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POSSATTI, Flavia. Tremor congénito em leitbes recém-nascidos e a infec¢do por
pestivirus suino atipico. 2018. 64 f. Tese (Doutorado em Ciéncia Animal; Area de
Concentragao: Sanidade Animal) — Universidade Estadual de Londrina, Londrina. 2018.

RESUMO

Pestivirus suino atipico (APPV) tem sido associado ao tremor congénito (TC) tipo A-II em
leitdes neonatos. Apesar do numero de estudos sobre o APPV ter aumentado, as alteracdes
histopatologicas, bem como outros aspectos relativos a caracterizagdo antigénica e molecular
do virus e aspectos epidemioldgicos da infeccdo em leitdes ainda sdo pouco descritos. O
objetivo do primeiro estudo foi descrever os achados patologicos e moleculares associados a
infeccdo simultanea de APPV e teschovirus suino (PTV) em leitdes com manifestacdes
clinicas de TC provenientes de um rebanho do estado do Parand com altas taxas de letalidade
em animais recém-nascidos. Em 2017, foram relatados casos de TC em leitegadas com alta
letalidade neonatal em um rebanho paranaense e trés leitdes da mesma leitegada que
morreram espontaneamente foram enviados para diagndstico. As principais alteragdes
patoldgicas encontradas em todos os leitdes foram desmielinizacdo secundaria e
hipomielinizagdo no cerebelo, tronco encefilico e medula espinhal confirmadas por
histopatologia e coloragdo Luxol Fast Blue. Alteragdes histopatologicas adicionais incluiram
necrose neuronal multifocal, neuronofagia e gliose encontrados no cortex cerebral ¢ medula
espinhal e enterite atrofica de todos os leitdes € edema no mesocélon de um deles. RNA de
APPV ¢ de PTV foi detectado por nested-RT-PCR no sistema nervoso central (SNC) dos
leitdes afetados, sendo que PTV também foi detectado no intestino e nas fezes. As alteragdes
patologicas e os resultados moleculares demonstram que os leitdes avaliados apresentavam
infeccdo por APPV e PTV, o que pode ter ocasionado a alta letalidade (100%) de leitdes
recém-nascidos identificada nesse caso. No segundo estudo foram descritas as caracteristicas
histopatologicas da infeccdo espontinea singular por APPV em quatro leitdes com sinais
clinicos de TC. Os quatro leitdes de dois dias de idade com TC foram avaliados por
histopatologia, imunohistoquimica (IHQ) e andlise molecular. As principais alteragdes
histopatologicas no encéfalo e medula espinhal incluiram necrose neuronal, gliose,
neuronofagia, satelitose, desmieliniza¢do, degeneracdo walleriana e necrose de células de
purkinje. Na IHQ, realizada com o objetivo de detectar a proliferacdo da proteina acida
fibrilar glial (GFAP) em areas afetadas do encéfalo e medula espinhal, demonstrou que a
proliferacdo de células GFAP positivas e fibras era predominante em leitdes com TC
infectados com APPV em relacdo a leitdes assintomaticos nao infectados da mesma idade. As
reacOes de nested-RT-PCR identificaram RNA de APPV no cérebro, cerebelo e tronco
cerebral de todos os leitdes, enquanto outros virus (teschovirus suino, sapelovirus suino e
virus Seneca Valley) conhecidos por induzir sinais clinicos semelhantes nao foram
identificados. Estes resultados sugerem que as alteracdes histopatoldgicas induzidas pela
infec¢do singular por APPV nos leitdes avaliados sdo predominantemente degenerativas e
necréticas e correlacionadas com as alteragdes identificadas no primeiro estudo. Com estes
resultados podemos sugerir que a necrose neuronal, a gliose, a neuronofagia e a satelitose
possam ser consideradas caracteristicas histologicas importantes da infeccdo induzida por
APPYV em leitdes recém-nascidos com sinais clinicos de TC.

Palavras-chave: APPV. Desmiclinizagdo. Histopatologia. Leitdes. Mioclonia.



POSSATTI, Flavia. Congenital tremor in newborn piglets and atypical porcine pestivirus
infection. 2018. 64 p. Thesis (PhD Degree in Animal Science) — Universidade Estadual de
Londrina, Londrina. 2018.

ABSTRACT

Atypical porcine pestivirus (APPV) has been associated with congenital tremor (CT) type A-
Il in neonatal piglets. Although the number of APP-based studies is increasing, the
histopathological alterations and other aspects related to the antigenic and molecular
characterization of the virus and epidemiological aspects of the infection in piglets are still
underreported. The objective of the first study was to describe the pathological and molecular
findings associated with simultaneous infection of APPV and porcine teschovirus (PTV) in
piglets with clinical manifestations of CT from a herd of Parana State with high rates of
lethality in newborn piglets. In 2017, CT cases were reported in litters with high neonatal
mortality in a pig herd from Parand and three piglets from the same litter that died
spontaneously were sent for diagnosis. The main pathological alterations in all piglets were
secondary demyelination and hypomyelination at the cerebellum, brainstem and spinal cord
confirmed by histopathology and luxol fast blue—cresyl violet stain. Additional
histopathological alterations included multifocal neuronal necrosis, neuronophagia and gliosis
found in the cerebral cortex and spinal cord of all piglets, and atrophic enteritis in all piglets
and mesocolonic oedema in one piglet. APPV and PTV RNA was detected by nested-RT-
PCR in the central nervous system of affected piglets, and PTV was also detected in the
intestine and faeces. The pathological alterations and molecular results together suggested that
the piglets evaluated had a dual infection by APPV and PTV, which probably was the cause
of the high lethality (100%) of newborn piglets identified in this case. In the second study the
histopathologic features of singular spontaneous APPV infection in four piglets with clinical
signs of CT were described. Four two-day-old piglets with CT were evaluated by
histopathology, immunohistochemistry (IHC), and molecular assay. The main histopathologic
alterations at the brain and spinal cord included neuronal necrosis, gliosis, neuronophagia,
satellitosis, demyelination, Wallerian degeneration, and Purkinje cell necrosis. In the THC
assay, performed to detect the proliferation of glial fibrillary acidic protein (GFAP) in
affected areas of the brain and spinal cord revealed that the proliferation of GFAP+ cells and
fibers was predominant in APPV-infected piglets relative to asymptomatic piglets of the same
age group. The nested-RT-PCR assays identified APPV RNA in the cerebrum, cerebellum,
and brainstem of all piglets, while other viruses (PTV, PSV, SVV) known to induce similar
clinical signs were not identified. These results suggested that the histopathological alterations
induced by singular APPV infection are predominantly degenerative and necrotic and
correlate with alterations identified in the first study. With these results we can suggest that
neuronal necrosis, gliosis, neuronophagia, and satellitosis should be considered as important
histologic features of APPV-induced infection in newborn piglets with clinical signs of CT.

Keywords: APPV. Demyelination. Histopathology. Piglets. Myoclonia.
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1 INTRODUCAO

Em 2015, foi descrito pela primeira vez o pestivirus suino atipico (Atypical porcine
pestivirus - APPV), identificado por sequenciamento de DNA de nova geragao (NGS) em
amostras de soros de suinos (HAUSE et al., 2015). Inicialmente, o virus nao foi associado a
qualquer manifestagdo clinica, posteriormente, um estudo de inoculacdo experimental
conduzido nos Estados Unidos da América (EUA) demonstrou que APPV estava associado a
ocorréncia de tremor congénito (TC) em leitdes neonatos (ARRUDA et al., 2016).

Atualmente, relatos da ocorréncia de APPV associado ao TC foram realizados na
Alemanha (POSTEL et al., 2016), Austria (SCHWARZ et al., 2017), Canada
(DESSUREAULT et al, 2018), China (ZHANG et al., 2017), Espanha (MUNOZ-
GONZALEZ et al., 2017), Holanda (DE GROOF et al., 2016) e Hungria (DENES et al.,
2018). No Brasil, no ano de 2018 APPV foi descrito em leitdes com TC, nas regides Sul e
Sudeste (GATTO et al., 2018; MOSENA et al., 2018; POSSATTI et al., 2018a; POSSATTI et
al., 2018Db).
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2 REVISAO DE LITERATURA

2.1 TREMOR CONGENITO

Tremor congénito ¢ uma doenca neonatal de leitdes, caracterizada por espasmos
musculares, localizados ou generalizados, observados dentro de poucas horas apds o
nascimento. Os sinais clinicos podem ser moderados como tremor de orelha, flanco ou
membros pélvicos. Ja os sinais mais graves incluem tremores generalizados que resultam em
dificuldade de permanecer em pé ou caminhar e, consequentemente, incapacidade de mamar,
o que pode levar a morte devido a desnutri¢gao (YUAN et al., 2017).

Duas classificagdes sdo utilizadas para o TC, sendo que quando ndao ha lesdes
histopatologicas a doenga ¢ classificada como tipo B e quando ha desmieliniza¢do no sistema
nervoso central (SNC) ¢ classificada como tipo A. O tipo A, por sua vez, ¢ subdividido de
acordo com a etiologia em cinco tipos (I-V). O tipo A-I é causado pelo virus CSFV e
caracteriza-se por hipoplasia cerebelar (DONE et al., 1984). A causa do tipo A-III ¢ um
defeito genético apresentado apenas pela raga Landrace, que ocasiona a auséncia de bainha de
mielina e reducdo do numero de oligodendrocitos (BLAKEMORE; HARDING; DONE,
1974). O tipo A-IV ¢ ocasionado por um defeito genético recessivo na raga suina Saddleback,
que ¢ caracterizado pela hipomielinogénese no cérebro e medula espinhal (PATTERSON et
al., 1973). Ja o tipo A-V ¢ causado por intoxicagdo pelo triclorfom ou metrifonato, que pode
estar associada a ingestdo de alimentos tratados com este composto que ¢ usado como
inseticida ou pelo seu uso durante a gestacdo como uma droga antiparasitaria, levando a
ocorréncia de hipoplasia cerebelar nos leitdes (KNOX et al., 1978). Até pouco tempo a
etiologia do TC tipo A-II era desconhecida. Inicialmente circovirus suino 2 (PCV-2), foi
associado a esta enfermidade, porém alguns estudos contestavam essa possibilidade
(KENNEDY et al., 2003). Em 2015, ARRUDA et al. (2016) detectaram, pela primeira vez,
APPV em animais com TC nos EUA. Para comprovar a associagdo do virus com a doenga, os
autores inocularam uma amostra de soro, positiva na RT-QPCR, em seis matrizes aos 45 (n=3)
e 62 (n=3) dias de gestacdo. A maioria dos leitdes nascidos apresentou sinais clinicos de TC e
splay leg (comumente conhecida como perna aberta) e a infecgdo por APPV foi confirmada
por RT-gqPCR. A partir de entdo, APPV foi considerado o agente etioldgico do TC tipo A-II.

O Quadro 2 resume as diferencgas entre os tipos de TC.
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Quadro 1 — Classificagdo e etiologia do tremor congénito em leitdes

Lesoes
Classificacao | histopatoldgicas | Tipos Etiologia
no SNC*

I Virus da peste suina classica (CSFV)
11 Pestivirus suino atipico (APPV)

A Sim 111 Defeito genético — raga suina Landrace
IV | Defeito genético — raca suina Saddleback
\Y Intoxicagdo por triclorfom

B Nao - Desconhecida

#SNC = sistema nervoso central

Fonte: proprio autor

Logo em seguida, um estudo semelhante conduzido na Alemanha também detectou
APPV em amostras bioldgicas provenientes de animais com TC que foram usadas para
inocular trés matrizes aos 32 dias de gestacdo. Duas leitegadas apresentaram animais com TC
e foram positivas no teste de RT-PCR, enquanto a terceira leitegada ndo apresentou sinais da
doenca e foi negativa para o virus, comprovando a associagdo de APPV com os casos de TC
(DE GROOF et al., 2016). Assim como pode ocorrer em outros pestivirus, ambos os estudos
de inoculagdo comprovaram que APPV também pode ser transmitido pela via

transplacentaria.

2.1 GENERO PESTIVIRUS

O género Pestivirus pertence a familia Flaviviridae e, até 2018, era composto por
quatro espécies reconhecidas, denominadas pestivirus classicos que incluem virus da diarreia
viral bovina 1 e 2 (BVDV-1 e -2), virus da peste suina classica (CSFV) e virus da doenga da
fronteira (BDV) (SIMMONDS et al.,, 2011). Adicionalmente, varios pestivirus, foram
propostos como novas espécies e sdo, portanto, denominados atipicos, como Pronghorn
antelope pestivirus (VILCEK et al., 2005), virus Bungowannah (KIRKLAND et al., 2007),
Giraffe pestivirus (BECHER et al., 2014), virus HoBi (SCHIRRMEIER et al., 2004), virus
Aydin-like (POSTEL et al., 2015), Norway rat pestivirus (FIRTH et al., 2014) e Rhinolophus
affinis pestivirus (WU et al., 2012). Recentemente, foram descritos dois novos pestivirus,
provisoriamente denominados atypical porcine pestivirus (APPV) e “lateral-shaking inducing
neurodegenerative agent” (Linda virus - LV) (LAMP et al., 2017).

Um grande ntimero de novas espécies virais tem sido proposto no género Pestivirus e

desde 2009 ndo havia qualquer alteracdo na taxonomia desse género. Com isso, Smith e
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colaboradores (2017) propuseram que o grupo de estudos da familia Flaviviridae do Comité
Internacional de Taxonomia Viral (ICTV) revisasse a taxonomia do género Pestivirus, de
acordo com os métodos analiticos ja utilizados na revisdo taxondmica dos géneros
Hepacivirus (que contém virus da hepatite C) e Pegivirus (que contém pegivirus humano)
também incluidos nesta mesma familia viral. Esta classificagdo foi aceita pelo ICTV e,
atualmente, no gé€nero Pestivirus estdo incluidas 11 espécies virais denominadas Pestivirus A
— K (ICTV, 2018), com exce¢do de Rhinolophus affinis pestivirus ¢ Linda virus que, ainda,
ndo foram aceitos como espécies oficiais (Quadro 1). A Figura 1 demonstra a arvore

filogenética das espécies que pertencem ao género Pestivirus.

Quadro 2 - Nomenclatura atual ¢ antiga das espécies do género Pestivirus e as espécies
animais suscetiveis

Atual Antiga Espécie animal

Pestivirus A Bovine viral diarrhea virus -1 | Bovino, ovino, outros ruminantes,
(BVDV-1) suino

Pestivirus B Bovine viral diarrhea virus - 2 | Bovino, ovino, outros ruminantes,
(BVDV-2) suino

Pestivirus C Classical swine fever virus | Suino
(CSFV)

Pestivirus D Border disease virus (BDV) Ovino, caprino, rena, suino

Pestivirus E Pronghorn antelope pestivirus Antilocapra

Pestivirus F Bungowannah virus Suino

Pestivirus G Giraffe pestivirus Girafa, bovino

Pestivirus H Hobi-like pestivirus (ou BVDV-3) | Bovino, bufalo

Pestivirus I Aydin-like pestivirus Ovino, caprino

Pestivirus J Norway rat pestivirus Rato

Pestivirus K Atypical porcine pestivirus | Suino
(APPV)

Nio classificado | Linda virus Suino

Nao classificado | Rhinolophus affinis pestivirus Morcego

Fonte: Smith et al. (2017) - adaptado
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Figura 1 - Arvore filogenética do género Pestivirus com a nova nomenclatura das espécies,
construida com base na sequéncia de aminoécidos de um fragmento da poliproteina
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APPV = atypical porcine pestivirus; BDV = border disease virus; Bungo = Bungowannah virus;
BVDV = bovine viral diarrhea virus; CSFV = classical swine fever virus; GPV = giraffe pestivirus;
NRPV = Norway rat pestivirus; Pronghorn = Pronghorn antelope pestivirus; ShPV = sheep pestivirus

Os pestivirus tem um tamanho aproximado de 50 nm, sdo envelopados e possuem genoma
constituido por RNA fita simples polaridade positiva que codifica uma poliproteina de
aproximadamente 4000 aminoacidos (aa), flanqueada por duas regides nao traduzidas (5’ e 3’
UTR - untranslated region). A poliproteina ¢é clivada em quatro proteinas estruturais (C, E™,
El, E2) e oito ndo estruturais (Npro, p7, NS2, NS3, NS4A, NS4B, NS5A, NS5B) (Figura 2)
(TAUTZ; TEWS; MEYERS, 2015).

Figura 2 - Esquema demonstrando a organizag¢ao do genoma de representantes do género
Pestivirus
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Fonte: https://viralzone.expasy.org/39?outline=all by species

A infecgdo por pestivirus classicos foi associada a manifestagoes clinicas neuroldgicas
e lesdes no SNC de diferentes espécies hospedeiras. BVDV acomete principalmente bovinos,
mas pode infectar outros ruminantes e também suinos. Dentre as afeccdes mais comuns
decorrentes da infeccdo por BVDV em bovinos estdo as malformagdes congénitas no SNC,
como hipoplasia cerebelar, hidranencefalia, porencefalia, hidrocefalia e microencefalia
(AGERHOLM et al., 2015). Casos de tremor e ataxia ja foram descritos em bezerros
infectados por BVDV (RIOND et al., 1990; PORTER et al., 2010). Em relacdo as lesdes
histopatologicas, a infec¢do por BVDV em bovinos pode causar degeneragdo neuronal,
necrose, gliose e edema e, em alguns casos, hipomielinizagdo do SNC (RIOND et al., 1990;

BLANCHARD et al., 2010; PORTER et al., 2010). Em cabritos recém-nascidos BVDV ja foi
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descrito causando tremor e ataxia (BACHOFEN et al., 2013). BDV causa doenga congénita
em ovinos e caprinos, sendo que o tremor ¢ o sinal clinico caracteristico desta enfermidade
(NETTLETON et al., 1998; GARCIA-PEREZ et al., 2009). CSFV esta frequentemente
associado a sinais clinicos neuroldgicos como incoordenagao, convulsao e desequilibrio com
fraqueza em membros posteriores em animais de diferentes faixas etarias e pode, ainda,
ocasionar TC em leitdes infectados pela via transplacentaria (MOENNIG; FLOEGEL-
NIESMANN; GREISER-WILKE, 2003). Em infec¢des tanto por BDV quanto por CSFV os
achados histopatoldgicos mais comuns sdo hipomielinizacao e gliose (BARLOW; STOREY,
1977; BRADLEY et al., 1983; MOLLER et al., 1993). Adicionalmente, sinais neurologicos
como tremores musculares e incoordenagdo motora foram descritos em cordeiros com
infeccdo por pestivirus; entretanto, ndo foi possivel diagnosticar a espécie viral envolvida

(PESCADOR et al., 2004).

2.2 PESTIVIRUS SUINO ATIPICO

O genoma de APPV tem aproximadamente 11 kb e contém uma longa fase aberta de
leitura (open reading frame - ORF) que codifica uma poliproteina com 3.635 aa, ou seja, em
torno de 250 aa a menos que os demais pestivirus (HAUSE et al., 2015). Esta poliproteina ¢
clivada em quatro proteinas estruturais e oito ndo estruturais, como os demais pestivirus. A
regido 5’-UTR do genoma de APPV possui 360-370 nt, um pouco menor que os demais
pestivirus e a regido 3’-UTR tem 245-268 nt, consistente com os demais pestivirus (HAUSE
et al.,, 2015; SCHWARZ et al., 2017). Analises do genoma completo de APPV tém
demonstrado que este virus apresenta menos de 50% de identidade de nucleotideo (nt) com os
pestivirus classicos (SCHWARZ et al., 2017). De acordo com as sequéncias gendmicas de
APPV disponiveis, Yuan e colaboradores (2017) realizaram a analise do ancestral comum
mais recente por inferéncia Bayesiana, o que demonstrou que provavelmente APPV surgiu na
Alemanha e se propagou para as Américas, China e outros paises da Europa.

A proteina E2, ¢ uma glicoproteina de envelope imunodominante que possui epitopos
de neutralizacdo e, portanto, ¢ a proteina dos pestivirus que apresenta maior diversidade
(RIDPATH; BOLIN, 1997). Nas analises moleculares realizadas por Hause e colaboradores
(2015) a proteina E2 de APPV apresentou tamanho menor do que a mesma proteina dos
demais pestivirus, com isso os autores sugeriram que a reducdo substancial no tamanho da E2

e apenas 30% de identidade com as proteinas E2 dos demais pestivirus poderiam resultar em
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uma mudanca na utilizacdo do receptor celular, o que pode explicar a dificuldade de

isolamento de APPV.

2.2.1 Diagnostico

Cultivo celular

O isolamento viral em cultivo celular é considerado o padrao ouro para o diagnostico
laboratorial de infec¢des virais. Trés estudos realizaram tentativas de isolamento de APPV.
Foram utilizadas, principalmente, células suscetiveis para outros pestivirus, como células
renais suinas (PK-15 e SK-6) e células epiteiliais de testiculo suino (STE) (HAUSE et al.,
2015; POSTEL et al., 2016; SCHWARZ et al., 2017), além de células renais de macaco
(MARC-145), células epiteliais renais de macaco verde africano (Vero e Vero 76), células de
adenocarcinoma humano (HCT-8), células renais bovinas (MDBK), células renais caninas
(MDCK) (HAUSE et al., 2015), células de linfoma suino (38A1D) e células endoteliais suinas
(PEDSV.15) (POSTEL et al., 2016), entretanto, todas sem sucesso. Beer e colaboradores
(2016) utilizando uma amostra de soro positiva para APPV inoculada em uma linhagem
celular de rim suino (SPEV) foram os primeiros a obter sucesso no isolamento do virus. O

1solamento foi confirmado por RT-qPCR e NGS.

Sorologia

Até o momento, existem trés ensaios de ELISA padronizados para APPV. Em um
deles, peptideos recombinantes da proteina E™ do virus foram expressos em E. coli.
Entretanto, este teste ndo foi validado com soros suinos sabidamente positivos e negativos
para APPV (HAUSE et al., 2015). Outro ELISA indireto padronizado com a proteina E™
recombinante expressa em Leishmania tarentolae foi utilizado para avaliar 189 amostras de
soros suinos da Italia e Alemanha, resultando em 118 (62%) amostras reagentes (POSTEL et
al., 2017b). O terceiro ELISA desenvolvido ¢ um teste de bloqueio que utilizou o dominio
helicase da proteina NS3. Neste estudo, 170 amostras de soro de um rebanho suino
sabidamente positivo por RT-PCR foram avaliadas e 35,3% das amostras foram positivas,
sendo que matrizes com historico de leitegadas com TC apresentaram atividade de bloqueio

maior que a média de matrizes sem historico (SCHWARZ et al., 2017).
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Biologia molecular

Atualmente, as principais técnicas empregadas no diagnostico da infec¢do por APPV
sdo a RT-PCR, RT-qPCR e NGS (HAUSE et al., 2015; ARRUDA et al., 2016; BEER et al.,
2016; YUAN et al., 2017; ZHANG et al., 2017). Com o uso destas metodologias ja foram
disponibilizadas 19 sequéncias completas do genoma do virus (HAUSE et al., 2015;
ARRUDA et al., 2016; ZHANG et al., 2017). A maioria dos protocolos padronizados utilizam
oligonucleotideos iniciadores (primers) que amplificam as regides NS3 ¢ NS5 do genoma
viral (ARRUDA et al., 2016; BEER et al., 2016; POSTEL et al., 2016; SCHWARZ et al.,
2017; YUAN et al., 2017; POSSATTI et al., 2018b). Também ja foram descritos primers para
as regides E2, E™, NS4B e para a regido conservada 5° - UTR (HAUSE et al., 2015; DE
GROOF et al., 2016; POSTEL et al., 2016). Adicionalmente, Zhang e colaboradores (2017)
descreveram varios conjuntos de primers que possibilitaram o sequenciamento do genoma

que codifica a poliproteina completa de APPV.

Exames histopatoldgicos

Nao ha relatos de lesdo macroscopica significativa encontrada durante as autdpsias de
animais com TC. Os achados histopatologicos em infecgdes por APPV incluem
principalmente vacuolizagdo da substincia branca do cerebelo e tronco cerebral (MOSENA et
al., 2018). Estudos utilizando o método Luxol Fast Blue demonstraram redu¢ao na intensidade
da coloragdo da mielina na substancia branca da medula espinhal e/ou nervo ciatico (POSTEL
et al., 2016; SCHWARZ et al., 2017; MOSENA et al., 2018). Em um estudo que utilizou
imuno-histoquimica para coloragdo de oligodendrdcitos, os animais com TC apresentaram
aumento na intensidade da coloragdo em relagdo aos animais do grupo controle (SCHWARZ
et al., 2017). O mesmo estudo realizou microscopia eletronica em fragmentos do cerebelo e
medula oblonga de dois leitdes com TC e identificou alteragdes ultra-estruturais na mielina
(hipomieliniza¢dao, rompimento, vactiolos), vaciiolos nas membranas e espagos no citoplasma

de células da glia e degeneragdo de axonios (SCHWARZ et al., 2017).

2.2.2 Epidemiologia

Apo6s os estudos de inoculagdo experimental, outros autores relataram a presencga do

genoma de APPV em amostras clinicas provenientes de animais com TC em diferentes paises.
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Em um estudo conduzido na Alemanha, APPV foi detectado no soro € SNC de seis leitdes
com dois dias de idade (POSTEL et al., 2016). Na Holanda e Espanha, APPV foi detectado
em granjas suinas com surtos de TC e os autores propuseram a classificagdo genética das
cepas identificadas em trés tipos, denominados A, B e C, de acordo com a analise filogenética
dos genes completos E2 e Npro (DE GROOF et al., 2016). Em 2016, outro estudo na Espanha
também detectou APPV em amostras de 11 leitdes de dois dias de idade (MUNOZ-
GONZALEZ et al., 2017). O primeiro relato de APPV em leitdes com sinais clinicos de TC
na China foi realizado em 2016 (ZHANG et al., 2017). A analise filogenética da poliproteina
completa demonstrou que as duas cepas chinesas identificadas no estudo agruparam em um
ramo independente das cepas detectadas nos EUA e Europa. Um outro estudo conduzido em
outra regido da China corroborou estes resultados, demonstrando que novas cepas
identificadas em amostras bioldgicas de leitdes com TC formaram um grupo distinto, sendo
classificadas como tipo D (ZHANG et al.,, 2018), de acordo com a divisdo proposta
anteriormente (DE GROOF et al., 2016). Trés estudos adicionais realizados na China também
detectaram APPV em leitdes com TC (YUAN et al., 2017; PAN et al., 2018; WU et al.,
2018). No Canada, o primeiro relato de APPV associado a casos de TC ocorreu em 2018 em
leitdes nascidos de cinco das 20 marras introduzidas na granja (DESSUREAULT et al.,
2018).

Muito antes da sua primeira descricdo em 2015, estudos retrospectivos demonstram a
circulacdo de APPV em rebanhos suinicolas europeus. Um dos estudos, conduzido na
Alemanha, analisou amostras bioldgicas colhidas no ano de 2007 e detectou APPV em
cerebelo de animais com TC, cuja etiologia era desconhecida (POSTEL et al., 2016). Outro
estudo, realizado na Espanha, detectou APPV em amostras de soro colhidas entre os anos de
1997 € 2016 (MUNOZ-GONZALEZ et al., 2017). APPV também foi detectado em amostras
de leitdes com TC em granjas da Austria nos anos de 2013 a 2016 (SCHWARZ et al., 2017).
Em um estudo na Hungria foi detectado APPV em amostras de SNC de 25 leitdes com TC de
seis diferentes granjas de 2005 até 2018 (DENES et al., 2018).

Alguns estudos investigaram a presenca de APPV em amostras provenientes de
animais sem sinais clinicos de TC e demonstraram alta prevaléncia do virus. Na Alemanha
utilizando RT-gqPCR foram encontradas prevaléncias de 9% (n = 33) em amostras de tonsilas
coletadas de 367 animais durante o abate e de 22% (n = 14) em amostras de soro de animais
de terminagdo e reprodutores, adicionalmente, todas as 12 amostras de tonsilas coletadas
durante o abate de suinos provenientes de uma granja organica foram positivas para APPV

(BEER et al., 2016). Outro estudo realizado na Alemanha avaliou 369 soros de matrizes e
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suinos de terminagdo de 29 granjas e demonstrou prevaléncia de 2,4% (n = 9) nos suinos e
10% (n = 3) nas granjas (POSTEL et al., 2016). Na China, 135 soros foram coletados de
forma aleatoria de matrizes e suinos de terminagao de 10 propriedades, avaliados por RT-PCR
e apresentaram prevaléncia de 5,2% (n = 7) (YUAN et al., 2017). Outro estudo avaliou, por
RT-PCR, 1460 amostras de soro de suinos assintomaticos provenientes da Alemanha, Italia,
Sérvia, Gra-Bretanha, Suica, China e Taiwan e encontrou uma prevaléncia de 8,9% (n = 130)
de amostras positivas para APPV, sendo que a maior prevaléncia foi na Italia com 17,5%
(35/200) (POSTEL et al., 2017a).

APPV ja foi detectado em amostras de s€émen e liquido prepucial de reprodutores
suinos criados nos EUA. As amostras clinicas avaliadas faziam parte do acervo do
Laboratério de Diagnostico Veterinario da Universidade do Estado de Iowa que haviam sido
submetidas a outros exames de rotina. Das 597 amostras avaliadas, 90 (15,1%) foram
positivas para APPV (ARRUDA et al., 2016). Anteriormente, APPV ja havia sido detectado
em amostra de s€émen e de suabe prepucial, ambos obtidos de dois machos adultos que haviam
apresentado TC ao nascimento (DE GROOF et al., 2016; SCHWARZ et al., 2017). Estes
resultados sugerem que o sémen pode ter um papel importante na transmissao do virus, porém
ainda sdo necessarios estudos adicionais para confirmagao.

Além de suinos, APPV também ja foi investigado na Espanha em amostras de soro de
437 javalis jovens e adultos sem sinais clinicos de TC utilizando RT-qPCR e uma amostra de
um macho adulto foi positiva. Na andlise filogenética a cepa identificada agrupou com outra
cepa previamente descrita na Espanha (COLOM-CADENA et al., 2018). J4 na Alemanha, foi
encontrada prevaléncia de 19% (87/456), também em amostras de soros de javalis avaliadas
por RT-PCR (CAGATAY et al., 2018).

Em 2018, APPV foi descrito no Brasil, nos estados do Rio Grande do Sul e Santa
Catarina. O estudo avaliou duas granjas produtoras de leitdes que apresentavam casos
esporadicos de TC em leitegadas de primiparas. Foram avaliadas amostras de sangue de
leitdes com 10 dias de idade e amostras de tecido de um animal, todos acometidos por TC. As
amostras foram positivas na RT-PCR e os achados histopatologicos descritos foram
vacuolizacdo da substancia branca do cerebelo e tronco encefalico e desmielinizagdao foi
comprovada por Luxol Fast Blue (MOSENA et al., 2018).

Outro estudo realizado no Brasil em 2018, detectou o genoma de APPV em amostras
bioldgicas coletadas de leitdes de trés granjas da regido Sul e de uma granja da regido Sudeste
cujas prevaléncias de sinais clinicos nas leitegadas afetadas variou de 16 a 100% de TC e 6 a

55% de splay leg (GATTO et al., 2018).
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Simultanecamente a descrigao de APPV nos dois estudos relatados, também em 2018, o
nosso grupo de pesquisa identificou o genoma de APPV em amostras de SNC de leitdes que
apresentaram TC logo apds o nascimento e vieram a 6bito com trés dias de idade no estado do
Parana. Neste estudo também foi detectada infeccao mista por teschovirus suino (PTV). Os
exames histopatologicos demonstraram desmielinizagdo no SNC dos animais avaliados
(POSSATTT et al., 2018b). Em um estudo posterior, o nosso grupo apresentou outro relato da
infeccdo por APPV em casos clinicos de TC ocorridos em leitdes recém-nascidos de uma
granja também localizada no estado do Parana, como aspecto diferencial, por se tratar de
infeccdo singular por APPV, puderam ser descritas as principais alteragdes histopatologicas

decorrentes da infecgdo (POSSATTI et al., 2018a).
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4 OBJETIVOS

4.1 OBJETIVO GERAL

Identificar pestivirus suino atipico e caracterizar as lesdes histopatologicas mais
frequentes em amostras bioldgicas provenientes de leitdes recém-nascidos com

tremor congénito.

4.2 OBJETIVOS ESPECIFICOS

Padronizar uma reagdo de nested-RT-PCR para o diagndstico de pestivirus suino
atipico.

Detectar RNA de pestivirus suino atipico em amostras biologicas de leitdes com
tremor congénito.

Avaliar coinfecgdes com teschovirus suino, sapelovirus suino e virus Seneca
Valley nas amostras analisadas.

Comparar ¢ descrever os achados histopatologicos observados em leitdes com
tremor congénito e infectados com pestivirus suino atipico com os de leitdes
clinicamente saudaveis.

Caracterizar a gliose utilizando a técnica de imunohistoquimica para marcacdo da
Avaliar o grau de desmielinizagdo no sistema nervoso central pela coloragdo de

Luxol Fast Blue.
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1 | INTRODUCTION
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| A. A. Alfieri**

Summary

The recently described atypical porcine pestivirus (APPV) has been associated with
congenital tremor (CT) type A-Il in piglets in different countries. Another important
neurological pathogen of pigs is porcine teschovirus (PTV), which has been associ-
ated with non-suppurative encephalomyelitis in pigs with severe or mild neurological
disorders. There have been no reports of APPV and/or PTV coinfection associated
with CT or encephalomyelitis in Brazilian pig herds. The aim of this study was to
describe the pathological and molecular findings associated with simultaneous infec-
tion of APPV and PTV in piglets with clinical manifestations of CT that were derived
from a herd with high rates of CT-associated lethality. In 2017, three piglets from
the same litter with CT died spontaneously. The principal pathological alterations in
all piglets were secondary demyelination and hypomyelination at the cerebellum,
brainstem and spinal cord confirmed by histopathology and luxol fast blue—cresyl
violet stain. Additional significant pathological findings included multifocal neuronal
necrosis, neuronophagia and gliosis found in the cerebral cortex and spinal cord of
all piglets, while atrophic enteritis and mesocolonic oedema were observed in some
of them. APPV and PTV RNA were detected in the central nervous system of
affected piglets, and PTV was also detected in the intestine and faeces. The patho-
logical alterations and molecular findings together suggest a dual infection due to
APPV and PTV at this farm. Moreover, the combined effects of these pathogens
can be attributed to the elevated piglet mortality, as coinfections involving PTV

have a synergistic effect on the affected animals.

KEYWORDS
atypical porcine pestivirus, myoclonia, neurological infection, piglets, porcine teschovirus

1968). Additionally, CT type A is subdivided into A-l to A-V, accord-
ing to the aetiology of the disease. The classical swine fever virus

Congenital tremor (CT) is a neurological manifestation of repetitive
myoclonus (Done, 1968). The clinical signs may vary in intensity,
with severe cases resulting in death of the affected piglets due to
starvation or insufficient colostrum intake. Based on the presence or
absence of histopathological alterations in the central nervous sys-

tem (CNS), CT is classified as types A and B, respectively (Done,

has been associated with the type A-l manifestation (Bradley et al.,
1983); types A-lll and A-IV have been associated with genetic origin
(Blakemore, Harding, & Done, 1974; Patterson, Sweasey, Brush, &
Harding, 1973); and type A-V has been associated with toxicosis due
to trichlorfon (Knox et al., 1978). However, the aetiology associated
with the type A-Il cases was not defined until 2016, when Arruda
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et al. (2016) described newborn piglets presenting CT after pregnant
sows were inoculated with a novel pestivirus, tentatively named as
atypical porcine pestivirus (APPV).

APPV was suggested as a new species within the Pestivirus genus
that is composed of four recognized species: bovine viral diarrhoea
virus 1 (BVDV-1), bovine viral diarrhoea virus 2 (BVDV-2), classical
swine fever virus (CSFV) and border disease virus (BDV) (ICTV,
2016). APPV was first described in 2015, after being identified in
porcine serum samples, using next-generation sequencing (NGS), but
without any association with clinical signs (Hause et al., 2015).
Thereafter, APPV infection with associated clinical manifestations
was identified in piglets from Germany (Postel et al., 2016), Austria
(Schwarz et al., 2017), China (Yuan et al., 2017; Zhang et al., 2017),
Spain, the Netherlands (de Groof et al., 2016) and Brazil (Mdsena
et al., 2017). However, in all reports thus far, coinfections with other
viral pathogens were not reported.

Porcine teschovirus (PTV) is a small, non-enveloped, single-
stranded RNA virus that belongs to the species Teschovirus A, genus
Teschovirus within the Picornaviridae family (International Commitee
on Taxonomy of Viruses (ICTV), 2016). PTV is a ubiquitous virus that
can be detected in both asymptomatic and symptomatic pigs at dif-
ferent ages (Cano-Gomez et al., 2011). Occasionally, depending on
the serotype involved in the infection, PTV clinical manifestations
may include enteric, reproductive and respiratory illness. PTV has
also been associated with non-suppurative encephalomyelitis in pigs
with severe or mild neurological disorders (Yamada et al., 2014).

Porcine teschovirus-associated encephalomyelitis in pigs was first
recorded approximately 88 years ago in the Czech city of Teschen.
Subsequently, the Teschen disease spread throughout Europe and
other continents, leading to important economic losses to the swine
industry (Cano-Gomez et al., 2011; Yamada et al., 2014). Less severe
forms of the disease were later recognized in Talfan, Wales and
Denmark and were named Talfan disease, poliomyelitis suum or
benign enzootic paresis (OIE, 2008). Although the PTV-induced
encephalomyelitis is classically caused by strains of PTV serotype 1,
other pathogenic PTV strains were also subsequently defined as cau-
sative agents of encephalomyelitis (Yamada et al., 2014).

A previous study showed that enteric PTV has been circulating
in pig herds in distinct geographical regions of Brazil (Donin, Leme,
Alfieri, Alberton, & Alfieri, 2014); however, there are no reports of
neurological disease associated with PTV infection in pigs of this
country.

The aim of this study was to describe the pathological and
molecular findings associated with the simultaneous infection of
APPV and PTV in piglets with clinical manifestations of CT derived
from a herd with high rates of CT-associated lethality.

2 | MATERIALS AND METHODS

2.1 | Ethical approval

The study was submitted to the Ethics Committee on Animal Experi-
ments of the Universidade Estadual de Londrina and approved under

the identification number 11363.2015.16. All applicable interna-
tional, national and/or institutional guidelines for the care and use of
animals were followed.

2.2 | Animals and study location

The piglets included in this study were derived from a pig farm
located in the western region of Parana state that holds approxi-
mately 550 sows. In 2015, newborn piglets manifested neurological
signs compatible with CT soon after birth. Since then, this farm
experienced occasional cases of muscle tremor in newborn piglets
without clinical response after being treated with different broad-
spectrum antibiotics. In January and February 2017, five sows from
this herd farrowed 58 piglets and among which 45 of them had clini-
cal manifestations consistent with CT soon after birth, and all (100%,
45/45) died within 3 days after the onset of the clinical signs. In
March 2017, newborn piglets from a single litter demonstrated
repetitive myoclonus suggestive of CT (Video S1); three of them that
died spontaneously 3 days after birth were submitted for diagnostic
investigation.

2.3 | Pathology

A complete autopsy was performed on the three piglets soon after
death; tissue sections (brain, heart, large intestine, lung, kidney with
ureters, liver, mesenteric lymph node, spleen, small intestine, spinal
cord, tonsil and urinary bladder) were collected, fixed by immersion
in 10% buffered formalin solution for 48 hr and then routinely pro-
cessed for histopathological evaluation with the haematoxylin and
eosin (H&E) stain. Furthermore, selected fragments from the brain
(cerebrum, cerebellum and brainstem) and spinal cord were stained
with a combination of luxol fast blue and cresyl violet HE (LFB-CV)
to investigate the possible presence of myelination. In addition,
these tissues were compared with age-matched control from a farm
without a history of CT.

2.4 | Virology

Selected sections of the CNS (cerebrum, cerebellum and brainstem),
tonsils, intestine and faeces were collected and processed for the
molecular detection of porcine infectious disease agents. The patho-
gens investigated consisted of those that have been previously asso-
ciated with encephalitis and/or myoclonus in swine and included
porcine teschovirus (PTV), porcine sapelovirus (PSV) and Seneca Val-
ley virus (SVV). Conventional molecular assays were performed for
partial amplification of the 5'-non-translated (5'-NTR) genomic region
of PTV and PSV (Donin et al., 2014; Krumbholz et al., 2003) and the
VP3/VP1 genes of SVV (Leme et al., 2015).

For APPV investigation, two different genomic regions of the
virus were targeted. First, two primer pairs were designed based on
the ISUVDL2014016573 strain  (GenBank number
KU194229) to perform a RT-nested PCR assay for the partial ampli-
fication of the conserved region of the non-structural polymerase

accession
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gene (NS5B) of the APPV genome. In addition, another set of pri-
mers was designed to perform a semi-nested PCR for the partial
amplification of the NS2/3 genomic region, based on all the com-
plete nucleotide (nt) sequences available in GenBank at the time
(Table 1).

Nucleic acid was extracted from tissue samples (cerebrum, cere-
bellum, brainstem, tonsil and intestine) and faeces using a combina-
tion of phenol/chloroform/isoamyl alcohol (25:24:1) and silica/
guanidinium isothiocyanate methods (Alfieri, Parazzi, Takiuchi, Med-
ici, & Alfieri, 2006). For both NS5B and NS2/3 partial genes amplifi-
cation reactions, 5 pl of the extracted nucleic acid were mixed with
8 pl of solutions containing 2 pl of reverse primer (20 pmol/pl) and
10 mM of total dNTP, which were denatured at 65°C for 5 min and
quickly placed on ice for 5 min. For reverse transcription, 13 pl of
denaturation products were mixed with 7 pl of solutions containing
4 ul of 5 x buffer (250 mM Tris-HCI pH 8.3, 375 mM KCl| and
15 mM MgCly), 2 pul 100 mM DTT and 200 U SuperScript Il (Invitro-
gen® Life Technologies, Carlsbad, CA, USA). The samples were incu-
bated at 42°C for 50 min, followed by enzyme inactivation at 70°C
for 15 min. The PCR reactions were performed in final solutions of
50 pl containing 4 pl of cDNA, 1 x PCR buffer (20 mM Tris-HCI,
pH 8.4 and 50 mM KCI), 1.5 mM MgCl,, 10 mM of total dNTP,
20 pmol of each primer (forward and reverse) and 2.5 U Platinum
Taq DNA Polymerase (Invitrogen® Life Technologies, Sao Paulo, SP,
Brazil). The cycling profile used for PCR amplifications consisted of
an initial denaturation step at 94°C/5 min, followed by 35 cycles at
94°C/1 min, 42°C/1 min, 72°C/1 min and a final extension step at
72°C/7 min.

For both nested and semi-nested assays, reactions were pre-
pared as described above using 2 pl of the PCR products in the final
solutions. The amplification program consisted of 30 cycles, and the
annealing temperature of the NS2/3 amplification was 45°C.

The amplicons were purified by a PureLink® Quick Gel Extraction
Kit (Invitrogen® Life Technologies, Carlsbad, CA, USA) and quantified
in a Qubit™ Fluorometer, using a Quant-iT™ dsDNA BR Assay Kit
(Invitrogen® Life Technologies, Eugene, OR, USA). An ABI 3500
Genetic Analyzer and the BigDye Terminator v.3.1 Cycle Sequencing
Kit (Applied Biosystems®, Foster City, CA, USA) were used for

gonsboindory and Emiging Disesesih S

sequencing, which was performed in both directions with forward
and reverse primers. The sequence quality analysis and the contig
assembly of NS5B and NS2/3 partial genes sequences were per-
formed with the Phred/CAP3 tool (http://asparagin.cenargen.embra
pa.br/phph/). A nt identity matrix was performed using BioEdit soft-
ware (v. 7.2.5). Phylogenetic trees based on nt sequences were con-
structed using the neighbour-joining statistical method and the
Kimura 2-parameter model in MEGA v.7 and provided statistical sup-
port via bootstrapping with 1,000 replicates.

3 | RESULTS AND DISCUSSION

3.1 | Pathological findings

The principal gross lesions included focally extensive congestion of
the cervical region (C4-C7) of the spinal cord (n = 3), excoriations of
the legs (n = 2), rib impression on the pleural surface of the lung
(n = 1) and mesocolonic oedema (n = 1). In all animals evaluated,
there were no gross lesions on the brain, while the stomachs of two
piglets were filled with milk, and there were liquid faeces in the
intestines of all three piglets.

The histopathological alterations in the three piglets were similar,
with little variation among the tissues evaluated. Histopathology and
LFB-CV evaluations of the three piglets revealed evidence of myelin
vacuolization with the formation of digestion chambers. These cham-
bers were of different sizes, observed in the white matter of the
cerebellum, brainstem and spinal cord and were more easily identi-
fied with the LFB-CV stain (Figure 1a-c). In addition, there was sev-
ere secondary demyelination with either a complete absence or an
inadequate amount of myelin in areas in both the white and grey
matter of the spinal cord and brainstem, with mild secondary
demyelination in the cerebellum. Moreover, in the affected piglets,
there was a clear reduction in the thickness of the myelin sheaths
when compared with asymptomatic age-matched control (Figure 1f).
Additional remarkable histopathological findings included multifocal
neuronal necrosis, neuronophagia and gliosis in the cerebral cortexes
and spinal cords of the three piglets with clinical manifestations of
CT (Figure 1g-h). Neither white matter vacuolization nor any

TABLE 1 Oligonucleotide primers used in the RT-nested PCR and semi-nested PCR assays for the amplification of the partial NS5B and

NS2/3 regions, respectively, of atypical porcine pestivirus

Amplification round Gene target Primer Sequence (5'-3') Product size

RT-PCR NS5B APPV-5B-Fw? ATGTTTCTCAGGGTCGGA 900 bp
APPV-5B-Rv? GGTCATCTTCCGCAGTTA

nested PCR APPV-5B-Fw-n? TGTGGAGATGACGGCTTTC 505 bp
APPV-5B-Rv-n? CGGGATAACTGCGACTGAT

RT-PCR NS2/3 APPV-2/3-Fw1® GCAAAGAAGAATGACTC 703 bp
APPV-2/3-Rv2° GGTTTGTCTCATTGCTC

Semi-nested APPV-2/3-Rv3® CCATGTTCTTGGGATTG 368 pb

?Primer design based on the APPV strain KU194229.

PPrimer design based on the APPV strains KRO11347, KU194229,LT594521, KU041639, NC_030653, KX778724, KY652092, KX929062, KX950762,

KY624591.
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neurological impairment was observed in the brains and spinal cords

of the asymptomatic piglets used as controls.

Additional significant non-neurological histopathological alter-
ations (Figure 1i-j) included atrophic enteritis (n = 3), Peyer's patch
hyperplasia (n = 3), dilation of interlobular septa (n = 3), pulmonary
oedema (n = 2), petechiae of the renal cortex (n = 2), interstitial
pneumonia (n = 2), colonic oedema (n = 1) and hepatic steatosis
(n=1).

FIGURE 1 Histopathological and
histochemical findings observed in piglets
coinfected with atypical porcine pestivirus
and porcine teschovirus. Cerebral cortex;
observe the marked demyelination with
reduction in the myelin fibres (a). Spinal
cord; there is demyelination of myelin
fibres at the cross- (b) and longitudinal (c)
sections of the spinal cord. Observe
demyelination at the brainstem (d) and
cerebellum (e); compare these to the
normal organization of myelin fibres in the
spinal cord of a piglet without clinical
manifestations of congenital tremor (f).
Cerebral cortex demonstrating neuronal
necrosis; observe the eosinophilic and
shrunken neurons (arrows) relative to the
adjacent normal neurons (g). There is
neuronophagia (arrow) and demyelination
(open arrow) in the white matter of the
cerebrum (h) as well as oedema (*) of the
colon (i) and atrophic enteritis of the small
intestine (j)

3.2 | Molecular detection of APPV and PTV

The expected product size of 505 bp of the APPV NS5B partial gene
was amplified from the cerebrum and cerebellum of piglet #1 and
from the cerebrum of piglet #2. However, all the CNS and tonsil
samples of the three piglets were positive for the partial NS2/3
region of the APPV genome. Furthermore, PTV was detected in
some samples of the CNS, intestines and faeces (Table 2). The other
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TABLE 2 Detection of atypical porcine pestivirus (APPV) and
porcine teschovirus (PTV) by RT-nested PCR and/or semi-nested
PCR assay in biological samples of congenital tremor-affected
newborn piglets

Molecular assays results

APPV
Piglet Sample NS5B NS2/3 PTV
1 Cerebrum + + 1
Cerebellum 32 + +
Brainstem - +2 -
Tonsil - + -
Intestine - - +
Faeces - - +*
2 Cerebrum e 5 -
Cerebellum - + —
Brainstem = = +
Tonsil - = +
Intestine - — i
Faeces - - S
3 Cerebrum - + =
Cerebellum - + -
Brainstem - + —
Tonsil - + +
Intestine - - -
Faeces - - +2

+: positive; —: negative.
2Amplicons submitted to sequencing analysis.

pathological agents investigated were undetected in the samples
analysed.

One amplicon of each genomic region of the APPV and ampli-

cons of PTV from each piglet were selected for sequencing analysis

100] GD1 (KX950761) (b)
GD2 (KX950762)

Bavaria S5/9 (KU041639)

9 Bavaria S5/9 (NC 030653)

APPV GD (KY624591)

AUT-2016 C (KX778724)

000515 (KR011347)

NL1 Farm1 (KX929062)

APPV GER 01 (LT594521)

APPV GX-CH 2016 (KY652002)

@ APPV-BRIUEL-PRO1/17 (MG030642)
ISDVDL2014016573 (KU194229)

(a)

(Table 2). The molecular analysis showed that all nt sequences
obtained from the three piglets were 100% identical to each other
for both APPV NS5B and NS2/3 partial genes. The Brazilian strain
of APPV was named APPV-BR/UEL-PR01/17 (GenBank accession
numbers MG030642, MG030643) and showed the highest nt simi-
larity with the North American ISUVDL2014016573 strain, with val-
ues of 94% and 93.9% for the NS5B and NS2/3 partial genes,
respectively. The nt similarities of the Brazilian APPV strain with the
European and Asian strains varied from 84.9% to 91.3% for the
NS5B and from 86.1% to 91.6% for the NS2/3 partial genes. The
phylogenetic trees constructed with the NS5B (Figure 2a) and NS2/
3 (Figure 2b) partial genes nt sequences demonstrated that the
Brazilian APPV strain grouped into the same cluster as the known
APPV strains and was distant from other classical pestiviruses. Fur-
thermore, the PTV sequences from the CNS and enteric samples also
showed 100% of nt identity.

The secondary demyelination observed by the routine
histopathological and histochemical observations in the cerebrum,
cerebellum and spinal cord and the molecular findings from the three
piglets are consistent with previous descriptions of CT induced by
APPV infection in piglets (Postel et al., 2016; Schwarz et al., 2017).
However, in previous reports of APPV-induced CT, there were no
descriptions of neuronal necrosis. Alternatively, the neuronal necro-
sis, colonic oedema and/or atrophic enteritis observed in the piglets
in this study have been previously described in cases of
encephalomyelitis associated with PTV infection (Deng et al., 2012;
Salles et al., 2011; Yamada et al., 2009, 2014).

RNA of PTV was amplified from CNS sections of some of the
piglets used in this study. The results suggest a dual infection by
APPV and PTV in piglets #1 and 2. Although it might be argued that
PTV produces predominantly non-suppurative encephalitis and
encephalomyelitis (Deng et al., 2012; Salles et al., 2011; Yamada
et al., 2009), which were not observed in the cases herein described,

APPV GD (KY624591)
AUT-2016 C (KX778724)

Bavaria S5/9 (KU041639)

99 Bavaria S5/9 (NC 030653)

APPV GER 01 (LT594521)
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ISDVDL2014016573 (KU194229)
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GD1 (KX950761)

951 GD2 (KX950762)

000515 (KRO11347)

APPV GX-CH 2016 (KY652092)

X818-BDV (NC 003679)
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FIGURE 2 Phylogenetic tree of NS5B (a) and NS2/3 (b) partial genes from APPV and classical pestivirus strains (bovine viral diarrhoea virus
1—BVDV1 and 2—BVDV2; classical swine fever virus—CSFV; border disease virus—BDV). The tree was constructed using the neighbour-
joining method and Kimura 2-parameter as a nucleotide substitution model. The percentages of bootstrap support (of 1,000 replicates) are
shown at each node. The bootstrap values lower than 50% are not shown. The APPV sequence from this study is marked with filled circle. A

Japanese encephalomyelitis virus (JEV) strain was used as outgroup
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experimental manifestation of histopathological neurological disease
induced by PTV was only confirmed 9-day post-inoculation (Yamada
et al., 2009). However, the piglets from this study were 3 days old.
Furthermore, PTV has demonstrated tropism for neurons of the CNS
(Chiu et al., 2014). Collectively, this might suggest that the presence
of the typical non-suppurative lesions associated with PTV in the
CNS of piglets is time-related and thus justify the absence of these
findings in these 3-day-old piglets.

A positive correlation was identified between the villous atrophy
(atrophic enteritis), a finding consistent with infection by PTV (Chiu
et al., 2012), with recognized viral tropism for the intestine (Chiu
et al., 2014). In addition, the PTV genome was detected in the
intestines and faeces of evaluated animals. Consequently, we believe
that the high lethality rate described in this herd can be associated
with the dual infection by APPV and PTV, as, in simultaneous coin-
fections, PTV might have a synergistic effect on the affected piglets
(Chiu et al., 2014), resulting in more severe disease and, therefore,
increased mortality of affected animals.

The emergence of CT cases in the evaluated Brazilian pig herd
coincided with the introduction of new gilts of genetic line distinct
from that usually used in the herd. The same occurred in outbreaks
in Germany, as described by Postel et al. (2016).

The results of the molecular assays demonstrated that the primer
set that targeted the NS2/3 genomic region was more efficient at
amplifying the APPV genome than the NS5B partial gene primers,
probably due to the greater number of APPV sequences available
and therefore used in NS2/3 primer design. The higher similarities
between the NS5B and NS2/3 nt sequences in this study with the
North American ISUVDL2014016573 APPV strain suggest that the
American strains may have a common ancestor.

To date, APPV has been identified in piglets from North Ameri-
can (Arruda et al, 2016), South American (Mdsena et al., 2017),
European (de Groof et al., 2016; Postel et al., 2016) and Asian (Yuan
et al., 2017; Zhang et al., 2017) countries. To the best of the knowl-
edge of the authors, this is the first report of simultaneous infections
by APPV and PTV in symptomatic newborn piglets. The concurrent
infection of two viral pathogens that are causative agents of neuro-
logical diseases in pigs from a country where neither of these CNS
infections have been previously reported emphasizes the susceptibil-
ity of Brazilian pig herds to emerging and re-emerging infectious dis-
eases. However, further studies are needed to determine whether
APPV is an emerging pathogen or has been silently circulating in
Brazilian pig herds for years.
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ABSTRACT

Atypical porcine pestivirus (APPV) has been associated with congenital tremor (CT) type A-II in newborn piglets.
Although the number of APPV-based studies is increasing, the associated pathologic findings in infected piglets
are underreported. This study describes the histopathologic features of spontaneous APPV infection in CT-af-
fected piglets and complements a previous report by our group. Four two-day-old piglets with CT were evaluated
by histopathology, immunohistochemistry (IHC), and molecular assay. The main histopathologic findings at the
brain and spinal cord included neuronal necrosis, gliosis, neuronophagia, satellitosis, demyelination, Wallerian
degeneration, and Purkinje cell necrosis. An THC assay designed to detect the proliferation of glial fibrillary
acidic protein (GFAP) in affected areas of the brain and spinal cord revealed that the proliferation of
GFAP + cells and fibers was predominant in APPV-infected piglets relative to asymptomatic piglets of the same
age group. The RT-nested-PCR assays identified APPV RNA in the cerebrum, cerebellum, and brainstem of all
piglets; other viruses known to produce similar manifestations were not detected. These results suggest that the
APPV-induced histopathologic findings are predominantly degenerative and necrotic and correlate with our
previous findings. Consequently, it is proposed that neuronal necrosis, gliosis, neuronophagia, and satellitosis
should be considered as important histologic features of APPV-induced infection in symptomatic CT piglets.

1. Introduction

Thereafter, the viral infection was reported in pig herds from Germany
(Postel et al., 2016), Austria (Schwarz et al., 2017), China (Yuan et al.,

Pestiviruses are spherical, enveloped, linear single-stranded RNA
viruses that belong to the Flaviviridae family. The four major species
within the Pestivirus genus are bovine viral diarrhea virus 1 (BVDV-1),
bovine viral diarrhea virus 2 (BVDV-2), classical swine fever virus (CSFV),
and border disease virus (BDV). In 2017, these species were renamed as
Pestivirus A, Pestivirus B, Pestivirus C, and Pestivirus D, respectively, and
seven new species (Pestivirus E to K) were created (ICTV, 2017).

Atypical porcine pestivirus (APPV) is currently classified as
Pestivirus K species. This virus was first reported from porcine serum
samples in 2015, without being associated with any disease (Hause
et al., 2015). In 2016, APPV-induced infection was initially associated
with congenital tremor (CT) type A-II in piglets (Arruda et al., 2016).

2017; Zhang et al., 2017), the Netherlands, and Spain (de Groof et al.,
2016; Munoz-Gonzilez et al., 2017). In Brazil, the first reports of APPV-
associated CT cases were in 2017 (Mdsena et al., 2018; Gatto et al,,
2018; Possatti et al., 2018).

Although the number of APPV-based studies is increasing, the pa-
thologic findings associated with infection in piglets are underreported
and not well characterized. We previously described histopathologic
findings in piglets coinfected with APPV and porcine teschovirus, PTV
(Possatti et al., 2018), but were unable to effectively associate the pa-
thologic findings with either APPV or PTV. This study investigated the
pathologic findings in CT-affected piglets to elucidate and highlight the
salient histopathologic features associated with APPV infection.
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Table 1

Veterinary Microbiology 227 (2018) 41-44

Main histopathologic findings in the brain and spinal cord of symptomatic piglets with congenital tremor.”

Piglet # Main histopathologic alterations

Neuronal necrosis Neuronophagia Gliosis ~ Glial nodules ~Satellitosis Demyelination ~Wallerian degeneration  Perivascular cuffings Purkinje cell necrosis
1 +++ + 4+ +++ 4+ +++ ++ - - ++
2 +++ ++ ++ ++ ++ +++ ++ + ++
3 +++ - ++ - - ++ ++ + ++
4 + 4+ ++ ++ - ++ - - - -

Legend: (—) : absent; (+) : mild; (+ +) : moderate; (+ + +) marked.

? Cerebrum, cerebellum, and brainstem of all piglets were positive for APPV by RT-nested-PCR assay.

2. Materials and methods

The study was approved by the Ethics Committee on Animal
Experiments of the Universidade Estadual de Londrina under the
identification number 11,363.2015.16. Additionally, all applicable in-
ternational, national, and/or institutional guidelines for the care and
use of animals were followed.

The pig herd is in the western region of Parana state, Southern
Brazil and had approximately 1000 sows. In November 2017, there was
an outbreak of clinical manifestations consistent with those observed in
CT in newborn piglets at this herd. During the first week of the out-
break, first parity sows (n = 15) farrowed piglets that presented CT and
splay leg soon after birth. Soon after, the litters of other primiparous
sows were affected. The outbreak lasted 3 weeks with 30% of mortality
rate and was associated with piglet deficiency in suckling resulting in
death due to starvation.

Four symptomatic piglets from different affected litters that died
spontaneously two days after birth were submitted for autopsy. Tissue
fragments of the cerebrum, cerebellum, brainstem, all sections of the
spinal cord, lung, heart, tonsil, spleen, lymph nodes, kidney, urinary
bladder, liver, and intestines were collected for molecular and patho-
logic analyses.

The tissues collected for histopathologic analysis were fixed by
immersion in 10% buffered formalin solution for 24 h, and then routi-
nely processed with the Hematoxylin and Eosin (H&E) stain. Selected
duplicate sections of formalin-fixed paraffin-embedded (FFPE) tissue
sections from the brain and spinal cord were evaluated to detect the
proliferation of glial fibrillary acidic protein (GFAP) in astrocytes as
described (Oliveira et al., 2017) with modifications, by using a mono-
clonal antibody against GFAP (Zymed Laboratories, San Francisco, CA,
USA). With the modified IHC protocol, antigen retrieval was done with
citrate buffer for three minutes. Positive controls consisted of FFPE
cerebrum sections from health young pig of similar age. Positive and
negative controls were included in each assay.

For the molecular analysis, nucleic acid was extracted from tissue
samples using a combination of phenol/chloroform/isoamyl alcohol
(25:24:1) and silica/guanidinium isothiocyanate methods (Alfieri et al.,
2006). The RT-nested-PCR assay was performed to amplify a 368 bp-
fragment of APPV NS2/3 genomic region, as previously described
(Possatti et al., 2018). The cerebrum, cerebellum, and brainstem were
also evaluated for infection by porcine teschovirus (PTV), porcine sa-
pelovirus (PSV) (Krumbholz et al., 2003; Donin et al., 2014), and Se-
neca Valley virus (Leme et al., 2015). Aliquots of sterile ultrapure water
were included as negative controls during the nucleic acid extractions
and in all additional procedures.

The amplicons were purified by PureLink” Quick Gel Extraction Kit
(Invitrogen, Carlsbad, CA, USA), quantified in a Qubit” Fluorometer,
using Quant-idesDNA BR Assay Kit (Invitrogen, Eugene, OR, USA). An
ABI 3500 Genetic Analyzer and the BigDye Terminator v.3.1 Cycle
Sequencing Kit (Applied Biosystems, Carlsbad, CA, USA) were used for
sequencing, which was performed in both directions with forward and
reverse primers. The sequence quality analysis and the contig assembly
of the APPV NS2/3 partial gene sequence were performed with Phred/
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CAP3 tool (http://asparagin.cenargen.embrapa.br/phph/). Nucleotide
(nt) identity matrix analysis was performed using BioEdit software (v.
7:2.5),

3. Results

The most significant gross lesions observed at autopsy were rib
impressions on the pleural surfaces of the lungs in most piglets (n = 3);
additional gross lesions were not observed in other organs. The main
histopathologic findings observed in each piglet are presented in
Table 1 and were less severe in piglet #4. These consisted of neuronal
necrosis, gliosis, and neuronophagia with satellitosis particularly at the
cerebral cortex and to a lesser extent at the spinal cord, white matter
demyelination of the cerebrum and spinal cord, Wallerian degeneration
of the spinal cord, and necrosis of Purkinje cells of the cerebellum
(Fig. 1A-E). By IHC, the proliferation of GFAP + cells and fibers were
more severe and widespread in piglets infected by APPV (Fig. 1F-G)
relative to their asymptomatic counterparts (Fig. 1H).

Additional non-neurological histopathologic findings included
bronchointerstitial pneumonia with marked vacuolization of the
bronchiolar and bronchial epithelium (n = 3), lymphocytic hepatitis
(n = 1), ballooning degeneration of the urinary bladder (n = 2), and
lymphoid depletion of lymph nodes (n = 2) and the tonsils (n = 2).

APPV RNA was detected in tissue sections of the cerebrum, cere-
bellum, and brainstem of all piglets. Additionally, the genome of APPV
was detected in tissues of the spinal cord (piglets #2 and 4), lungs and
spleen (piglets #1, 2, and 3). Sequencing analysis confirmed the spe-
cificity of the amplicon (GenBank accession number MH647708) and
revealed 100% of nt identity with the Brazilian APPV strain BR/UEL-
PRO1/17 (Possatti et al., 2018). The molecular investigations did not
amplify products of PTV, PSV, and SVV in any biological sample de-
rived from the four piglets.

4. Discussion

During this study, the salient histopathologic findings observed in
all piglets included neuronal necrosis at the cerebrum and cerebellum,
neuronophagia, gliosis in addition to the demyelination characteristic
of APPV infection. Previously, we described similar lesions in piglets co-
infected with APPV and PTV (Possatti et al., 2018). However, due to the
concomitant infection it was not possible to effectively correlate these
histologic findings with either etiological agent. Alternatively, in the
present study, PTV or other possible viral disease pathogens associated
with these lesions were not identified, suggesting that these histo-
pathologic alterations were associated with infection induced by APPV.
This hypothesis is supported by results reported by Schwarz et al.
(2017) that described focal gliosis in the brain and spinal cord of piglets
with APPV-associated CT. Additionally, neuronal necrosis and neuronal
phagocytosis are histopathologic findings that have been reported in
other pestivirus infections (Blas-Machado et al., 2004; Toplu et al.,
2010). Collectively, these findings suggest that neuronal necrosis of the
brain, neuronophagia with satellitosis, and gliosis, in addition to the
characteristic white mater demyelination and/or hypomyelination,
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Fig. 1. Histopathologic and i histochemical findi observed in an outbreak of APPV in piglets. (A) Cerebral cortical necrosis: compare the necrotic,
shrunken, eosinophilic neurons (black arrows) with the normal neurons (yellow arrows). (B) There is gliosis of the cerebral cortex. (C) There is neuronal necrosis
(black arrows) and neuronophagia with satellitosis (yellow arrows) at the spinal cord. (D) Cerebellum, necrosis of Purkinje cells: observe the eosinophilic and
necrotic Purkinje cells (black arrows) as compared with normal neurons (yellow arrows). (E) Degeneration of bronchiolar epithelium (black arrow). Compare the
degree of positive immunoreactivity to GFAP + cells at the brainstem in APPV-infected piglets (F and G) with that of an asymptomatic piglet (H) of the same age
range; observe foci of white matter demyelination (G) being enveloped by GFAP + astrocytic fibers (arrows). Haematoxylin and eosin stain, A-E; immunoperoxidase
counterstained with haematoxylin, F-H. Bar, A-H, 20 um. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version
of this article).
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should be considered as neuropathologic features associated with in-
fection by APPV, and that these lesions are more necrotic than in-
flammatory.

Moreover, the ballooning degeneration of the uroepithelium and
respiratory epithelium observed in these piglets are virus-induced le-
sions (Oliveira et al., 2017); since other viral disease pathogens were
not amplified by molecular assays, one wonders if APPV contributed
directly to the development of these non-neurologic alterations.
Nevertheless, immunohistochemical assays or transmission electron
microscopy analysis would be needed to confirm the participation, if
any, of APPV in the pathogenesis of these non-neurologic lesions.

Interestingly, only litters that were farrowed from first parity sows
manifested the clinical signs of CT and splay leg. Previously, Postel
et al. (2016) reported the occurrence of several CT outbreaks in litters
from newly introduced gilts from the same multiplier herd. Collectively,
these findings suggest that mature sows provide advantages in the
provision of APPV-specific passive immunity to their progeny. The in-
troduction of non-immune gilts in the herd is an important issue and
additional studies based on the immunological response and protective
colostrum immunity should be done to elucidate this theory.

In conclusion, the age of the affected litters, clinical signs, and
molecular and pathologic findings herein described are consistent with
APPV-associated CT. The histopathologic identification of neuronal
necrosis, neuronophagia with satellitosis, and gliosis in the absence of
other viral induced agents, suggest that these lesions were induced by
APPV, and provide additional evidence of the causative agent asso-
ciated with these previously described lesions. A factor that might have
triggered the disease occurrence was the introduction of non-immune
gilts in the herd. Additional comparative pathologic and immunological
studies should be conducted to elucidate whether there are differences
in the APPV pathogenicity in litters delivered from gilts and mature
SOWS.
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7 CONCLUSOES

e A reagdo de nested-RT-PCR para amplificagdo parcial do gene NS2/3 foi mais

eficiente que para o gene NS5B.

e Foi detectada pela primeira vez coinfec¢do de teschovirus suino e pestivirus suino

atipico em amostras bioldgicas de leitdes com sinais clinicos de tremor congénito.

e Pestivirus suino atipico induz necrose neuronal, gliose, neuronofagia, satelitose,

desmielinizagdo, degeneragdo walleriana e necrose de células de Purkinje.

e Os achados histopatologicos em leitdes infectados por pestivirus suino atipico foram

predominantemente degenerativos e necroticos.

e Desmielinizagdo no sistema nervoso central foi frequente em animais infectados por

pestivirus suino atipico.

e A proliferagdo de proteinas acidas fibrilares gliais nas areas afetadas do cérebro e

medula espinhal foi maior nos leitdes infectados por pestivirus suino atipico.
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8 CONSIDERACOES FINAIS

Atualmente, um numero razoavel de estudos sobre a infeccdo por APPV estéd
disponivel. Entretanto, as propriedades biologicas do virus ainda ndo foram totalmente
esclarecidas. Suinos foram utilizados como modelo experimental para estudos sobre as vias de
transmissao, dindmica de infecg¢ao e distribuicao tecidual do virus. Do mesmo modo, busca-se
por um sistema efetivo de isolamento viral em cultivo celular. Esfor¢os para entender melhor
a patogénese e a imunogenicidade do virus devem ser continuos. No Brasil, os dados
epidemioldgicos e moleculares de APPV sdo escassos. Estudos adicionais e complementares
sdo necessarios para melhorar o conhecimento sobre a distribuicdo e a patogenicidade de
cepas brasileiras de APPV, bem como aspectos epidemioldgicos da infeccdo como papel dos
portadores assintomaticos na disseminacdo do virus, frequéncia de ocorréncia, principais
formas de transmissdo, taxas de morbidade e letalidade e quantificagdo dos prejuizos

econdmicos ocasionados por infec¢des seguidas de sinais clinicos em leitdes recém-nascidos.
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ANEXO A - Lista de reagentes

> »w D

A S AR

15

23.

24.
25.

26.
27.
28.
29.

Acetona, P.A. (CH;COCH3;) P.M. 58,08 (Dinamica®)

Acido bérico (H;BO3) P.M. 61,83 (Sicalab®)

Acido cloridrico (HC1) P.M. 36,46 (Reagen®)

Acido etilenodiaminotetraacido sal di-sodico — EDTA, P.A. (C10H1sN2OsNa,2H,0) P.M.
372,24 (Reagen®)

Agarose (Invitrogen Life Technologies®)

Agua DEPC (Dietil pirocarbonato) (Invitrogen Life Technologies®)

Alcool etilico absoluto (C2H2OH) P.M. 46,07 (Nuclear®)

Alcool isoamilico ((CH3)CHCH,CH,OH) P.M. 88,15 (Synth®)

Anticorpo monoclonal contra GFAP (Zymed Laboratories)

. Anticorpo secundario (kit de detec¢iio de polimero, Invitrogen Life Technologies®)
11.
12.
13.
14.

Azul de bromofenol (Sigma®)

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

Brometo de etidio (C21H20N3Br) P.M. 394,3 (Sigma®)

Cloreto de célcio puro (CaCly) P.M. 110,94 (Invitrogen Life Technologies®)

. Cloreto de magnésio 50 mM (MgCp) (Invitrogen Life Technologies®™)
16.
17.
18.
19.
20.
21.
22.

Cloreto de potassio, P.A. (KC1) P.M. 74,56 (Reagen®)

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

Cloroférmio, P.A. (CHCIl3) P.M. 119,38 (DinAmica®)

Diaminobenzidina -DAB (Invitrogen Life Technologies®)

Di6xido de silica (SiO2) P.M. 60,08 (Sigma®)

DNA Ladder (123 bp) (Invitrogen Life Technologies®)

dNTP Set (100 mM), 4 x 250 uL; 25 pmol cada (100 mM dATP Solution, 100 mM dCTP
Solution, 100 mM dGTP Solution, 100 mM dTTP Solution) (Invitrogen Life
Technologies®)

Dodecil sulfato de s6dio — Lauril Sulfato de Sédio — SDS (Ci2H25Na04S) P.M. 288,38
(Synth®)

Eosina (Nuclear®)
Fenol (CsHsOH) P.M. 94,11 (Invitrogen Life Technologies®)

Fosfato de sodio dihidratado (NaHPO4 . 2H,0) P.M 177,99 (Merck®)
Fosfato de sodio monobasico (NaH,PO4 . 2H,0) P.M. 155,99 (Reagen®)
Fosfato de sédio dibasico anidro (NaxHPO4) P.M. 141,96 (Synth®)
Glicose (C¢H1206) P.M. 180,16 (Reagen®)



30.
31.

32.
33.
34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.
46.
47.

46

Hematoxilina (Nuclear®)
Hidroxido de sodio, P.A. (NaOH) P.M. 40,00 (Dinadmica®)

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

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

Metanol P.A. (CH;0H) P.M. 32,04 (Allkimia®)

Oligonucleotideo iniciador (primer) APPV-5B-Fw (forward,; 5’-
ATGTTTCTCAGGGTCGGA - 3°, [nt] X-X); Possatti et al. (2018b) - 200 pmol
(Invitrogen Life Technologies®)

Oligonucleotideo iniciador (primer) APPV-5B-Rv (reverse; 5’-
GGTCATCTTCCGCAGTTA - 3°, [nt] X-X); Possatti et al. (2018b) - 200 pmol
(Invitrogen Life Technologies®)

Oligonucleotideo iniciador (primer) APPV-5B-Fw-n (forward,; 5’-
TGTGGAGATGACGGCTTTC - 3’°, [nt] X-X); Possatti et al. (2018b) - 200 pmol
(Invitrogen Life Technologies®)

Oligonucleotideo iniciador (primer) APPV-5B-Rv-n (reverse; 5’-
CGGGATAACTGCGACTGAT - 3’, [nt] X-X); Possatti et al. (2018b) - 200 pmol
(Invitrogen Life Technologies®)

Oligonucleotideo iniciador (primer) APPV-2/3-Fwl (forward,; 5’-
GCAAAGAAGAATGACTC - 3°, [nt] X-X); Possatti et al. (2018b) - 200 pmol

(Invitrogen Life Technologies®)

Oligonucleotideo iniciador (primer) APPV-2/3-Rv2 (reverse; 5’-
GGTTTGTCTCATTGCTC - 3’, [nt] X-X); Possatti et al. (2018b) - 200 pmol (Invitrogen
Life Technologies®)

Oligonucleotideo iniciador (primer) APPV-2/3-Rv3 (reverse; 5’-

CCATGTTCTTGGGATTG - 3°, [nt] X-X); Possatti et al. (2018b) - 200 pmol (Invitrogen
Life Technologies®)

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

Platinum Taq DNA Polymerase recombinant 500 unidades (Invitrogen Life
Technologies®)

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

Sacarose, P.A. — sucrose (C12H22011) P.M. 342,31 (Reagen®)

Superscript 11 - Reverse Transcriptase — 200 unidades (Invitrogen Life Technologies®)
Triton x-100
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48. Xileno P.A. (Nuclear®)

ANEXO B - Solugdes e Tampdes

e Diluicdo dos primers

Primers nested-RT-PCR NS5B
Data de fabricag¢ao: Dez/2015

- Primer forward APPV-5B-Fw

Concentragao: 47,6 nmoles

47,6 x 1000 = 47600 pmoles
47600 /200 =238 puL

Primer mae (200 pmol/uL): ressuspender em 238 uL de agua ultrapura autoclavada para
obtencdo de solucao 10x [ ]

Primer uso 1x (20 pmol/uL): diluir o primer mae (1:10) em agua ultrapura autoclavada

- Primer reverse APPV-5B-Rv

Concentragao: 61,8 nmoles

61,8 x 1000 = 61800 pmoles
61800 /200 =309 uL

Primer mae (200 pmol/uL): ressuspender em 309 pL de agua ultrapura autoclavada para
obtencao de solugdo 10x [ ]

Primer uso 1x (20 pmol/uL): diluir o primer mae (1:10) em agua ultrapura autoclavada

- Primer forward APPV-5B-Fw-n

Concentragao: 56,5 nmoles
56,5 x 1000 = 56500 pmoles
56500 /200 =282,5 uLL
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Primer mae (200 pmol/uL): ressuspender em 282,5 uL. de agua ultrapura autoclavada para
obtencao de solugado 10x [ ]

Primer uso 1x (20 pmol/uL): diluir o primer mae (1:10) em agua ultrapura autoclavada

- Primer reverse APPV-5B-Rv-n

Concentragao: 54,5 nmoles

54,5 x 1000 = 54500 pmoles
54500 /200 =272,5 uL

Primer méae (200 pmol/uL): ressuspender em 272,5 puL de agua ultrapura autoclavada para
obtencao de solugdo 10x [ ]

Primer uso 1x (20 pmol/uL): diluir o primer mae (1:10) em agua ultrapura autoclavada

Primers semi-nested-PCR NS2/3
Data de fabricacao: maio/2017

- Primer forward APPV-2/3-Fwl

Concentragao: 47 nmoles

47 x 1000 = 47000 pmoles
47000 /200 =235 uL
Primer mae (200 pmol/uL): ressuspender em 235 pL de 4gua ultrapura autoclavada para
obtencao de solugdo 10x [ ]
Primer uso 1x (20 pmol/uL): diluir o primer mae (1:10) em agua ultrapura autoclavada
- Primer reverse APPV-2/3-Rv2

Concentragdo: 57,1 nmoles

57,1 x 1000 = 57100 pmoles
57100 /200 = 285,5 L

Primer mae (200 pmol/uL): ressuspender em 285,5 uL. de agua ultrapura autoclavada para

obtencao de solucao 10x [ ]
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Primer uso 1x (20 pmol/uL): diluir o primer mae (1:10) em agua ultrapura autoclavada

- Primer reverse APPV-2/3-Rv3

Concentragao: 28,9 nmoles

28,9 x 1000 = 28900 pmoles
28900 /200 = 144,5 puL

Primer mae (200 pmol/uL): ressuspender em 144,5 uL. de agua ultrapura autoclavada para
obtencao de solugdo 10x [ ]

Primer uso 1x (20 pmol/uL): diluir o primer mae (1:10) em agua ultrapura autoclavada

Diluicdo de dNTP
- solugdo estoque (100 mM) — 100 pL de cada ANTP

- solucdo uso (10 mM) — 10 pL da solugdo estoque + 90 puL de agua ultrapura autoclavada

Fenol/cloroférmio — alcool isoamilico (25:24:1)
- 25 mL de fenol saturado em agua
- 24 mL de clorofoérmio

- 1 mL de alcool isoamilico

Gel de agarose 2%

- 1 g de agarose

- 50 mL de tampao TBE 1x
- 25 pL de brometo de etidio

Hidratacao da silica

- 6 g de silica (SIGMA®)

- Adicionar 50 mL de dgua ultrapura autoclavada

- Agitar lentamente e manter em repouso durante 24 h
- Por succao, 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) com HCI fumegantes
- Aliquotar

e SDS 10%
- 5 g de dodecil sulfato de sddio — Lauril sulfato de sodio — SDS (C12H25sNaO4S)
- Agua bidestilada q.s.p. 50 mL

e Solucéo L6
- 120 g de isotiocianato de guanidina (GUSCN)
- 100 mL de TRIS-HC1 0,1 M pH 6,4
-22 mL de EDTA 0,2 M pH 8,0
- 2,6 g de Triton 100x

e Solucéo L2
- 120 g de isotiocianato de guanidina (GUSCN)
- 100 mL de TRIS-HC1 0,1 M pH 6,4

e Tampdao de amostra para eletroforese em gel de agarose
- 0,25 g azul de bromofenol (0,25%)
- 45 g Sacarose — sucrose (Ci12H22011) (45%)
- Agua bidestilada q.s.p.100 mL

e Tampao de corrida— TBE (Tris — Acido bérico — EDTA) 10x
- 107,8 g Tris (0,89 M)
- 55,03 g é4cido borico (0,89 M)
- 7,45 g EDTA (0,02 M)
- Agua bidestilada q.s.p. 1 litro
- Ajustar o pH (pH 8,4)

e Tampdao Fosfato Salina — PBS
- 137 mM Cloreto de sddio (NaCl)
- 3 mM Cloreto de potasso (KCl)



- 8 mM Fosfato de sddio dibasico anidro (Na,HPO4)
- 15 mM Potéssio fosfato monobasico (KH2POj)

- Agua ultrapura autoclavada q.s.p. 500 mL
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ANEXO C - Protocolos de Técnicas

« Extracdo do acido nucleico pela associacdo das técnicas fenol/cloroférmio/alcool

isoamilico e silica/isotiocianato de guanidina
1. Suspenséo fecal — extracéo bruta

- 100 pL ou 100 mg de fezes

- 500 pL de PBS

- Homogeneizar em vortex

- Centrifugar a 5000 x g/3 min

- Utilizar 400 pL do sobrenadante para extragao
2. Suspensdo de tecido/6rgao — extracéo bruta

- 1,5 g do fragmento de 6rgao

- Macerar

- 15 mL de PBS

- Homogeneizar em vortex

- Centrifugar a 3000 x g/10 min

- Utilizar 250 pL do sobrenadante para extragao
- 10 pL de tampao de lise (Proteinase K)

- Homogeneizar em vortex

- Incubar a 56 °C/30 min

- Utilizar todo o volume para a extracdo do acido nucleico

3. Extraco do acido nucleico
Fase I — Fenol

- 400 pL da suspensao fecal ou 200 pL da suspensao de tecido
- Adicionar 40 pL de SDS 10% ou 20 pL de SDS 10 %
- Homogeneizar em vortex

- Banho-maria 56 °C/20 min



- Centrifugar 10.000 x g/30 s

- Adicionar 400 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 11 — Silica / isotiocianato de guanidina

- Adicionar 500 pL da solugdo L6

- Adicionar 25 pL de silica hidratada

- Homogeneizar em vortex

- Agitar em temperatura ambiente /30 min

- Centrifugar 10.000 x g/30 s

- Desprezar o sobrenadante em solu¢do contendo NaOH 10 M
- Adicionar 500 pL de solucdo L2

- Homogeneizar em vortex

- Centrifugar 10.000 x g/30 s

- Desprezar o sobrenadante em solu¢ao contendo NaOH 10 M
- Adicionar 500 pL de solugdo L2

- Homogeneizar em vortex

- Centrifugar 10.000 x g/30 s

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

- Homogeneizar em vortex

- Centrifugar 10.000 x g/30 s

- Desprezar sobrenadante em descarte comum

- Adicionar 1 mL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar 10.000 x g/30 s

- Desprezar sobrenadante em descarte comum

- Adicionar 1 mL de acetona P.A. gelada

- Homogeneizar em vortex

- Centrifugar 10.000 x g/30 s
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- Desprezar sobrenadante

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

- Adicionar 50 pL de agua DEPC

- Homogeneizar em vortex

- Banho-maria 56 °C/15 min

- Homogeneizar em vortex

- Centrifugar 13.000 x g/4 min

- Recolher o sobrenadante em microtubo de 500 puL

- Estocar a -20 °C at¢ a utilizagao

» Transcricao reversa (RT)

- Mix de Desnaturacdo e RT para deteccdo parcial da regido da NS5B do genoma do APPV

Desnaturacéo (65 °C/5 min)
Reagentes Volume (pL)
Primer APPV-5B-Rv (20 pmol) 2
dNTP (2,5 mM) 1
Agua ultrapura 5
RNA 5
Volume final 13

Transcricéo reversa (42°C/50 min; 70°C/15 min)
Reagentes Volume (pL)
Buffer 5X 4
DTT (100 mM) 2
SuperScript™ II (200 U/uL) 1
Produto da desnaturagao 13
Volume final 20




* Reacéo em cadeia da polimerase (PCR): 900 pb
- Mix de PCR para detecgao parcial da regido da NS5B do genoma do APPV

Reagentes Volume (uL)
Buffer 10 x (pH 8,4) 5
MgCl, (50 mM) 1,5
dNTP (2,5 mM) 1
Platinum®Taq DNA Polymerase (5U/uL) 0,5
Primer APPV-5B-Fw (20 pmol) 1
Primer APPV-5B-Rv (20 pmol) 1

Agua ultrapura 36
cDNA 4
Volume final 50

- Ciclos de tempo e temperatura da PCR

Reacéo Temperatura (°C) Tempo (min) N° de Ciclos
Desnaturacao 94 5 1
Desnaturacao 94 1 35
Anelamento 42 1 35
Extensao 72 1 35
Extensao final 72 7 1

* Reacédo de nested-RT-PCR: 505 pb
- Mix de nested-RT-PCR para detecgdo parcial da regido da NS5B do genoma do APPV

Reagentes Volume (uL)
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Buffer 10 x (pH 8,4) 5
MgCls (50 mM) 1,5
dNTP (2,5 mM) 1
Platinum®Taq DNA Polymerase (5U/uL) 0,5
Primer APPV-5B-Fw-n (20 pmol) 1
Primer APPV-5B-Rv-n (20 pmol) 1
Agua ultrapura 38
cDNA 2
Volume final 50

- Ciclos de tempo e temperatura da nested-RT-PCR

Reacéo Temperatura (°C) Tempo (min) N° de Ciclos
Desnaturacao 94 5 1
Desnaturagao 94 1 30
Anelamento 42 1 30
Extensao 72 1 30
Extensao final 72 7 1

» Transcricao reversa (RT)

- Mix de Desnaturagdo e RT para deteccdo parcial da regido da NS2/3 do genoma do APPV

Desnaturacéo (65 °C/5 min)
Reagentes Volume (pL)
Primer APPV-2/3-Rv2 (20 pmol) 2
dNTP (2,5 mM) 1
Agua ultrapura 5
RNA 5
Volume final 13




Transcricéo reversa (42°C/50 min; 70°C/15 min)
Reagentes Volume (pL)
Buffer 5X 4
DTT (100 mM) 2
SuperScript™ II (200 U/uL) 1
Produto da desnaturagao 13
Volume final 20

* Reacéo em cadeia da polimerase (PCR): 703 pb
- Mix de PCR para deteccao parcial da regido da NS2/3 do genoma do APPV

Reagentes Volume (uL)
Buffer 10 x (pH 8,4) 5
MgCl: (50 mM) 1,5
dNTP (2,5 mM) 1
Platinum®Taq DNA Polymerase (5U/uL) 0,5
Primer APPV-2/3-Fw1 (20 pmol) 1
Primer APPV-2/3-Rv2 (20 pmol) 1

Agua ultrapura 36
cDNA 4
Volume final 50

- Ciclos de tempo e temperatura da PCR

Reacéo Temperatura (°C) Tempo (min) N°de Ciclos




Desnaturacao 94 5 1
Desnaturacgao 94 1 35
Anelamento 42 1 35
Extensao 72 1 35
Extensdo final 72 7 1

» Reacédo de nested-RT-PCR: 368 pb
- Mix de nested-RT-PCR para detecgdo parcial da regido da NS2/3 do genoma do APPV

Reagentes Volume (uL)
Buffer 10 x (pH 8,4) 5
MgCls (50 mM) 1,5
dNTP (2,5 mM) 1
Platinum®Taq DNA Polymerase (5U/uL) 0,5
Primer APPV-5B-Fw-n (20 pmol) 1
Primer APPV-5B-Rv-n (20 pmol) 1

Agua ultrapura 38
cDNA 2
Volume final 50

- Ciclos de tempo e temperatura da nested-RT-PCR

Reacéo Temperatura (°C) Tempo (min) N°de Ciclos
Desnaturacgao 94 5 1
Desnaturacgao 94 1 30
Anelamento 45 1 30
Extensao 72 1 30
Extensdo final 72 7 1




59

Eletroforese em gel de agarose a 2%

- 1,0 g de agarose

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

- 25 pLL de brometo de etidio (0,5 pg/mL)

Sao utilizados 5 pulL do amplicon e 2 uL do tampdo de amostra. Corrida eletroforética sob

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

* Purificacdo de produto de PCR excisado do gel

1. Pesar o fragmento excisado do gel em microtubo de 1,5 mL.
Adicionar 3 volumes do tampao de solubilizagcdo em gel (L3) para cada 1 volume de gel.

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

> » b

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 uLL do Wash buffer 1 (W1) na coluna com tubo coletor.

Centrifugar a 13.000 x g/1 min.

A S B AR

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 pL 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.

e Purificacdo direta de produto de PCR

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

Centrifugar a 13.000 x ¢g/1 min.

> »w D

Descartar o filtrado e recolocar a coluna no mesmo tubo.
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Adicionar 650 puLL do Wash buffer 1 (W1) na coluna com tubo coletor.
Centrifugar a 13.000 x g/1 min.
Descartar o filtrado e recolocar a coluna no mesmo tubo.

Centrifugar o tubo novamente a velocidade maxima por 3 min.

X 0 N W

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.

e Quantificacdo de produto de PCR

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

1. Preparar a solugao Quant-iT™ Working Solution diluindo o reagente Quant-iT™ em Buffer
Quant-iT™ 1:200. S3o necessarios 200 pL desta solucdo por amostra e para os padrdes 0 e
100.

2. Homogeneizar em vortex.

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

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

5. No microtubo do padrdo 100 adicionar 190 puL da solugdo 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 diluicdo para determinar a concentracdo correta da amostra.
+ Sequenciamento pelo método Sanger

Preparo de amostras para o sequenciamento

As amostras e os primers devem estar na concentracdo demonstrada na tabela abaixo:

Tamanho do fragmento Concentracdo da amostra  Concentracao do primer
(pares de base) (ng/pL ou pg/mL) (pmol/uL ou puM)

<300 2 5
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300 —700 4
>700 10

10

Mix do sequenciamento

Reagente” Volume (pL)
BigDye Terminator v3.1 2,0
Tampao 5x 1,5
Agua ultrapura autoclavada 0,5
Volume final 4,0

*BigDye Terminator v3.1 Cycle Sequencing Kit

O volume final de mix do sequenciamento ¢ adicionado a 5 pL. de amostra purificada + 1 pL

de primer.

Ciclos de tempo e temperatura da reacdo de sequenciamento®

Reacéo Temperatura (°C) Tempo N° de ciclos
Desnaturacao inicial 96 I min 1
Desnaturacao 96 15s 35
Anelamento 50 15s 35
Extensao 60 4 min 35

"Programa recomendado pela Applied Biosystems.

Precipitacdo com EDTA e Etanol

- Adicionar 10 pL da reagdo de sequenciamento em uma cavidade da placa MicroAmp®

Optical 96-Well Reaction (0,2 mL) (Applied Biosystems).

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

- Adicionar 30 pL de etanol 100%.


https://www.thermofisher.com/order/catalog/product/4337455
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- 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 pL de formamida (HIDI).

- Adicionar a septa.

- Homogeneizar a placa em vortex.

- 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 precipitagdo com EDTA e etanol, a placa é inserida no sequenciador (ABI 3500

Genetic Analyzer - Applied Biosystems) para realizar a eletroforese capilar.

e Hematoxilina-eosina (HE)

- Xilol I — 20 min.

- Xilol IT — 20 min.

- Acool absoluto I —2 min.

- Alcool absoluto IT — 2 min.

- Alcool 95% 1 — 2 min.

- Alcool 95% 11 — 2 min.

- Lavar em 4gua destilada — 2 min.
- Corar com hematoxilina (10 min).
- Lavar em 4gua corrente por 10 min, desprezar a primeira d4gua em recipiente apropriado.
- Alcool 95% — 1 min.

- Eosina — 1 min.

- Alcool 95% — 1 min.

- Alcool absoluto I — 2 min.
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- Alcool absoluto II — 2 min.
- Xilol I = 2 min.
- Xilol II — 2 min.

- Montar as laminas.

e Luxol Fast Blue (LFB)

- Desparafinar ldminas e hidratar em alcool 95%.

- Incubar em solucdo Luxol Fast Blue durante a noite a 60 ° C.
- Enxaguar com alcool 95%.

- Enxagar em 4gua destilada.

- Deixar em solu¢ao de carbonato de litio por 5 s.

- Deixar em élcool 70%, duas vezes por 10 s cada.

- Lavar em agua destilada.

- Repita os passos 5 a 7 até que haja um contraste nitido entre o azul, a matéria branca e a
matéria cinzenta incolor.

- Lavar as laminas com alcool a 70%.

- Deixar em eosina por 1 min.

- Enxaguar em 4gua destilada.

- Deixar em Cresil violeta por 1 min.

- Enxaguar em 4gua destilada.

- Desidratar com alcool 95% a 100%, lavar em xileno, € cobrir com laminula.

« Anaélise de Proliferacdo da Proteina Acida Fibrilar Glial (GFAP)

- Desparafinar 1aminas e hidratar em alcool.

- Recuperar antigeno utilizando tampao citrato (pH 6,0) em panela de pressao por 2 min.

- Realizar bloqueio de peroxidase endégena com metanol e perdéxido de hidrogénio (3%) por
25 min.

- Incubar com anticorpo monoclonal contra GFAP dilui¢do 1:50 durante a noite a 4° C.

- Incubar com anticorpo secundario em camara timida por 25 min a 25° C, apds adi¢ao do
cromoégeno, 3,3'-diaminobenzidina incubar por mais 3 min.

- Fazer contra-coloracdo com Hematoxilina Harris.

- Montar com resina comercial.



ANEXO D - Lista de softwares

e Electropherogram quality analysis - Phred e CAP3

(http://asparagin.cenargen.embrapa.br/phph/)

e Gene Runner

(http://www.generunner.net/)

e MEGA package software version 7

(http://www.megasoftware.net/)

e BioEdit software version 7.2.5

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

64


http://asparagin.cenargen.embrapa.br/phph/
http://www.generunner.net/
http://www.megasoftware.net/
http://www.mbio.ncsu.edu/bioedit/bioedit.html

