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GENOMAS DE VIRUS DE DNA DE FITA SIMPLES DETECTADOS EM SOROS DE
SUINOS COM SINDROME MULTISSISTEMICA DO DEFINHAMENTO DO SUINO
ATRAVES DE METAGENOMICA

RESUMO

As doencas associadas ao circovirus suino (DACS) causam impacto econémico negativo nos
sistemas de criacdo de suinos no mundo todo. As perdas incluem tratamento da doenca,
mortalidade, bem como diminui¢do no desempenho dos animais. Uma das manifestagdes mais
relevantes das DACS ¢ a sindrome multissistémica do definhamento dos suinos (SMDS). O
principal agente patogénico na causa da SMDS é o circovirus suino tipo 2 (PCV2), no entanto,
estudos observacionais e experimentais demonstraram que outros agentes estdo envolvidos na
patogénese e manifestagcdo dos sinais clinicos. O sequenciamento de alto desempenho aliado
a metagendmica sdo ferramentas que tornam possivel a identificacdo da microbiota total de
uma determinada amostra, independentemente de cultivo dos microrganismos. Visando
contribuir para o conhecimento dos possiveis virus envolvidos na SMDS, o presente trabalho
realizou o sequenciamento genético de alto desempenho de soros de suinos e posterior analise
do metagenoma resultante. Foram utilizadas amostras de soro coletadas em 2008, de 16 suinos
com sinais clinicos da SMDS, entre 80 e 100 dias de idade, em uma granja no interior do Rio
Grande do Sul. Os dados revelaram sequéncias virais de PCV2, parvovirus suino tipo 1 a 6
(PPV1-6), torque teno virus de suinos (TTSuV) tipo 1b, k2a e k2b e virus de DNA circular de
fita simples codificador de proteina associada a replicacdo (CRESS). A ocorréncia de PCV2,
PPV1-5e TTSuV ja foi descrita em suinos com SMDS, portanto este estudo reforca resultados
anteriores. O PPV6 foi recentemente descrito na China, Europa e Estados Unidos, e os estudos
ndo relacionaram o virus com nenhuma doenca especifica de suinos. Os CRESS ja foram
identificados em todos os continentes, em varios tipos de amostras, incluindo fezes de suinos,
mas sem nenhuma conexdo com doencas de animais. Portanto, este € o primeiro relato de
PPV6 e CRESS em suinos apresentando sinais de SMDS. Porém estudos posteriores sdo

necessarios para poder atribuir relacdo entre PPVV6 e CRESS no desenvolvimento da SMDS.

Palavras-chave: SMDS, virus de suinos, metagenémica, PCV2, PPV, TTSuV, CRESS.



SINGLE STRANDED DNA VIRUS GENOMES IDENTIFIED IN SWINE SERA
WITH PORCINE CIRCOVIRUS ASSOCIATED DISEASE THROUGH
METAGENOMIC

ABSTRACT

Porcine circovirus associated disease (PCVAD) is one of the causes of negative economic
impact on pig farming systems described worldwide. Losses include expenditures with
treatment, increased mortality rates, and decreased productivity. One of the most relevant
manifestations of PCVAD is the post-weaning multisystemic wasting syndrome (PMWS). The
main pathogen present in PMWS is porcine circovirus type 2 (PCV2). However, observational
and experimental studies have shown that other agents may be involved in the pathogenesis
and clinical manifestation. High-throughput sequencing combined with metagenomics
analyses make it possible to identify the total microbiota in a given sample, regardless of
microorganism culture. In order to contribute to the knowledge of the viruses involved in
PMWS, the present study carried out the high-throughput sequencing of swine sera and
subsequent analysis of the resulting metagenome. Sixteen serum samples collected in 2008 on
a farm in Rio Grande do Sul, from 80 and 100 days old pigs with clinical signs of PMWS,
were examined. Data revealed viral sequences of PCV2, porcine parvovirus type 1 through
6 (PPV1-6), torque teno sus virus (TTSuV) types 1b, k2a and k2b and circular replication-
associated protein (Rep) encoding single-stranded (CRESS) DNA viruses. The occurrences of
PCV2, PPV1-5 and TTSuV have already been described in pigs with PMWS, so this study
reinforces previous results. PPV6 was recently described in China, Europe and the United
States, and the studies did not correlate the virus to any specific disease. CRESS DNA viruses
have been identified on all continents in various types of samples, including swine feces, but
without any connection to animal diseases. The present study is the first report of PPV6 and
CRESS in pigs presenting PMWS signals. However, further studies are necessary to be able
to attribute the relationship between PPV6 and CRESS in the development of SMDS.

Keywords: SMDS, swine virus, metagenomics, PCV2, PPV 1-6, TTSuV, CRESS.
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1 INTRODUCAO

A agropecudria é uma importante atividade para a economia brasileira e, entre os diversos
setores produtivos, destaca-se a suinocultura. O Brasil se estabelece como o quarto maior
produtor mundial de carne suina, proteina mais consumida no mundo todo (DE ALMEIDA et
al, 2015). O controle de enfermidades representa um grande desafio para a suinocultura,
tornando-se ainda maior nas Ultimas décadas, devido a disseminacdo de doencas associadas
ao circovirus suino (DACS). E descrito que a DACS, além de causar reducio no desempenho
dos animais, aumenta a susceptibilidade a infec¢Bes secundarias (OPRIESSNIG et al, 2007,
GRAU-ROMA et al, 2011).

A DACS afeta suinos de 5 a 12 semanas de idade, com morbidade de 5 a 30% e mais de
50% de mortalidade. Evidéncias revelam que suinos afetados com DACS podem desenvolver
imunodepressio grave (WALKER et al, 2000; SEGALES et al, 2004; YIN et al, 2010), além
de desordens reprodutivas, nefropatia, dermatite, lesbes no sistema nervoso, complexo de
doencas respiratdrias, enterite e pneumonia necrotizante degenerativa (ZHAI et al, 2014).

Uma das manifestacdes mais relevantes entre a DACS é a sindrome multissistémica do
definhamento do suino (SMDS), que afeta principalmente leitbes no desmame e 0s sinais
clinicos associados séo perda de peso, dispnéia, palidez, ictericia, aumento dos linfonodos e
diarréia (HARDING 1996; HARDING E CLARK, 1997, SEGALES et al., 2005). O principal
agente patogénico envolvido na SMDS ¢é o circovirus suino tipo 2 (PCV2) (MEEHAN et al.,
1998, ALLAN et al., 1998, DUPONT et al., 2007; SALGADO et al., 2014). Contudo, a
maioria dos animais infectados com PCV2 néo desenvolve a doenca. Idade, manejo, variante
viral e outros patdgenos tambeém tém sido associados com o desenvolvimento das DACS
(BLOMSTROM et al, 2009). Embora 0o PCV2 seja necessario para ocorréncia da doenca
(SEGALES, 2008), a presenca do agente viral, isoladamente, ndo é suficiente para o
desenvolvimento dos sinais clinicos (CINO-OZUNA et al, 2011).

Portanto, o envolvimento de outros agentes infecciosos continua sendo objeto de
investigacGes. A recente abordagem da metagendmica viral tem proporcionado eficiente
triagem de amostras para deteccdo de agentes infecciosos, sem necessidade de conhecimento
etiologico prévio e de cultivo viral, bem como tem auxiliado no diagndstico e controle de
doencas (BELAK et al., 2013). A metagendmica é o estudo de comunidades de genomas
microbianos que residem em animais, plantas e amostras ambientais. As amostras sdo
coletadas e analisadas sem a necessidade de isolamento microbiano prévio. O sequenciamento

de alto desempenho (SAD) é uma tecnologia capaz de produzir, a baixo custo, consideravel
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volume de dados de sequenciamento de DNA e, em alguns casos, superiores a um bilh&o de
reads por corrida (METZKER, 2010). O SAD, aliado & metagendmica, sdo ferramentas
utilizadas para compreensdo da ecologia e evolucdo dos ecossistemas microbianos (DE
FILIPPO etal., 2012). A metagenémica viral tem auxiliado na investigacéo, ndao so de doencas
com etiologia desconhecida, como também da biota viral de diferentes reservatérios e vetores
(BLOMSTROM et al, 2012).

Recentemente, novos virus foram detectados através de SAD seguido de andlise
metagendmica (BLOMSTROM et al., 2009; BELAK et al., 2013; LIMA et al., 2017). Além
das sequéncias virais conhecidas, genomas circulares de DNA de fita simples (sSDNA) tém
sido descobertos sem similaridade com os genomas depositados nos bancos de dados
existentes (BLINKOVA et al., 2010; SIKORSKI et al., 2013; DAYARAM et al., 2013). Dessa
forma, diversos novos virus identificados sdo consideravelmente divergentes geneticamente
dos virus ja descritos e, provavelmente, representem novas familias virais (MARTIN et al,
2011).

O presente estudo foi desenvolvido para identificar agentes infecciosos adicionais aos ja
descritos, que possam estar associados a ocorréncia de SMDS, através do sequenciamento de
alto desempenho e andlise metagendmica em amostras de soros de suinos com sinais da
sindrome. Espera-se que os resultados auxiliem na compreensao da epidemiologia, bem como

colaborem para o desenvolvimento de medidas de controle mais eficazes contra SMDS.
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2 REVISAO BIBLIOGRAFICA

2.1 Histdrico da Sindrome Multissistémica do Definhamento do Suino (SMDS)

A SMDS foi descrita pela primeira vez na década de 90 no Canada (HARDING, 1996).
Desde este relato inicial, a SMDS tem sido considerada, em quase todos 0s paises, uma doenca
emergente que atinge severamente a populagdo mundial de suinos (SEGALES et al., 2005;
ALARCON et al., 2013). No Brasil os primeiros relatos ocorreram em Santa Catarina,
(CIACCI-ZANELLA e MORES, 2001), no Rio Grande do Sul (PESCADOR et al., 2003) e
Rio de Janeiro (FRANCA et al., 2005). Porem, ainda hoje a SMDS continua causando
prejuizos, mesmo com a utiliza¢do das vacinas disponiveis no mercado nacional a partir de
2007 (SALGADO et al., 2014; DE MENEZES et al., 2016).

Inicialmente, O PCV2 era o Unico agente conhecido como causador da SMDS, entretanto
estudos revelaram que outros agentes virais estariam relacionados com o desenvolvimento da
sindrome. As diferentes variantes virais de parvovirus suino (PPV1 ao 5) tem sido relatadas
como participantes, juntamente com o PCV2, em casos clinicos da SMDS. Vérios artigos
referem a co-infecgdo por PPV1 e PCV2 como responsaveis por causar SMDS (ALLAN et
al., 1999; ELLIS et al., 1999; ALLAN & ELLIS, 2000; ELLIS et al., 2000; KENNEDY et al,
2000; KRAKOWKA et al.; 2000; OPRIESSNIG et al., 2004). Considerando que os PPVs
tipos 2 a 5 foram descritos mais recentemente, o nimero de artigos relacionando estes virus
com a sindrome é menor. No entanto, os estudos disponiveis indicam que estes novos
parvovirus podem estar envolvidos na co-infeccdo com PCV2 para a ocorréncia da SMDS
(CHEUNG et al., 2010; HUANG et al., 2010a; LI et al., 2013; OPRIESSNIG et al., 2014;
SOUZA et al., 2016). A patogénese do recentemente descrito PPV6 permanece desconhecida
ja que sua prevaléncia em animais saudaveis e doentes é similar (NI et al., 2014;
SCHIRTZINGER et al., 2015; CUl et al., 2016).

Outro virus mencionado como participante na SMDS é o torque teno virus suino
(TTSuV). A infeccdo com TTSuV em suinos é comum tanto em animais saudaveis (BLOIS
et al., 2014) quanto em animais doentes (RAMMOHAN et al., 2012). Entretanto, trabalhos
que investigam a prevaléncia de TTSuVs indicam que a presenga destes virus é mais frequente
em animais afetados do que em néo afetados pela SMDS (KEKARAINEN et al., 2006; ELLIS
et al., 2008; ARAMOUNI et al., 2011; OZAWA et al., 2015). Acredita-se que os TTSuVs
estdo amplamente disseminados em suinos domésticos e javalis (MARTINEZ et al., 2006;
KEKARAINEN e SEGALES, 2009) e podem ser capazes de estabelecer infeccdes cronicas
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em mamiferos, impedindo uma resposta anti-viral eficiente das células do hospedeiro (SINGH
e RAMAMOORTHY, 2016). A tabela 1 apresenta um resumo dos estudos sobre 0s virus
detectados nos animais com sinais de SMDS.

Os virus de DNA de fita simples (ssSDNA) evoluem rapidamente devido a seus
mecanismos de replicagdo que predispde a recombinagdo (LEFEUVRE et al., 2009) e altas
taxas de substituicdo (DUFFY et al., 2008). Este rapido potencial evolutivo pode ter facilitado
a emergéncia e disseminacdo destes virus sSDNA como patdgenos (ROSARIO et al., 2012).
A recente analise metagendmica proporcionou a descoberta rapida de uma diversidade de
virus que ainda ndo pode ser classificada em familias virais conhecidas. Em particular, aqueles
atualmente denominados virus de DNA circular de fita simples codificador de proteina
associada a replicacdo (CRESS) (STEEL et al., 2016). Os CRESS sao ubiquos e foram
identificados em amostras ambientais, insetos, plantas e fezes de animais (WHON et al., 2012;
DAYARAM et al., 2014; ROSARIO et al., 2011; KRABERGER et al., 2015; SIKORSKI et
al.,, 2013; LIMA et al., 2017). Até agora estes novos virus ndo classificados ndo foram

relacionados com doencas em animais.

2.2 Vacinacao Contra Doencas Associadas ao Circovirus Suino

Tentativas iniciais no controle das DACS incluiram a utilizacdo de uma vacina PPV
morta. Como os suinos sdo frequentemente co-infectados com PPV e PCV2, esperava-se que
a vacinacdo em idade precoce evitasse desenvolvimento das doengas. Entretanto o beneficio
ndo foi confirmado quando a vacina foi testada em condi¢cfes controladas (OPRIESSNIG et
al., 2004).

A primeira vacina de PCV2 disponivel no mercado contra o PCV2 foi a CIRCOVAC
(Merial) produzida a partir do virus inativado e utilizada em animais em idade de reprodugéo
(OPRIESSNIG, et al, 2007). Experiéncias em porcas SPF evidenciaram que o colostro de
fémeas vacinadas com CIRCOVAC continha células T CD8 + especificas de PCV2, ao passo
que o mesmo ndo se detectou no colostro de porcas ndo vacinadas (MCCULLOUGH et al.,
2007). O uso da vacina inativada em porcas demonstrou ser benefico na reducéo da circulagédo
do PCV2 e no estado de saude nas primeiras semanas de vida dos leitbes (CHARREYRE, C.
et al., 2006). A implantacdo do programa de vacinagdo com a vacina inativada diminuiu
significativamente a mortalidade dos leitGes em granjas no Canada, apds 6 meses de utilizacao
do produto (PLOURDE e MACHELL, 2007).
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Tabela 1 Comparacao das técnicas utilizadas em estudos realizados para detecgdo de
virus presentes em suinos com SMDS

Virus detectados

Técnicas utilizadas

Referéncia

PCV2 Sorologia Harding, 1996
PCV2 e PPV Imunofluorescéncia Indireta Allan et al., 1999
PCV2 e PPV Imunoistoquimica/Sorologia/PCR/ Ellis et al., 1999

Isolamento Viral
PCV2 e PPV Imunoistoquimica/PCR Ellis et al., 2000
PCV2 e PPV Imunoistoquimica Kennedy et al., 2000
PCV2 e PPV Imunoistoquimica/Sorologia/PCR Krakowka et al., 2000

PCV2 Imunoperoxidase Ciacci e Morés, 2001

PCV2 Imunoistoquimica Pescador et al., 2003
PCV2 e PPV Imunoistoquimica/Sorologia/PCR Opriessnig et al., 2004

PCV2 Imunoistoquimica/PCR Franca et al., 2005

PCV2e TTSuV Hibridizac&o in situ/PCR Kekarainen et al., 2006
PCV2e TTSuV Imunoistoquimica/PCR Ellis et al., 2008

PCV2, TTSuV e PPV4

PCR

Huang et al., 2010a

PCV2 e PPV4 PCR/Sequenciamento por Sanger Cheung et al., 2010
PCV2e TTSuV Hibridizac&o in situ/PCR tempo real Aramouni et al., 2011
PCV2 e PPV3 PCR/Sequenciamento por Sanger Lietal., 2013

PCV2,PPV1a5 PCR Opriessnig et al., 2014
PCV2e TTSuV PCR Ozawa et al., 2015
PCV2 e PPV3 PCR Souza et al., 2016

Além da vacina de virus inativado, duas vacinas de sub-unidade baseadas na proteina do

capsideo do PCV2, expressas em baculovirus, foram lancadas no mercado. Séo elas a Ingelvac
CircoFLEX (Boehringer Ingelheim) e a Circumvent (MSD Animal Helth). Estas vacinas de
sub-unidade demonstraram diminui¢fes significativas na mortalidade em suinos quando
administrada em leitdes com 3 semanas de idade (DESROSIER et al.,, 2007; VON
RICHTHOFEN, et al., 2007)

A vacina Suvaxyn (Fort Dodge) é baseada em um virus quimérico inativado contendo a
sequéncia do capsideo do PCV2 inserida no genoma do PCV1 (circovirus suino nao

patogénico). Estudos demonstraram que houve diminui¢do da mortalidade dos suinos bem
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como redugdo dos custos com tratamento de animais doentes nas granjas onde a vacina foi
utilizada (CONNOR e ELSENER, 2007)

De uma forma geral, as vacinas comerciais contra 0 PCV2 aumentam o ganho diario de
peso dos leitbes e diminuem a taxa de mortalidade nos rebanhos, ndo havendo diferenca
significativa entre os efeitos das diferentes vacinas (KRISTENSEN et al., 2011). Entretanto,
foram descritos casos de ocorréncia de surtos de SMDS em sistemas de produgédo nos quais
utilizavam a vacina contra PCV2. Os virus identificados nestes surtos apresentavam mudancas
antigénicas (antigen drift) em relacdo aos virus anteriormente descritos (XIAO et al., 2012;
SALGADO et al.,, 2014). Estas mudancas antigénicas sdo devidas ao acumulo de
substituicdes de aminoécidos, ao longo do tempo, reduzindo a avidez de liga¢do do anticorpo
como os sitios de ligacdo do antigeno do viral, diminuindo a eficicia das vacinas (HENSLEY
etal., 2009; RASH et al., 2017).

2.3 Os Virus Descritos na SMDS

2.3.1 Circovirus Suino tipo 2 (PCV2)

O circovirus suino tipo 2 (PCV2) pertence a familia Circoviridae. O PCV2 é um virus
pequeno (17-20,7 nm diametro), icosaedrico, ndo envelopado, contendo genoma de DNA
circular de fita simples que varia de 1,7 a 2,3 kb de tamanho. Os circovirus tem uma
organizacdo do genoma ambisenso e replicam-se utilizando uma forma replicativa (FR)
intermediaria de DNA circular de dupla fita. Através do mecanismo de replicacdo em circulo
rolante (RCR) A FR € produzida empregando a DNA polimerase da célula hospedeira, durante
a fase S de divisao celular (BIAGINI, et al., 2012). As fases abertas de leitura (ORFs) estdo
dispostas nas diferentes cadeias do DNA de dupla fita da FR do PCV2 (Figura 1). Duas ORFs
principais, codificando a proteina de replicagdo (REP) na fita senso do virion e a proteina do
capsideo (CAP) na cadeia complementar da FR podem ser identificadas em genomas de
circovirus (BIAGINI et al., 2012). A REP, que possui sequencias caracteristicas envolvidas
na replicacéo, é a proteina mais conservada dos circovirus. Ja a CAP, que € mais divergente,
¢ apenas caracterizada por uma regido rica em aminoacidos basicos, geralmente arginina, na
regidao N-terminal (NIAGRO et al., 1998; ROSARIO et al., 2012). A regido intergénica entre
as extremidades 5’ destes dois genes contém o nonamero conservado (T/N)A(G/T)TATTAC

(N podendo ser T, C, A ou G), localizado no apice de uma estrutura em forma de lago (stem-
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loop), no qual se d& a origem da replicacéo (ori) por circulo rolante (ROSARIO et al., 2017).
Apesar da REP e da CAP estarem sempre presentes, outras proteinas também podem ser
expressas nos circovirus (HAMEL et al., 1998). Os PCV2 sdo conhecidos por codificarem
uma terceira proteina denominada VP3 (ORF3), com capacidade de apoptose (LIU et al.,
2005; HOUGH et al., 2015) bem como uma quarta com potencial anti-apoptético (LV, et al.,
2016).

O suino parece ser o hospedeiro natural do PCV2 (SEGALES e DOMINGO, 2002),
entretanto genomas deste virus ja foram identificados em javalis doentes (ELLIS et al., 2003).
A comparag&o entre sequencias de PCV2 identificadas em suinos afetados e néo afetados por
SMDS néo indicou nenhum marcador molecular que pudesse diferenciar cepas patogénicas
das nao patogénicas (ALLAN et al., 2003; DE BOISSESON et al., 2004).

ori

=

cap PCV2 rep

Figura 1 Organizagdo gendmica ambisenso do PCV2, no qual a REP esta na fita de sentido
positivo e a CAP no sentido contrério, na fita complementar da forma replicativa (FR) do virus.
A estrutura em forma de lago (stem-loop) indica a origem da replicacdo (ori) entre as
extremidades 5’ da REP e da CAP (BIAGINI et al., 212).

A infeccdo com PCV2 é necessaria para a expressdo completa do quadro de SMDS
(ALLAN and ELLIS, 2000). Contudo, nem todos os suinos infectados com PCV2
desenvolvem sinais clinicos da sindrome (ALLAN et al., 1999; KRAKOWKA et al., 2000).
O mecanismo pelo qual outros virus podem desencadear o desenvolvimento da SMDS em
suinos doentes infectados com PCV2 ainda € desconhecido. Especula-se que a estimulagao
antigénica com agentes infecciosos cause a multiplicagdo das células de defesa, aumentando
0 numero de células na fase S de divisdo celular (KRAKOWKA et al., 2000).
Consequentemente, ha um aumento da quantidade de enzima DNA polimerase, necessaria
para replicacdo dos virus de ssDNA (TISCHER et al., 1987; SAEKHOW et al., 2015). Por

esta razdo, os parvovirus tém sido associados a patogénese da SMDS devido ao seu tropismo
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por tecidos mitoticamente ativos, tais como os linfonodos, que também s&o os alvos primarios
do PCV2 (LAU et al., 2008; OPRIESSNIG et al., 2014). Além disso, as células do sistema
imunoldgico dos suinos com SMDS tém uma capacidade diminuida de desempenhar as suas
funcdes (DARWICH et al., 2003). Areas foliculares com deplecéo linfocitica e diminuicéo de
células B e T em 6rgdo linfoides levam os animais infectados com PCV2 a um estado de
imunodepressdo (SEGALES et al., 2004).

2.3.2 Parvovirus Suino (PPV)

A familia Parvoviridae compreende duas subfamilias: Parvovirinae, que inclui virus que
infectam vertebrados, e Densovirinae, abrangendo virus que infectam artrépodes
(COTMORE, et al., 2014). A subfamilia Parvovirinae é ainda subdividida em oito géneros,
dos quais Protoparvovirus, Bocaparvovirus, Copiparvovirus, e Tetraparvovirus possuem
virus que infectam suinos (STRECK et al., 2015). A classificacdo de alguns virus de suinos
caracterizados nestes géneros ndo esta bem estabelecida e nomes diferentes foram usados para
0s mesmos grupos de virus (CSAGOLA et al., 2012; XIAO et al., 2013a) (Tabela 2).

Os parvovirus estdo entre 0s menores virus conhecidos, envolvidos em um capsideo de
cerca de 20-30 nm de diametro. Apresentam um genoma linear, ndo segmentado de sSSDNA,
com cerca de 4-6,3 kb de tamanho. O genoma dos parvovirus contém duas ORFs; a ORF1 que
codifica as proteinas ndo estruturais (REP), necessarias para a transcricdo e replicacdo do
DNA e a ORF2 que codifica as proteinas estruturais do capsideo (CAP) (TIJSSEN et al.,
2012). Uma ORF3 de funcdo desconhecida € descrita em genomas de parvovirus suino 4
(PPV4). As ORFs estdo dispostas na mesma fita de DNA de todos os parvovirus suinos
(HUANG et al., 2010a; TIJSSEN et al., 2012) (Figura 2). As extremidades 5’ e 3’ do genoma
dos parvovirus apresentam um complexo de sequencias palindrémicas que formam estruturas
em forma de grampos, com aproximadamente 120 a 200 bases (BERNS e HAUSWIRTH,
1984). A replicacao viral ocorre no nucleo e requer que a célula hospedeira se apresente na
fase S do ciclo celular, indicando uma associagéo entre a replicacdo viral e a do hospedeiro.
A replicacdo origina uma série de concatdmeros resultantes de um mecanismo de replicacgéo
por grampo rolante, no qual envolve a utilizagcdo da DNA polimerase do hospedeiro (TIJSSEN
etal., 2012).
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Desde a sua primeira associa¢do com uma doenga suina (CARTWRIGH e HUCK, 1967),
0 parvovirus suino 1 (PPV1) tem sido encontrado em todo o mundo e foi identificado como o
principal agente causador de morte fetal e infertilidade em suinos (MENGELING et al., 1988;
STRECK et al., 2015). Nos anos de 2001 a 2014, foram relatados cinco espécies adicionais
(PPV2 a PPV6) (HIJIKATA et al., 2001; LAU et al., 2008; CHEUNG et al., 2010; XIAO et
al., 2013b; Ni et al, 2014). O PPV2 foi relacionado com a ocorréncia de sinais clinicos em
suinos como dispneia e enterites (XIAO et al., 2013c; CSAGOLA et al., 2016). A co-infeccéo
por PPV3 e PCV2, em animais apresentando SMDS, é mencionado em alguns estudos
realizados na China, Europa e Brasil (LAU et al., 2008; LI et al., 2013; SOUZA et al., 2016).
O PPV4 e o PPV5 também tém sido relacionados com casos de suinos afetados com SMDS

(CHEUNG et al., 2010; WU et al, 2014).

Tabela 2 Classificacdo corrente dos virus de suinos da subfamilia Parvovirinae, nomenclatura

formalmente usada e abreviatura

Género Espécie

Variantes virais (nome formalmente
utilizado)

Abreviatura

Bocaparvovirus Ungulate bocaparvovirus 2

Ungulate bocaparvovirus 3
Ungulate bocaparvovirus 4

Ungulate bocaparvovirus 5

Copiparvovirus Ungulate copiparvovirus 2

Protoparvovirus Ungulate protoparvovirus 1
Tetraparvovirus Ungulate tetraparvovirus 2

Ungulate tetraparvovirus 3

Not yet classified

Porcine bocavirus 1
Porcine bocavirus 2
Porcine bocavirus 6
Porcine bocavirus 5
Porcine bocavirus 7
Porcine bocavirus 3
Porcine bocavirus 4-1
Porcine bocavirus 4-2
Porcine parvovirus 4
Porcine parvovirus Kresse (Porcine Parvovirus 1)
Porcine parvovirus NADL-2 (Porcine parvovirus 1)
porcine hokovirus (porcine parvovirus 3)
porcine Cn virus (porcine parvovirus 2)
porcine parvovirus 5

porcine Parvovirus 6

PBoV1

PBoV2

PBoV6

PBoV5

PBoV7

PBoV3

PBoV4-1

PBoV4-2

PPV4

PPV-Kr (PPV1)
PPV-NADL2 (PPV1)
P-PARV4 (PPV3)
CnP-PARV4 (PPV2)
PPV5

PPV6
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b} REP ORF3 (AP 32

Figura 2 Esquema do genoma linear dos PPVs; (A) organizacdo das duas ORFs principais (REP
e CAP) na mesma fita do DNA de fita simples dos PPVs tipos 1, 2, 3, 5 e 6; (B) uma ORF3,
entre a REP e a CAP descritas nos PPV4 (Geneious versao 9.1.6)

2.3.3 Torque Teno Virus Suino (TTSuV)

Os torgue teno virus suinos (TTSuV) sdo virus que pertencem a familia Anelloviridae. Os
virus desta familia ndo possuem envelope e apresentam tamanho proximo a 30 nm. Exibem
genoma circular de ssDNA de 2,1 a 3,8 kb (OKAMOTO et al., 2002). A organizacao
gendmica € senso negativo e a regido ndo codificante geralmente contém uma ou duas
sequencias entre 80 a 110 nucleotideos com alto contetido de GC (aproximadamente 90%), o
qual forma a estrutura de stem-loop (KEKARAINEN e SEGALES, 2009). Duas ORFs
principais, ORF1 e ORF2 e ORFs adicionais podem ser observadas nos Torque teno virus
(TTVs). Estas ORFs se sobrepdes parcialmente e seus tamanhos estimados variam de acordo
com o isolado (Figura 3). Ja& foi demonstrado que os torque tenos podem codificar pelo menos
7 proteinas expressas via transcricao alternativa. A ORF1 possui sequéncias ricas em arginina
na porcdo N-terminal e pelo menos uma sequéncia de aminoacidos com o qual a replicacdo
em circulo rolante dos virus de DNA esté associada. Por causa destas caracteristicas, acredita-
se que a ORF1 codifica a CAP e a REP dos anelovirus. A ORF2, que apresenta 0 motivo
conservado WX7HX3CXCXsH, codifica um peptideo capaz de suprimir o fator nuclear kappa
B (NF-xB), o qual desempenha um papel fundamental na regulacdo da resposta imunitaria a
infeccdo. A ORF3 tem um dominio rico em serina na regido C-terminal, capaz de gerar
diferentes sitios de fosforilagdo. Estes sitios podem estar ligados a fungcdo de manter
persistente a infeccdo viral (BIAGINI et al., 2012).

Segundo o Comite Internacional de Taxonomia de Virus (International Committee on
Taxonomy of Viruses - ICTV), os TTSuVs séo divididos em dois géneros: lotatorquevirus e
Kappatorquevirus, possuindo cada um duas espécies: 1la, 1b e k2a, k2b, respectivamente.

Todas as espécies de TTSuV ja foram descritas em varios paises (NIEL et al., 2005;
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CORNELISSEN-KENSERS et al., 2012; TEIXEIRA et al., 2015), porem no Brasil ainda ndo
foi detectada a presenca do TTSuVk2b.

Os TTSuVs estdo disseminados em todos os rebanhos de suinos do mundo (HUANG et
al., 2010b; GAUGER et al., 2011; BLOIS et al., 2014). Alguns autores relatam ndo haver
relacdo entre TTSuV e animais doentes (LEE et al., 2010; TEIXEIRA et al., 2013). Ja em
outros trabalhos, propdem-se que a co-infeccdo do TTSuV e PCV2 é necessaria para a
ocorréncia dos sinais clinicos da SMDS (ARAMOUNI, et al., 2011; ELLIS et al., 2008).

Sequencia rica em GC

ORF4

Figura 3 Genoma circular de TTSuV evidenciando uma sequéncia rica em GC na regido nédo
codificadora e quatro ORFs na mesma fita de DNA (BIAGINI et al., 2012).

2.4 Virus atualmente identificados em analise metagenémica

2.4.1 Virus de DNA circular de fita simples codificador de proteina associada a
replicacdo (CRESS)

Recentemente, a metagendmica revelou uma diversidade sem precedentes de virus de
ssSDNA circulares, expandindo suas conhecidas distribuicdes ambientais (ROSARIO et al.,
2012). Genomas ldentificados através da metagendmica demonstraram arquiteturas Unicas e
revelaram um desafio para a classificagdo na taxonomia atual e uma oportunidade para
revisitar hipdteses sobre a historia evolutiva desses virus (ROSARIO et al., 2012). Os virus
ssDNA sdo largamente identificados com base nos motivos e residuos cataliticos conservados
nas proteinas de replicacdo em circulo rolante (BIAGINI et al., 2012). Os novos genomas
identificados através da metagendmica, em particular os virus de DNA circular de fita simples
codificadores de proteina associada a replicacdo, os denominados CRESS, estdo presentes no

viroma de muitos ecossistemas e sao conhecidos por infectar uma ampla gama de organismos.
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Os CRESS apresentam genoma pequeno (1,8 a 3 kb), sem envelope lipidico, possuem
arquitetura variavel e ndo sdo classificados em nenhuma familia viral (STEEL et al., 2016).
Para ilustrar a diversidade da arquitetura dos novos virus CRESS, eles foram classificados
em oito diferentes tipos referentes a orientacdo do genoma (Figura 4). A classificacdo ocorre
de acordo com a localizagéo da regido intergénica, contendo a potencial estrutura em stem-
loop e, quando aplicavel, a orientacdo do nonamero conservado, NANTATTAC, em relagdo
a orientacdo da REP (assumindo que a fita contendo o nonamero NANTATTAC é a de sentido
positivo) (Tabela 3). Alguns genomas ndo apresentam o nonamero ao longo de toda a
sequéncia. Porém alguns exibem o nonamero ndo na fita codificadora da REP e sim
acompanhando outra ORF principal (CAP) na fita oposta (ROSARIO et al., 2012).

REP Cap REP

| d |

CAp REP CAP

Tipo I Tipo II Tipo III

REP CAP CAP

Tipo IV Tipo V Tipo VII



23

Tipo VII Tipo VIII

Figura 4 Organizacdo gendmica esquematica dos virus de DNA CRESS, demonstrando a
orientagdo das ORFs principais REP e CAP, a stem-loop (circulo pequeno) e o nonamero
conservado na mesma fita da REP (estrela) ou na fita oposta (sem estrela) (Geneious versao
9.1.6)

Tabela 3 Classificacdo do virus de DNA CRESS baseado nas caracteristicas genémicas,
incluindo a orientacdo das ORFs e localizagdo da stem-loop e do nondmero conservado

Tipo Orientagéo das Posi¢do da stem-loop () Presenca do nonamero
OREFs principais em relacdo as ORFs na mesma fita da REP

I ambisenso <Q-> sim

Il ambisenso <Q-> nao

il ambisenso 2>Q<€ sim

v ambisenso >Q <€ nao

\Y/ unisenso >Q-> sim

VI unisenso SRS nao

Vil Unica ORF Q> sim

VI Unica ORF <Q nao

2.4.2 VVirus da familia Microviridae

Os bacteriéfagos (virus de bactérias), pertencentes a familia Microviridae, sdo as
entidades bioldgicas mais numerosas na Terra, recuperadas de todos os tipos de biomas (corpo
humano, ecossistemas aquaticos, amostras de solo, etc.) (ROUX et al., 2012). Sabe-se que
esses virus sdo importantes membros da virosfera e tém sido identificados em estudos de
metagendmica em uma variedade de ecossistemas (ANGLY et al., 2009; TUCKER et al.,
2011)

Os membros da familia Microviridae ndo possuem envelope, apresentam simetria

icosaédrica e sdo virus de ssDNA que infectam procariotos. Existem duas morfologias
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representadas dentro da familia Microviridae, que junto com a organizagdo do genoma,
homologias de seqliéncia e estilo de vida do hospedeiro, separam a familia em duas partes
distintas, o género Microvirus e os trés géneros da subfamilia Gokushovirinae. Os membros
do género Microvirus infectam enterobactérias e partilham uma morfologia e organizacao
gendmica tipificada pelo fago Enterobacteria X174 (¢X174). Membros do Gokushovirinae
infectam bactérias parasitas intracelulares obrigatérias (Bdellovibrio e Chlamydia) e
mollicutes (Spiroplasma), e compartilham a morfologia, tipificada por Spiroplasma fago 4
(SpV4) (CHERWA e FANE, 2012).
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3 OBJETIVOS

3.1 Objetivo Geral
e Expandir o conhecimento sobre os virus relacionados com a ocorréncia da sindrome

multissistémica do definhamento dos suinos (SMDS)

3.2 Objetivos Especificos
e Identificar espécies de virus de DNA nos soros de suinos com SMDS
e Detectar novos virus, ainda ndo descritos na literatura, envolvidos com a SMDS
e Estabelecer caracterizacao genética e estudo de filogenia dos virus detectados a fim de

classificar as espécies envolvidas na SMDS
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4 CAPITULO I

Viral DNA genomes identified in sera of swine with porcine circovirus
associated disease

Trabalho submetido na forma de artigo cientifico ao periédico Journal of General Virology
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2 PPV2-BR, KY586144; Porcine Parvovirus 3 PPV3-BR, KY586145; Porcine
Parvovirus 4 PPV4-BR, KY586146; Porcine Parvovirus 5 PPV5-BR, KY605380;
Porcine Parvovirus 6 PPV6-BR, KY094494; Torque Teno Sus Virus TTSuVk2b-
BR/RS/2008, KY742732; Torque Teno Sus Virus TTSulb-BR/RS/2008,
KY742733; Torque Teno Sus Virus TTSuVk2a-BR/RS01/2008, KY742734;
Torque Teno Sus Virus TTSuVk2a-BR/RS02/2008, KY742735; Torque Teno Sus
Virus TTSuVk2a-BR/RS03/2008, KY742736; Torque Teno Sus Virus TTSuVk2a-
BR/RS04/2008, KY742737; Torque Teno Sus Virus TTSuVk2a-BR/RS05/2008,
KY742738; Torque Teno Sus Virus TTSuVk2a-BR/RS06/2008, KY742739;
Torque Teno Sus Virus TTSuVk2a-BR/RS07/2008, KY742740; Torque Teno Sus
Virus TTSuVk2a-BR/RS08/2008, KY742741; Porcine Serum Associated Circular
Virus PoSeCV/BR2, KU203352; Porcine Serum Associated Circular Virus
PoSeCV/BR3, KU203353; Porcine Serum Associated Circular Virus
PoSeCV/BR4, KU203354; Porcine Serum Associated Circular Virus
PoSeCV/BR5, KU203355; Porcine Serum Associated Circular Virus

PoSeCV/BR6, KU203356
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ABSTRACT

Porcine circovirus associated disease (PCVAD) is one of major cause of economic
losses related to pig rearing systems. Post-weaning multisystemic wasting
syndrome (PMWS), is one of the most often identified condition within PCVAD.
The main pathogen involved in PMWS is porcine circovirus type 2 (PCV2);
however, observational and experimental studies have shown that other agents are
involved in the pathogenesis and manifestations of PMWS-associated clinical
signs. The objective of this study is to know the range of viral agents present in
PMWS-affected animals. Therefore, 16 serum samples collected from pigs between
80 and 100 days old showing PMWS signs were evaluated. The DNA extracted
from the samples was submitted to high throughput sequencing (HTS).
Metagenomics analysis revealed sequences of Anelloviridae, Parvoviridae and
Microviridae viral families. The group of unclassified viruses had an important
participation in the hits distribution. Genomes of PCV2, porcine parvovirus (PPV),
torque teno sus virus (TTSuV) and circular replication-associated protein (Rep)
encoding single-stranded (CRESS) DNA viruses were identified, some of them not
yet described in PMWS affected pigs. The relationship between these viruses and

PMWS development needs to be further investigated.

Keywords: swine, metagenomic, virome, high-throughput sequencing.
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INTRODUCTION

Porcine circovirus associated disease (PCVAD) cause economic losses in
pig rearing systems worldwide due to expenses with disease prevention and
treatment and animals’ mortality [1,2]. Furthermore, subclinical infections with
PCV2 leads to increased food intake and lower feed conversion rate [3]. One of the
most relevant manifestations among PCVAD is the post-weaning multisystemic
wasting syndrome (PMWS), a condition that mainly affects nursery and fattening
pigs, whose clinical signs are wasting, dyspnea, pallor, icterus, enlarged lymph
nodes and diarrhea [4,5]. The main pathogen involved in PMWS is porcine
circovirus type 2 (PCV2) [6,7]. However, studies have shown that other viruses
may be involved in disease pathogenesis such as porcine parvovirus (PPV) [8-10]

and torque teno sus virus (TTSuV) [11-13].

In veterinary medicine, high throughput sequencing (HTS) techniques have
allowed the identification of several new viruses in recent years [14,15]. A wide
variety of genomes have been discovered without any similarity to the genomes
previously described [16,17], probably representing new viral families [18]. Thus,
the HTS approach can be applied in search of viral agents unsuspected to be
involved with diseases conditions. In this sense, the present study described the
genomic characterization of DNA viruses identified in sera of PMWS-affected pigs

in Southern Brazil.

RESULTS

After trimmed, a total of 1,254,410 reads were obtained from the

sequencing, and when assembly, 11,192 contigs were created. Of these, 89% were
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from viral sequences. The viral families with higher frequency were Anelloviridae
(39,8%), Parvoviridae (35,4%) and Microviridae (12,5%). Unclassified viruses
also had an important contribution in the distribution (2,4%). Only 0.2% of hits
distribution was from Circoviridae family (Figure 1). After individual analysis of
the contigs, checking for similarities to sequences available on GenBank, only those
with best BLASTX hits were annotated. Complete and partial sequences of porcine
circovirus2 (PCV2), porcine parvovirus (PPV), torque teno virus (TTSuV) and

unclassified ssDNA virus were identified.
Viral genomic characterization and Phylogeny
PCV2

A circular DNA genome with 1767 nt in length, named PCV2-BR
(GenBank accession KY084478) was identified. The sequence has 11 ORFs, 4 of
positive sense and 7 of negative sense. The conserved nonanucleotide motif
NANTATTAC (AAGTATTAC), which marks the origin of replication in the
circoviruses [19] is present in the sequence. The genome-wide pairwise identities
were 94-99% when comparing with complete PCV2 sequences described in
GenBank. Inaddition, PCV2-BR also presented genomic features that characterize
members of the family Circoviridae, such as three RCR motifs at the REP N-
terminus including, motif I (FTLNN), motif Il (PHLQG) and Motif 111 (YCSK).
Still in the REP region, dNTP-binding domains were also identified. They are
indicative of helicase activity characteristic of superfamily 3 (SF3) helicases,
including motifs Walker-A (GPPGCGKS), Walker-B (VIDDF), and motif C

(ITSN) [20].

The phylogenetic analysis of the PCV2-BR genome demonstrated that the

sample isolated in this study grouped within subtype b clade (PCV2b), according
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to the genetic classification proposed by [21]. This same pattern is observed for the

majority of Brazilian sequences used as references in the phylogeny (Figure 2).

Parvovirus

Two partial regions of PPV1 were recovered; the first contains a coding
region of REP (aa positions 502-662/ GenBank accession number KY586143) and
the second a portion of the CAP (aa positions 358-439/ GenBank accession number
KY609510). In the coding region of CAP, one mutation (A92—R), described only

in pathogenic strains of PPV1 [22], was identified.

Nearly complete genomes of PPV type 2 to 6 (GenBank accession numbers
KY586144, KY586145, KY586146, KY605380 and KY094494, respectively)
were also recovered (Supplementary Table S1). Like other PPV4 genomes
previously described, the PPV4 of this study showed a third ORF called ORF3,
located between the REP and CAP ORFS. The recovered PPV5 genome presents
complete REP and CAP with the partial C-terminal portion. Overall, these
parvovirus sequences exhibited high pairwise identity with those available in

Genbank (Supplementary Table S2).

The alignment of the predicted CAP protein sequence of the Brazilian
parvovirus genomes (PPVs-BR) with other parvoviruses suggests that the motifs of
Ca2* binding loop (YXGXG/F/R), the HDXXY domain, and the amino acid D in
the catalytic center of phospholipase A2 (PLA?) [23,24] are highly conserved.
However, the Ca?* binding loop and the catalytic center of PLA, motifs were not
present in PPV4, as already described by Xiao [25](2013). Likewise, motifs

important for replication were all conserved in PPVs-BR: the replication initiator
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motif (1 and Il) and the NTP-binding and the helicase domains A, B, and C in REP

[26,27].

A concatenated CAP/REP alignment was submitted to phylogenetic analysis. The
resultant tree confirms the presence of PPV types 2, 3, 4, and 6 in the pig sera
isolated in this study. Due to the length of the alignment used to reconstruct the
phylogenetic trees, samples KY586143 (PPV1) and KY605380 (PPV5) were
excluded from the analysis (Figure 3). However, the phylogenetic tree
encompassing solely the REP region corroborates the classification of these

samples as PPV1 and PPV5 respectively (data not shown).
Torque teno sus virus

Ten torque teno sus virus (TTSuV) full-length genomes (TTSuVs-BR) were
recovered from swine sera. The sequences ranged from 2610 to 2873 nt and
presented 3 ORFs. ORF1 and ORF2 presented among 1863-1935 nt and 1863-1935
nt, respectively. The ORF3 showed two coding intervals interspersed by an intron

and the length of these coding regions ranged from 516 to 861 nt.

The TTSuVs-BR sequences have some of the patterns well conserved in
anellovirus, such as high GC content in the untranslated region (about 80%), the
arginine-rich domain in the ORF1 N-terminal region and the serine-rich sequence
in the ORF3 C-terminal portion (Biagini, et al., 2012). The ORF2 conserved motif
WX7H3CXCXsH was identified harboring the mutation: WX7HX3CXCXsH in all
Brazilian TTSuVs. TTSuVs-BR were classified into three (TTSuV1b, TTSuVk2a
and TTSuVk2b) of the four existing torque teno virus phylogenetic groups (based

on ORF1 sequences; Figure 4).
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The comparison of TTSuVs-BR with those available in GenBank database
showed that the nucleotide identity of the complete genome was 66-96% and the
ORF1 identity was above 65%, confirming the species classification criterion
(Biagini et al., 2012) (Supplementary Table S3). The pairwise identity among the
eight TTSuVk2a Brazilian strains showed 66-89% variation for genomic nucleotide

identity and 67-84% for ORF1.

CRESS DNA virus

Five complete circular replication associated protein-encoding single
stranded (CRESS) DNA viruses are described herein (CRESS-BR). The sequences
range from 1837 to 2430 nt in length, with REP varying between 615 to 915 nt and
the CAP between 516 to 1107 nt. Genomes were named porcine serum-associated
circular viruses with the ending BR2-6 subtypes (PoSeCV/BR2-6). All CRESS-BR
harbor the characteristic and unique sequence of nonanucleotides [29] at the apex
of a stem-loop structure located in the long intergenic region (LIR) or in the short
intergenic region (SIR). As for the circovirus, conserved REP motifs involved in
the initiation of the CRESS replication and helicase activity [20,29]were identified

in the CRESS-BR (Supplementary Table S4).

Pairwise identities among CRESS-BR showed high diversity at the
nucleotide level for genome-wide (17-84%), REP (22-90%) and CAP (15-72%).
The same occurred when compared to CRESS DNA virus already described
(Supplementary Table S5). In the phylogenetic tree, two sequences described in this
study (KU203352 e KU203353) grouped in the same clade of smacovirus. The three
other CRESS-BR (KU203354 to KU203356) sequences clustered with sequences

identified as unclassified CRESS DNA viruses (Figure 5).
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DISCUSSION

There are established criteria for the diagnosis of PMWS, such as: weight loss,
growth retardation, enlargement of inguinal lymph nodes, dyspnea, jaundice,
presence of characteristic histopathological lesions (lymphocyte depletion,
granulomatous inflammation in the lungs and/or lymphoid tissues) and detection of
PCV2 within the characteristic lesions [5]. However, more recent studies have
reported the occurrence of PMWS, based on clinical signs and the presence of
PCV2 [7,30]. With the advent of high throughput sequencing, the presence of the
complete PCV2 genome, coupled with the clinical signs, supports the confirmation
of the PMWS diagnosis with great certainty. This work combines the presence of
PCV2 with the knowledge of the clinical signs, compatible with PMWS and also
identifies several viruses present in the sera of the affected animals. Some of the
viruses detected have been previously described as causing the PMWS [9,13].
However, other viral families described here, had not yet been identified in pigs
with PMWS. Therefore, the metagenomic approach in animals affected with
PMWS provides important information to draw the profile of the viroma found in
these animals. The metagenomic used here identified viral sequences of the families
Anelloviridae, Parvoviridae, Microviridae, Circoviridae and non-classified
CRESS DNA viruses in the sera of PMWS-affected pigs. Although a percentage
of Microviridae family viruses were identified, the study focused on description of

eukaryotic virus.

In the family Circoviridae, more than one PCV2 subtype has already been described
in Brazil [31]. The sequence described here was of PCV2 subtype 2b (Figure 2),
which has been also identified in a recent PMWS outbreak in Brazil [7]. Studies of

virus identification and prevalence indicate that the predominant genotype in Brazil
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is PCV2b [31-33]. Segalez et al [21] (2008) mention that from 2004, PCV2b has
been more common in PMWS outbreaks in North America and Europe.
Interestingly, the PCV2-BR grouped closely to PCV2 genomes retrieved from wild
boars sampled in different Brazilian states and years (KT216675 — Santa Catarina,
2012; KC261601 — Sdo Paulo, 2008). This result suggests that PCV2 may be
circulating among the domestic and wild swine populations in Brazil. This has also
been observed in Greece, where high-identity genomes were detected in wild boars

of different groups and in domestic pigs [34].

Porcine parvoviruses are included in subfamily Parvovirinae and are composed of
a linear, nonsegmented molecule of single stranded DNA (ssDNA) of about 4-6.3
kb in size [35]. Parvoviruses cause disease in pigs related to reproductive problems
[36] and when associated with PCV2, increase the severity of PMWS clinical suns
[37]. The PPVs-BR grouped with high support within 4 distinct groups (2, 3, 4 and
6) (Figure 3), besides PPV1-BR and PPV5-BR have also been confirmed in separate
phylogeny (data not shown). Although PPV1 to 5 have already been described in
animals with PMWS [1], PPV6 had not yet been linked to this syndrome. Moreover,
the PPV1 partial CAP sequence described here presented one of the mutations
found only in the pathogenic strains of this virus [22], also suggesting PPV1
involvement in the disease; this finding needs to be further investigated in a case-
control study. The conserved motifs found in PLA; site on parvovirus capsid
proteins have catalytic properties and are related to virus entry into host cells
inducing viral infectivity [23,24]. In this study, PPV2, 3, 5 and 6 were shown to
have these conserved domains, indicating that these viruses may be involved in the
development of PMWS. In addition, this is the first report of the detection and

characterization of genomes of PPV5 and PPV6 in Brazil.



37

Torque teno virus (family Anelloviridae) are believed to be able to establish
chronic infections of a variety of mammalian hosts by decreasing the immune
response to infections (Biagini et al., 2012; Singh & Ramamoorthy, 2016). In pigs
it is reported a higher prevalence of TTSuV infection in animals with PMWS than
in pigs without this condition [11]. Three species of TTSuV (1b, k2a and k2b) were
detected in the present study despite the fact that k2b species had not been
previously reported in Brazil [13]. In this study, the species with the highest number
of virus variants in PMWS-affected pigs was TTSuVk2a, with 8 identified strains
(Figure 4). Regarding other viruses, only one strain of TTSuV1b and one of
TTSuVk2b were observed. This result is in agreement with previous studies that
described that among the torque teno sus virus, the highest occurrence in PCVAD
affected pigs is TTSuVk2a specie [39,40]. There is great genetic variability among
TTSuVs-BR and also in comparison to those available in the sequence database.
Interestingly the animals tested here revealed coinfection with multiple TTSuV
species. This finding was also observed in a previous study in Japan, which
suggested that the co-infection with multiple TTSuV strains may be more frequent

in PMWS-affected pigs than healthy animals [41].

The CRESS-BR had high genetic variability and evidenced similar
architecture with some new proposed groups such as the smacovirus [42] and the
unclassified CRESS DNA viruses [29]. The variability may be explained because
circular single-stranded DNA viruses evolve rapidly due to their replication
mechanisms that predispose to recombination [43] and high substitution rates [44].
The CRESS-BR that grouped with the smacovirus, remained in the same clade that
CRESS recovered from pig (Germany), bovine (South Korea) and sheep (New

Zealand). CRESS-BR, grouped with the unclassified CRESS DNA viruses, divided
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the group with CRESS from samples of bats (United States and Brazil), bovine,
duck and deer (New Zealand). A relevant result of this study was the fact that
CRESS-BR were isolated from sera of pigs while the CRESS identified in all other
species were detected in faeces. It can be observed, in phylogenetic analysis, that in
addition to the diversity of hosts in the same group, there are also several countries
in which they have been identified. These findings may suggest that these viruses
have an extensive distribution worldwide, a wide range of hosts and have no
preference for organs. There is some speculation in pointing out the new
unclassified CRESS DNA virus as causative of plant diseases [45], but there is no
evidence that they are responsible for clinical signs in animals. Therefore, it is early
to state that the CRESS identified in this study have a role in the development of

PMWS.
CONCLUSIONS

There were no previous reports of the presence of PPV6 and CRESS
in sera from pigs affected with the syndrome. The fact that CRESS viruses found
in swine sera in this study are phylogenetically close to those detected in animal
faeces stimulate further research on the virome of different hosts and organs. The
present study provides the description of several viruses that can be involved in
PMWS etiology. It may serve as a basis for case-control studies in which these

candidate viruses can be tested for their association to the disease.
METHODS
Sample collection and preparation

Swine sera used in this study were collected in 2008 and derived from health

monitoring on certified farms submitted to Instituto de Pesquisas Veterinarias



39

Desidério Finamor, in Rio Grande do Sul State, Brazil. Sera from 16 swine aged
between 80 and 100 days showing clinical signs such as weight loss, pneumonia,
diarrhea and increased inguinal lymph nodes were evaluated. The samples were
stored at -20 °C until use. For sample preparation, sera were thawed and filtered
through 0.22 syringe filters (Merck Millipore, Germany). The sera were pooled (2
mL of each serum) and centrifuged on a 25% sucrose cushion at 100,000 x g for 4
h at 4 °C (Sorvall AH629 rotor). The resulting pellet was resuspended in 200 pL of
TE buffer (Tris-hydrochloride buffer, pH 8.0, 1 mM EDTA) and submitted to DNA

extraction.

DNA extraction, amplification and sequencing

The pellet containing viral particles was treated with a mixture of 5 pL
RNAse A (20 mg/mL, Invitrogen) and 2uL. DNAse (2 Units/uL, Turbo DNase,
Ambion) at 37 °C for two hours to digest susceptible nucleic acids [46]. Viral DNA
was then extracted using a standard phenol-chloroform protocol [47] and enriched
by multiple displacement amplification (MDA) using phi29 DNA polymerase [48].
The enriched DNA was purified using Agencourt® Ampure® XP beads and the
quality and quantity were assessed by spectrophotometry (L-Quant, Loccus
Biotecnology) and fluorometry (Qubit, Invitrogen), respectively. The libraries were
further prepared with 50 ng of purified DNA using a Nextera DNA sample
preparation kit and sequenced using an Illumina MiSeq® instrument (2x250 paired-

end reads with the Illumina v2 reagent Kit).
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Data assembly and processing

The quality of generated sequences was checked using FastQC. The
sequences with bases having a phred quality score <20 were trimmed with aid of
the Geneious Bioinformatics Platform version 8.0 (http://www.geneious.com). The
paired end raw reads were assembled into contigs with SPAdes 3.0. All assemblies
generated by SPAdes were confirmed by mapping reads to contigs using Geneious
version 8.0 software. The BLASTXx software was used to search for similarities of
assembled contigs with previously known sequences. The viral blast hits with an E-
value <10 were analyzed based on the taxonomic origin of the sequence with the
best E-value. Open reading frame (ORF) predictions and genome annotations were
performed with the support of Geneious software. Gene and protein comparisons
were performed with BLASTn and BLASTp. The metagenomics RAST server

(MG-RAST) was used to analyze the distribution of viral hits.

Phylogenetic analysis

The sequences recovered in this study were aligned with reference
sequences available at GenBank by BLAST analysis. When adequate, outgroup
sequences were included in the alignment using MAFFT version 7.222.
Phylogenetic trees were generated by the maximum likelihood (ML) method using
PhyML [49] and incorporating the best-fitted nucleotide (nt) substitution model as
determined in MEGAT [50]. The confidence levels of the tree branch nodes were
obtained by analysis of 1000 bootstrap replicates. Analyses were made on MEGA?7.
The GenBank accession numbers of the viral sequences used in the phylogenetic

analyses are shown on tree figures.
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Figurel Distribution of the taxa in the metagenomics analysis of the serum samples from
pigs affected with PMWS. (A) Virus families accounted for 89.4% of distribution in
relation to the other families; (B) Among the virus families, Anelloviridae, Parvoviridae,
Microviridae and unclassified viruses were prominent in the distribution of hits.

Figure 2. Maximum likelihood phylogeny of the PCV2-BR genome. Sequences from
various parts of the world were aligned with the sequences of PCV2 generated in this study
(indicated by black circles). Sequence names include the accession number of the sequence,
country and year of sampling. The * denotes clades with an aLRT support greater than 70.
The branch support is evidenced only for the main clades. Porcine circovirus 1 sequence
was used as outgroup.

Figure 3 Phylogenetic analysis of PPV CAP/REP concatenated sequences. The black
circles indicate the sequences generated in this study. Sequence names include the
accession number of the sequence, country and year of sampling. The * denotes clades with
an aLRT support greater than 70. The branch support is evidenced only for the main clades.
Galleria mellonella densovirus sequence was used as outgroup.

Figure 4 Maximum likelihood phylogenetic analysis of the TTSuVs ORF1 region.
Sequences from various parts of the world were aligned with the sequences of TTSuVs
generated in this study (indicated by black circles). Sequence names include the accession
number of the sequence, country and year of sampling. The * denotes clades with an aLRT
support greater than 70. The branch support is evidenced only for the main clades. Torque
teno virus from macaque (ORF1 sequence) was used as outgroup.

Figure 5. Midpoint-rooted maximum likelihood phylogenetic tree of CRESS DNA virus
complete genome. Sequences names include the accession number of the sequence,
country and year of sampling. The * denotes clades with an aLRT support greater than 70.
The branch support is evidenced only for the main clades.
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Table S1 The length of the nearly complete genome and their ORFs of parvovirus
identified in this study

GenBank Virus Genome (nt) REP (nt) CAP (nt) ORF3 (nt)
accession

KY586144 PPV2 5316 1986 3099 -
KY586145 PPV3 5113 1911 2778 -
KY586146 PPV4 5851 1797 2187 615
KY605380 PPV5* 3356 1806 1290

KY094494 PPV6 6199 1989 3570

* Partial genome

Table S2 Complete genome and the predicted proteins pairwise identity of the PPVs-BR

with available genomes from GenBank

Strain GenBank accession % Pairwise identity

Full-length (nt) REP (aa) CAP (aa)
PPV1-BR KY586143%KY609510° NA 98 — 100 95 -100
PPV2-BR KY586144 94 - 96 96 - 98 95-98
PPV3-BR KY586145 95-98 89-98 96 - 99
PPV4-BR KY586146 94 -99 98 -99 99
PPV5-BR KY605380 97 - 98 95 -97 98 - 99
PPV6-BR KY094494 97 -99 99 - 100 96 - 99

REP= predicted replicase protein; CAP=predicted capsid protein; nt=nucleotide; aa=amino acid;
NA=not available
2 NS1 PPV1 accession; ® CAP PPV1 accession;
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Table S3 Pairwise identity comparison of the TTSuV genomes of this study and its ORFs
with other sequences available on GenBank. Each TTSuV was compared with strains of
the same genotype

Genotype  GenBank Sequence hame Pairwise identity % (nt)
assession
Full-length ORF1 ORF2 ORF3

K2a KY742734 TTSuVk2a- 70-73 68 — 72 78-179 71-77
BR/RS01/2008

K2a KY742735 TTSuVk2a- 68 — 82 6782 80-81 6879
BR/RS02/2008

K2a KY742736 TTSuVk2a- 70-72 68 - 73 79 72-178
BR/RS03/2008

K2a KY742737 TTSuVk2a- 73-76 70-74 87 74 -82
BR/RS04/2008

K2a KY742738 TTSuVk2a- 70-85 66 — 82 80-83 63-73
BR/RS05/2008

K2a KY742739 TTSuVk2a- 72-75 70-73 88 - 89 75-82
BR/RS06/2008

K2a KY742740 TTSuVk2a- 71-88 67 -85 87-90 6780
BR/RS07/2008

K2a KY742741 TTSuVk2a- 66 — 69 67 -85 75-178 71-77
BR/RS08/2008

K2b KY742732 TTSuVk2b-BR/RS/2008 81-82 84 -85 66 — 67 76

1b KY742733 TTSuV1b-BR/RS/2008 78 -96 65— 97 94 - 97 69 -84

Table S4 The nonamer and conserved motifs in the REP of CRESS DNA virus identified

in this study
GenBank  Sequence name  Nonamer Motif | Motif Il Motif 111 Walker A Walker B Walker C
accession
KU203352 PoSeCV/BR2 TGATGATAT DATAWT RHYQF YVYK EKGNSGKT  YIIDT ILCN
KU203353 Po0SeCV/BR3 TAATATTTT DATIWV RHLQF  YVYK EKGNNAKT  YILDM LMVN
KU203354 PoSeCV/BR4 TAATATTAT LITYPQ EHYHA YVKK GPTGTGKT IFDDI IFTS
KU203355 PoSeCV/BR5 TAATATTAA LLTYPQ EHYHA YVKK GSTGTGKT IFDDI IFTS
KU203356 PoSeCV/BR6 TAATATTAG LVTYPQ EHYHA YVKK GDTGTGKT IFDDI IFTS

Table S5 Pairwise identity comparison of the CRESS DNA virus of this study at the
nucleotide level for full-length genome, REP and CAP with CRESS available in GenBank

GenBank Sequence name Pairwise identity % (nt)

accession Full-length REP CAP
KU203352 PoSeCV/BR2 14 - 66 21-89 15-53
KU203353 PoSeCV/BR3 14-48 19 - 66 16 —57
KU203354 PoSeCV/BR4 15-70 23-89 15-60
KU203355 PoSeCV/BR5 16 - 64 24 -81 15-67
KU203356 PoSeCV/BR6 16 — 63 24-80 15-65
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5 CONSIDERACOES FINAIS

A ocorréncia de determinadas doencas na producao animal é um dos fatores mais
importantes para a suinocultura (Ciacci Zanella, et al., 2016). Salgado et al (2014), relatam
nova cepa brasileira de PCV2 isolada de suinos vacinados durante um surto de PMWS, que é
semelhante aos isolados associados a surtos por falhas na vacinagdo ocorridos em outros
paises. O autor comenta que esta nova cepa de PCV2 esté circulando e pode ser a causa de
falhas na vacinacdo em todo o mundo. Em relacdo a esta teoria, pode-se pensar que O
conhecimento sobre os virus circulantes nos planteis de animais de producdo € de grande
importancia para a prevengdo das doengas. Atualmente as novas tecnologias de
sequenciamento genético possibilitam o conhecimento sobre o viroma destes animais.

No presente estudo foram escolhidas amostras de 2008 pois neste periodo ndo havia
programa de vacinagdo para circovirose nas granjas do Rio Grande do Sul e os animais
apresentavam sinais graves caracteristicos do quadro clinico de SMDS. As amostras se
originaram de suinos apresentando tais sinais. Neste trabalho foi possivel constatar o viroma
de suinos afetados com SMDS. Embora alguns virus resultantes do sequenciamento ja tenham
sido relatados, outros sdo inéditos na descricao da doenca. A SMDS foi relatada pela primeira
vez na década de 90 (HARDING e CLARK, 1997). Apesar disso, ainda hoje ndo se sabe
exatamente os mecanismos que desencadeiam a doenca. Sabe-se que 0 manejo e a idade estao
relacionados com a gravidade dos sinais (BLOMSTROM et al, 2009), mas as informagdes
sobre os patdgenos envolvidos ndo estdo claramente esclarecidas.

Uma investigacdo sobre o viroma de suinos clinicamente saudaveis é necesséria para
comparar com os resultados aqui obtidos. Porém as informacGes aqui geradas sobre a
composicdo das comunidades virais encontradas em soros de suinos afetados com SMDS

podem servir de parametro para posteriores estudos.
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