identified in the myocardium
of piglet #1 (Cqg 30.51). In the lung, liver, and spleen it was not detected
PAstY3 RNA in any of the piglets. Only the feeal sample from pigler #2
was positive by the conventional assay (Pan-Astrovirus), However, in
the specific RT-gPCR for PAstV3, it was not possible to identify the
presence of RNAL

Sequencing of the amplicons generated by the Pan-Astrovirus assay
confirmed the presence of PAstY RNA in the tissue samples, The three nt
sequences from the partial RdRp of PAstV were named BRA/UEL/SP-
3156423, BRAVUEL/SP-3157/23, and BRAYUEL/SP-3158/23 (Gen-
Bank accession numbers PP475135 to PP475137, respectively). Phylo-
genetic analyses revealed that the three sequences of PAstV identified in
this study clustered with members of the PASIVE group (Fig 2
Furthermore, the PAstY strains herein identified show 87.2-90.6 % ot
sequence identity with other PAsIVE strains previously identified in pigs
with neurological disease, while with the other porcine astroviruses
(PAstV1-Z; and PAstV4-5) the ntidentity was <60.9 %, The comparative
analysis between the PAstV feld strains identified in this study showed a
range of 99.6-100 % nt identity to cach other.

4. Discussion

The neurological manifestations described in these piss were previ-
ously associated with infections by PAstV3 [12 31]. Furthermore, the
neuropathological findings of rhombencephalitis and poliomyelitis
herein diagnosed have been described in pigs experimentally [51] and
spontancously [13,52] infected with PAstV3. These initial histopatho-
Iogical findings of viral-induced lesions in the cervieal spinal cord and
brainstem of these weaned piglets contrasted previously diagnosed
encephalitic diseases of pigs in Brazil, which prompted a suggestive
diagnosis of astrovirus-related infections [39].

The presence of PAStY3 was confirmed by amplifving and quanti-
fying the RNA from neuroanatomical regions with histopathological
evidence of viral disease. This demonstrated that the virus was associ-
ated with the development of these lesions. Morcover. the nen-detection
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of the RNA of important neurological disease pathogens of swine,
including PTV, P8V, EV-G, 5VA, APPeV, and EMCV, with the non-
isolation of bacteria sugpests that these agents were not associated
with the neurological manifestations observed. The results from this
investigation differ from the previous description of PAstY in piglets
from Brazil. That study investigated the etiology of neurological mani-
festations in piglets, during which PAstV was not detected within the
CNS of affected animals but within fecal samples of healthy pigs [17].
Accordingly, the findings hercin reported may represent the first iden-
tification of PA=tV3 in association with neurological disease in pigs from
Brazil and Latin America,

During the investigation, we observed neuropathological changes in
weaned piglets, primarily in the grey matter of the spinal cord and
brainstemn, with significantly reduced histological patterns of viral-
induced infections in the cerebellum and cerchrum. Experimentally
induced and naturally occurring PAstY3 infections in pigs and other
mammalian species showed similar selective tropism for specific
neuroanatomical regions of the brain [13,21,52,54,55]. These findings
suggest that the brainstem and cervical spinal cord must be collected and
evaluated whenever neurologic astrovins-related infections are sus-
pected in mammalian species. Only spinal cord sections were evaluated
in this study.

During this study, RNA of an astrovirus was detected in the fecal
sample of piglet #2 using the Pan-Astrovirus assay but without corre-
sponding quantification with the specific PASIVA assay. These findings
may suggest the possible identification of a distinet enterie lincage of
PAstV, resulting in the non-detection by the RT-gPCR assay. Addition-
ally, it is important to note that the Pan-Astrovirus molecular assay uses
a semi-nested PCR [20]. However, the nested PCR assavs have greater
sensitivity when compared to quantitative PCR assays, including assays
designed for AstV and PAstv3 [14]). Therefore, samples with low viral
loads may have negative results in the RT-qPCR assay. The detection of
the virus in feces is not a common finding in all infected animals. Even in
experimental pigs infected with PAsSIV3, it was not possible to recover
the virus in the feces of all animals [31].

The RXA of PAstV3 was identified in the spinal cord and brainstem of
all pigs, whereas detection in the brain (piglet #2) and cerebellum
{piglet #1) varied depending on the piglet. Regarding the detection of
PAsStVE in non-neurological organs, the viral RNA was not detected in
most non-neurological organs evaluated, except in the myocardium of
piglet #1_ which presented a Co similar to that identified in the cere-
bellum and brainstem. However, the Cy detected in the cervical spinal
cord was lower, suggesting a higher viral load. Similar findings were
described in experimentally infected piglets, where PAstV3 was identi-
fied only in the neurological organs [91]. Our findings contrast with a
study conducted in Hungary involving naturally infected pigs. In that
study, PAstV-3 was detected in various tissues, including lvmph nodes,
tonsils, liver, lungs, and myocardium of symptomatic animals. However,
the viral load in these tissues was lower than that found in neurological
organs [14], Therefore, tracking the presence of the virus in organs from
the nervous system is necessary for more accurate future disgnoses.

The phylogenetic analysis of the nt fragment of the RdRp gene
revealed five clades of PAstV. The sequences from each piglet origi-
nating in this study were grouped into the PAstY3 clade, along with the
neurotropic strains identified in the USA and Hungary. The RdRp gene is
conserved, but the nt sequence analysis showed that the field strains
identified in this study have low similarity to other PastV3 strains
associated with neurological discase (87.3-90.6 %) and even lower
similarity to strains from non-neurological PAstY (<60.9 %) This in-
dicates a high genetic variability berween these viral types.

The limitations of this study are concentrated on the small number of
animals used and the absence of complementary assays (o demonstrate
the agent within the observed lesions. The use of immunohistochemisery
(IHC} and/or in situ hybridization assays would have contributed greatly
to the intralesional detection of viral antigens and proteins, respectively,
thercby  confirming  infeetion.  Accordingly, an  international
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Fig. 2. The evolutionary history was inferred using the Neighbor-Joining method of partial (269 nt) BRNA-dependent RNA polymerase (RdBp) of porcine astrovins
[PAsIV). The percentage of replicate wrees in which the associated taxa clustered together in the bootsirap test (1000 replicates) are shown next to the branches. The
evolutionary distances were computed using the Tamura-Nei method {3] and are in the units of the number of base substitutions per site. The analysis involved 30
nuclestide sequences of PAstV, one bovine astrovines, and another human astrovirus. Evolutionary analyses were conducted in MEGAT. The PAstY3 strains identified

In this sindy are highlighted with green-filled cincles.

collaboration is being elaborated to detect viral particles either by [HC
or in s hybridization. Additionally, a retrospective study 15 being
implemented to revise all histopathological disgnosis of porcine
neurological disease over the last 10 years in an attempt to identify
additional cases of PASIVE in pigs.

5. Conclusion

In this report, we deseribe the first molecular detection of PAstV3 in
weaned piglets with neurological disease and lesions consistent with
polivencephalomyelitis in Brazil,
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Supplementary Table 1. Targets genes, primers, and amplicon size of the molecular assays used to identify agents of neurologic disease pathogens

of in pigs
. A A L, Amplicon
Neurological pathogen Target Primer Primer sequence (5°-3") size (bp) Assay Reference
Fw-1 GARTTYGATTGGRCKCGKTAYGA
Fw-2 GARTTYGATTGGRCKAGGTAYGA Semi-nested
Pan astrovirus RdRp Rv GGYTTKACCCACATNCCRAA 422 RT-PCR (1)
Fw-3 CGKTAYGATGGKACKATHCC
Fw-4 AGGTAYGATGGKACKATHCC
Fw ATGACYCTCTATGGGAAACTCCTT
PastV3 Capsid Rv GTGCCTRGCAACAACCTCCAA 110 RT-qPCR )
Probe FAM-TTGGCCAYAACCTCCCTGA-MGB
pev-la AGTTTTGGATTATCTTGTGCCC
Porcine teschovirus 5 NTRs pev-le CGCGACCCTGTCAGGCAGCAC 158 Nested-RT- 3)
pev-lc TGAAAGACCTGCTCTGGCGCGAG PCR
pev-1d GCTGGTGGGCCCCAGAGAAATCTC
pev-8e CTTAAGGTGGTTGTATCCCCTAC
. . pev-8f TTCAACTGACTATACTAGTTACAGG Nested-RT-
P 1 5-NTR 212 3
OFCINe Sapeiovirus s pev-8g ATGGCAGTAGCGTGGCGAGCTAT PCR ©)
pev-8h GTAATGCCAAGAGCATGCGCCA
pev-9a GTACCTTTGTACGCCTGTTTTA
. pev-9b ACCCAAAGTAGTCGGTTCCGC Nested-RT-
E -NTR 1
nterovirus G > S pev-9c CAAGCACTTCTGTTTCCCCGG 313 PCR )
pev-9e GTTAGGATTAGCCGCATTCAGGGG
APPV-2/3-Fwl GCAAAGAAGAATGACTC Semi-nested-
Atypical porcine pestivirus NS2/3 APPV-2/3-Rv2 GGTTTGTCTCATTGCTC 368 RT-PCR €))
APPV-2/3-Rv3 CCATGTTCTTGGGATTG
o Pl CCCTACCTCACGGAATGGGGCAAAG
Encephalomyocarditis virus 3D P GGTGAGAGCAAGCCTCGCAAAGACAG 285 RT-PCR )
SVV-2682FW TTCCACTCCACCGACAACG
. SVV-3224RV GATACCTTCCCACCCTTGC Nested-RT-
Seneca Valley virus VESVPL - gyvar3orw ACTGACACCGATTTCTCTG 316 PCR ©.7)
SVV-3046RV CTAAAGTAAGTGAAACAGGC
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7 CONSLUSOES

Este estudo descreveu a realizagdo da primeira confirmacao
molecular na América do Sul, especificamente na regido Sudeste do Brasil, de PAstV3
por meio de diagndstico molecular em suinos desmamados com doenga neuroldgica
e lesbes histopatolégicas compativeis com polioencefalomielite. A histopatologia
revelou a presenga de congestdo em meninges, com lesdes predominantes na
substancia cinzenta do tronco cerebral e na regido cervical da medula espinhal, com
intensidades e distribuicao consistentes com encefalite aguda moderada, multifocal a
coalescente e nao supurativa. A quantificagao viral nas amostras foi equivalente aos
resultados da histopatologia, com Ct menor em amostras que apresentaram lesdes
com maior intensidade. Outros agentes etioldgicos virais e bacterianos, com potencial
neurotrépico nao foram detectados nessas amostras.

O numero crescente de descricbes de AstV neurotrépicos em
humanos e suinos destaca a importancia da inclusdo deste virus na rotina de
diagndstico de doencgas neurolégicas. Considerando que o potencial zoondtico de
PAstV neurotropicos € uma questdo de relevancia epidemiolégica no ambito da

“Saude Unica”.
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8 PERSPECTIVAS

PAstV3 € um virus neurotropico emergente e desde 2017 identificado
como agente etiologico de doengas neurolégicas em suinos em diferentes
continentes. Com potencial para desencadear surtos de grande escala em granjas,
sua presenga representa uma preocupacao crescente para a suinocultura. No Brasil,
um dos maiores produtores de carne suina do mundo, 0sS prejuizos econémicos
associados a infeccdo do sistema nervoso central por PAstV3 poderdo ser
significativos. A introdugdo de um novo agente etioldgico de doengas neuroldgicas
reforgca a necessidade da realizagao de estudos com foco na patogenia da infeccao,
monitoramento dos tipos de PAstV circulantes nos rebanhos do Brasil, além do
desenvolvimento e avaliacdo de estratégias eficazes de controle e profilaxia para

mitigar impactos na cadeia produtiva suina.
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ANEXO A
Lista de reagentes

Acetona, P.A. (CH3COCHS3) P.M. 58,08 (Dindmica®)

Acido acético glacial, P.A. (CH3COOH) P.M. 60,05 (Nuclear®)

Acido bérico (HsBO3) P.M. 61,83 (Sicalab®)

Acido citrico P.A. — Anidro (Reagen®)

Acido cloridrico (HCI) P.M. 36,46 (Reagen®)

Acido etilenodiaminotetraacido sal di-sédico — EDTA, P.A.
(C10H14N20sNa22H20) P.M. 372,24 (Reagen®)

Acido fosfotungico (HaPW12040) P.M. 2,88 (Dindmica®)

Agar Mueller Hinton (Kasvi®)

Agarose (Invitrogen Life Technologies®)

Agua tratada com dietil pirocarbonato (DEPC) (Invitrogen Life Technologies®)
Alcool etilico absoluto (C2H20H) P.M. 46,07 (Nuclear®)

Alcool isoamilico ((CH3)2CHCH2CH20H) P.M. 88,15 (Synth®)

Bicarbonato de sédio, P.A. (NaHCO3) P.M. 84,01 (Biotec®)

BigDye Terminator v3.1 Cycle Sequencing kit (Aplied Biosystems®)

Brometo de etideo (C12H20N3Br) P.M. 394,3 (Sigma®)

Cloreto de calcio puro (CaClz2) P.M. 110,94 (Invitrogen Life Technologies®)
Cloreto de magnésio 50mM (MgClz2) (Invitrogen Life Technologies®)

Cloreto de potassio, P.A. (KCI) P.M. 74,56 (Reagen®)

Cloreto de sodio, P.A. (NaCl) P.M. 58,45 (Reagen®)

Cloroférmio, P.A. (CHCI3) P.M. 119,38 (Dinamica®)

Dimetil sulfoxido (DMSO) (C2HsSO) (Sigma®)

Dioxido de silica (SiO2) P.M. 60,08 (Sigma®)

Dithiothreitol (DTT-10 mM) (Invitrogen Life Technologies®)

DNA Ladder (100 pb) (Invitrogen Life Technologies®)

Dntp Set (100 mM), 4 x 250 pL; 25 ymol cada (100 mM dATP Solution, 100 mM
dCTP Solution, 100 mM dGTP Solution, 100 mM dTTP Solution) (Invitrogen Life
Technologies®)

Duodecil sulfato de sodio — Lauril Sulfato de Sédio — SDS (C12H2sNaO4S) P.M.
288,38 (Invitrogen Life Technologies®)

Dulbecco’s modified Eagle’s medium (DMEM; Gibco BRL®)

Eosina (Nuclear®)

Fenol (CeHsOH) P.M. 94,11 (Invitrogen Life Technologies®)

Formaldeido P.A. (Vetec®)

Fosfato de sédio dibasico anidro (Na2HPO4) P.M. 141,96 (Synth®)

Fosfato de sédio dihidratado (Na2HPO4 2H20) P.M. 177,99 (Merk®)

Fosfato de sédio monobasico (NazH2P0O42H20) P.M. 155,99 (Reagen®)
Glicose (CeH1206) P.M. 180,16 (Reagen®)

Hematoxilina (Nuclear®)

Hidroxido de sodio, P.A. (NaOH) P.M. 40,00 (Dinamica®)

Hidroximetil amino metano — TRIS 99% P.M. 121,14 (Inlab®)

Isotiocianato de guanidina P.M. 118,16 (Gibco BRL®)

Metanol P.A. (CH3OH) P.M. 32,04 (Allkimia®)

M-MLV™ Reverse Transcriptase 200 units (Invitrogen Life Technologies®)
Oligonucleotideo iniciadores (primers e probe)

- reverse PanAstV-Rv (RdRp) (reverse; 5- TTTGGTCCNCCNCTCCAAA -3°)
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Chu et al. 2008 — 200 pmol (Exxtend®) RdRp
- forward PanAstV-Fw1 (RdRp) (forward; 5°-
GARTTYGATTGGRCKCGKTAYGA -3") Chu et al. 2008 — 200 pmol (Exxtend®)
422 pb

- forward PanAstV-Fw2 (RdRp) (forward; 5°-
GARTTYGATTGGRCKAGGTAYGA -3°) Chu et al. 2008 — 200 pmol (Exxtend®)
422 pb

- reverse PanAstV-Rv (RdRp) (reverse; 5'- GGYTTKACCCACATNCCRAA -37)
Chu et al. 2008 — 200 pmol (Exxtend®) 422 pb

- forward PanAstV-Fw3 (RdRp) (forward; 5- CGKTAYGATGGKACKATHCC -
3") Chu et al. 2008 — 200 pmol (Exxtend®) 422 pb

- forward PanAstV-Fw4 (RdRp) (forward; 5- AGGTAYGATGGKACKATHCC -
3") Chu et al. 2008 — 200 pmol (Exxtend®) 422 pb

- forward PAstV3-Fw (RT-qPCR) (Capsid) (forward; 5°-
ATGACYCTCTATGGGAAACTCCTT -3') Rawal et al. 2019 — 200 pmol
(Invitrogen Life Technologies®) 110 pb

- reverse PAstV3-Rv (RT-gPCR) (Capsid) (forward; 5'-
GTGCCTRGCAACAACCTCCAA -3°) Rawal et al. 2019 — 200 pmol (Invitrogen
Life Technologies®) 110 pb Capsid

- probe PAstV3 (RT-gPCR) (Capsid) (FAM-TTGGCCAYAACCTCCCTGA-MGB)
Rawal et al. 2019 — 200 pmol (Invitrogen Life Technologies®) 110 pb Capsid

- PEV-1a (5 NTR/PEV) (forward; 5- AGTTTTGGATTATCTTGTGCCC -3°) —
nucleotide (nt)76-97 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 158 pb

- PEV-1e (5 NTR/PEV) (reverse; 5'- CGCGACCCTGTCAGGCAGCAC -3’) -
nucleotide (nt) 391-371 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 158 pb

- PEV-1c (5’ NTR/PEV) (forward; 5- TGAAAGACCTGCTCTGGCGCGAG -3°) -
nucleotide (nt) 178-200 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 158 pb

- PEV-1d (5" NTR/PEV) (reverse; 5- GCTGGTGGGCCCCAGAGAAATCTC -3")
- nucleotide (nt) 335-312 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 158 pb

- PEV-8e (5" NTR/PEV) (forward; 5- CTTAAGGTGGTTGTATCCCCTAC -3°) -
nucleotide (nt) 236-45 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 212 pb

- PEV-8f (6 NTR/PEV) (reverse; 5'- TTCAACTGACTATACTAGTTACAGG -3°)
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- nucleotide (nt) 435-411 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 212 pb

- PEV-8g (5 NTR/PEV) (forward; 5'- ATGGCAGTAGCGTGGCGAGCTAT -3°) -
nucleotide (nt) 131-153 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 212 pb

- PEV-8h (5 NTR/PEV) (reverse; 5- GTAATGCCAAGAGCATGCGCCA -3’) -
nucleotide (nt) 342-321 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 212 pb

- Pev-9a (5 NTR/PEV) (forward; 5- GTACCTTTGTACGCCTGTTTTA -37) -
nucleotide (nt) 96-117 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 313 pb

- PEV-9b (5 NTR/PEV) (reverse; 5'- ACCCAAAGTAGTCGGTTCCGC -37) -
nucleotide (nt) 586-566 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 313 pb

- PEV-9c (5’ NTR/PEV) (forward; 5- CAAGCACTTCTGTTTCCCCGG -3) -
nucleotide (nt) 197-217 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 313 pb

- PEV-9e (5 NTR/PEV) (reverse; 5- GTTAGGATTAGCCGCATTCAGGGG -3")
- nucleotide (nt) 509-486 Krumbholz et al. (2003) — 200 pmol (Invitrogen Life
Technologies®) 313 pb

- APPV-2/3-Fw1 (forward; 5- GCAAAGAAGAATGACTC -3") Possatti et al.
(2018) — 200 pmol (Invitrogen Life Technologies®) 368 pb

- APPV-2/3-Rv2 (reverse; 5- GGTTTGTCTCATTGCTC -3°) Possatti et al.
(2018) — 200 pmol (Invitrogen Life Technologies®) 368pb

- APPV-2/3-Rv3 (reverse; 5'- CCATGTTCTTGGGATTG -3") Possatti et al.
(2018) — 200 pmol (Invitrogen Life Technologies®) 368 pb

- P1 (3D) (forward; 5- CCCTACCTCACGGAATGGGGCAAAG -37)
Vanderhallen et al. (1997) — 200 pmol (Invitrogen Life Technologies®) 285 pb

- P2 (3D) (reverse; 5- GGTGAGAGCAAGCCTCGCAAAGACAG -3’; nucleotide
(nt) xxxx-xxxx) Vanderhallen et al. 1997 — 200 pmol (Invitrogen Life
Technologies®) 285 pb

- SVV-2682FW (VP1/SVV) (forward; 5'- TTCCACTCCACCGACAACG -3") —
Ferronato et al. (2017) 200 pmol (Invitrogen Life Technologies®) 316 pb

- SVV-3224RV (VP1/SVV) (reverse; 5'- GATACCTTCCCACCCTTGC -3) -
Ferronato et al. (2017) 200 pmol (Invitrogen Life Technologies®) 316 pb

- SVV-2730FW (VP1/SVV) (forward; 5- ACTGACACCGATTTCTCTG -37) -
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Ferronato et al. (2017) 200 pmol (Invitrogen Life Technologies®) 316 pb

- SVV-3046RV (VP1/SVV) (reverse; 5- CTAAAGTAAGTGAAACAGGC -3°) -
Ferronato et al. (2017) 200 pmol (Invitrogen Life Technologies®) 316 pb

PCR-buffer (10x) (200 mM Tris-HCI, pH 8.4, 500 mM KCI) (Invitrogen Life
Technologies™)

Platinum Taq DNA Polymerase recombinant 500 units (Invitrogen Life
Technologies™)

Proteinase K (10mM Tris; 1mM ethylenediamine tetra-acetic acid [EDTA]; 0.5%
Nonidet P40; 1% sodium dodecyl sulfate [SDS]; 0.2mg/mL proteinase K)
(Invitrogen Life Technologies™)

PureLinkTM Quick Gel Extraction and PCR Purification Combo Kit (Invitrogen
Life Technologies™)

RT-buffer (5x) (250 mM Tris-HCI pH 8.3, 15 mM MgCl2, 375 mM KCI)
(Invitrogen Life Technologies™)

SuperScript™ |ll Reverse Transcriptase 200 units (Invitrogen Life
Technologies™)

SuperScript™ Il Platinum™ One-Step Quantitative RT-PCR System 100
reactions (Invitrogen Life Technologies®)

QuantIT TM dsDNA BR assay kit (Invitrogen Life Technologies™)

TripLE™ Express Stable Trypsin-like Enzyme (Gibco®)

Tris (Nuclear®)

Triton x-100 (Synth®)

Xileno P.A. (Nuclear®)
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Solugdes e tampdes

* Diluicao dos primers
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Virus/gene

Primers Forward

Primers Reverse

Semi-nested-RT-
PCR
PanAst/RdRp

Pan Astrovirus

- Primer PanAstV-Fw1 (RT-
PCR)

Concentragao: 43 nmol

43 x 1000 = 43000 pmol
43000 /200 =215 uL de

agua ultrapura

- Primer PanAstV-Rv (RT-
PCR)

Concentragao: 85 nmol

85 x 1000 = 85000 pmol
85000 / 200 = 425 uL de agua

ultrapura

- Primer PanAstV-Fw2 (RT-
PCR)

Concentragao: 43 nmol

43 x 1000 = 43000 pmol
43000 /200 = 215 yL de

agua ultrapura

- Primer PanAstV-Rv1
(PCR/semi-nested)
Concentragao: 43 nmol

43 x 1000 = 43000 pmol
43000 / 200 = 215 pL de agua

ultrapura

- Primer PanAstV-Fw3 (semi-
nested)

Concentragao: 43 nmol

43 x 1000 = 43000 pmol
43000 /200 =215 uL de

agua ultrapura

- Primer PanAstV-Fw4 (semi-
nested)

Concentragao: 43 nmol

43 x 1000 = 43000 pmol
43000 /200 =215 yL de

agua ultrapura
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Nested-RT-PCR
PEV/5-NTRs

Teschovirus A

- Primer PEV-1a (RT-PCR)
Concentracgao: 30,6 nmol
30,6 x 1000 = 30600 pmol
30600 /200 = 153 yL de

agua ultrapura

- Primer PEV-1e (RT-PCR)
Concentragao: 29,7 nmol
29,7 x 1000 = 29700 pmol
29700 /200 = 148,5 yL de

agua ultrapura

- Primer PEV-1c (Nested)
Concentracao: 24,8 nmol
24,8 x 1000 = 24800 pmol
24800 /200 = 124 yL de

agua ultrapura

- Primer PEV-1d (Nested)
Concentragao: 32,8 nmol
32,8 x 1000 = 32800 pmol

32800 /200 = 164 pL de agua

ultrapura

Nested-RT-PCR
PEV/5-NTRs

Sapelovirus A

- Primer PEV-8e (RT-PCR)
Concentragao: 30,7 nmol
30,7 x 1000 = 30700 pmol
30700 /200 = 153,5 yL de

agua ultrapura

- Primer PEV-8f (RT-PCR)
Concentragao: 32,9 nmol

32,9 x 1000 = 32900 pmol
32900/200 = 164,5 yL de

agua ultrapura

- Primer PEV-8g (Nested)
Concentracao: 39,7 nmol
39,7x 1000 = 39700 pmol
39700 /200 = 198,5 uL de

agua ultrapura

- Primer PEV-8h (Nested)
Concentragao: 28,1 nmol

28,1 x 1000 = 28100 pmol
28100/200 = 140,5 yL de

agua ultrapura

Nested-RT-PCR
PEV/5-NTRs

Enterovirus G

- Primer PEV-9a (RT-PCR)
Concentragao: 37,1 nmol
37,1 x 1000 = 37100 pmol
37100/200 = 185,5 uL de

agua ultrapura

- Primer PEV-9b (RT-PCR)
Concentragao: 40,5 nmol
40,5 x 1000 = 40500 pmol
40500 /200 = 202,5 uL de

agua ultrapura

- Primer PEV-9c (Nested)
Concentragao: 28,6 nmol
28,6 x 1000 = 28600 pmol
28600 / 200 = 143 pL de

agua ultrapura

- Primer PEV-9e (Nested)
Concentragao: 32,1 nmol

32,1 x 1000 = 32100 pmol
32100 /200 = 160,5 uL de

agua ultrapura
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Semi-nested-RT-
PCR
APPeV/NS2/3

Pestivirus suino

- Primer APPV-2/3-Fw1 (RT-
PCR/semi-nested-PCR)
Concentracao: 47 nmol

47 x 1000 = 47000 pmol

- APPV-2/3-Rv2 (RT-PCR)
Concentragao: 57,1 nmol

57,1 x 1000 = 57100 pmol
57100 /200 = 285,5 yL de

atipico 47000 /200 = 235 pL de agua ultrapura
agua ultrapura

- APPV-2/3-Rv2 (semi-nested)
Concentragao: 28,9 nmol
28,9 x 1000 = 28900 pmol
28900 /200 = 144,5 yL de
agua ultrapura

PCR - Primer P1-Fw (PCR) - Primer P2-Rv (PCR)

EMCV/3D Concentracgao: 37,1 nmol Concentragao: 40,6 nmol

Virus da 37,1 x 1000 = 37100 pmol 40,6 x 1000 = 40600 pmol

encefalomiocardite

37100 /200 = 185,5 yL de

40600 / 200 = 203 pL de agua

agua ultrapura ultrapura
Nested-RT-PCR - Primer SVV-2682FW (RT- | - Primer SVV-3224RV (RT-
SVV/VP1 PCR) PCR)

Senecavirus

Concentragao: 41,1 nmol
41,1 x 1000 = 41100 pmol
41100 /200 = 205,5 yL de

agua ultrapura

Concentragao: 30,7 nmol
30,7 x 1000 = 30700 pmol
30700/ 200 =153,5 uL de

agua ultrapura

- Primer SVV-2730FW (RT-
PCR)

Concentracao: 46,7 nmol
46,7 x 1000 = 46700 pmol
46700 /200 = 233,5 yL de

agua ultrapura

- Primer SVV-3046RV (RT-
PCR)

Concentragao: 42,5 nmol
42,5 x 1000 = 42500 pmol
42500 /200 = 212,5 yL de

agua ultrapura
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RT-gPCR
PAstV3/Cap

Astrovirus suino 3

- Primer qPAstV3-Fw
Concentragao: 43 nmol

43 x 1000 = 43000 pmol
43000/200 =215 yL de agua

ultrapura

- Primer gPAstV3-Rv
Concentragao: 43 nmol

43 x 1000 = 43000 pmol
43000 / 200 = 215 yL de agua

ultrapura

Probe
RT-gPCR
PAstV3/Cap

Astrovirus suino 3

- Probe qPAstV3
Concentragao: 200 pmol e 70
ML ([ ] final 250 nm)

Solucéo estoque: Ressuspender em agua ultrapura para obtencéo de solugao 10x [ ].

Primer mae (200pmol/uL).

Solucéo de uso de todos os primers: diluir 1:10 a solugado estoque em agua ultrapura.

Pimer uso 1x (20 pmol/uL).

* Diluigao de dNTP
- Solugao estoque (100 mM) — 100 uL de cada dNTP

- Solugéo uso (10 mM) — 10 pL da solugdo estoque + 90 pyL de agua ultrapura

autoclavada

* Fenol/cloroférmio — alcool isoamilico (25:24:1)

- 25 mL de fenol saturado em agua

- 24 mL de cloroférmio

- 1 mL de alcool isoamilico

* Gel de agarose 2%

- 1 g de agarose

- 50 mL de tampé&o TBE 1x
- 20 uL de brometo de etidio

* Hidratacao da silica
- 6 g de silica (SIGMA®)

- Adicionar 50 mL de agua ultrapura autoclavada



- Agitar lentamente e manter em repouso durante 24 h
- Por succéo, desprezar 44 mL do sobrenadante

- Ressuspender a silica em 50 mL de agua bidestilada
- Manter em repouso durante 5 h para sedimentar

- Desprezar 44 mL do sobrenadante

- Ajustar o pH (pH 2,0)

- Aliquotar

* Meio Mueller Hinton enriquecido com 5% sangue de ovino desfibrinado
- 36 g de p6 de agar Mueller Hinton (KASVI®)

- Adicionar 1000 mL de agua destilada

- Aquecer até ferver e misturar até dissolver completamente.

- Esterilizar em autoclave a 121°C por 15 minutos.

- Adicionar 50 mL de sangue de ovino desfibrinado.

- Distribuir em placas de Petri.

* SDS 10%
- 5 g de dodecil sulfato de sédio — Lauril sulfato de sddio — SDS (C12H25Na04S)
- Agua bidestilada gsp. 50 mL

» Solugao L6

- 120 g de isotiocianato de guanidina (GUSCN)
- 100 mL de TRIS-HCI 0,1 M pH 6,4

-22 mL de EDTA 0,2 M pH 8,0

- 2,6 g de Triton 100x

* Solugao L2
- 120 g de isotiocianato de guanidina (GUSCN)
- 100 mL de TRIS-HCI 0,1 M pH 6,4

» Tampao de amostra para eletroforese em gel de agarose
- 0,25 g azul de bromofenol (0,25%)
- 45 g Sacarose — sucrose (C12H22011) (45%)
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- Agua bidestilada qsp100 mL

- Tampao de corrida — TBE (Tris — Acido bérico — EDTA) 10x
- 107,8 g Tris (0,89 M)

- 55, 03 g Acido bérico (0,89 M)

- 7,45 g EDTA (0,02 M)

- Agua bidestilada gsp 1 litro

- Ajustar o pH (pH 8,4)

» Tampao Fosfato Salina - PBS

- 137 mM Cloreto de sodio (NaCl)

- 3 mM Cloreto de potasso (KClI)

- 8 mM Fosfato de sddio dibasico anidro (NazHPO4)
- 15 mM Potassio fosfato monobasico (KH2PO4)

- Agua ultrapura autoclavada gsp 500 mL
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ANEXO C
Protocolos e técnicas

o Extracao do acido nucleico pela associagdo das técnicas

fenol/cloroférmio/alcool isoamilico e silical/isotiocianato de guanidina
1. Suspenséo fecal — extragao bruta

- 100 pyL ou 100 mg de fezes
- 900 yL de PBS

- Homogeneizar em vértex

- Centrifugar a 5000 x g/3 min

- Utilizar 500 pL do sobrenadante para extragao
2. Suspenséo de tecido/6rgdo — extragdo bruta

- 100 mg do fragmento de 6rgao

- Macerar

- 900 yL de PBS

- Homogeneizar em vértex

- Centrifugar a 3000 x g/10 min

- Utilizar 500 pL do sobrenadante para extragao
- 500 uL da suspensao do fragmento de 6rgao
- 10 yL de tampéo de lise (Proteinase K)

- Homogeneizar em vortex

- Incubar a 56 °C/30 min

- Utilizar todo o volume para a extragao do acido nucléico

3. Extragdo do acido nucleico

Fase | — Fenol/cloroférmio/alcool isolamilico

- 500 uL da suspensao fecal da suspensao de tecido
- Adicionar 50 pyL de SDS 10%

- Homogeneizar em vortex

- Banho-maria 56 °C/20 min



- Centrifugar 10.000 x g/30 s

- Adicionar 500 pL de fenol/cloroférmio-alcool isoamilico (25:24:1)
- Homogeneizar em vortex

- Banho-maria 56 °C/15 min

- Homogeneizar manualmente por 15 s

- Centrifugar 10.000 x g/10 min

- Recolher o sobrenadante em outro microtubo

Fase |l — Silica / isotiocianato de quanidina

- Adicionar 500 yL da solugao L6

- Adicionar 25 L de silica hidratada

- Homogeneizar em vortex

- Agitar em temperatura ambiente /30 min

- Centrifugar 10.000 x g/30 s

- Desprezar o sobrenadante em solugao contendo NaOH 10 M
- Adicionar 500 L de solugéo L2

- Homogeneizar em vértex

- Centrifugar 10.000 x g/30 s

- Desprezar o sobrenadante em solugao contendo NaOH 10 M
- Adicionar 500 pL de solugao L2

- Homogeneizar em vértex

- Centrifugar 10.000 x g/30 s

- Desprezar o sobrenadante em solugao contendo NaOH 10 M
- Adicionar 1 mL de etanol 70% gelado

- Homogeneizar em vértex

- Centrifugar 10.000 x g/30 s

- Desprezar sobrenadante em descarte comum

- Adicionar 1 mL de etanol 70% gelado

- Homogeneizar em vértex

- Centrifugar 10.000 x g/30 s

- Desprezar sobrenadante em descarte comum

- Adicionar 1 mL de acetona PA gelada

- Homogeneizar em vértex
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- Centrifugar 10.000 x g/30 s

- Desprezar sobrenadante

- Secar o pellet em termo bloco a 60 °C (aproximadamente 2 min) ou banho-maria a
56 °C (15 min)

- Adicionar 50 uL de agua DEPC

- Homogeneizar em vortex

- Banho-maria 56 °C/15 min

- Homogeneizar em vértex

- Centrifugar 13.000 x g/4 min

- Recolher o sobrenadante em microtubo de 500 uL

- Estocar a -20 °C até a utilizacao

+ Semi-nested-RT-PCR para Pan-Astrovirus (RdRp) primers Chu et al. 2008

Desnaturagao (65 °C/5 min)

Reagentes Volume (pL)
Primer PanAstV-R (20 pmol) 2
dNTP (2,5 mM) 1

Agua ultrapura 6

RNA 5
Volume final 14

Transcrigao reversa (55°C/50 min; 70 °C/15 min)

Reagentes Volume (uL)
Buffer 5X 4

DTT (100 mM) 1
SuperScript™ [l (200 U/ulL) 1
Produto da desnaturacao 14

Volume final 20




Mix Reacao em cadeia da Polimerase (PCR)

Reagentes Volume (puL)
Buffer 10 x (pH 8,4) 5
MgCl2 (50 mM) 1,5
dNTP (2,5 mM) 1
Platinum®Taq DNA Polymerase (5U/uL) 0,5
Primer PanAstV-Fw1 (20 pmol) 1
Primer PanAstV-Fw2 (20 pmol) 1
Primer Primer PanAstV-Rv (20 pmol) 1
Agua ultrapura 37
cDNA 2
Volume final 50
Mix Reacao semi-Nested-PCR

Reagentes Volume (pL)
Buffer 10 x (pH 8,4) 5
MgCl2 (50 mM) 1,5
dNTP (2,5 mM) 1
Platinum®Taq DNA Polymerase (5U/uL) 0,5
Primer PanAstV-Fw3 (20 pmol) 1
Primer PanAstV-Fw4 (20 pmol) 1
Primer Primer PanAstV-Rv (20 pmol) 1
Agua ultrapura 38
Produto da PCR 1
Volume final 50
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- Ciclos de tempo e temperatura da PCR e semi-Nested para Pan-Astrovirus
(RdRp)

B N° de Ciclos | N°de Ciclos
Reacgao Temperatura Tempo ]
(PCR) (semi-Nested)

Desnaturacéao 94 °C 5 min 1 1
Desnaturacéao 94 °C 30s 30 40
Anelamento 50 °C 30s 30 40
Extensao 72 °C 30s 30 40
Extensao final 72 °C 7 min 1 1

 Tamanho esperado dos produtos amplificados

Virus Gene Produto da PCR/Nested-PCR (pb)
Pan astrovirus (Pan-
RdRp 422
AstV)
Teschovirus suino
5-NTR’s 158
(PTV)
Sapelovirus suino
5-NTR’s 212
(PSV)
Enterovirus G (EVG) 5—-NTR’s 313
Pestivirus suino
NS2/3 368
atipico (APPeV)
Virus da
Encefalomiocardite 3D 285
(EMCV)
Senecavirus (SVA) VP3/VP1 316
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e Reacao em cadeia da polimerase quantitativa precedida de transcrigao

reversa (RT-gPCR) — PastV3 (Cap) — fragmento de 110pb

Mix Reag¢ao RT-qPCR

Reagentes Volume (uL)
Mix One Step Invitrogem 5,0
Probe 1,0
Primer PAstV A (forward) 0,8
Primer PAstV A (reverse) 0,8
ROX 0,1
Taq/SSllI 0,25
Agua ultrapura 0,05
Amostra 2,0
Volume final 10,0

» Ciclos de tempo e temperatura da RT-qPCR

Reacao Temperatura Tempo N° de ciclos
(°C)

RT 50 15 min 1

Desnaturacéo inicial 95 5 min 1

Desnaturacéao 95 15s 40

Extenséo 60 30s 40
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+ Eletroforese em gel de agarose a 2%

- 1,0 g de agarose

- 50 mL TEB buffer (Tris 89 mM; acido bérico 89 mM; EDTA 2mM) pH 8,4

- 20 uL de brometo de etideo (0,5 pg/mL)

Séo utilizados 5 uL do amplicon e 1 uL do tampao de amostra. Corrida eletroforética

sob voltagem (100 V) e amperagem (80 A) constantes por aproximadamente 50 min.

Purificagao de produto de PCR excisado do gel

1. Pesar o fragmento excisado do gel em microtubo de 1,5 mL.
2. Adicionar 3 volumes do tamp&o de solubilizacdo em gel (L3) para cada 1 volume
de gel.

3. Incubar o tubo a 50 °C/15 min, homogeneizando a cada 3 min.

4. Transferir o gel dissolvido com o amplificado de interesse para um tubo coletor com
coluna.

. Centrifugar a 13.000 x g/1 min.

. Descartar o filtrado e recolocar a coluna no mesmo tubo.

. Adicionar 500 yL do Wash buffer 1 (W1) na coluna com tubo coletor.

0 N O O

. Centrifugar a 13.000 x g/1 min.

9. Descartar o filtrado e recolocar a coluna no mesmo tubo.

10. Centrifugar o tubo novamente a velocidade maxima por 3 min.

11. Descartar o tubo coletor e transferir a coluna para um microtubo de 1,5 mL.
12. Adicionar 30 uL do Elution buffer 1 (E1) no centro da coluna.

13. Incubar a temperatura ambiente por 1 min.

14. Centrifugar a 13.000 x g/1 min.

15. Estocar o fragmento de DNA purificado a -20 °C.

Purificagao direta de produto de PCR

1. Adicionar 4 volumes do Binding buffer (B2) a 1 volume de reagao de PCR.
2. Transferir a solugao para uma coluna de purificagao.

3. Centrifugar a 13.000 x g/1 min.
4

. Descartar o filtrado e recolocar a coluna no mesmo tubo.
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5. Adicionar 650 pyL do Wash buffer 1 (W1) na coluna com tubo coletor.

6. Centrifugar a 13.000 x g/1 min.

7. Descartar o filtrado e recolocar a coluna no mesmo tubo.

8. Centrifugar o tubo novamente a velocidade maxima por 3 min.

9. Descartar o tubo coletor e transferir a coluna para um microtubo de 1,5 mL.
10. Adicionar 30 uL do Elution buffer 1 (E1) no centro da coluna.

11. Incubar a temperatura ambiente por 1 min.

12. Centrifugar a 13.000 x g/1 min.

13. Estocar o fragmento de DNA purificado a -20 °C.

* Quantificagao de produto de PCR

(Certificar-se de que todos os reagentes estao em temperatura ambiente)

1. Preparar a solugao Quant-iT™ Working Solution diluindo o reagente Quant-iT™ em
Buffer Quant-iT™ 1:200. Sdo necessarios 200 uL desta solucdo por amostra e para
os padroes 0 e 100.

2. Homogeneizar em vortex.

3. No microtubo das amostras adicionar 198 pL da solugdo Quant-iT™ Working
Solution em 2 pL do fragmento de DNA purificado.

4. No microtubo do padrao 0 adicionar 190 pL da solugdo Quant-iT™ Working Solution
em 10 uL do padréo 0.

5. No microtubo do padrdao 100 adicionar 190 pL da solugcdo Quant-iT™ Working
Solution em 10 pL do padrao 100.

6. Homogeneizar os microtubos em vortex por 2-3 s.

7. Incubar os microtubos em temperatura ambiente por 2 min.

8. Realizar a leitura usando Qubit™ fluorometer (Invitrogen™ Life Technologies,
EUA).

9. Multiplicar pelo fator de diluicio para determinar a concentracao correta da amostra.
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+ Sequenciamento pelo método Sanger

Preparo de amostras para o sequenciamento

As amostras e os primers devem estar na concentragdo demonstrada na tabela

abaixo:

Tamanho do fragmento Concentracio da amostra  Concentracio do primer
(pares de base) (ng/uL ou ng/mL) (pmol/uL ou uM)
<300 2 5
300 - 700 4 5
>700 10 10

Mix do sequenciamento

Reagente’ Volume
BigDye Terminator v3.1 2,0 uL
Tampao 5x 1,5 uL
Agua ultrapura autoclavada 0,5 yL
Volume final 4,0 uL

"BigDye Terminator v3.1 Cycle Sequencing Kit

O volume final de mix do sequenciamento é adicionado a 5 uL de amostra purificada

+ 1 uL de primer.

Ciclos de tempo e temperatura da reacdo de sequenciamento*

Reagao Temperatura (°C) Tempo N° de ciclos
Desnaturaggo 06 1 i |
inicial
Desnaturacéao 96 15s 35
Anelamento 50 15s 35
Extensao 60 4 min 35

"Programa recomendado pela Applied Biosystems.


https://www.thermofisher.com/order/catalog/product/4337455
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Precipitacdo com EDTA e Etanol

- Adicionar 10 pyL da reacdo de sequenciamento em uma cavidade da placa
MicroAmp® Optical 96-Well Reaction (0,2 mL) (Applied Biosystems).

- Adicionar 2,5 uL de EDTA (acido etilenodiamino tetra-acético) 125 mM pH 8,0.

- Adicionar 30 uL de etanol 100%.

- Homogeneizar lentamente a placa.

- Incubar a placa por 10 min em temperatura ambiente.

- Centrifugar a 2.720 x g durante 30 min a 20 °C.

- Desprezar o conteudo da placa.

- Centrifugar a 2.720 x g durante 1 min a 20 °C com a placa invertida sobre papel.
- Adicionar 100 pL de etanol 70%.

- Centrifugar a 2.720 x g durante 1 min a 20 °C.

- Desprezar o conteudo da placa.

- Centrifugar a 2.720 x g durante 1 min a 20 °C com a placa invertida sobre papel.
- Cobrir a placa com papel e deixar em temperatura ambiente por 10 min.

- Adicionar 10 uL de formamida (HIDI).

- Adicionar a septa.

- Homogeneizar a placa em vértex.

- Submeter a placa a um spin no miniplate spinner.

- Colocar a placa em termociclador (tampa aberta) por 95 °C por 5 min.

- Colocar a placa em cooler ou banho de gelo por 1 min.

- Apds a precipitagcdo com EDTA e etanol, a placa é inserida no sequenciador (ABI

3500 Genetic Analyzer - Applied Biosystems) para realizar a eletroforese capilar.
* Hematoxilina-eosina (HE)

- Xilol I = 20 min.

- Xilol Il = 20 min.

- Alcool absoluto | — 2 min.
- Alcool absoluto Il — 2 min.
- Aicool 95% | — 2 min.

- Alcool 95% Il — 2 min.

- Lavar em agua destilada — 2 min.



70
- Corar com hematoxilina (10 min).

- Lavar em agua corrente por 10 min, desprezar a primeira agua em recipiente
apropriado.

- Alcool 95% — 1 min.

- Eosina — 1 min.

- Aicool 95% — 1 min.

- Alcool absoluto | — 2 min.

- Alcool absoluto Il — 2 min.

- Xilol | = 2 min.

- Xilol Il = 2 min.

- Montar as laminas.
e Cultivo bacteriano

- Semear o material em agar sangue de ovino desfibrinado a 5%.
- Incubar a 37 °C de 24 a 48 horas.
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ANEXO D

Lista de softwares

e Electropherogram quality analysis - Phred e CAP3
(http://asparagin.cenargen.embrapa.br/phph/)

e MEGA package software version 7
(http://www.megasoftware.net/)

e BLAST - The Basic Local Alignment Search Tool
(http://blast.ncbi.nim.nih.gov/Blast.cqi)

e BioEdit software version 7.2.5

(http://www.mbio.ncsu.edu/bioedit/bioedit.html)
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