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““Ha uma forca motriz mais poderosa que o vapor,
a eletricidade e a energia atdmica:
a VONTADE”

Albert Einstein



RIBEIRO, J. Deteccdo de RNA de kobuvirus entérico bovino (Aichivirus B) e suino
(Aichivirus C) em rebanhos brasileiros. 2013. 60 f. Dissertagdo (Mestrado em Ciéncia
Animal) — Universidade Estadual de Londrina, Londrina, 2013.

RESUMO

O género Kobuvirus pertence a familia Picornaviridae e, de acordo com a espécie hospedeira,
foi recentemente subdividido em trés espécies denominadas Aichivirus A, B ¢ C que infectam
seres humanos, bovinos e suinos, respectivamente. No Brasil ndo ha relatos da infec¢do por
Aichivirus B em bovinos e apenas um relato de Aichivirus C em suinos e, com isso, 0 objetivo
desse estudo foi avaliar parametros da infeccdo nessas espécies de animais de produgdo. No
primeiro estudo foi avaliada a presenga do Achivirus B em 222 amostras fecais diarreicas de
bovinos coletadas no periodo de 2010-2012. A amostragem incluiu amostras fecais de
bovinos provenientes de 36 rebanhos de quatro regides geograficas brasileiras (Sul, Sudeste,
Centro-Oeste e Norte). Para avaliar a frequéncia de ocorréncia do Aichivirus B em diferentes
tipos de producdo foram avaliadas amostras fecais de rebanhos bovinos de corte (n=105) e
leite (n=117). Para determinar a categoria animal mais susceptivel a infec¢do, a amostragem
incluiu amostras fecais diarreicas de bezerros (n=182) e de animais adultos (n=40). Um
fragmento de 219 pb do gene RdRp de kobuvirus foi amplificado por RT-PCR em 18,2%
(40/222) das amostras fecais diarreicas avaliadas. Foram encontrados animais positivos em
rebanhos de todas as regides geograficas incluidas no estudo indicando a ampla distribui¢ao
desse virus nos rebanhos bovinos brasileiros. A maior (P[10.05) taxa de infec¢dao (20,9%;
38/182) por Aichivirus B foi encontrada em animais jovens, enquanto que em bovinos adultos
o RNA viral foi detectado em 5% (2/40) das amostras avaliadas. A andlise da sequéncia de
nucleotideos de trés amplicons demonstrou que as cepas de Aichivirus B identificadas nesse
estudo agruparam em um ramo distinto na arvore filogenética. Esse estudo demonstrou a
ampla distribui¢do das infecgdes por kobuvirus em rebanhos bovinos € que os animais jovens
sdo mais susceptiveis a infec¢do. No segundo estudo foi avaliada a frequéncia de infec¢cdo do
Aichivirus C nas trés principais regides produtoras de suinos no Brasil. Foram avaliadas 63
amostras fecais de leitdes lactentes (1 a 3 semanas de idade) colhidas no periodo de 2004 a
2011 em 46 rebanhos suinicolas localizados nas regides Sul, Sudeste ¢ Centro-Oeste do
Brasil. A presenga de RNA de Aichivirus C nas amostras foi avaliada por meio da técnica de
RT-PCR. Um fragmento de 219 pb do gene RdRp foi amplificado em 48 (76,2%) amostras
fecais provenientes de todas as regides geograficas incluidas no estudo demonstrando a ampla
distribui¢do da infecgdo. As taxas de detec¢do do Aichivirus C foram maiores (P<0,05) em
leitdes com duas e trés semanas de idade do que na primeira semana de vida. A analise da
sequéncia de nucleotideos (nt) de trés amplicons possibilitou agrupar as sequéncias desse
estudo juntamente com as sequéncias de outras cepas previamente descritas no Brasil,
revelando que ndo houve diferenga filogenética nas cepas de Aichivirus C identificadas em
diferentes regides e idades.

Palavras-chave: Leitoes. Bezerros. Diarreia. Picornavirus. Fezes. RT-PCR.



RIBEIRO, J. Detection of enteric bovine (Aichivirus B) and porcine (Aichivirus C)
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ABSTRACT

The Kobuvirus genus is a member of the Picornaviridae family and according to the host
species, has recently been subdivided into three species Aichivirus A, B, and C that infect
humans, cattle, and pigs, respectively. In Brazil, there are no reports of Aichivirus B infection
in cattle, with only one description of Aichivirus C in pigs. The aim of this study was to
evaluate parameters of infection in these species of production animals. The first study
evaluate the presence of Achivirus B in 222 diarrheic fecal samples of cattle collected in 2010-
2012. Fecal samples were obtained from cattle derived from 36 herds within four
geographical regions (South, Southeast, Midwest, and North) of Brazil. The frequency of the
occurrence of Aichivirus B in different types of cattle production was determined by analyzing
fecal samples from beef (n=105) and dairy (n=117) herds. All samples were divided into two
age-related categories: calves (n=182) and adult animals (n=40). A fragment of 219 bp of the
RdRp gene was amplified by RT-PCR in 18.2% (40/222) of the fecal diarrheic samples
evaluated. Positive animals occurred in herds from all geographic regions evaluated during
this study, suggesting the wide distribution of this virus in Brazilian cattle herds. A more
significant elevated (P[10.05) infection rate (20.9%, 38/182) of Aichivirus B was found in
young animals; viral RNA was detected in only 5% (2/40) of the adult bovine samples
evaluated. The nucleotide (nt) sequence analysis showed that three amplicons of the
Aichivirus B strains identified in this study clustered in a separate branch. This study
demonstrated the wide distribution of Aichivirus B infections in Brazilian cattle herds and
suggested that younger animals are more susceptible to infection. The second study evaluate
the frequency of infection by Aichivirus C in three most important pig production regions of
Brazil. The study included 63 fecal samples from suckling piglets (1-3 weeks old) collected
during 2004-2011 from 46 pig herds located in the South, Southeast, and Center-West regions
of Brazil. The presence of RNA Aichivirus C in the collected samples was determined by RT-
PCR assay. A fragment of the 219 bp of the RdRp gene was amplified in 48 (76.2%) of the
fecal samples from all geographic regions, demonstrating the diverse distribution of infection
within Brazil. The detection rates of Aichivirus C was more significantly elevated (P<0.05) in
2-3 week-old piglets when compared to those that were week old. The nt sequence analysis of
three amplicons derived from this study demonstrated that these sequences clustered with
other previously described strains from Brazil, suggesting that there was no phylogenetic
difference in the Aichivirus C strains identified within piglets of different geographical
regions and age groups.

Keywords: Piglets. Calves. Diarrhea. Picornaviruses. Feces. RT-PCR
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1 REVISAO DE LITERATURA

1.1 INTRODUCAO

A familia Picornaviridae pertence a ordem Picornavirales e ¢ composta por
17 géneros que podem infectar humanos e varias espécies de animais em todo o mundo.
Apenas oito géneros (Aphthovirus, Cardiovirus, Enterovirus, Kobuvirus, Hepatovirus,
Sapelovirus, Teschovirus e o Tremovirus) causam infecgdes em animais de produgdo (ICTV,
2013).

Os picornavirus determinam enfermidades de origem respiratoria, hepatica,
cardiaca, neuroldgica, mucocutanea e doengas sistémicas com diferentes niveis de gravidade.
Em medicina veterinaria existem doencas importantes que sdo causadas por membros desta
familia, destacando-se a Febre Aftosa que é considerada pela Organizagdo Mundial de Satde
Animal (OIE) como a doenca infecciosa animal de maior importancia no mundo (HICKS;
DUFFY, 2011; OIE, 2012).

Morfologicamente, os virus da familia Picornaviridae sao esféricos,
desprovidos de envelope lipoprotéico e apresentam 27 a 30 nm de didmetro. O genoma ¢
constituido por RNA fita simples (ssRNA) com polaridade positiva, poliadenilado na
extremidade 3’ e com 8,2-8,4 Kb de tamanho (OH et al., 2006; REUTER et al., 2011).

A organizacdo viral tipica dos picornavirus apresenta uma proteina
gendmica (Vpg) ligada covalentemente a extremidade 5’UTR com a fung@o de regulagdo da
sintese de RNA viral, uma proteina lider (L) responsavel pela informacao genética para a
sintese de proteinas estruturais e ndo-estruturais, trés proteinas estruturais de capsideo (VPO,
VP3 e VPI), sete proteinas ndo-estruturais (2A, 2B, 2C, 3A, 3B, 3C e 3D) e 3’'UTR
(REUTER et al., 2011) (Figura 1).

O género Kobuvirus foi recentemente reclassificado e dividido em trés
espécies, Aichivirus A que tem como espécie hospedeira os seres humanos; o Aichivirus B
responsavel por infeccdo em bovinos; e a terceira espécie do género o Aichivirus C,
infectando suinos (ICTV, 2013). A representagdo das trés espécies do género Kobuvirus e as
suas disposi¢oes filogenéticas estdo apresentadas na figura 2.

A palavra “Kobu” ¢ de origem japonesa e significa botao, recebendo esse
nome porque as particulas virais eram visualizadas em microscopia eletronica como “botdes
acidentados” (YAMASHITA et al., 2000). As principais diferengas dos kobuvirus em relagao

aos outros picornavirus encontram-se na regido de codificagao da proteina L, na auséncia de
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um sitio de clivagem na regiao VPO e uma forma distinta da proteina 2A (REUTER et al.,
2011).

Os kobuvirus ja foram descritos em animais domésticos e varios estudos
relataram a sua presenca em diversas espécies de animais em todo o mundo. A maioria dos
relatos envolve a espécie suina e bovina (Anexo A e B, pag. 47 e 48). Porém, em outras
espécies animais como ovino, caprino, canino, chiroptera (Tadarida brasiliensis) e javali (Sus
scrofa) existem relatos da presenca deste virus (REUTER et al., 2010b; LI et al., 2010; LI et
al., 2011; LEE et al., 2012; REUTER et al., 2013). Além destas espécies, possivelmente os
animais silvestres também possam se infectar com o kobuvirus e, desta forma, atuarem como
reservatorios do virus na natureza (REUTER et al., 2011).

Até o momento, em nenhuma espécie os sinais clinicos estdo confirmados
pela presenca da infeccao do kobuvirus (DUFKOVA et al., 2013). Entretanto, assim como nos
humanos, o sinal clinico de gastroenterite ¢ o mais relacionado nos animais com a infec¢ao
(KHAMRIN et al., 2008; BARRY et al., 2011).

As taxas de diagnoéstico do virus entre animais aparentemente saudaveis
(assintomadticos) com os que manifestam diarreia (sintomaticos) em alguns estudos sdo
semelhantes (DI MARTINO et al., 2012; DUFKOVA et al., 2013; VERMA et al., 2013).
Entretanto, os estudos de Park e colaboradores (2010) e Jeoung e colaboradores (2011)
compararam amostras fecais de animais com e sem diarrreia relatando taxas superiores nos
animais com o sinal clinico de diarreia 87.5% e 37.2%, respectivamente, em comparagdo com
os animais sem a manifestacao de gastroenterite 19.3% e 23.8%, respectivamente.

A infeccao ¢ frequentemente relatada em animais jovens, até 6 meses de
idade. A detec¢do dos kobuvirus em animais adultos ¢ rara e apresentando uma menor taxa de
infeccdo (BARRY et al., 2011). Um recente estudo realizado por Dutkova e colaboradores
(2013) apresentou altas taxas de infec¢ao 90.9% (30/33) em fezes de suinos adultos, a maior
frequéncia encontrada em comparagdo com os resultados obtidos por Barry e colaboradores
(2011) e Park e colaboradores (2010).

Segundo Verma e colaboradores (2013) a explicagdo para a deteccdo de
kobuvirus tanto em animais com manifestacao clinica quanto assintomaticos seria a existéncia
de dois tipos virais distintos, sendo um patogénico e outro nao patogénico. Outra explicagdao
considerada ¢ a carga viral, o que poderia refletir na manifestacdo dos sinais clinicos da
infeccdo. A presenga de outros virus, como por exemplo, o rotavirus pode ser considerado um

fator agravante na multiplicagdo ou que o kobuvirus seria um agente endogeno e que nao
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promoveria doenga sdo propostas que explicariam a maneira como a infeccdo vem sendo
encontrada (VERMA et al., 2013).

No entanto, at¢é o momento, nenhuma dessas explicacdes ¢ considerada
definitiva. Com isso, novos estudos estdo sendo conduzidos com o objetivo de ampliar o
conhecimento sobre as cepas virais circulantes, sua manifestacdo no organismo e sobre as
formas de transmissao do virus.

O envolvimento do kobuvirus com outros patdgenos entéricos foi avaliado
em alguns estudos (KHAMRIN et al., 2009; JEOUNG et al., 2011; DUFKOVA et al., 2013).
Diferentes virus s3o apontados como importantes nas coinfeccdes com o kobuvirus.
Destacando-se o rotavirus e o calicivirus (PARK et al., 2010; JEOUNG et al., 2011; VERMA
etal., 2013).

A infec¢do interespécies pelo kobuvirus, até o momento, ndo foi descrita.
Formas de contaminagdo pelas vias direta e indireta, por meio de agua, alimentos ou fomites
contaminados estdo sendo investigadas como possibilidades de vias de transmissdo. No caso
dos humanos, segundo Reuter e colaboradores (2010), os kobuvirus sdo transmitidos,
principalmente, pela via oral-fecal. Entretanto, por ndo estar totalmente esclarecido as formas
de transmissdo dos kobuvirus, o risco de transmissdo zoonotica deve ser considerado
(REUTER et al., 2011).

No Brasil, Barry e colaboradores (2011) detectaram uma cepa de kobuvirus
de ovino que apresentou caracteristicas filogenéticas semelhantes ao prototipo humano de
Aichivirus A. No Japdo, a estirpe H023/2009/JP, detectada em suinos, demonstrou maior
semelhanga com sequéncias de kobuvirus bovino, em relacdo as cepas suinas descritas
(KHAMRIN et al., 2010).

Reuter e colaboradores (2010b), descreveram kobuvirus em amostras fecais
de ovinos assintomaticos. As sequéncias genOmicas apresentam alta relagdo com cepas de
aichivirus B, com 86% de nucleotideos idénticos no segmento 3D do genoma viral. Este
estudo apresenta a hipdtese que cepas de aichivirus B possam causar infec¢do em ovinos.

A porcao 3D do genoma viral do kobuvirus ¢ considerada a regido mais
conservada e, por isso, ¢ a regido mais estudada e utilizada para a deteccdo deste virus
(REUTER; EGYED, 2009; KHAMRIN et al., 2010). Por outro lado, ndo ¢ possivel inferir
com certeza a semelhanga entre as cepas virais de kobuvirus circulantes ou a atuagdo de uma
espécie de kobuvirus infectando outras espécies animais com base na andlise filogenética

dessa regido do genoma (REUTER et al., 2011).
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A regido VP1 do gene do capsideo viral ¢ considerada a mais variavel no
genoma do kobuvirus. Com isso, estudos direcionados para essa regido genomica estao sendo
desenvolvidos com o objetivo de analisar as possibilidades de infec¢do interespécie (OKITSU
etal., 2012).

O género Kobuvirus foi identificado recentemente e, por isso, novos estudos
com este virus poderdo auxiliar no esclarecimento da heterogeneidade genética e a sua
distribui¢do global (DUFKOVA et al., 2013). A transmissdo interespécie ¢ um fator muito
importante que deve ser investigado, ja que a alta prevaléncia tanto de animais quanto de
humanos positivos para este virus pode representar risco para a saude publica uma vez que a
epidemiologia da infec¢do ainda ndo esta esclarecida (KHAMRIN et al., 2010; DUFKOVA et
al., 2013).
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Figura 1 —Modelo estrutural do kobuvirus. A: diagrama esquematico da estrutura do virion.
B: estrutura genomica do kobuvirus, organizacdo dos genes codificantes de
proteinas estruturais (P1) e ndo-estruturais (P2 e P3).
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Fonte: http://viralzone.expasy.org/all by protein/652.html. Acesso em 14 de janeiro de 2013.
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Figura 2 — Reconstrug¢ao filogenética utilizando o método neighbor-joining, basecada em
sequéncias de 141 nucleotideos do gene 3D da polimerase do Kobuvirus.

S-1-HUN/2007/Hungary (EUTB7450)
EHPDQSH'haiIand (G0Q152099)
NLD47/2008/Netherlands (HQ877625)
— CHN/2007/China (FJ493623)
. BRA24/2008/Brazil (HQ877620)
BRA10/2009/Brazil (HQ8TTG19)
BRAT788-3/2009/Brazil {(HQ877623)
BRAT4/2009/Brazil (HQ877622)
MF B045/2009/K orea (GU723955)
BRA36/2009/Brazil (HQ87T621)
_|1LNLD¢5!2008INetherlands (HQBTT624)
T134/2009/Japan (HM014091) |
U-1/Japan (AB0B4788)
NLD71/2007/Netherlands (HQBT7629)
NLD74/2007/Netherlands (HQ877630)
Aba-Z20/2002/Hungary (FJ225406)
CMBO02/Thailand (EFB59450) Bovine and sheep kobuvirus
B\V253/2008/Belgium (FJ245862)
TE3/2009/Hungary (GU245693)
BRA03/2010/Brazil" {HQB77626)
*HL BRA0B/2010/Brazil* (HQ877627)
Aichi virus/Japan (AB040749) ] Aichi virus
_I BRA11/2010/Brazil* (HQ877628)
FMDV-01K (X00871)

Porcine kobuvirus

a7

—_
01

*kobuvirus detectado em ovinos
Fonte: BARRY etal. (2011).

1.2 AICHIVIRUS A

O Aichivirus A foi relatado pela primeira vez no Japdo, em marco de 1989,
em um surto gastroentérico envolvendo pessoas que consumiram ostras no municipio de
Aichi (YAMASHITA et al., 1991). Amostras de fezes foram analisadas e observou-se em
cultura de células HeLLa um novo tipo de virus citopatico atipico, com organizagao semelhante
aos picornavirus, sendo classificado como novo membro da familia Picornaviridae
(YAMASHITA et al., 1991).

Yamashita e colaboradores (2000) e Ambert-Balay e colaboradores (2008)
descreveram uma classificagdo para os Aichivirus A por meio de analise filogenética com base
no segmento 3C/3D da polimerase viral, sendo dividido em trés genotipos, denominados A, B

e C, que apresentam até¢ 90% de homologia.
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Em humanos, a gastroenterite aguda ¢ uma das doengas mais comuns e que
causam a morte em todo o mundo (JONSSON et al., 2012). Assim como o rotavirus,
calicivirus (norovirus e sapovirus), astrovirus e adenovirus, o aichivirus A tem sido
considerado um novo patdgeno gastroentérico (AMBERT-BALAY et al., 2008). Estudos
detectaram alta soroprevaléncia (83%) entre humanos adultos com idade entre 19 ¢ 39 anos
(AMBERT-BALAY et al., 2008; REUTER et al., 2011).

O aichivirus A tem sido relatado em varios paises. No Japdao, um estudo
revelou altas (87,7%) taxas na prevaléncia de anticorpos para o aichivirus A, com inicio da
descricdo em pessoas jovens (0-4 anos de idade) e revelando as maiores taxas de
soroconversao na idade ente 20 até 40 anos de idade (YAMASHITA et al., 1993).

Na Europa, a infec¢do com o aichivirus A também apresentou altas taxas de
soroprevaléncia na populacdo estudada. Na Espanha, foram encontradas taxas de 40% de
positividade em criangas com idade entre 2 a 4 anos, atingindo até 100% no grupo de
individuos com até 40 anos de idade (RIBES et al., 2010). Na Franga, Goyer e colaboradores
(2008) apresentam altas taxas de soroprevaléncia, aumentando de forma constante de 25% até
9 anos, 84% até 39 anos e 90% para individuos com até 100 anos. Pelas taxas de
soroprevaléncia encontradas, o estudo concluiu que a maior parte das soroconversdes ocorra
antes dos 40 anos de idade.

As altas taxas de soroprevaléncia sugerem que o virus pode circular no
organismo sem causar sintomas ou ocasionar infec¢des brandas ndo perceptiveis, que nao
necessitem de interven¢do médica (JONSSON et al., 2012 ).

Na Hungria, Reuter e colaboradores (2009a) encontraram apenas 1,5%
(1/65) de amostras de fezes positivas para o aichivirus A em casos de gastroenterite ndo
bacteriana em criancas hospitalizadas. Resultado semelhante foi encontrado na China onde
1,8% (8/445) das amostras fecais analisadas de criangcas de 0 a 6 anos de idade, foram
positivas para o aichivirus A (YANGY et al., 2009).

Na India, em estudo retrospectivo (5 anos), analisou amostras fecais de 1240
pacientes com até oito anos de idade apresentando diarreia sendo encontrado 1,1% (14/1240)
incidéncia do virus (VERMA et al., 2011). Todas as cepas de aichivirus A encontradas neste
estudo pertenciam ao genotipo B (VERMA et al., 2011).

No Brasil a presenca de aichivirus A foi descrito em Goids (2006) em
pacientes hospitalizados com sinal clinico de gastroenterite (OH et al. 2006). As cepas

brasileiras de aichivirus A encontradas foram classificadas como pertences ao genétipo B. Oh
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e colaboradores (2006) também analisaram amostras fecais de pacientes provenientes da
Alemanha e as cepas obtidas deste pais foram classificadas como genotipo A.

Na Suécia, o aichivirus A foi identificado em amostras fecais diarreicas de
pacientes idosos ([165 anos) com diagnostico inconclusivo para gastroenterite. A frequéncia
de diagnostico viral foi de 1,4% (3/221). Resultado semelhante foi observado em um estudo
realizado na Alemanha, onde 2% (10/499) de individuos adultos avaliados foram positivos
para o aichivirus A (DREXLER et al., 2011; JONSSON et al., 2012).

O envolvimento do aichivirus A como um patdégeno gastroentérico em
humanos ainda é uma questdo nao definida, porém estudos apresentam a associagdo deste
virus com a doenga entérica (AMBERT-BALAY et al., 2008; VERMA et al., 2011;
JONSSON et al.,, 2012). A presenga de coinfeccdo com outros virus € frequentemente
relatada, sendo o rotavirus (AMBERT-BALAY et al.,, 2008; VERMA et al., 2011) e os
calicivirus (OH et al. 2006; AMBERT-BALAY et al, 2008) os agentes virais mais
relacionados. Estes resultados revelam a necessidade de intensificar os estudos sobre os
agentes responsaveis por disturbios entéricos em humanos.

Técnicas de diagnodstico mais adequadas para a identificagdo, falhas de
detecgdo devido a presenca de outros agentes ou a forma assintomadtica da infec¢ao sdo pontos

que deverao ser analisados em estudos futuros (JONSSON et al., 2012 ).

1.3 KOBUVIRUS BOVINO (AICHIVIRUS B)

O Kobuvirus bovino, atualmente denominado Aichivirus B (ICTV, 2013),
foi descrito pela primeira vez no Japao em 2003 por Yamashita e colaboradores (2003), como
um agente citopatico em cultura de células Vero a partir de um meio suplementado com soro
fetal bovino. Este soro era suspeito de estar contaminado com fezes contendo o Aichivirus B.
Morfologicamente foi identificada semelhanga com o Aichivirus A, porém os virus eram
geneticamente distintos (YAMASHITA et al., 2003).

Em um estudo realizado com 72 amostras de soro de um rebanho bovino
assintomatico, anticorpos contra o aichivirus B (U-I) foram identificados em 59,7% (43/72)
dos animais analisados (YAMASHITA et al., 2003). Paralelamente, foram avaliadas por RT-
PCR 72 amostras de fezes do mesmo rebanho sendo o RNA do aichivirus B identificado em
16,7% (12/72) das amostras. Com este estudo, Yamashita e colaboradores (2003) concluiram

que o aichivirus B € um virus presente em rebanhos bovinos do Japao.
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Posteriormente, um estudo retrospectivo realizado em 2008 com amostras
de fezes de bovinos com diarreia, no periodo de 2001 até¢ 2004, na Tailandia (2008) a
presenca do aichivirus B foi observada em 8,3% (6/72) das amostras avaliadas (KHAMRIN et
al., 2008). Todas as sequéncias gendmicas parciais analisadas formaram um ramo distinto na
arvore filogenética, com certa distancia da cepa U-I. Este estudo relata a importancia da
identificacao da presenca de aichivirus B em outras regidoes geograficas (KHAMRIN et al.,
2008).

O kobuvirus bovino também foi identificado na Hungria, por Reuter e
Egyed (2009), relatando 6,25% (2/32) de amostras positivas. O RNA de outros agentes virais
como o rotavirus e o norovirus também foram identificados nessas mesmas amostras de fezes
de animais assintomdticos. Ainda em 2009, Mauroy e colaboradores avaliaram a presenca do
aichivirus B em animais que apresentavam diarreia e detectaram coinfec¢do com norovirus
bovino revelando a diversidade de patogenos entéricos que os animais podem abrigar e
ressaltando a presenga deste virus na Bélgica, outro pais da Europa.

Na Coréia, a detecgdo do aichivirus B foi mais prevalente, com 34,6%
(37/107) de amostras fecais positivas (JEOUNG et al., 2011). A maior porcentagem de
positividade 37,2% (32/86) foi encontrada em animais com diarreia (JEOUNG et al., 2011).
Entretanto, a presenca do aichivirus B ndo pode ser considerada como evidéncia para a
manifestagdo de diarreia. Neste estudo, a presenca de coinfeccdo com outros virus como
coronavirus, rotavirus e virus da diarreia viral bovina também foi relatada. Porém, nao ¢
conhecido se a presenca de outros virus estdo diretamente associados a infeccdo pelo
aichivirus B (JEOUNG et al., 2011).

Também na Coréia, Park e colaboradores (2011) analisaram amostras fecais
de bezerros e de animais adultos com diarreia. O resultado revela que a infeccdo foi mais
prevalente em animais jovens, com a maior taxa de detec¢do, segundo sua classificagdo, nos
bezerros (primeiro més de vida) com 66,7% dos animais infectados. A detec¢do viral decresce
com o aumento da idade, obtendo 25% (1/4) para a categoria jovem e 18,4% (9/49) de
positivos para os animais adultos.

A maior taxa (77,8%) de ocorréncia de RNA de aichivirus B identificada em
fezes de bovinos foi relatada na Holanda. Entretanto, o pequeno niimero de amostras
avaliadas (n=7) permite apenas afirmar a presen¢a do virus no pais, ndo revelando a real
prevaléncia do aichivirus B (BARRY et al., 2011).

No Brasil, até o presente momento ndo ha relatos de estudos sobre a

infeccao por aichivirus B em rebanhos bovinos.
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1.4 KOBUVIRUS SUINO (AICHIVIRUS C)

A descrigdo do kobuvirus suino (S-1-HUN), atualmente denominado,
Aichivirus C (ICTV, 2013), em amostras fecais de suinos assintomaticos com menos de 10
dias na Hungria, foi ocasional (REUTER et al., 2008). O estudo visava detectar a presenga de
calicivirus nas fezes dos animais, no entanto uma nova espécie de kobuvirus foi identificada
em todas as quinze amostras fecais de suinos avaliadas (REUTER et al., 2008).

A sequéncia de nucleotideos e as analises filogenéticas conduzidas nas
regides 3C e 3D do genoma desta nova cepa viral detectada na Hungria revelaram semelhanga
com as cepas de aichivirus B e com o aichivirus A (REUTER et al., 2008). O resultado deste
estudo possibilitou identificar a infeccdo em animais assintoméaticos, com menos de 10 dias de
vida e demonstrou a eliminacao fecal do virus por uma nova espécie animal (suino), além de
caracterizar a infec¢do como endémica no rebanho avaliado (REUTER et al., 2008).

Um estudo realizado em 2008, na China, relatou 30,1% (97/322) das
amostras fecais positivas para o aichivirus C (YU et al., 2009). Assim como o estudo
realizado por Reuter e colaboradores (2008), os suinos eram jovens (< 15 dias de idade) e ndo
apresentavam sinal clinico de gastroenterite.

O primeiro estudo relacionando o aichivirus C com a presenca de diarreia
ocorreu na Tailandia onde 99% (97/98) das amostras fecais de suinos foram positivas para o
kobuvirus. Esses animais tinham idade entre 7 a 49 dias e eram provenientes de seis rebanhos
(KHARMRIN et al., 2009). Neste estudo, as amostras foram analisadas quanto a presenga de
rotavirus, sendo todas negativas (KHARMRIN et al., 2009).

Na Cor¢ia, a presenca do aichivirus C foi avaliada em animais de varias
faixas etarias com e sem sinal clinico de diarreia. Entre as categorias de idade, as amostras
provenientes de leitdes apresentaram maior taxa de positividade, com 97,8% (45/46) de
animais infectados (PARK et al., 2010). Nos animais adultos, o RNA viral foi identificado em
44.4% (4/9) das amostras fecais. Em relacdo a presenca de diarreia, as taxas de deteccao
encontradas nos animais com sinal clinico foram superiores em todas as categorias analisadas
em comparagdo com os animais que nao manifestavam a diarreia. Este estudo revela uma
relagdo significativa entre a presenga de aichivirus C e a manifestagdo da gastroenterite
(PARK et al., 2010).

O estudo de Park e colaboradores (2010) encontrou prevaléncia de 3,57%
(3/71) nas amostras avaliadas identificando o aichivirus C como o tnico agente. O rotavirus

foi o agente encontrado com maior frequéncia nas coinfecgdes, estando presente em 41,67%
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das amostras. Dessa forma, este estudo ressalta que novas pesquisas devem ser realizadas para
a confirmagdo das interagdes do aichivirus C com outros micro-organismos patogénicos para
a manifestacao de gastroenterite nos suinos (PARK et al., 2010).

O estudo de Dufkova e colaboradores (2013) analisaram amostras de
animais saudaveis de varias faixas de idade, e ao contrario do estudo de Park e colaboradores
(2010) encontrou o aichivirus C sozinho com maior frequéncia de 87,3% (171/196) em
relacdo aos outros virus analisados (astrovirus e sapovirus).

Estudos em animais assintomaticos também ja foram realizados no Japao
onde 45,4% (133/293) dos animais continham o virus nas fezes, com maior ocorréncia de
amostras positivas provenientes de animais < 6 meses de idade (KHAMRIN et al., 2010). A
analise do estudo revela que a presenca deste virus pode ser comum em rebanhos
aparentemente saudaveis, sendo mais comumente encontrado em animais jovens (KHAMRIN
et al., 2010).

Reuter e colaboradores (2010) analisaram, além de amostras fecais,
aliquotas de soro pareadas do mesmo rebanho, dividindo os animais em quatro faixas etdrias.
Com relacdo as amostras fecais, 53,3% (32/60) continham o RNA do aichivirus C. Nas
amostras de soro o aichivirus C foi identificado em 26,6% (16/60). O aichivirus C foi
encontrado em todas as categorias analisadas e em apenas nove amostras o virus foi
encontrado em amostras pareadas (fezes e soro).

No Brasil, Barry e colaboradores (2011) realizaram um estudo similar ao
estudo de Reuter e colaboradores (2010) e seus resultados revelaram a presenca do aichivirus
C nos rebanhos suinicolas brasileiros. Os leitdes foram os mais acometidos com 87,5%
(56/64) de amostras fecais positivas. No soro, as taxas de deteccdo encontrada alcangaram
100% dos animais avaliados. Este estudo aponta alto indice de animais com viremia para o
aichivirus C, inclusive com valores superiores aos encontrados no estudo da Hungria
(REUTER et al., 2010).

Para justificar a presenca do aichivirus C no soro dos animais, Reuter e
colaboradores (2010) apontam outras formas de transmissdo do virus, além da via fecal-oral,
poderiam ser consideradas, por exemplo, sangue, urina, leite, saliva e alimentos que poderiam
contribuir com a contamina¢ao ambiental. Este estudo também sugere que a presenga do
aichivirus C na corrente sanguinea seja ocasionada pelo escape do virus do trato
gastrointestinal em animais imunocompetentes, o que resultaria em viremia.

A regido VP1 ¢ empregada como critério de classificagcdo taxondmica para

diversos géneros da familia Picornaviridae (DREXLER et al., 2008). Em 2011, YU e
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colaboradores (2011) desenharam um par de primer para amplificar e analisar esta regido do
genoma viral. Neste estudo, foram analisadas 11 sequéncias gendmicas da regido VP1 de
cepas de aichivirus C descritas sendo observados 86,7% a 100% de semelhanca entre elas.
Essas sequéncias apresentaram ainda 88.62% de identidade de nucleotideos com a cepa S-1-
HUN, descrita na Hungria; 58,66% com a cepa de aichivirus BU-I, e apenas, 48,86% com o
prototipo humano (Aichivirus A) (YU et al., 2011). Na arvore filogenética as cepas de
aichivirus C provenientes da China agruparam-se com as outras cepas de aichivirus C ja
descritas, o que sugere que estas estirpes formam uma nova espécie de kobuvirus (YU et al.,
2011).

Também na China, por andlise filogenética de uma sequéncia gendmica
completa de aichivirus C (SH-W-CHN) as regides VP1 e 3D viral foram comparadas com a
sequéncia da cepa viral identificada na Hungria (S-1-HUN), obtendo semelhanga de 82% e
93% em identidade de nucleotideos. Com relacdo a cepa descrita na China (Y-1-CHI) a
identidade de nucleotideo foi de 83% e 92%. Este estudo demonstrou alguma semelhanca
parental entre as cepas analisadas (WANG et al., 2012). Esta andlise possibilitou concluir que
a regido mais varidvel do genoma viral ¢ a regido VP1 sendo a regido 3D a mais conservada.
Também pela posicdo que as sequéncias apresentaram-se na arvore filogenética pode-se
concluir a existéncia de diversidade em relagdo as cepas de aichivirus C de acordo com a
origem geografica (WANG et al., 2012).

Em 2012, foi descrita na China a cepa CH/HNXX-4/2012, uma possivel
variante do aichivirus C que contém a inclusdo de um aminoacido (treonina) na posi¢do 239 e
delecao de 30 aminoacidos na regido 2B. Os mecanismos responsaveis por esta evolugao viral
podem ser outros virus ja existentes ou ainda, fatores ambientais que podem estar envolvidos
neste processo (CAO et al., 2012).

A identificagdo dos kobuvirus ocasionando infec¢cdes em seres humanos e
animais pode ser considerada recente. Com isso, os estudos de carater epidemioldgico,
clinico, molecular e antigénico envolvendo cepas de kobuvirus sdo poucos e, por isso mesmo
inconclusivo.

Com relagdo a producdao animal, no Brasil, apenas o nosso grupo de
pesquisa, recentemente relatou a presenga do virus em suinos. Considerando a importancia de
duas cadeias produtivas representadas pela bovinocultura (corte/leite) e suinocultura, no
contexto do agronegocio brasileiro, estudos adicionais e complementares fazem-se

necessarios. Em particular, devem ser considerados os impactos das infec¢des singulares por
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kobuvirus e de coinfecgdes com outros enteropatdogenos na saude intestinal de animais de
producao.

A caracterizacdo molecular das cepas virais identificadas destaca-se ainda
no aspecto relacionado as infec¢des homologas e heterdlogas, além da possibilidade de
transmissdo interespécie e, em especial a avaliagdo do potencial zoonético dos kobuvirus

animais.
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2 OBJETIVOS

2.1 OBIJETIVO GERAL

e Avaliar por meio da técnica de RT-PCR parametros da infec¢do por
Aichivirus B e C em bovinos e suinos, respectivamente, provenientes

das principais regides produtoras brasileiras.

2.2 OBJETIVOS ESPECIFICOS

e Detectar pela técnica de RT-PCR a presenca do RNA de Aichivirus B ¢
C em amostras de fezes de bovinos e suinos, respectivamente;

e Determinar a frequéncia de ocorréncia do Aichivirus B e C nas
principais regides produtoras do Brasil;

¢ Em bovinos, determinar pardmetros da infec¢do como categoria animal
(bezerros / adultos), aptidao (corte / leite) com maior frequéncia de
ocorréncia da infecgao pelo Aichivirus B;

e Determinar a taxa de infec¢do pelo Aichivirus C em leitdes lactentes
com uma a trés semanas de idade;

e Com base em um produto com 219 pb do gene RdRp de kobuvirus
realizar inferéncias filogenéticas em cepas de Aichivirus B e C
identificadas em amostras de fezes de bovinos e suinos,

respectivamente, provenientes de rebanhos brasileiros.
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3 ARTIGOS PARA PUBLICACAO

3.1 ARTIGO 1. KOBUVIRUS (AICHIVIRUS B) INFECTION IN BRAZILIAN CATTLE HERDS

3.1.1 Abstract: There are few studies involving the detection of Aichivirus B in cattle herds
worldwide and this virus has never been diagnosed in Brazil. This study evaluated 222
diarrheic fecal samples collected in the period February/2010 to May/2012. The sampling
included fecal samples from four geographical regions (South, Southeast, Midwest, and
North) of Brazilian with higher activity of bovine livestock. To evaluate the frequency of
occurrence in different types of livestock were evaluated fecal samples from beef (n=105) and
dairy (n=117) cattle herds. To determine the category of the animal more susceptible to
infection, the sampling included fecal samples from young (Nn=182) and adults animals
(n=40). The fragment of 219 bp of the Aichivirus RdRp gene was amplified by RT-PCR assay
in 18.2% (40/222) of the fecal samples evaluated in both beef and dairy cattle animals. The
highest (P10.05) detection rate (20.9%; 38/182) of the Aichivirus B RNA was found in young
animals, while in adult cattle the RNA of the virus was detected in 5% (2/40) of the fecal
samples. The nucleotide sequencing analysis of the three amplicons showed that the Brazilian
Aichivirus B strains clustered in a distinct branch in the phylogenetic tree of the European and
Asiatic strains. To our knowledge, this is the first description of Aichivirus B infection in
Brazilian cattle herds.

Keywords: Bovine. Diarrhea. Dairy cattle. Beef cattle. RT-PCR. Enteric picornaviruses

3.1.2 Introduction

The genus Kobuvirus belong to the Picornaviridae family and the virions
are non-enveloped, with icosahedral symmetry and a diameter of 27-30 nm. The virus genome
consists of single-stranded positive-sense RNA with size ranging from 8.2 to 8.4 Kb (Reuter
etal., 2011).

Currently, the Kobuvirus genus included three species, designated as
Aichivirus A, Aichivirus B, and Aichivirus C that can cause infections in humans, cattle, and
pigs, respectively (ICTV, 2013).

The Aichivirus A (A846/88 strain) was firstly isolated in 1989 from a patient
with nonbacterial acute gastroenteritis in an outbreak in Japan. The cases were associated with
consumption of oysters (Yamashita et al., 1991). Also in Japan, during the year 2003, the
Aichivirus B (U-I strain) was detected in bovine serum and fecal samples from clinically
healthy cattle (Yamashita et al., 2003). In 2007, the Aichivirus C (S-1-HUN strain) was
identified in a healthy pig in Hungary (Reuter et al., 2008).

In addition to humans, cattle, and pigs infections of the kobuvirus have been

described in others animal species such as dog (Li et al., 2011), bat (Li et al., 2010), wild boar



30

(Reuter et al., 2013), and sheep (Reuter et al., 2010). There is the possibility of the kobuvirus
be diagnosed in wild animals (Reuter et al., 2011).

There are few studies involving the detection of Aichivirus B in cattle. In
Thailand, this virus has been detected in diarrheic fecal samples of calves between 7 to 49
days of age (Khamrin et al., 2008). In Korea, Park et al. (2011) analyzed fecal samples from
cattle with diarrhea. The highest presence of Aichivirus B in calves in relative to adults.
Jeoung et al. (2011) identified this virus in fecal samples of symptomatic and asymptomatic
calves (<30-day-old).

In Europe, epidemiological studies were conducted in animals with (Mauroy
et al., 2009) and without (Di Martino et al., 2012) diarrhea showing the presence of Aichivirus
B.

In Hungary, the presence of this virus in adult cattle was also described by
Reuter et al. (2009). In Netherlands, analyzing a small number of the fecal samples Barry et
al. (2011) reported high infection rate of Aichivirus B infection rate in Netherlands.

The kobuvirus is considered a new enteric virus, and the clinical
consequences of the infection caused by this agent are not yet established in Brazil. The aim
of this study is to evaluate the prevalence of the Aichivirus B in fecal samples in Brazilian

cattle herds.

3.1.3 Materials and Methods

3.1.3.1 Inclusion criteria

The fecal samples included in this study (n=222) are from a collection of
diarrheic samples collected during February/2010 to May/2012. The sampling was
representative of the four main geographical regions of Brazil (South, Southeast, Midwest,
and North) with higher activity of bovine livestock. A second criterion for inclusion in order
to evaluate the frequency of occurrence of kobuvirus infection in different types of livestock
were selected fecal samples from beef (n=105) and dairy (n=117) cattle herds. Finally, to
determine the category of the animal more susceptible to infection diarrheic fecal samples
from young (calves less that < 60 days, n=182) and adult animals (age > 1 year, n=40) were
selected. The Table 1 shows the distribution of diarrheic fecal samples included in this study

according to the origin and age of the animals.
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3.1.3.2 RNA extraction

Fecal suspensions were prepared at 10-20% (w/v) in 0.01 M phosphate-
buffered saline (PBS) pH 7.2 (137 mM NaCl; 3mMKCI; 8mM Na,HPOy; 14 mM KH,POy,),
and centrifuged at 3,000 x g for 5 min. The RNA extraction was realized with 400 pL of fecal
suspensions using a combination of phenol/chloroform/isoamyl alcohol (25:24:1) and
silica/guanidinium isothiocyanate methods (Alfieri et al., 2006). The RNA was eluted in 50
uL of ultra-pure RNase-free DEPC-treated sterile water. Sterile water was included as

negative control in all viral RNA extraction procedures.

3.1.3.3 Kobuvirus detection

The RT-PCR was performed using the primers UNIV-kobu-F/R that were
designed based on Kobuvirus strains, and target a region of the RdRp gene with 216bp
(Reuter et al., 2009). The RT-PCR products were analyzed by electrophoresis in a 2% agarose
gel in TBE buffer pH 8.4 (89 mM Tris; 89 mM boric acid; 2 mM EDTA), stained with

ethidium bromide, and visualized under UV light.

3.1.3.4 Sequencing and phylogenetic analysis

Three RT-PCR products amplified from fecal samples of calves with < 60
days of age were purified using the GFX™ PCR DNA and Gel Band Purification Kit (GE
Healthcare, Little Chalfont, Buckinghamshire, UK), quantified in a QubitTMFluorometer
(Invitrogen Life Technologies, Eugene, OR, USA) and sequenced in an ABI3500 Genetic
Analyser using the forward and reverse primers with the BigDye™ Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA, USA). The sequence quality analysis
was carried out using Phred software and the contig assembly was obtained using the CAP3
software (http://asparagin.cenargen.embrapa.br/phph/). Sequence similarities were performed
using the BLASTn software (http://blast.ncbi.nlm.nih.gov/), to verify the nucleotide similarity
with sequences that are deposited in GenBank. The phylogenetic tree and the nucleotide
matrix identity were realized using the MEGA version 5.10 and Bioedit version 7.0.5.3
software, respectively. The analyses were based on the neighbor-joining method from the

Tamura-Nei model. Bootstrapping was statistically supported with 1,000 replicates. The
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referenced sequences included in this study were acquired from the National Center for
Biotechnology Information, USA (GenBank) (http://www.ncbi.nlm.nih.gov/GenBank/).
Statistical analysis was performed with Epilnfo'™ to compare the
proportions of Aichivirus B positive samples among two categories: animals age (calves x
adult) and cattle type (dairy x beef). The analysis was performed using the Chi-square (?) test

or Fisher’s exact test. The confidence limit for the statistical tests was set at 95% (P<0.05).

3.1.4 Results

A product of 216 bp of the kobuvirus RdRp gene was amplified from 18.2%
(40/222) diarrheic fecal samples. Aichivirus B positive fecal samples originated from
Brazilian geographical regions and states sampled evaluated (Table 2).

The Table 3 show the distribution of diarrheic fecal samples positive for
Aichivirus B collected in beef and dairy cattle herds and in calves and adult animals. The
frequency of positive fecal samples from calves was statistically higher than in adult animals
(P=0.0367).

The sequence analysis from three selected RT-PCR amplicons from calves
(<60-days-old) confirmed that the amplified product were Aichivirus B specific. The three
sequences (BRA09/2011, BRA1682/2011, and BRA55/2012) analyzed in this study formed a
new branch in the phylogenetic tree (Figure 1). The BRAO09/2011 strain showed high
nucleotide identity (92.6%) with Korean strain (HQ650196), while the BRA1682/2011 and
BRAS55/2012 strains presented high nucleotide identity (92.6% and 93.9%, respectively), with
the Thailand (EF659450) and Japanese (EF659451) strains. The gene sequences described in
the present study have been deposited in the GenBank database under accession numbers:

KC921389 - KC921391.

3.1.5 Discussion

The RNA of Aichivirus B was detected in all Brazilian regions included in
this study, and represents the first detection this virus in Brazil. Similar rates of Aichivirus B
infection was detected in the three regions; South (19.17%), Southeast (23.1%), and North
(20%). The Midwest region showed the lowest detection rate (9.76%). These result suggest

that the infection is disseminated in Brazilian cattle herds.
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The Aichivirus B was detected in 58% (21/36) of the cattle herds evaluated
(data not shown) and the all regions included in the survey had at least one infected herd. The
Paranad State demonstrated the highest rate of virus detection, with 50% of positive herds,
which shows the wide spread of Aichivirus infection in cattle herds of this state. Comparing
the two types of livestock production, the highest (22.2%; 26/117) detection rate of Aichivirus
B positive diarrheic fecal samples was found in dairy herds while that in beef cattle herds the
virus was found 13.3% (14/105) of the samples. However, there was no statistical difference
(P1J0.05) between the presence of this virus in the dairy and beef herds.

The Aichivirus B have been detected in Japan (Yamashita et al., 2003),
Thailand (Khamrin et al., 2008) and, Italy (Di Martino et al., 2012) but there are no studies
about the detection of this virus in Brazilian dairy and/or beef cattle herds. In Thailand,
Khamrin et al. (2008) detected 8.3% (6/72) of positive fecal samples for the Aichivirus B. The
present study found 18% (40/222) of positive fecal samples for this enteric picornaviruses the
highest value reported in cattle with clinic signs of diarrhea.

Studies in other countries describe the presence of this virus as a common
enteric pathogen of animals. The Aichivirus B was present in 7 out of 142 (4.9%) in Italy (Di
Martino et al., 2012), 32 out of 86 (37.2%) in Korea (Jeoung et al., 2011) and in 7 out of 9
(77.8%) fecal samples of the bovines analyzed in Netherlands (Barry et al., 2011). The
Aichivirus B was detected in 20.9% (38/182) of fecal samples from calves with < 60 days of
age, while studies realized in Korea found 40.9% and 66.7% (Jeoung et al., 2011; Park et al.,
2011). The high prevalence of infection in young animals can be explained because this virus
belongs to the group of agents responsible for neonatal disease, similarly as observed in
humans, where the highest positive rate for Aichivirus A is found in younger people. There are
few studies analyzing the presence of Aichivirus B in adult animals with diarrhea. In this
study, values showed statistical difference in relation to young animals compared with adults
(P1J0.05) (Table 2).

In Hungary, Reuter et al. (2009) described that 6.25% (2/32) of the 1-year-
old animals were positive for the Aichivirus B. In the present study, this virus was identified
only in 5% (2/40) of diarrheic fecal samples from animals older than 1 year. In Korea, Park et
al. (2011) also showed 18.4% (9 out of 49) of Aichivirus B detection in adult animals
compared to calves. As well as in cattle, in pigs the percentage of positive decreased with
increasing age of the animals (An et al., 2011; Barry et al., 2011).

The highest rate of positive results to Aichivirus B is found in animals with

clinical signs of diarrhea (Jeoung et al., 2011; Di Martino et al., 2012). The presence of
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gastroenteritis by aichivirus has been mentioned by Park et al. (2011) who reported high
detection rate of this agent associated with gastroenteritis in 36% (13/36) of the farms
evaluated. However, some studies have related this virus in asymptomatic animals (Reuter et
al., 2009; Di Martino et al., 2012).

The sequencing analysis of three amplicons confirmed the presence of
Aichivirus B RNA in the fecal samples. The Brazilian Aichivirus B strains formed a distinct
branch in the phylogenetic tree compared with the sequences belonging to other countries, not
grouping with strains from the Japan, Italy, Korea, and Netherlands.

In humans the isolates of Aichivirus A have been found only in patients with
gastroenteritis, as well as in swine, also in cattle there are studies relating the presence of this
virus in cases of gastroenteritis (Yamashita et al., 2003; Jeoung et al., 2011). However, it is
not confirmed that the Aichivirus B are responsible for causing gastroenteritis in cattle.

However, the explanation for the involvement of Aichivirus B as a pathogen
not well elucidated. Consequently experimental infections in gnotobiotic animals are
necessary to know the involvement of this virus as an enteric agent in cattle herds.

In conclusion, this is the first detection of the Aichivirus B in Brazilian cattle
herds. This virus was detected in all four geographical regions and eight states included in this

study suggest that this enteric virus in dairy and beef cattle herds in all over the country.
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Table 1 — Distribution of diarrhoeic samples by geographical location, creation system and
age used to detect kobuvirus.

Origin Sampling (n)
. Herd Samples
Region State -
g Dairy Beef Calves Adult
South Parana 22 4 83 37
Minas Gerais 1 - 20 -
Southeast N
Sdo Paulo 1 - 6 -
Goias 3 - 13 3
Midwest Mato Grosso - 1 20 -
Mato Grosso do Sul - 1 5 -
North Rondonia 2 - 15 -
Para - 1 20 -
Total 29 7 182 40

Table 2 — Positive diarrheic fecal samples of beef and dairy cattle for Aichivirus B in the four
Brazilian geographical regions.

Samples
Geographic region” Positive/ Total Total (%)
Beef Dairy
South 4/45 19/75 23/120 (19.2)
Southeast - 6/26 6/26 (23.1)
Midwest 3/25 1/16 4/41 (9.8)
North 7/35 - 7/35 (20.0)

*States: South (Parand); Southeast (Minas Gerais and S3o Paulo); Midwest (Goias, Mato Grosso, and Mato
Grosso do Sul); North (Para).

Table 3 — Detection of Aichivirus B by RT-PCR assay in diarrheic fecal samples of young and
adult animals of Brazilian beef and dairy cattle herds.

Cattle herds Animals evaluated
Age group i
Beef Dairy
Total Positives (%) Total Positive (%) Total Positive (%)
Calves 68 13 (19.1°) 114 25 (21.9% 182 38(20.9%)*
Adult 37 1(2.7) 3 1(33.3) 40 2 (5.0%)*
Total 105 14 (13.39 117 26 (22.2% 222 40 (18.2)

* The same letter in the same line indicate non-significant values and different letters in different lines indicate
significant values (PJ0.05).
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Figure 1 — Phylogenetic analysis of partial nucleotide sequence (nt 203) of the RdRp gene of
Kobuvirus. The tree was generated using the neighbor-joining method and
Tamura-Nei as nucleotide substitution model. Bootstraps values (1,000 replicates)
higher than 70% are shown. The Brazilian strains of kobuvirus (Aichivirus B)
described in this study are marked with a circle. One Aichivirus A Brazilian strain
of human origin was used as the outgroup.
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Abstract The aim of this study was to evaluate the frequency
of Aichivirus C infection in the three major industrial pig-
producing regions of Brazil. This retrospective study evaluat-
ed 63 faccal samples that were collected between 2004 and
2011 from suckling piglets (1 to 3 weeks old) belonging to 46
pig herds located in the South, Southeast and Central-west
regions of Brazil. The presence of Aichivirus C in the samples
was evaluated by reverse transcription-polymerase chain re-
action assay. A 216-bp fragment of the aichivirus RNA-
dependent RNA polymerase gene was amplified from 48 out
of 63 (76.2 %) faccal samples. Aichivirus C was identified in
all the evaluated regions, and variations in the frequency of
virus detection among the different Brazilian regions were
observed. dichivirus C was detected at significantly higher
rates in 2-week-old (18/20; 90.0 %) and 3-week-old (19/22;
86.4 %) piglets than in 1-week-old piglets (11/21; 52.4 %)
(P<0.05). The nucleotide sequences of three amplicons
clustered together with other sequences previously iso-
lated in Brazil, revealing that there were no phylogenetic
differences in the strains of Aichivirus C by region or age. This
study demonstrated that Aichivirus C has been present in
Brazilian pig herds for years and has spread to the major
pig-producing regions of the country.
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Introduction

The Picornaviridae family is divided into 17 genera and
includes viruses of importance in human and animal health.
The viruses of this family are small and non-enveloped and
have a single-stranded positive-sense RNA (ssRNA) genome
(ICTV 2012a).

Kobuviruses belong to the genus Kobuvirus and were first
isolated from faccal samples of humans with acute gastroen-
teritis (Yamashita et al. 1991). Later, kobuvirus was isolated
from different animal species, including cattle, pigs, sheep and
bats (Yamashita et al. 2003; Reuter et al. 2008, 2010a; Reuter
and Egyed 2009; Li et al. 2010; Barry et al. 2011).

Until 2012, the genus Kobuvirus officially included the spe-
cies Aichivirus, which infeets humans, and Bovine kobuvirus.
The infection of pigs by a kobuvirus was first described by
Reuter et al. (2008), and porcine kobuvirus was a candidate to
be the third species in this genus (Reuter et al. 2011).

The representative species of the genus Kobuvirus have
recently been renamed as Aichivirus A for human host species,
Aichivirus B for bovine host species and Aichivirus C for
porcine host species, which has been aceepted as the third
species in the genus (ICTV 2012b; ¢).

The genome length of kobuviruses is approximately
8.3 kb, and the ssRNA genome is organised into structural
(VPO, VP3 and VP1) and non-structural (2A-2C and 3A-
3D) regions and also includes a leader protein (L). The 3D
gene region encodes a viral RNA-dependent RNA polymerase
(RdRp) and represents a conserved region among kobuviruses
(Reuter et al. 2011).

Aichivirus C has been reported in Hungary (Reuter et al.
2008, 2010b), Asian countries (Yu et al. 2009; Khamrin et
al. 2009, 2010; Park et al. 2010), the Netherlands and Brazil
(Barry et al. 2011). The presence of the virus has been
evaluated primarily in faecal samples. but recent studies
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have also detected Aichivirus C RNA in serum samples,
indicating viraemia (Reuter et al. 2010b; Barry et al. 2011).

The pathogenesis of Aichivirus C is uncertain, Healthy and
diarrhoeic individuals have been evaluated for the presence of
the virus. Non-diarrhoeic faecal samples from suckling and
weaned piglets up to finisher pigs from China, Korea and
Hungary have been found to be positive for dichivirus C with
rates varying from 19.3 to 65.0 % (Yu et al. 2009; Reuter et al.
2009, 2010b; Park et al. 2010). However, the highest percent-
ages (84.5 to 99.0 %) of positive results were detected in
diarrhoeic piglets from Thailand, Korea and Japan (Khamrin
et al. 2009; Park et al. 2010; Okitsu et al. 2012). Despite these
reported results, it has not been confirmed that Aichivirus C
causes enteric disease in pigs (Wang et al. 2012).

The first description of Aichivirus C infection in Brazil
was recently published. In that study, the 3D region of the
viral RdRp gene was detected in 78.4 % (29/37) and 41.0 %
(32/78) of diarrhoeic and non-diarrhoeic faecal samples, respec-
tively. Viraemia was also demonstrated. However, in that study,
only one Brazilian pig herd was evaluated (Barry et al. 2011).
The frequency of natural infection by Aichivirus C in different
geographic regions of Brazil remains unknown.

The aim of this study was to evaluate the frequency of
Aichivirus C infection in herds in seven states in the South,
Southeast and Central-west regions of Brazil, which were
responsible for 89.3 % of the total industrial pig meat
produced in 2011 in Brazil (ABIPECS 2012). Suckling
piglets were the target of this study because it has been
demonstrated that the presence of the virus in faccal samples
decreases with the age of the animals (Reuter et al. 2011).

Materials and methods
Sample collection

The samples were derived from a collection of piglet
faeces collected from 2004 to 2011 and stored at 4 °C.
The faecal samples were selected according to the state
of origin and the age of the animals and analysed independent
of other diagnostic results and the consistency of the faeces
(diarrhoeic or not).

Porcine faecal samples from states within the three major
industrial pig-producing regions of Brazil were selected.
Nine piglet faecal samples from each of the following
Brazilian states were analysed: Rio Grande do Sul, Santa
Catarina and Parana in the South region; Sdo Paulo and
Minas Gerais, representing the Southeast region; and Mato
Grosso do Sul and Mato Grosso in the Central-west region.

When multiple faecal samples were selected from the
same state, the samples were chosen according to the city.
Samples from different cities in the same state were selected.
When samples were from the same city in the same state,
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they were selected from different farms where animals were
raised. A total of 46 pig herds were included in this study.

Then, the faccal samples were chosen according to the age
of the animals, and only faecal samples from suckling piglets
were selected. A total of 63 faecal samples from piglets aged 1
to 3 weeks old were included in this study, 5 of which were of
normal consistency and 58 ranging from pasty to liquid.

Faecal suspensions were prepared at 10 to 20 % (w/v) in
0.01 M phosphate-buffered saline, pH 7.2, and centrifuged at
5,000xg for 3 min. The supernatants were used for ssRNA
extraction.

Virus detection

To determine whether the Aichivirus C was present, nucleic
acids were extracted from 400 pl aliquots of faecal suspen-
sions using a combination of the phenol/chloroform/isoamyl
alcohol (25:24:1) and silica/guanidinium isothiocyanate
nucleic acid extraction methods (Boom et al. 1990; Alfieri
et al. 2006). The ssRNA was eluted in 50 pl of ultrapure
RNase-free  diethylpyrocarbonate-treated sterile water.
Faccal samples previously confirmed by sequencing analy-
sis to be positive for Aichivirus C (Barry et al. 2011) were
included as positive controls, and sterile ultrapure water was
used as a negative control in all the nucleic acid extraction
and amplification procedures.

Reverse transcription-polymerase chain reaction (RT-PCR)
was performed using the primers UNIV-kobu-F/R, which
were designed based on human, bovine and porcine aichivirus
strains and target a region of the RdRp gene (3D). A 216-bp
amplicon was expected (Reuter et al. 2009). The amplified
products were analysed by electrophoresis on a 2 % agarose
gel in TBE buffer, pH 8.4 (89 mM Tris; 89 mM boric acid;
2 mM EDTA), which was stained with ethidium bromide
(0.5 g/ml) and visualised under UV light.

To confirm the specificity of the amplicons obtained in
this study, three Aichivirus C-positive samples from piglets
aged 1 week (BRA 1044/2011), 2 weeks (BRA 748/2006) and
3 weeks (BRA 715/2006) and from different geographic re-
gions were selected for sequencing and phylogenetic analy-
sis. The amplicons were purified using a QIAquick PCR
Purification Kit (Qiagen, Valencia, CA, USA), quantified with
a Qubit™ Fluorometer (Invitrogen™ Life Technologies,
Eugene, OR, USA), and analysed by electrophoresis on a 2 %
agarose gel. An ABI3500 Genetic Analyser and the BigDye™
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA) were used for sequencing, which was
performed in both directions with forward and reverse primers.
A phylogenetic tree constructed based on nucleotide (nt) se-
quences was obtained using the neighbour-joining method
based on the Tamura—Nei model, which provided statistical
support via bootstrapping with 1,000 replicates. The tree was
constructed in MEGA package (version 5.0).
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Statistical analysis

To analyse Aichivirus C infection in pigs of the different ages,
the piglet faecal samples were divided according to the age of
the animals into groups of 1-week-old (n=21), 2-week-old
(n=20) and 3-week-old (n=22) animals. Statistical analysis
was performed with Epi Info™ to compare the proportions
of Aichivirus C-positive samples among the three regions
evaluated and the three age groups. The analysis was
performed using the chi-square (°) test or Fisher’s exact test.
The confidence limit for the statistical tests was set at 95 %
(P<0.05).

Results

Aichivirus C was detected in faecal samples from 37
(80.4 %) of the 46 pig herds included in this study, and
positive samples were found in all of the states evaluated in
the three Brazilian geographical regions. Among the 63
piglet faecal samples analysed, 48 (76.2 %) were positive
for dichivirus C RNA (Table 1). According to the consis-
tency, Aichivirus C was detected in 4 of the 5 normal and in
44 of the 58 diarrhoeic piglet faccal samples, respectively.

The comparison of the proportions of positive samples
among the three regions showed that the Southeast region
had a significant (P=0.005) higher rate of dichivirus C detec-
tion than the Central-west region. No significant (P>0.05)
differences were found between the South and Southeast
regions and the South and Central-west regions.

The rates of Aichivirus C detection according to the age
of the piglets were 52.4 % (11/21), 90 % (18/20) and 86.4 %
(19/22) for animals at 1, 2 and 3 weeks old, respectively.
Aichivirus C was detected at significant higher rates in
piglets of 2 weeks (P=0.008) and 3 weeks (P=0.015) of
age compared with 1-week-old piglets (Table 2).

Table 1 Detection of Aichivirus C RNA by RT-PCR in faecal samples
from suckling piglet belonging to pig herds located in seven different
states in Brazil

Region State  Samples positive/tested (%) Total (%)

South RS 7/9 (77.8) 20/27 (74) a
SC 6/9 (66.7)
PR 7/9 (77.8)

Southeast Sp 9/9 (100) 18/18 (100) a, b
MG 9/9 (100)

Central-west MS 79 (717.8) 10/18 (55.6) a, ¢
MT  3/9(33.3)

Different letters denote significant differences (P<0.05)

RS Rio Grande do Sul, SC Santa Catarina, PR Parand, SP Sdo Paulo,
MG Minas Gerais, MS Mato Grosso do Sul, MT Mato Grosso

Table 2 Frequency of dichivirus C detection by RT-PCR according to
the age of the piglets

Aichivirus C Age (weeks)

One (%) Two (%) Three (%)
Positive 11 (52.4)a 18 (90) b 19 (86.4) b
Negative 10 (47.6) 2 (10) 3(13.6)
Total 21 (100) 20 (100) 22 (100)

Different letters denote significant differences (P<0.05)

The sequence analysis confirmed that the amplicons
obtained were from Aichivirus C. The nt sequences of three
amplicons clustered together with other strains isolated
previously in Brazil (Fig. 1).

Discussion

The three geographical regions included in this study are
responsible for the majority of industrially produced pork
meat in Brazil. Aichivirus C infection was present in all of
these regions, suggesting that the virus is widespread in
Brazilian pig herds. The percentages of positive results
obtained in this study are in agreement with the results of
a previous Brazilian study that evaluated only one farm and
detected Aichivirus C in 87.5 % (56/64) of faecal samples
from piglets aged 4 to 21 days old (Barry et al. 2011).

The detection of dichivirus C from a high number of pig
herds supports the hypothesis that the virus is widely dis-
seminated in Brazil. Despite the negative results in 19.6 %
(9/46) of the pig herds, it cannot be ruled out that Aichivirus
C'is present in these farms because a small number of faecal
samples per herd were evaluated in this study.

In this study, lower rates of Aichivirus C detection were
observed in the Central-west Brazilian region, specifically in
the Mato Grosso state. These data reveal that although
Aichivirus C infection is not geographically restricted, var-
iations in the frequencies of infection may be present be-
tween different geographical areas of the same country.

The frequency of Aichivirus C infection in suckling pig-
lets of different ages was also evaluated, and the results
presented herein show that the frequency of viral infection
increased with the age of the piglets. Based on these results,
it is possible that the level of Aichivirus C shedding in 1-
week-old piglets is lower because the virus is most likely in
the initial stages of infection and because viral shedding
increases with increased Aichivirus C replication.

Barry et al. (2011) in Brazil have reported lower percentages
of Aichivirus C-positive faecal samples for piglets between 28
and 60 days old compared with animals up to 21 days old. In
the present study, 3-week-old piglets had a lower percentage of
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Fig. 1 Neighbour-joining phylogenetic tree (Tamura—Nei model)
constructed based on 170 nt partial Aichivirus C RdRp gene. The tree
includes BRA 1044/2011(JX422219)-BRA 748/2006 (JX422220)-BRA
715/2006 (JX422221) (red filled diamond), sequences described in Brazil

samples positive for Aichivirus C. Although this difference
was slight and not significant (P>0.05), it may be indicative
of a decrease in the frequency of infection with the age of the
animals. The high frequency of natural infection by Aichivirus
C in suckling piglets indicates that these animals had early
contact with the virus, which raises questions regarding the
routes of the viral transmission.

Based on studies on Aichivirus A, it is assumed that
kobuviruses are transmitted primarily by the faecal-oral route,
either directly from person-to-person, or indirectly via con-
taminated food or water (Reuter et al. 2011). However, based
on the results for Aichivirus infection obtained from piglets
and sows, it has been suggested that the faccal-oral route may
not be the only mode of viral transmission from mother to
piglets in early life (Barry et al. 2011). The significant increase
in the frequency of Aichivirus C infection in the three age
groups observed in this study suggests that, in addition to the
potential sow-to-piglet transmission route, piglet-to-piglet
viral dissemination is also likely.

Alternative routes of kobuviruses infection have been
suggested, such as transmission via milk, blood (handling
procedures), urine, saliva or even aerosols, as for other picor-
naviruses (Reuter et al. 2010b; Barry et al. 2011). Kobuviruses
have been suggested not to be species-specific but may be
well adapted to their hosts (Barry et al. 2011). The possibility
of interspecies or zoonotic transmission requires further
investigation (Reuter et al. 2011).

Studies have evaluated whether Aichivirus C may be a
causative agent of porcine enteric diseases. Despite that
higher frequencies of Aichivirus C have been reported from
diarrhoeic than from normal consistency pig faecal samples
(Khamrin et al. 2009; Park et al. 2010; Okitsu et al. 2012),
the association of the virus presence and disease has not been
conclusive. In the present study, such evaluation is unviable

@ Springer

(HQ877620-HQ877621) and others obtained from GenBank (HM014091/
Japan—-GQ152099/Thailand—EU787450/Hungary). Aichivirus A,
Aichivirus B and foot-and-mouth disease virus were included as out group.
Bootstrap values (1,000 replicates) higher than 70 % are shown

due to the small number of faecal samples of normal consis-
tency relative to the diarrhoeic, which could be a bias in the
statistical analysis. Furthermore, a causal relationship could be
established only if the infections with other porcine enteric
viruses (rotaviruses, caliciviruses and picobirnaviruses) were
tested and not present.

The faecal samples analysed in this study were collected
between 2004 and 2011, and positive results for Aichivirus C
were observed throughout this time interval. Therefore, these
data represent a retrospective study of 7 years and show that
the introduction of the virus into pig herds in Brazil is not
recent.

The sequences analysed form a well-defined cluster with-
in Aichivirus C. Based on these observations, it can be
concluded that the Aichivirus C strains in this study are very
similar to each other and do not seem to group according to
geographical region or age, in agreement with previously
presented results (Barry et al. 2011).

There are a large number of viruses responsible for enteric
diseases in pigs, and the description of new viruses makes this
number increase. Emerging viral infections of the porcine gas-
trointestinal tract have been reported, such as infections by
porcine caliciviruses (sapovirus and norovirus), kobuviruses
and toroviruses, and although the associations between these
viruses and specific clinical symptoms have not been confirmed,
these viruses are considered endemic in some geographic areas
of many countries (Kroneman et al. 1998; Pignatelli et al. 2010;
Reuter et al. 2011; Meng 2012).

In Brazil, porcine pathogenic enteric viruses (rotaviruses A,
B and C) and emerging viral agents (dichivirus C, porcine
caliciviruses, hepatitis E virus and torque teno sus virus) are
widespread in the pig herds (Barry et al. 2008, 2011; Cunha et
al. 2010; Médici et al. 2011; Gardinali et al. 2012; de Arruda
Leme et al. 2012). The surveillance of enteric viral infections,
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emerging or not, deserves continuous attention because the
maintenance of pig intestinal health is one of the essential
factors in ensuring productivity. Moreover, pig waste can be
responsible for water and environmental contamination, and
because of the zoonotic potential of some of these viruses is
not known, this contamination cannot be ignored.

To the best of our knowledge, this study represents the first
description of Aichivirus C in suckling piglets from states that
represent the major pig-producing regions of Brazil and is the
first Brazilian retrospective evaluation of Aichivirus C infection.
The results show that infection by Aichivirus C has been dis-
seminating among Brazilian pig herds for years (2004-2011).
The presence of Aichivirus C in faecal samples from suckling
piglets revealed that the piglets are infected early in life and that
these animals can spread the virus, even during the suckling
period. Few studies have discussed the epidemiological features
of Aichivirus C infection. The present results provide useful data
for improving the knowledge on the global distribution of this
virus. Other studies that aim to better understand the biological
properties of this virus may help to elucidate the evolution,
epidemiology, infection dynamics, pathogenicity and sanitary
risks of Aichivirus C.
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A RT-PCR possibilitou a amplificacdo de um segmento com 216 pb do
gene RdRp de Aichivirus B e Cem 18,2% e 76,2% das amostras de
fezes de bovinos e suinos, respectivamente, incluidas no estudo;
Aichivirus B e C foram identificados em rebanhos de todas as regides
geograficas brasileiras analisadas demonstrando a ampla distribuicao da
infeccdo por esses virus nos rebanhos bovinos e suinos,
respectivamente;

A taxa de infec¢do por Aichivirus B foi significativamente (P<0,05)
maior em bezerros com quadro clinico de diarreia quando comparada
com a taxa de infeccao de bovinos adultos com diarreia;

A taxa de detecg@o do Aichivirus B foi maior nos rebanhos de produgao
leiteira (22,2%) em relagdo aos rebanhos de corte (13,3%) avaliados;

O estudo demonstrou alta taxa de infecgdo por Aichivirus C em leitdes
lactentes de todas as regides incluidas no estudo;

A andlise das sequéncias nucleotideos confirmou a presenca do
Aichivirus B e C nos rebanhos bovinos e suinos, respectivamente;

Por meio da anélise filogenética foi possivel concluir que as cepas de
Aichivirus B obtidas neste estudo, formaram um ramo distinto na arvore
filogenética quando comparadas com as cepas identificadas em outros
paises. No entanto, as cepas de Aichivirus C pertencentes a este estudo,
agruparam-se com outras cepas brasileiras descritas em estudos

realizados anteriormente.
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ANEXO A

Detecgao de Aichivirus B em amostras de fezes de bovinos pela técnica de RT-PCR
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N*® Amosiras
Prevaléncia

Pais Idade Consisiéncia . o Referéncia
Avaliadas  Positivas (%) em idade (%)
Japao 2-4 anos Normal 72 12 (16.7) - Yamashita et al., 2003
Tailindia 7-49 dias Diarreia 72 6(8.3) - EKhamrin et al., 2008
1-0 dias )
14-17 dias ]
Hungna 6-7 meses Normal 32 2(6.25) 625 Reuter et al., 2009
1-7 anos ~
= 20 dias
. 3 = 30 dias Normal (21) 5(23.8) - "
Coreia do Sul =30 dias Diarreia (36) 107 32(37.0) Jeoung et al., 2011
Holanda 12-14 dias Normal 9 7(77.8) - Barry et al., 2011
= 6 meses 66.7
Coreia do Sul <1 ano Diarreia 62 16 (25.8) 250 Park etal., 2011
=1 ano 18.4
Itilia < 6 semanas Diarreia (38) 142 263 - Di Martino et al., 2012

Nommal (104) 5(4.8)




ANEXO B

Detecgao de Aichivirus C em amostras de fezes de suinos pela técnica de RT-PCR
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N Amostras

Prevaléncia em

Pais Idade Consisténcia svafiadas Pﬂ:ﬂ{i‘m idade (%) Referéncia
0,
Hungrnia <10 dias Normal 15 15 (100) - Reuter et al., 2008
10 dias 100
- 3 semanas - - 933
Hungria 3 meses Normal 60 39 (65) 200 Reuter et al . 2002
6 meses 46.7
Japdo 749 dias Diarreia 08 07 (99 - Khamrin et al, 2009
China =15 dias Normal 322 07 (30) - Yu etal, 2000
< 3 semanas 83.6
o < 0 meses Normal (83) 16 (19.3) 57.6
Careia do Sul <77 semanas Diarreia (83) 167 71 (845) 275 Park et al, 2010
=1 ano 18,2
Japdo < 6 meses Normal 203 133 (45.4) 49.8 Khamrin et al . 2010
= meses 205
—_ =3 semanas Normal (33) 15 (45.5) 60
Coreia do Sul Terminacio Diarreia (36) 119 28 (32.6) 110 An etal, 2011
4-21 dias - 87.5
. : Normal (78) 32(41) .
28-
Brasil _8._ 60 dias Diarreia (37) 115 20 (78.4) 88 Barryetal, 2011
=1 ano 11.8
Tailandia 4 semanas Diarreia 131 127 (97.0) - Okitsu et al | 2012
< 4 semanas 90,9
Republica Checa 4-12 semanas Normal 196 175 (87.3) 100 Dufkova et al, 2013
Porcas 90,9
6 meses 68.6
4 semanas N - 68
) Diarreia (114) 25 (21.9) - -
Estados Unidos 8 semanas Nomal (46) 160 1021.7) 20 WVerma et al., 2013
0 semanas 9
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Comparagdo de similaridade de nucleotideos da regido RdRp do Aichivirus B entre estirpes

pertencentes ao Brasil com estirpes de outros paises.

JQS00629 TQB00632

HQ877629

HQE77630 EF639450 EF639431 EF639434 HQ630177 DQO28632 HQE30196 HQE30172

BRADY BRASS BRAL682 Ttaly Italy  Netherlands Netherlands Thaland  Japan Japan Corea Alchi Corea Corea
BRAOY jin] 0,935 0.901 0911 0.911 0911 0.901 0911 0,911 0,906 0,921 0.674 0,926 0,916
BRASS 0.935 D 0,54 0916 0916 0316 0.886 0,945 0,945 0,945 0916 0.669 0,916 0911
BRALSS2 0.901 094 1D 0916 0.856 0,506 0.886 0,926 0,926 0,921 0,376 0,653 0,386 0,871
JQ900629 Italy 0,911 0916 0916 ID 0.931 0551 0.931 095 0,95 0,945 0,921 0.674 0,931 0916
JQ900632 Italy 0.911 0,916 0.856 0931 jin] 0931 0.911 095 0,95 0,945 0,906 0.6635 0,916 0,501
HQ&77629
Netherlands 0911 0916 0,906 0931 0.931 D 0.931 0,931 0,931 0,926 0,931 0.653 0,931 0,926
HQE77630
Netherlands 0.901 0,886 0.886 0931 0911 0931 D 0911 0911 0,906 0,921 0.674 0,931 0,916
EF£394350 Thailand 0,911 0,945 0,926 0.95 0.95 0931 0911 ID 1.000 0,995 0,916 0.684 0,926 0,911
EF639451 Japan 0.911 0,945 0.926 0.93 0.93 0931 0911 1.000 ID 0,995 0916 0.684 0,926 0911
EF6£39454 Japan 0.906 0,345 05821 0945 0.945 0.926 0.906 0,995 0,995 ID 0911 0.679 0,921 0,506
HQ650177 Corea 0921 0916 0876 0921 0.906 0951 0921 0916 0916 0911 D 0,679 0.%9 0,995
DQO028632 Archs
virus/Gotania 0,674 0.669 0.633 0674 0,663 0.653 0,674 0.684 0.684 0,679 0,679 jis] 0,674 0,674
HQ650196 Corea 0.926 0916 0.886 0931 0916 0931 0.931 0.926 0,926 0921 0.99 0.674 D 0,983
HQ650172 Corea 0916 0911 03871 0916 0.901 0.926 0916 0911 0911 0,508 0,995 0674 0985 D
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APENDICE A
Lista de Reagentes

1 100 mM dNTP Set, 4 x 250 pL; 25 pmol cada (100 mM dATP Solution, 100 mM dCTP
Solution, 100 mM dGTP Solution, 100 mM dTTP Solution) (InvitrogenTM Life
Technologies, EUA)

2 10 x PCR-Buffer (200 mM Tris-HCI, pH 8,4, 500 mM KCI) (InvitrogenTM Life

Technologies, EUA)

123 bp DNA Ladder (InvitrogenTM Life Technologies, EUA)

Acetona P.A. (CH3COCH3) P.M. 58,08 (Dinamica®)

Acido bérico (H3BO3) P.M. 61,83 (Sicalab®)

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

Acido etilenodiaminotetraacido sal di-sédico - EDTA P.A. (C10H14N208Na2.2H20)

P.M. 372,24 (Reagen®)

8 Agarose (InvitrogenTM Life Technologies, EUA)

9 Alcool etilico absoluto (C2H20H) P.M. 46,07 (Nuclear®)

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

11 Azul de bromofenol (Sigma®, EUA)

12 Brometo de etideo (C21H20N3Br) P.M. 394,3 (Sigma®, EUA)

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

14 Didxido de silica (Si02) P.M. 60,08 (Sigma®, EUA)

15 Dodecil Sulfato de Sodio - Lauril Sulfato de Sodio - SDS (C12H25Na0O4S) P.M. 288,38
(BDH)

16 Hidroxido de Sodio P.A. (NaOH) P.M. 40,00 (Mallinckrodt Chemicals®)

17 Hidroximetil amino metano - TRIS 99% P.M. 121,14 (Merck)

18 Isotiocianato de guanidina P.M. 118,16 (InvitrogenTM Life Technologies, EUA)

~N N B~ W

19 Platinum Tag DNA Polymerase recombinant 500 unidades (InvitrogenTM Life
Technologies, BRA)

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

21 Triton x-100 (J.T.Baker®)

22 Fenol (C6H50H) P.M. 94,11 (Invitrogen Life TechnologiesTM)M-MLV Reverse
Transcriptase - 200 units/uL (Invitrogen Life Technologies®)

23 Agua DEPEC (Dietil pirocarbonato) (Invitrogen Life Technologies®)

24 Glicina P.A. P.M. 75,07 (Nuclear® )



51

25 Cloreto de magnésio 50 mM (MgCl2) (Invitrogen Life Technologies®)

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

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

28 Oligonucleotideo iniciador (primer) UNIV-R - 200 pmol (Invitrogen Life Technologies®)
29 Oligonucleotideo iniciador (primer) UNIV-F - 200 pmol (Invitrogen Life Technologies®)



52

APENDICE B

Solugdes e Tampdes

e Diluicdo do primer

Primer UNIV forward

— Sequéncia: 5’-TGGAYTACAAG(/R) ATGTTTTGATGC- 3’

— Local de amplificacdo: gene RdRp

— Concentragao: 15,6 nmol

15,6x 1000 =15600 pmol

15600/20=780

— Solucgao estoque: ressuspender 780 ul em dgua de ultrapura autoclavada para a obtengao da
solucao 10x [ ]

— Solugdo uso: diluir 1:10 a solug@o estoque em agua de ultrapura

— Solugao final: 20 pmol/uL

Primer UNIV reverse

— Sequéncia: 5’- TGTTGTTRATGATGGTGTTGA-3’

— Local de amplificacao: gene RdRp

— Concentragdo: 36,7 nmol

36,7 x 1000 = 36700 pmol

36700/20= 1835

— Solugdo estoque: ressuspender em 1835 ul agua de ultrapura autoclavada para a obtengao
da solugao 10x [ ]

— Solugao uso: diluir 1:10 a solug@o estoque em agua de ultrapura

— Solugao final: 20 pmol/uL

e Hidratacdo da silica

— 60 g de silica (0,Si)
— Adicionar 500 mL de agua ultrapura autoclavada
— Agitar lentamente e manter em repouso durante 24 horas

— Por succ¢do, desprezar 430 mL do sobrenadante



— Ressuspender a silica em 500 mL de dgua bidestilada
— Manter em repouso durante 5 horas para sedimentar
— Desprezar 440 mL do sobrenadante

— Adicionar 600 pL de HCI (32% w/v) para ajustar o pH=2,0) - aliquotar e autoclavar

. Solucgéo 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 x-100

. Solucéo L2

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

Tampéo de amostra para eletroforese em gel de agarose

— 0,25 g azul de bromofenol (0,25%)
— 45 g sacarose - sucrose (C12H22011) (45%)
Agua MilliQ (q.s.p.) 100 mL

e Fenol/cloroférmio-alcool isoamilico
— 25 mL fenol saturado

— 24 mL cloroférmio

— 1 mL alcool isoamilico

e SDS 10%

— 5 g de dodecil sulfato de sodio - Lauril sulfato de sddio - SDS (C12H25Na04S)
— Agua ultrapura autoclavada (q.s.p.) 50 mL
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e Gel de agarose 2%

— 1 gagarose

— 50 mL de tampao TEB 1x

30 puL de brometo de etidio

Diluicdo de dNTP

solucdo estoque - concentragao 100 mM - 100 uL. de cada ANTP

solugdo uso - concentragdo 10 mM - 10 uL da solucdo estoque + 90 ul de agua ultrapura

autoclavada



APENDICE C

Protocolo de Técnicas

e Suspensdo fecal - Extracédo bruta

— Pesar 1 g do material fecal em balanca de precisao

— Adicionar 9 mL de tampdo TRIS/Ca"™ 1x (para amostra liquidas estabelecer a proporgio
1:2)

— Homogeneizar

— Calibrar os tubos

— Centrifugar 2.000 x g/ 5 min

— Recolher sobrenadante

— Identificar e estocar em frascos a 4°C

e Extracdo do RNA: Associacao das técnicas fenol/cloroférmio-alcool isoamilico e

silica/isotiocianato de guanidina

— Aliquotar 500 uL da suspensao fecal

— Adicionar 50 uLL 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 em vortex

— Centrifugar 10.000 x g /10 min

Recolher o sobrenadante em outro microtubo
— 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
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— Desprezar o sobrenadante em solugdo contendo NaOH 10 M

— Adicionar 500 pL de solugao L2

— Homogeneizar em vortex

— Centrifugar 10.000 x g /30 s

— Desprezar o sobrenadante em solucao contendo NaOH 10 M

— Adicionar 500 uL de solugao L2

— Homogeneizar em vortex

— Centrifugar 10.000 x g /30 s

— Desprezar o sobrenadante em solu¢ao contendo NaOH 10M

— Adicionar 500 pL de etanol 70% gelado

— Homogeneizar em vortex

— Centrifugar 10.000 x g /30 s

— Desprezar sobrenadante em descarte comum

— Adicionar 500 pL de etanol 70% gelado

— Homogeneizar em vortex

— Centrifugar 10.000 x g /30 s

— Desprezar sobrenadante em descarte comum

— Adicionar 1000 uL de acetona P.A. gelada

— Homogeneizar em vortex

— Centrifugar 10.000 x g /30 s

— Desprezar sobrenadante em descarte comum

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

— Adicionar 50 uL de 4gua DEPEC

— 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 uLL

Estocar a 4°C ou -20°C até a utilizagao

e RT-MIX (para uma reacao)

— Buffer 5x [Tris-HCI250 mM (pH 8.3); KC1375 mM; MgCl12 15 mM]: 4,0 uL



— DTT (0,1 M): 2,0 uL

— dNTP (0,1 mM): 1,0 uL

— M-MLYV (200 U/[IL): 0,5 uL
— Agua: 2,5 uL

e PCR-MIX (para uma reagéo)

— Buffer 10x [Tris-HCI1200 mM (pH 8,4); KC1 500 mM]: 7,5 uL.
— MgCI2 (50 mM): 2,0 uL

— dNTP (0,1 mM): 4,0 uL

— UNIV-F (20 pmol): 1,0 uL

— UNIV-R (20 pmol): 1,0 uLL

— Platinum®Taq DNA Polymerase (5 U/uL): 0,5 uL

— Agua: 26,0 pL

e RT-PCR

5 pL RNA extraido
1 pL primer UNIV-E (reverse)
4 uL dgua ultrapura autoclavada
'
07°C / 4 min
5 min banho de gelo

'

Adicionar 10 uL RT MIX
+
42°C / 30 min
95°C /5 min
Manter a 4°C

'

cDNA

{

8 uL cDNA
42 uL PCE. MIX

'

50pL de volume final

04°C / 3 min
40 ciclos (94°C /30 5: 51°C /1 min 20 5; 72°C / 1 min) e um ciclo final de 72°C / 10 min
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Eletroforese (Gel de agarose a 2%o)

— 1 g de agarose
50 mL TBE buffer (Tris 89 mM; acido borico 89 mM; EDTA 2 mM) pH 8.4
20 pL de brometo de etideo (0,5 pg/mL)

Purificacdo de produto de PCR excisado do gel

Pesar o fragmento excisado do gel em microtubo de 1,5 mL

Adicionar 10 uL do Capture buffer type 2 para cada 10 mg de Del

— Incubar o tubo a 60°C / 15 min, homogeneizando a cada 3 min

— Spin

— Transferir 600uL. da amostra com o Capture buffer type 2 em um microtubo coletor com
coluna

— Incubar a temperatura ambiente por 1 min

— Centrifugar a 13 000 g/ 2 min

— Descartar o filtrado e recolocar a coluna no mesmo microtubo

— Adicionar 500 uL do Wash buffer type 1 na coluna com microtubo coletor

— Centrifugara 13 000 g/ 1 min

— Descartar o filtrado e transferir a coluna para um microtubo de 1,5 mL

— Adicionar 30 uL do Elution buffer type 6

— Incubar a temperatura ambiente por 1 min

— Centrifugara 13 000 g/ 1 min

— Estocar o DNA purificado em -20°C

e Quantificacéo de produto de PCR

— Preparar a solugdo Quant-iTTMWorking Solution diluindo o reagente Quant-iT Vno
QuantiT ™Buffer, 1:200. Sio necessarios 200 pL desta solugdo por amostra e para os
padrdes 0 e 100.

— Homogeneizar em vortex

— No microbuto das amostras adicionar 198 uL da solucdo Quant-iT ™Working Solution 2 a 2
uL do DNA purificado
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— No microtubo do padrdo 0 adicionar 190 BL da solucdo Quant-iT"Working Solution a 10 uL do
padrdo 0

— No microtubo do padrdo 100 adicionar 190 pL da solugdo Quant-iTTMWorking Solution a
10 uL. do padrao 100

— Homogeneizar os microtubos em vortex por 2 —3 s

— Incubar os microtubos em temperatura ambiente por 2 min

— Realizar a leitura utilizando Qubit™fluorometer (Invitrogen Life Technologies™)

— Multiplicar pelo fator de dilui¢do para determinar a concentragdo correta da amostra



APENDICE D

Lista de Software

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

e BLAST The Basic Local Alignment Search Tool
(http://blast.ncbi.nlm.nih.gov/Blast.cgi)

e MEGA package software version 5.10

(http://www.megasoftware.net/megaS/mega51.html)

e BioEdit software version 7.0.5.3

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