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Desenvolvimento de uma vacina recombinante para a circovirose suina e ensaios
para diagnostico molecular de PCV2

RESUMO

O circovirus suino tipo 2 (PCV2) é o principal agente da sindrome multissistémica do
definhamento do suino (SMDS), uma doenga mundialmente disseminada e que provoca
perdas economicas significativas para a suinocultura. Visando contribuir no diagndstico
da sindrome, o presente trabalho padronizou e comparou testes para a detec¢do do
PCV2. Para isso, foram utilizadas as técnicas de amplificacdo por circulo rolante (ACR)
e variacdes da PCR (convencional, tempo-real e competitiva). Utilizando a ACR foi
possivel obter a amplificacdo total de genomas do PCV2, os quais foram clonados,
sequenciados e agrupados no gendtipo PCV2b. Os genomas clonados foram isolados,
recircularizados e transfectados em células PK-15. Este procedimento possibilitou a
recuperagdo do virus infeccioso em titulos de até 10°>° DICCsg1.. Portanto, a ACR foi
uma ferramenta util em estratégias de isolamento e sequenciamento do virus. No
entanto, a ACR foi menos sensivel que a PCR para fins de deteccdo do PCV2. No
segundo estudo, buscando métodos auxiliares no diagnostico da SMDS, dois ensaios
para a quantificagdo do PCV2 foram desenvolvidos. Estes ensaios foram baseados nas
técnicas de PCR competitivo (cPCR) e de PCR em tempo real. Visando determinar qual
seria 0 mais adequado para estimar a carga viral do PCV2, os dois métodos foram
comparados. Ambos os ensaios foram capazes de detectar diferengas significativas entre
o numero de copias de DNA de PCV2 encontradas em tecidos de animais saudaveis e
acometidos pela SMDS (> 2,5 logjo). No entanto, uma diferenca média de 1,8 log;o na
carga viral foi encontrada entre ensaios, onde as maiores cargas virais foram detectadas
pela PCR em tempo real. Outro objetivo deste trabalho foi gerar vacinas baseadas na
proteina do capsideo (Cap) do PCV2. Assim, no terceiro estudo, trés baculovirus
recombinantes foram construidos de modo a expressar a proteina Cap. Em dois
recombinantes, a seqiiéncia de nucleotideos do peptideo sinal (PS) da glicoproteina I do
herpesvirus bovino (BoHV-gl) foi inserida na extremidade 5’ do gene cap (ORF2).
Além disso, um recombinante contendo a seqiiéncia de nucleotideos do PS foi
construido sem o sinal de localizagdo nuclear (NLS) de proteina Cap. Através do ensaio
de imunoperoxidase em monocamada (IPMA), antigenos de PCV2 foram detectados em
células Sf21 infectadas pelos trés virus recombinantes. Este resultado sugere que os
recombinantes construidos sdo potenciais candidatos vacinais, uma vez que eles foram
capazes de produzir antigenos de PCV2.

Palavras-chave: PCV2, vacina, SMDS, ACR, PCR em tempo real, PCR competitivo,
baculovirus.



Development of a recombinant vaccine for porcine circovirus associated disease
and molecular assays to detect PCV2

ABSTRACT

Porcine circovirus type 2 (PCV2) is the major agent of postweaning multisystemic
wasting syndrome (PMWS), a worldwide spread disease that causes significant
economic losses to the swine productive chain. Aiming to contribute in the diagnosis of
the syndrome, this thesis compared and developed tests for PCV2 detection. For this,
multiply-primed rolling-circle amplification (MPRCA) and PCR-based assays
(conventional, real-time and competitive) were tested. The MPRCA allowed amplifying
the full-length PCV2 genomes, which were cloned, sequenced and grouped on PCV2b
genotype. The cloned genomes were isolated from the plasmids, recircularized and used
for transfection in PK-15 cells. This procedure led to the production of infectious virus
to titres up to 10°°3 TCIDsomL- It was concluded that MPRCA is a useful tool to amplify
PCV2 genomes in sight of sequencing and virus isolation strategies. However, it was
less sensitive than PCR for diagnostic purposes. In the second study, searching for
methods in support to PMWS diagnosis, two PCR assays were developed: a competitive
PCR (cPCR) and a SYBR green real-time PCR. The quantitative PCR methods were
compared to determine which would be more suitable to estimate the PCV2 DNA load.
Both assays were able to detect significant differences between the numbers of PCV2
DNA copies found in tissues of PMWS-affected and non-PMWS-affected pigs (>2.5
logio). However, a mean difference of 1.8 logjo on the viral load was found between
assays, where the highest viral loads were detected by SYBR green real-time PCR. In
the work outlined herein, another purpose was to generate vaccine candidates based on
PCV2 capsid protein (Cap). Therefore, in the third study, three types of recombinant
baculoviruses were constructed to express the Cap protein. In two recombinants, the
nucleotide sequence from the signal peptide (SP) of bovine herpesvirus glycoprotein |
(BoHV-gl) was inserted at the 5’ end of the cap gene (ORF2). Additionally, one
recombinant containing the SP nucleotide sequence was constructed lacking the nuclear
localization signal (NLS) of Cap protein. Through immunoperoxidase monolayer assay
(IPMA), the PCV2 antigen was detected in Sf21 cells infected by the three recombinant
viruses. This result suggests that the recombinants here constructed are potential vaccine
candidates, once they were able to produce PCV2 antigens.

Keywords: PCV2, vaccine, PMWS, MPRCA, real-time PCR, competitive PCR,
baculovirus
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1. REVISAO BIBLIOGRAFICA

1.1. HISTORICO

Em 1974, um virus semelhante ao picornavirus, ndo-citopatico e contaminante
da linhagem celular de rim de suino foi descrito (TISCHER et al., 1974). Tal agente era
um virus pequeno (17 nm), icosaédrico, ndo-envelopado, contendo uma fita simples de
DNA circular (ssDNA), o qual foi denominado circovirus suino (porcine cirvovirus,
PCV); (TISCHER et al., 1982). Estudos soroldgicos mostraram que anticorpos contra o
PCV estavam presentes em elevadas percentagens em suinos na Alemanha (TISCHER
et al., 1986), Canada (DULAC e¢ AFSHAR, 1989), Gra-Bretanha (EDWARDS e
SANDS, 1994) e Irlanda do Norte (ALLAN et al., 1994a), evidenciando a distribui¢cao
cosmopolita desse agente. Como o PCV nao foi capaz de causar enfermidade em suinos
infectados experimentalmente, o virus foi considerado ndo-patogénico (ALLAN et al.,
1995).

Nos anos 90, uma nova sindrome foi descrita no Canada, por Dr. Edward Clark e
Dr. John Harding (HARDING, 1996, CLARK, 1997). Os suinos afetados apresentavam
definhamento, dificuldade respiratoria, palidez da pele e ictericia, onde a mortalidade do
rebanho era cerca de 12-15%. As lesdes macroscopicas consistiam de linfadenopatia
associada a pneumonia intersticial, hepatite, nefromegalia, esplenomegalia, ulceras
gastricas e edema da parede intestinal. Deplec¢do linfoide e infiltragdo granulomatosa em
tecidos linfoides foram as principais lesdes microscopicas observadas (HARDING e
CLARK, 1997). Devido ao comprometimento de varios 6rgdos e a idade dos animais
acometidos a doenca foi denominada de postweaning multisystemic wasting syndrome —
PMWS (HARDING, 1996, CLARK, 1997, HARDING e CLARK, 1997). No Brasil, o
termo “sindrome multissistémica do definhamento dos suinos” (SMDS) tem sido
utilizado em referéncia a PMWS (CIACCI-ZANELLA et al., 2006, ASANOME et al.,
2008, CORREA et al., 2008). Analises filogenéticas e sorologicas demonstraram que tal
virus era genetica e antigenicamente distinto do PCV descrito anteriormente,
justificando a proposi¢cdo de um novo tipo (MEEHAN et al., 1998, MOROZOV et al.,
1998). Em fungao disso, o PCV descrito originalmente como contaminante de cultivos
celulares passou a ser denominado PCV tipo 1 (PCV1), enquanto o PCV associado a
SMDS foi denominado PCV tipo 2, ou PCV2 (MEEHAN et al., 1998, ALLAN et al.,
1999b).
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A SMDS ¢ considerada uma doenca emergente que atinge severamente a
populagdo mundial de suinos desde a década de 90 (SEGALES et al., 2005a).
Entretanto, estudos soroldgicos e moleculares mostraram que o PCV2 se encontrava
presente em suinos pelo menos durante os ultimos 40 anos (ALLAN e ELLIS, 2000,
WALKER et al., 2000, GRIERSON et al., 2004). No Brasil, a SMDS foi descrita pela
primeira vez em 2001 (CIACCI-ZANELLA e MORES, 2001). Em 2002, a enfermidade
foi relatada na regido Sudeste do Pais (FRANCA et al., 2005) e, no Rio Grande do Sul,
foi descrita pela primeira vez em 2003 (PESCADOR et al.,, 2003). Entretanto, ha
evidéncias que o agente encontrava-se circulando na populag¢do suina do Brasil j& na

década de 80 (CIACCI-ZANELLA et al., 2006).

1.2. CIRCOVIRUS SUINO TIPO 2

O PCV ¢ um virus de genoma de DNA circular fita simples, ndo envelopado, de
simetria icosaédrica que mede aproximadamente 17 nm (TISCHER et al., 1982), como
representado na Figura 1. A densidade das particulas virais ¢ de 1,36-1,37 g/mL em
gradiente de cloreto de césio, o virus ndo possui atividade hemaglutinante e ¢ resistente

ao cloroférmio, temperaturas altas e pH igual ou maior que 3 (ALLAN et al., 1994b).

FIGURA 1 - Estrutura do capsideo do PCV. (A) Microscopia eletronica,
aumento de 250.000 vezes. A barra indica 100 nm. Adaptado de
(MCNULTY, 2006). (B) Mapa tridimensional do PCV2. Adaptado de
(CROWTHER et al., 2003).
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1.2.1. Taxonomia

O PCV2 ¢ classificado no género Circovirus da familia Circoviridae
(PRINGLE, 1999). A classificacdo dos virus dentro da familia Circoviridae sofreu
muitas modificagdes desde a sua criagdo e, possivelmente, sofrerd novas alteragdes, uma
vez que circovirus recém descritos vem sendo continuamente relatados (TODD, 2004,
DAVIDSON e SILVA, 2008). Atualmente, com base no tamanho do virion e na
organizagdo gendmica, a familia Circoviridae ¢ dividida em dois géneros: Circovirus e
Gyrovirus (Figura 2). O género Circovirus contém 10 espécies diferentes, as quais
infectam varias espécies de aves e suinos. Apesar de ter sido sugerida a existéncia de
um circovirus em bovinos (NAYAR et al., 1999), estudos posteriores ndo confirmaram
este achado (ALLAN et al., 2000b, ELLIS et al., 2001). O virus da anemia galinhas

(CAV) ¢ a tinica espécie representante do género Gyrovirus.

—— Circovirus suino tipo 1 (PCV1)
—— Circovirus suino tipo 2 (PCV2)
—— Virus da doenca do bico e das penas (BFDV)
—— Circovirus dos canaris (CaCV)

—— Circovirus dos patos (DuCV)

~ Género

Circovirus —— Circovirus dos tentilhdes (FiCV)

—— Circovirus dos gansos (GoCV)
Familia N —— Circovirus das gaivotas (GuCV)
Circoviridae
—— Circovirus dos pombos (PiCV)
—— Circovirus dos estorninhos (StCV)
Gen.ero ——— Virus da anemia das galinhas (CAV)
Gyrovirus

FIGURA 2 — Cladograma dos géneros e espécies incluidas na familia
Circoviridae. Esquema elaborado com base em informagdes do
International Committe on Taxonomy of Viruses (ICTV).

1.2.2. Organizagao genémica do PCV2

O PCV2 tem um genoma de 1767 a 1768 nucleotideos (MEEHAN et al., 1998) e

dois genes principais, denominados rep e cap. O rep tem uma fase de leitura aberta
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(ORF1), que se estende do nucleotideo 51 ao 995 e esta localizado na fita viral positiva
(Figura 3). O cap localizado na ORF2 da fita viral negativa, se estende do nucleotideo
1735 ao 1034. Na regido intergénica esta a origem de replicacdo do DNA (ORI), onde
duas proteinas Rep ligam-se a uma estrutura palindrémica e iniciam o processo de
replicacdo do tipo “circulo rolante” (MANKERTZ et al., 2004). A proteina Cap tem
funcao estrutural (NAWAGITGUL et al., 2000). Outra proteina viral, esta associada a
indugdo da apoptose, localizada na ORF3 da fita viral negativa se estende no

nucleotideo 671 ao 375 (LIU et al., 2005).

ORF2

FIGURA 3 - Representagdo esquematica do
genoma circular do PCV2. A ORF3 (em branco)
esta sobreposta a ORF1 (em preto). A ORF2 (em
cinza) e ORF3 sdo transcritas a partir da fita viral
negativa, enquanto que a ORF1 da fita viral
positiva. Adaptado com base em informacoes de
Nawagitgul et al. (2000) e Liu et al. (2005).

1.2.1.1. Proteinas do rep

O gene rep codifica duas proteinas essenciais para a replicagdo, a Rep ¢ a Rep’
(CHEUNG, 2003a). A proteina Rep possui 312 aminoécidos, sendo a traducdo completa
da ORF1, enquanto que a Rep’ possui 168 aminodcidos ¢ ¢ o produto da clivagem do

mRNA transcrito da ORF1 (MANKERTZ e HILLENBRAND, 2001). Experimentos
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mostraram que a Rep reconhece o “brago” direito do palindromo, enquanto que a Rep’
reconhece os seis nucleotideos proximais da sequéncia repetida na origem de replicacdo
(STEINFELDT et al., 2001) e somente se ambas forem expressas simultaneamente a
replicagdo do DNA viral ocorre (MANKERTZ e HILLENBRAND, 2001).

Em células infectadas, os dois transcritos, Rep e Rep’ aparecem em quantidades
similares 12 horas apos transfeccdo (hpt). Em 24 e 36 hpt a Rep’ ¢ predominante e o
numero de transcritos desta diminui a partir de 48-96 hpt. A regulagdo da transcri¢ao do
gene rep € realizada por um promotor localizado imediatamente ao inicio do gene e este
promotor ¢ negativamente regulado pela proteina Rep (MANKERTZ e
HILLENBRAND, 2001).

Outros seis RNAs, trés associados a Rep (Rep3a, Rep3b e Rep3c), e trés RNAs
associados a proteinas ndo estruturais (NS515, NS672 e NSO) foram detectados em
cultivos celulares infectados com PCV2, porém estes parecem ndo estarem envolvidos

com a sintese de proteina viral ou replicagao do capsideo (CHEUNG, 2003b).

1.2.1.2. Proteina do cap

A ORF2 do PCV2 foi clonada ¢ expressa em células de insetos. A proteina
sintetizada apresentou massa molecular de 30 kDa, similar a detectada em particulas
virais purificadas. Quando visualizada por microscopia eletronica a proteina
recombinante originada da ORF2 foi capaz de se auto-encapsidar, formando particulas
semelhantes a capsideos, indicando que ORF2 codifica a proteina estrutural do
capsideo, a Cap (NAWAGITGUL et al., 2000). Animais inoculados com proteinas
recombinantes expressas por baculovirus ou vacinas de DNA contendo a ORF2
produziram anticorpos contra PCV2, demonstrando que a proteina expressa ¢
imunogénica (BLANCHARD et al.,, 2003, FENAUX et al., 2003). Testes de
imunofluorescéncia ¢ ELISA para pesquisa de anticorpos, utilizando como antigeno
total o PCV2 ou a proteina Cap recombinante, produziram resultados similares, o que
evidencia que a maioria da resposta imune humoral foi direcionada contra a proteina
codificada pela ORF2, sugerindo que a mesma seja imunodominante (NAWAGITGUL
et al.,, 2000). Aparentemente, os epitopos imunodominantes estdo localizados nos
residuos de aminoacidos 47 a 84, 165 a 200 e nos ultimos quatro aminoacidos da

extremidade C-terminal da proteina (LEKCHAROENSUK et al., 2004).
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1.2.1.2.1. Sinal de localiza¢ao nuclear da ORF2

Algumas proteinas possuem sequéncias de aminoacidos (aa) que as direcionam
para o nucleo, estas sequéncias s@o denominadas de sinais de localizagdo nuclear
(SLNs). Apesar de ndo existir uma norma rigida quanto a determinacdo de SLNs, sabe-
se que sequéncias de aminoacidos bdasicos sdo os principais componentes destes
(SILVER, 1991).

Na proteina Cap do PCV2, foram identificadas duas regides de aa basicos
localizadas nos 41 aa da regido N-terminal. Esta regido, quando deletada, levou ao
acumulo da proteina no citoplasma (LIU et al., 2001). Neste mesmo experimento, a
sequéncia de nucleotideos da ORF2 codificante para os 41 aa da regido N-terminal
foram inseridos @ montante ao gene da proteina verde fluorescente (GFP), resultando no

direcionamento da GFP para o nucleo.

1.2.1.3. Proteina codificada pela ORF3

A proteina codificada pela ORF3 ¢ expressa predominantemente no nucleo e
com menor frequéncia no citoplasma de células. Esta proteina ndo ¢ necessaria para a
replicagdo viral; entretanto, esta envolvida no processo de indugdo da apoptose (LIU et
al., 2005). E possivel que a apoptose induzida pela ORF3 possa desempenhar um
importante papel na patogenia viral, uma vez que um virus mutante incapaz de sintetizar
a proteina codificada pela ORF3 ndo induziu lesdes em camundongos, mas foi capaz de
se replicar eficientemente (LIU et al., 2006b). Em suinos, foi demonstrado que animais
inoculados com virus mutantes sem ORF3 tem menores niveis de viremia e
soroconversao retardada em comparagd@o com animais inoculados com virus selvagem
(KARUPPANNAN et al., 2009, JUHAN et al., 2010). Entretanto, a ORF3 por si s6 nédo
parece ser o Unico fator responsavel pela patogenicidade do PCV2, uma vez que a
expressdo da ORF3 do PCV1 em cultivo celular induziu niveis maiores de apoptose em

relacdo a ORF3 do PCV2 (CHAIYAKUL et al., 2010).

1.2.3. Caracterizacao genética

O PCV1 possui um genoma com 1759 pb, enquanto que o PCV2 possui 18 a 19
nucleotideos adicionais (MEEHAN et al, 1998). A identidade entre sequéncias
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genomicas de PCV1 e PCV2 varia de 68 a 76% (HAMEL et al., 1998, MEEHAN et al.,
1998), sendo uma origem comum sugerida para ambos virus (OLVERA et al., 2007).

As primeiras analises filogenéticas mostraram que PCV2 isolados de diferentes
origens geograficas variaram em sua sequéncia gendmica (HAMEL et al., 1998,
FENAUX et al., 2000, MEEHAN et al., 2001). Posteriormente, com base na sequéncia
de aminodcidos e de nucleotideos do genoma do PCV2, dois genogrupos de PCV2
foram identificados (DE BOISSESON et al., 2004, TIMMUSK et al., 2005, CARMAN
et al., 2006, GAGNON et al., 2007, OLVERA et al., 2007, GRAU-ROMA et al., 2008),

tendo sido propostas diferentes nomenclaturas para os mesmos (Tabela 1).

TABELA 1 — Nomenclaturas publicadas referentes aos dois principais genogrupos de
PCV2.

Referéncia Classificacao dos Genogrupos

DE BOISSESON et al., 2004 I I
TIMMUSK et al., 2005 SG3 SG1/SG2
CARMAN et al., 2006 Padrao 321-semelhante Padrao 422-semelhante
OLVERA et al., 2007 Grupol Grupo 2
GRAU-ROMA et al., 2008 Genotipo 1 Genotipo 2
GAGNON et al., 2007 PCV2b PCV2a

Atualmente, a nomenclatura PCV2a e PCV2b tem sido adotada
internacionalmente (SEGALES et al., 2008). Recentemente, um novo gendtipo foi
identificado em amostras dinamarquesas de tecidos arquivados (DUPONT et al., 2008)
e denominado PCV2c (SEGALES et al., 2008). Na Dinamarca, constatou-se que PCV2c
estava circulando predominantemente na década de 80, enquanto que o PCV2a durante
os anos 90, e PCV2b de 2001 em diante, sugerindo uma potencial mudanga na
predominancia de gendtipos de PCV2 isolados ao longo do tempo (DUPONT et al.,
2008). No mesmo estudo, a analise de sequéncias de PCV2, depositadas até fevereiro de
2007 no MNational Center for Biotechnology Information (NCBI), evidenciou que
PCV2b tornou-se predominante em varios paises ao longo do tempo, apontando para
uma mudancga global do gendtipo PCV2a para PCV2b. Essa distribui¢do temporal de
genotipos de PCV2 e do predominio atual da PCV2b ¢ suportado por varios estudos
epidemioldgicos em nivel mundial (TIMMUSK et al., 2005, ALLAN et al., 2007,
CHEUNG et al., 2007, GAGNON et al., 2007, TAKAHAGTI et al., 2008, CHIARELLI-



25

NETO et al., 2009). No Brasil a presenca destes dois genotipos de PCV2 ja foi relatada
(CHIARELLI-NETO et al., 2009, CIACCI-ZANELLA et al., 2009b).

A detecgdo de diferentes cepas de PCV2 em um mesmo animal também tem sido
descrita (DE BOISSESON et al., 2004, CHEUNG et al., 2007, GAGNON et al., 2007,
GRAU-ROMA et al.,, 2008, HESSE et al., 2008). Estudos recentes comprovam a
recombinacdo homologa entre as linhagens de PCV2 que estdo co-infectando um
mesmo animal (HESSE et al., 2008, CHEUNG, 2009) ou replicando simultaneamente
em cultivo celular (LEFEBVRE et al., 2009). Estes autores sugerem que o aparecimento
de novas cepas e uma possivel mudanca na prevaléncia do genotipo PCV2a para
PCV2b, poderia ter sido o resultado de recombinagdo entre linhagens coexistindo em
um mesmo animal. Existem divergéncias se gravidade da doenca esta relacionada a
algum genotipo especifico, uma vez que genotipos 2a e 2b tem sido recuperados em
casos SMDS e em animais saudaveis (GRAU-ROMA e SEGALES, 2007, HESSE et al.,
2008, WIEDERKEHR et al., 2009).

1.2.4. Ciclo de replicagdo viral

O ciclo viral inicia com a adsor¢cdo do PCV2 a glicosaminoglicanos da célula
(MISINZO et al., 2006), sendo que a internalizagdo ocorre via endocitose mediada por
clatrina (MISINZO et al., 2005). Apo6s internalizado acredita-se que o genoma viral
assuma formas replicativas intermediarias de fita dupla, sintetizadas a partir da fita
molde do genoma do PCV2, como ocorre com os geminivirus (GUTIERREZ, 1999).
Uma vez que o circovirus nao sintetiza sua propria DNA polimerase para a produgdo de
intermediarios replicativos, ele depende de DNA polimerases do hospedeiro para
completar seu ciclo de replicagdo (TISCHER et al., 1987).

A dinamica do ciclo replicativo varia com o tipo de célula infectada. Em
cardiomiocitos fetais e macrofagos alveolares suinos, antigenos virais no nucleo podem
ser identificados ap6s 48 horas em menor propor¢do do que em células PK-15
(MEERTS et al., 2005). Nestas ultimas, a proteina do capsideo ¢ expressa entre 6-12
horas pos-inoculagdo (hpi) e ¢ deslocada para o nticleo 12 a 24 hpi, quando a proteina
Rep ¢ detectada no nucleo antigenos virais sdo detectados no citoplasma e nucleo em
torno de 18 hpi, sendo as particulas virais liberadas 32 hpi (CHEUNG e BOLIN, 2002).

Este ciclo de replicacdao difere do observado em monocitos e macréfagos, nos quais a
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proteina do capsideo do PCV2 ¢ detectada no citoplasma, mas nenhuma evidéncia de
replicagdo € observada. Isto provavelmente ocorre porque estas células estdo em estagio
de diferenciacdo terminal, onde a maquinaria de replicacdo celular ndo é, na maioria das

vezes, ativa (GILPIN et al., 2003).

1.2.5. Multiplicacdo in vitro do PCV2 em cultivos celulares

O PCV2 ¢ um virus de cultivo fastidioso que raramente excede o titulo 10° doses
infectantes para 50% do cultivo celular (DICCsp/ml), mesmo com o uso de
glucosamina, substancia indutora do ciclo celular que aumenta em 50 vezes a producdo
de antigeno viral (TISCHER et al., 1987, GILPIN et al., 2003, MEERTS et al., 2005). O
baixo nivel de replicacdo do PCV2 foi atribuido a heterogeneidade das linhagens
celulares que suportam sua replicagdo in vitro (ZHU et al., 2007). Neste estudo, células
PK-15 foram clonadas através de diluicdo limitante e foram obtidos clones de baixa e
alta permissividade ao PCV2. Em clones de alta permissividade, o virus atingiu titulos
de 10° DICCsy/ml, enquanto que na linhagem original ¢ em clones de baixa
permissividade os titulos ndo ultrapassaram 10° DICCsy/ml e 10> DICCsy/ml,

respectivamente.

1.3. CIRCOVIROSE

No Brasil o termo “Circovirose” vem sendo rotineiramente empregado para
designar manifestagdes clinicas associadas ao PCV2 (MORES et al., 2007), enquanto
que na Europa o termo porcine circovirus disease (PCVD)(SEGALES et al., 2005a) e
nos EUA o termo porcine circovirus-associated disease (PCVAD) (OPRIESSNIG et
al., 2007) tém sido utilizados. Dentre as manifestacdes clinicas relacionadas com a
infeccdo por PCV2 pode-se citar a Sindrome Multissistémica do Definhamento dos
Suinos (SMDS), a Sindrome da Dermatite ¢ Nefropatia dos Suinos (SDNS), problemas

respiratorios, falhas reprodutivas e tremores congénito.

1.3.1 Sindrome Multissistémica do Definhamento dos Suinos

A SMDS ¢ uma sindrome caracterizada pela perda de peso, aumento do volume

dos linfonodos, dispneia, ¢ menos frequentemente palidez, ictericia e diarreia; a qual
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acomete principalmente leitdes desmamados (HARDING e CLARK, 1997, ALLAN et
al., 1999a, ALLAN e ELLIS, 2000, CHOI e CHAE, 2000). Atualmente, a SMDS ¢
endémica em muitos paises, sendo a principal causa de refugagem em plantéis de suinos
(CHAE, 2004).

A SMDS ¢é uma doenga viral que tem como principal agente etioloégico o PCV2.
Porém, sugere-se que para o completo desenvolvimento da sindrome, exista a
necessidade de co-infec¢do com outros agentes infecciosos (ALLAN et al., 1999a,
CHOI e CHAE, 2000, HARMS et al., 2001) ou co-fatores imunoestimulatorios
(KRAKOWKA et al., 2001, KYRIAKIS et al., 2002).

1.3.1.1. Epidemiologia

A manifestacdo clinica da doenga ocorre em animais na 5% a 16* semana de vida
(HARDING e CLARK, 1997, ALLAN e ELLIS, 2000, PALLARES et al., 2002,
SEGALES ¢ DOMINGO, 2002), apresentando baixa taxa de morbidade, porém alta
taxa de mortalidade. Nas propriedades onde ha relatos de SMDS, aproximadamente 5-
20% dos leitdes desmamados apresentam sinais compativeis com a sindrome, sendo que

a mortalidade pode chegar a 80% (DARWICH et al., 2004).

1.3.1.1.1. Distribuicao geografica

O virus ¢ amplamente disseminado na populagdo suina, uma vez que estudos
mostraram que a soroprevaléncia do PCV2 chega a 100% em animais em fase de
terminacdo ¢ em nenhuma granja todos animais do plantel foram soronegativos
(LAROCHELLE et al., 2003). Em média, a percentagem de animais soropositivos nos
rebanhos americanos ¢ de 50% (NAWAGITGUL et al., 2002). Até o presente momento,
a SMDS tem sido diagnosticada em paises dos cinco continentes e na maioria dos paises
produtores de carne suina (Figura 4). E importante destacar a situacio diferenciada da
Australia, onde a presenca de PCV2 foi demonstrada, mas até o momento nenhum caso

de SMDS foi digndsticado neste pais (RAYE et al., 2005, FINLAISON et al., 2007).
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FIGURA 4 — Mapa mundial politico mostrando a distribui¢do geografica da SMDS. Os
paises onde a SMDS ja foi relatada estdo representados em vermelho. Adaptado de
(GRAU-ROMA et al., 2010).

1.3.1.1.2. Espécies susceptiveis

Além do suino doméstico, outra espécie susceptivel ao PCV2 ¢é o javali. Varios
trabalhos indicaram que o PCV2 pode infectar e at¢ mesmo causar doenca em javalis
(ELLIS et al., 2003, SCHULZE et al., 2003, VICENTE et al., 2004, LIPEJ et al., 2007).
Em cria¢des comerciais de javalis, 48% dos animais apresentaram titulos de anticorpos
médios ou altos, > 320 (VICENTE et al., 2004). Apesar do javali ter importancia
epidemioldgica para o PCV2, seu papel ainda ndo ¢ totalmente compreendido, sendo
mais provavel que o suino doméstico seja o reservatério natural do virus, que o javali
propriamente (VICENTE et al., 2004).

Apesar de estudos iniciais sugerirem que a infeccdo por PCV possa ocorrer em
espécies diferente das suinas, descrevendo infec¢des em humanos, bovinos e
camundongos (TISCHER et al., 1995, NAYAR et al., 1999), ensaios sorologicos
subsequentes em bovinos, caprinos, ovinos, equinos, caninos, felinos, murinos e
humanos ndo mostraram evidéncias de infeccdo (ALLAN et al., 2000a, ELLIS et al.,
2000, ELLIS et al., 2001, RODRIGUEZ-ARRIOJA et al., 2003). Por outro lado, dados
controversos tém sido obtidos de infecgdes experimentais realizadas em espécies
diferentes da suina. Enquanto um estudo ndo mostrou evidéncias da replicagdo do PCV2
em camundongos (QUINTANA et al.,, 2002), outros relataram que o PCV2 pode
replicar e ser disseminado por camundongos (KIUPEL et al., 2001, LIU et al., 2006a,
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CSAGOLA et al., 2008). Ao mesmo tempo, infecgdes experimentais em ovelhas e
coelhos por PCV2 nio resultaram em soroconversdo ou presenca de lesdes patologicas
(ALLAN et al., 2000b, QUINTANA et al., 2002). Até o presente momento, a ideia mais
aceita ¢ que a maioria das espécies “ndo-suinas”, ndo sdo suceptiveis a infec¢do por
PCV2 e ndo participam na epidemiologia do virus, sendo o camundongo possivelmente

a unica excecao.

1.3.1.1.3. Vias de transmissio

Existem evidéncias que a transmissdo do PCV2 pode ocorrer tanto
horizontalmente quanto verticalmente, sendo a transmissdo horizontal, via oro-nasal,
considerada a rota mais provavel e frequente para a transmissdo do PCV2 (TOMAS et
al., 2008). A transmissdo horizontal da SMDS tem sido demonstrada
experimentalmente. Apds a mistura de animais saudaveis com animais acometidos pela
sindrome, os saudaveis desenvolveram sinais clinicos da doeng¢a em 1-2 semanas apds a
introducao dos doentes (KRISTENSEN et al., 2006).

O virus tem sido detectado em varios tipos de secregdes/excregdes, tais como
nasais, bronco-traqueais, orofaringeanas, fecais e urindrias, tanto de suinos clinicamente
acometidos pela sindrome (SEGALES et al., 2005b, SHIBATA et al., 2006), como de
animais clinicamente sadios (SEGALES et al., 2005b). O colostro e 0 sémen também
tétm sido apontados como potenciais fontes de infeccdo (HAMEL et al., 2000,
LAROCHELLE et al., 2000, SHIBATA et al., 2006).

A transmissio do PCV2 também pode ocorrer verticalmente (SEGALES et al.,
2005a). O isolamento de PCV2 de fetos abortados sugere a possibilidade de transmissao
vertical (MEEHAN et al., 2001). A deteccdo de PCV2 no sémen de reprodutores
infectados naturalmente (KIM et al., 2001) e experimentalmente (LAROCHELLE et al.,
2000) indica que pode ocorrer a transmissdo viral de reprodutores para as fémeas e suas
respectivas proles. A transmissdo transplacentaria tem sido demonstrada apds infecg¢des
intranasais realizadas trés semanas antes do parto (PARK et al., 2005, HA et al., 2008).
Um destes estudos relatou aborto e parto prematuro nas porcas inoculadas com PCV2
(PARK et al., 2005), enquanto outro observou partos normais (HA et al., 2008). E
interessante notar que a frequencia com que o PCV2 ¢ associado as desordens
reprodutivas ainda permanece controversa. Contudo, alguns autores as descrevem como

raras (LADEKJAER-MIKKELSEN et al., 2001, MALDONADO et al., 2005), outros as
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relatam como eventos frequentes, com infec¢des por PCV2 que chegam a até 13% em

fetos abortados e recém-nascidos (KIM et al., 2004).

1.3.1.2. Patogenia

A maioria dos animais infectados ndo apresenta doenca clinica, porém a
infec¢do pode ser evidenciada pela soroconversdao (QUINTANA et al., 2001). Acredita-
se que a imunossupressdo, caracterizada pela deplecdo linfoide e linfopenia, seja o
evento determinante do desencadeamento da sindrome (SEGALES et al., 2004,
OPRIESSNIG et al, 2007). Alguns autores sugerem que, para o completo
desenvolvimento da sindrome, existiria a necessidade de co-infec¢des virais, como o
parvovirus suino e o virus da sindrome respiratoria e reprodutiva dos suinos (ALLAN et
al., 1999a, CHOI e CHAE, 2000, HARMS et al, 2001) ou co-fatores
imunoestimulatorios (KRAKOWKA et al., 2001, KYRIAKIS et al., 2002).

Outros fatores que tem sido associados a ocorréncia da SMDS sdo a presenga de
infecgdes bacterianas, causadas por agentes como o Mycoplasma hyopneumoniae
(OPRIESSNIG et al., 2004) e a Pasteurella multocida (THOMSON et al., 2000,
LAINSON et al, 2002). Evidéncias sugerem que bactérias que contém
lipopolisacarideos, como as Gram-negativas, poderiam estimular a replicacdo viral e
contribuir no desenvolvimento da SMDS (CHANG et al., 20006).

Antigenos e material genético do PCV2 tém sido detectados em varios tipos de
células. O material viral tem sido encontrado principalmente no citoplasma de
histiocitos e células da linhagem monocitica/macrofagica, tais como macroéfagos
alveolares, células de Kiipffer e células dendriticas (ROSELL et al., 1999, GILPIN et
al., 2003).

Devido ao fato do virus ser frequentemente detectado em células epiteliais
(ROSELL et al., 2000a), foi sugerido que este tipo de célula possa ser o tipo celular
primario mais permissivel a replicagdo do PCV2 (DARWICH et al., 2004). Apos a
infeccdo e replicagdo primaria nas células primarias, acredita-se que o PCV2 seja
transportado para os principais alvos (linfonodos e/ou corrente sanguinea), contribuindo
para a disseminagao do virus (ROSELL et al., 1999). No estagio posterior da doenga, o
virus estd presente em Orgaos como intestino, rins ¢ figado, podendo causar alteragdes

que colaboram para ocorréncia da SMDS (SEGALES et al., 2004).
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Infeccdes causadas por PCV2 t€m uma evolucdo cronica. Em animais
inoculados com PCV2 que ndo desenvolveram a doenga, observou-se viremia a partir
do 7° dia, com pico virémico no 21° dia pi, seguido da redugdo gradual da carga viral até

0 69° dia pi (RESENDES et al., 2004).

1.3.1.3. Aspectos imunologicos

Animais com SMDS apresentam monocitose, neutrofilia, linfopenia e
diminui¢do de células CD8", CD4" e IgM" (DARWICH et al., 2002). A linfopenia
induzida por PCV2 em animais sintomaticos levou a hipotese que eventos
imunossupressores seguidos de infecgdo por PCV2 teriam um importante papel no
desenvolvimento de doencas associadas ao virus (NIELSEN et al.,, 2003). Sabe-se
também que o virus se associa a células da linhagem monocitica in vivo (ROSELL et
al., 1999, KRAKOWKA et al.,, 2002) e in vitro, sem mostrar qualquer sinal de
replicacdo (GILPIN et al., 2003, VINCENT et al., 2003). A habilidade do virus de se
replicar e persistir por um longo tempo no organismo indica uma falha na resposta
imunolédgica do hospedeiro em reconhecer ou remover as particulas virais e as células
infectadas (MEERTS et al., 2006).

O comprometimento imunologico em animais com SMDS ¢ evidente, uma vez
que ocorre deplecao linfoide (ROSELL et al., 1999, LADEKJAER-MIKKELSEN et al.,
2002) e infecgdes por patdogenos oportunistas, como Preumocystis carinii, Chlamydia
spp e Aspergillus spp., nos pulmdes de animais acometidos (HARDING e CLARK,
1997, SEGALES e DOMINGO, 2002). A imunossupressio induzida com ciclosporina,
um agente imunossupressor forte, produz um quadro clinico mais grave da doenga do
que animais tratados com corticoides, agentes imunossupressores fracos (KRAKOWKA
et al., 2002). Os mecanismos da interacdo do virus com o sistema imune do hospedeiro

sdo descritos a seguir.

1.3.1.3.1. Perfil de expressdo de citocinas in vivo e in vitro

O genoma do PCV2 possui sequéncias que podem ter efeito imunomodulador.
Baseado em critérios previamente descritos (KRIEG, 2002), o genoma do PCV2
apresenta uma propor¢ao de 60% e 40% de motivos CpG (citosina-fosforotiato-guanina

ndo metilada) imunoestimulatéorios e imunoinibitorios, respectivamente. Cinco
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sequéncias baseadas no genoma do PCV2 foram testadas e se verificou que uma delas
apresentava efeito inibitério na producdo de Interferon-a (IFN-a) pelas células
monociticas do sangue periférico (HASSLUNG et al., 2003).

Células naturalmente produtoras de interferon (NIPC) reconhecem motivos CpG
via Toll-like receptor 9 (TLRY) e, a partir dai, produzem uma resposta imune (HEMMI
et al., 2000). O PCV2 tem a capacidade de bloquear a producdo de IFN-a e Fator de
necrose tumoral-o. (TNF-a)) induzida por CpG em NIPC (VINCENT et al., 2005).
Como as NIPC sdo as principais fontes dessas citocinas, a resposta imune inata
dependente de IFN-o ¢ TNF-o, assim como ativacdo da resposta celular T e B
especificas, tornam-se ineficazes (FITZGERALD-BOCARSLY, 2002).

O PCV2 também altera o perfil de secrecdo de citocinas em macrofagos
infectados pelo virus. Tem sido sugerido que as lesdes granulomatosas observadas nos
casos de SMDS seriam induzidas pela associacdo do PCV2 a macrdfagos. Esta infeccao
aumentaria a producdo de citocinas, como a proteina monocitica quiomiotatica 1 (MCP-
1) e a proteina macrofagica inflamatoria 1 (MIP-1), que levariam a inflamagdes
granulomatosas (KIM e CHAE, 2004). Macrofagos alveolares, quando incubados com
PCV2, aumentam a expressio de TNF-a, IL-8, AMCF-II (fator quimiotatico
neutrofilico II derivado de macréfagos alveolares), G-CSF (fator estimulatorio de
colonias de granulécito) e MCP-1. Estes fatores levam ao recrutamento de células
inflamatorias da fase aguda e ¢ especulado que isto desencadearia o desenvolvimento de
uma pneumonia intersticial em suinos acometidos pela sindrome (CHANG et al., 2005).

Suinos com SMDS tém padrdes alterados de mRNA que expressam citocinas.
Ocorre um aumento do mRNA que expressa a IL-10 no timo e IFN-y nas tonsilas. O
aumento de IL-10 tem sido associado a deplecdo e atrofia timica em animais doentes. A
diminuicdo da expressdo de mRNA foi observada para IL-2 no bago, IL-4 nas tonsilas e
linfonodos, IL-12p40 em linfonodos inguinais e esplénicos e IFN-y e IL-10 em
linfonodos inguinais. Estes achados, associados ao fato da redugdo de células CD4" e
CDS8" no sangue e deplegdo e atrofia timica, sdo indicativos de uma imunossupressdo de
células T, o que prejudicaria o sistema imune de suinos afetados pela sindrome
(DARWICH et al., 2003b).

Células mononucleares do sangue periférico derivadas de animais com SMDS
ndo produziram niveis normais de IFN-y ou IL-1B, IL-2, IL-4 ou IL-8 quando

desafiadas com fitohemaglutinina ou superantigenos, mas produziram IFN-y ou IL-10
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quando desafiadas com antigenos de PCV2, evidenciando que animais com SMDS tem
uma reducdo na habilidade de realizar suas funcdes imunoldgicas normais quando

expostos a virus ou moléculas imunoestimulatorias (DARWICH et al., 2003a).

1.3.1.3.2. Resposta mediada por anticorpos frente ao PCV2

Os niveis de anticorpos contra PCV2 adquiridos via colostro diminuem
gradualmente da 3* até¢ a 10" semana de vida do leitdo, onde atingem o limite minimo
(LAROCHELLE et al., 2003). A protecdo conferida por anticorpos maternos contra
PCV2, parece ser titulo dependente. Titulos altos de anticorpos, obtidos no teste de
ELISA, sdo geralmente protetores enquanto que titulos baixos nio (MCKEOWN et al.,
2005).

Animais inoculados experimentalmente soroconvertem 14 a 28 dpi
(KRAKOWKA et al., 2001, NAWAGITGUL et al., 2002) ¢ o os niveis de anticorpos
aumentam gradualmente até pelo menos o 49° dia (NAWAGITGUL et al., 2002).
Suinos expostos ao PCV2 sob condigdes de campo soroconvertem entre 7 ¢ 12 semanas
de vida e o titulo se mantém elevado pelo menos até a 28° semana de vida, porém uma
porcentagem dos animais se mantém virémico (RODRIGUEZ-ARRIOJA et al., 2002).

Animais SPF inoculados com PCV2, aumentaram gradativamente os niveis de
IgM até o final do experimento (21° dpi), enquanto que nos animais afetados pela
sindrome os titulos de IgM comecaram a cair a partir do 10° dpi e foram
significativamente inferiores no 21° dpi em relagdo ao grupo ndo inoculado. Os niveis
de IgG1, IgG2 e IgA foram levemente menores nos animais acometidos pela sindrome.
Neste mesmo estudo, observou-se que a auséncia de anticorpos neutralizantes estd
relacionada com altas taxas de replicagdo viral e com a manifestagdo clinica da
sindrome (MEERTS et al., 2006).

A resposta mediada por anticorpos frente a PCV1 e PCV2 ¢ tipo-especifica, para
a proteina do capsideo. Em um estudo, onde foram expressas a proteina Rep do PCV1 ¢
PCV2 através de baculovirus ou plasmideos, verificou-se que anticorpos policlonais
anti-PCV2 apresentaram reatividade cruzada para Rep (MAHE et al., 2000). O mesmo
ndo ocorreu quando foi expressa a proteina do capsideo, que induziu uma resposta tipo-
especifica. Resultados similares foram obtidos quando foi utilizado soro hiperimune de

coelho contra PCV2 para imunofluorescéncia indireta, onde verificou-se que os mesmos
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reagiram fortemente contra PCV2, mas ndo reagiram contra PCV1 (ALLAN et al.,

1999b).

1.3.1.4. Lesdes macro e microscopicas

Suinos com SMDS mostram diferentes graus de definhamento, linfoadenopatia
generalizada, falta de colabamento pulmonar e atrofia timica. Menos frequentemente,
podem apresentar atrofia hepatica e lesdes renais (ALLAN e ELLIS, 2000,
LADEKJAER-MIKKELSEN et al., 2002, KIM et al., 2003). No Brasil, as principais
lesdes macroscopicas observadas em 97 animais necropsiados foram aumento no
volume dos linfonodos (80,4%) e auséncia de colabamento pulmonar (65,9%)
(CORREA et al., 2006).

Em animais com a sindrome, as lesdes microscopicas observadas sdo: deplecdo
linfoide e infiltracdo histiocistica. Estas lesdes, nos gravemente acometidos, sdo
observadas em praticamente todos os tecidos, incluindo os linfonodos, tonsilas, placas
de Peyer, baco e timo (ROSELL et al., 1999). Outras lesdes observadas sdo a
inflamacdo granulomatosa e presenga de corpusculos de inclusdes intracitoplasmaticos.
A inflamacdo granulomatosa ¢ observada nos linfonodos, figado, bago, timo, placas de
Peyer e linfonodos inguinais superficiais, consistindo de um infiltrado de células
epitelioides e células gigantes multinucleadas (CHAE, 2004).

Os corpusculos de inclusdo intracitoplasmaticos sdo grandes, numerosos e
basofilicos, sendo observados no citoplasma de histiocitos e células gigantes
multinucleadas (ROSELL et al., 1999, ALLAN e ELLIS, 2000, GILPIN et al., 2003,
CHAE, 2004). Esporadicamente, ¢ possivel detectar o virus no citoplasma de células
renais, epitélio respiratério, endotélio vascular e no nicleo de monoécitos, macrofagos,
células da musculatura lisa, hepatdcitos e enterdcitos (ROSELL et al., 1999, ROSELL
et al., 2000a).

1.3.1.5. Diagnéstico
O PCV2 pode ser detectado em animais sadios, portanto a simples detec¢ao da

presenca viral ndo € confirmatoria para a sindrome. Para diagnostico de SMDS deve ser

observada a presenga de PCV2 nas lesdes, sinais clinicos compativeis e lesdes
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microscopicas caracteristicas. Duas formas de diagndstico da sindrome tém sido

descritas, individual e de rebanho, as quais serdo descritas a seguir.

1.3.1.5.1. Diagnostico individual

Embora o definhamento e as alteragcdes respiratorias observadas na fase de
maternidade e creche contribuam para o diagndstico da SMDS, os sinais clinicos e as
lesdes desta doenga sdo inespecificos e, portanto, ndo sdo suficientes para diagnosticar a
doenga. Além disso, o fato do PCV2 ser cosmopolita na popula¢do suina dificulta o
diagnostico da sindrome. Atualmente, existem trés critérios utilizados para diagnosticar
a SMDS (SORDEN, 2000, SEGALES et al., 2005a):

1) Presenca de sinais clinicos compativeis, incluindo o definhamento ou retardo
no crescimento.

2) Presenca de lesdes histopatoldgicas moderadas a graves, incluindo deplecao
linfocitaria e infiltrado histiocitario.

3) A deteccao de quantidades moderadas a altas de PCV2 nas lesdes de tecidos
linfoides e outros tecidos de suinos afetados.

Varios métodos tém sido desenvolvidos para detectar PCV2 nos tecidos ¢
correlacionar a sua deteccdo com a presenca de lesdes. Entre eles, a hibridizacdo in situ
e a imunohistoquimica sdo os testes mais utilizados rotineiramente (MCNEILLY et al.,
1999, ROSELL et al., 1999). Esses métodos mostraram uma forte correlacdo entre a
quantidade de 4cido nucléico ou do antigeno de PCV2 e da gravidade de lesdo
microscopicas do tecido linfoide (ROSELL et al., 1999, QUINTANA et al., 2001).
Consequentemente, devido ao fato do diagndstico de SMDS exigir a detec¢do de
quantidades moderadas a altas de PCV2 nos tecidos linfoides, isso acarreta na presenca
de lesdes microscopicas moderadas a graves, nos tecidos dos suinos afetados. Os suinos
que estdo na primeira semana da infec¢do clinica sdo os que mais facilmente preenchem
os critérios de diagnostico (SEGALES et al., 2004), enquanto que suinos convalescentes
ou recentemente infectados podem apresentar lesdes microscopicas leves e uma
pequena quantidade de antigeno/acido nucléico viral presente nas lesoes (QUINTANA

et al., 2001).
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1.3.1.5.2. Diagnostico de rebanho

O estabelecimento do diagnostico da SMDS em nivel de rebanho ainda ¢
controverso, pois sabe-se que granjas que apresentam bom desempenho podem
apresentar animais com a sindrome (JORSAL et al., 2006). Por esta razdo, cientistas do
Consorcio europeu de investigagdo de doengas associadas ao PCV (www.pcvd.org/
news.php) estabeleceram dois critérios para considerar um rebanho afetado por SMDS,
0s quais sdo:

1) Aumento significativo nas taxas de mortalidade pds-desmame e
definhamento, em relagdo ao historico do rebanho. O aumento da mortalidade ¢
considerado significativo quando ¢ igual ou maior que a média histérica acrescida 1,66
vezes seu desvio padrdo. Se ndo hd dados histdéricos disponiveis, o aumento da
mortalidade deve exceder a média nacional ou regional em 50%.

2) Diagnostico individual de SMDS em pelo menos um de cinco suinos

necropsiados.

1.3.1.5.3. Métodos utilizados na detecg@o de antigenos, DNA viral e anticorpos contra

PCV2

A imunohistoquimica e hibridizacdo in sifu sdo as técnicas mais comumente
utilizadas para estabelecer um diagndstico SMDS, produzindo resultados semelhantes
(MCNEILLY et al., 1999, ROSELL et al., 1999). No entanto, outras técnicas para
detectar o antigeno de PCV2 ou 4cidos nucléicos e seus anticorpos sdo relatados na
literatura. Entre eles, a PCR tem se mostrado um teste muito sensivel (LAROCHELLE
et al.,, 1999, HAMEL et al., 2000, KIM e CHAE, 2001, CALSAMIGLIA et al., 2002),
sendo utilizada em vérias espécimes tais como soro, excregdes, secrecdes e tecidos
(QUINTANA et al., 2001, SHIBATA et al., 2003). No entanto, a PCR nio ¢é capaz de
diferenciar entre infec¢des clinicas e subclinicas (MCNEILLY et al., 2002). Levando
em consideracdo que infec¢des subclinicas por PCV2 sdo frequentes e que a infecgdo
por PCV2 nem sempre resulta em doenga clinica, a PCR nao-quantitativa ndo deve ser
usada para diagnosticar SMDS (MCNEILLY et al., 2002, SEGALES et al., 2005a). Da
mesma forma, um grande numero de técnicas sorologicas relatadas na literatura,
incluindo ensaio de imunoperoxidase em monocamada (IPMA) (RODRIGUEZ-
ARRIOJA et al., 2000), imunofluorescéncia indireta (COTTRELL, 1999, ALLAN e
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ELLIS, 2000) e ELISA (WALKER et al., 2000, TRUONG et al., 2001, WU et al.,
2008) sdo uteis para monitorar a infec¢ao pelo PCV2, porém ndo devem ser usados para
fins de diagnostico (RODRIGUEZ-ARRIOJA et al., 2000, SIBILA et al., 2004).

Técnicas como PCR quantitativo (QPCR), ELISA de captura de antigeno e
analise imunocitoquimica de criocortes permitem a quantificagdo do virus em tecidos
(MCNEILLY et al., 2002). Levando em consideracdo que existe uma correlagdo entre a
quantidade de acido nucléico de PCV2 ou do antigeno viral com a gravidade das lesdes
microscopicas caracteristicas de SMDS (ROSELL et al., 1999, QUINTANA et al.,
2001), estas técnicas poderiam ser usadas para diagnosticar a SMD. Assim, alguns
autores sugeriram valores-limite, 10’ copias do genoma viral por mL de sangue, para
diagnosticar a SMDS nos animais vivos, usando técnicas de gPCR (BRUNBORG et al.,
2004, OLVERA et al., 2004, SEGALES et al., 2005b).

1.3.1.6. Modelos experimentais da SMDS

Infeccdes experimentais de PCV2 em leitdes gnotobioticos (ELLIS et al., 1999,
KRAKOWKA et al.,, 2000, KRAKOWKA et al.,, 2001), privados da ingestdo de
colostro (ALLAN et al., 1999a, BOLIN et al., 2001) ou amamentados com colostro
(BALASCH et al., 1999, MAGAR et al., 2000, LADEKJAER-MIKKELSEN et al.,
2002, RESENDES et al., 2004), tem sido utilizadas para o esclarecimento do papel do
PCV2 na patogenia da sindrome. Inoculagdes experimentais com PCV2 tem produzido
sinais clinicos de SMDS, todavia parece que a severidade da doenca depende de uma
série de fatores. Uma meta-andlise realizada com o objetivo de identificar fatores
relevantes sobre a manifestagdo clinica da SMDS em condigdes experimentais,
identificou alguns destes fatores (TOMAS et al., 2008). Dados de 44 estudos foram
incluidos na analise, com base nos resultados da meta-analise, a experimentacao animal
com maior probabilidade de sucesso deve incluir: (1) leitdes privados de colostro, (2)
idade inferior a trés semanas no momento da inoculacdo (3), altas doses de in6culo do

PCV2 (4) cepas de PCV2b e (5) co-infec¢do com outros patdgenos de suinos.

1.3.1.7. Consideragdes finais sobre a SMDS

Segundo Darwich et al. (2004), é geralmente aceito que:

- A doenga aparece em suinos desmamados ou na fase inicial de terminagdo;
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- Somente 10-30% dos suinos naturalmente infectados desenvolvem a SMDS;

- A caracteristica mais proeminente da doenca ¢ deplecdo linfoide generalizada
afetando orgdos linfoides primarios e secundarios, assim como a circulagdo de
linfocitos.

- Infecgdes experimentais com PCV2 podem reproduzir a SMDS, porém quando

ocorre a co-infeccdo com PRRSV e PPV a doenca ¢ mais grave.

1.3.2. OUTRAS MANIFESTACOES CLINICAS ASSOCIADAS AO PCV2

1.3.2.1. Sindrome da dermatite e nefropatia dos suinos

Descrita pela primeira vez no Reino Unido (SMITH et al., 1993), esta
enfermidade ¢ frequentemente fatal, afetando principalmente suinos de 6 a 16 semanas
de idade (SMITH et al.,, 1993, THIBAULT et al., 1998). Animais acometidos
apresentam lesdes cutdneas derivadas de uma vasculite necrotizante grave que afeta a
derme e o tecido subcutaneo, caracterizada por uma inflamagao nos vasos sanguineos,
acompanhada por necrose epidermal, ulceracdo e hemorragia da derme (SMITH et al.,
1993, RAMOS-VARA et al., 1997, THIBAULT et al., 1998). O rim encontra-se com
volume aumentado, com multiplos focos hemorragicos na regido cortical e os
linfonodos renais e inguinais estdo frequentemente aumentados e hemorragicos
(RAMOS-VARA et al., 1997).

O papel do PCV2 na patogenia da sindrome ainda ndo foi completamente
esclarecido. Porém, DNA e antigenos virais foram detectados em tecidos de animais
com SDNS (ALLAN e ELLIS, 2000, CHOI e CHAE, 2001), o que sugere o
envolvimento do agente com a sindrome, apesar do virus nao ter sido detectado em
todos os casos (ROSELL et al., 2000b). Em um estudo de caso-controle da SDNS, foi
demonstrado que os niveis de anticorpos contra PCV2 foram significativamente maiores
nos casos do que nos controles, sugerindo que o excesso de anticorpos contra PCV2
poderia desencadear o desenvolvimento da sindrome através da deposi¢do de
imunocomplexos (WELLENBERG et al., 2004). Todavia, evidencias sugerem que
outros patogenos como Pasteurella multocida (THOMSON et al., 2001, LAINSON et
al., 2002) ou a combinacdo de patdégenos, como PCV2 ¢ PRRSV (THIBAULT et al.,
1998, CHOI e CHAE, 2000, ROSELL et al., 2000b), podem induzir a SDNS.
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1.3.2.2. Complexo das doengas respiratorias dos suinos

Caracterizada por tosse, dispneia, pirexia, anorexia e letargia, esta sindrome
afeta animais de 16-22 semanas de idade (THACKER, 2001). Os patogenos mais
frequentemente envolvidos no Complexo das Doengas Respiratorias dos Suinos
(CDRS) s@o o PRRSV e o Mycoplasma hyopneumoniae, embora outras bactérias e virus
também tenham sido detectados em surtos de CDRS, dentre eles o PCV2 (THACKER e
THACKER, 2000). A identificagdo do PCV2 em alguns casos de pneumonia
necrotizante proliferativa levou alguns autores a sugerirem que o PCV2 poderia ter uma

importante contribui¢cdo no complexo (ELLIS et al., 1999).

1.3.2.3. Falhas reprodutivas

Existem varios casos de falhas reprodutivas associadas ao PCV2, tais como,
elevacdo da taxa de aborto, natimortos ¢ mumificagdo fetal (WEST et al., 1999,
JOSEPHSON ¢ CHARBONNEAU, 2001, LADEKJAER-MIKKELSEN et al., 2001,
O'CONNOR et al., 2001, KIM et al., 2004). Em um estudo experimental, a inoculagdo
em fetos com PCV2 resultou em natimortos, mumificacdo fetal parcial e recém-nascidos
com baixo desenvolvimento, juntamente com leitdes clinicamente sadios (JOHNSON et
al., 2002).

O tropismo celular do PCV2 parece mudar com a idade do suino. Fetos
infectados in utero aos 57, 75 e 92 dias de gestacdo tiveram diferentes distribui¢des do
virus no tecido. Fetos inoculados aos 57 dias tinham elevada quantidade de virus em
cardiomidcitos e, em menor escala, em macrofagos e hepatocitos. Na fase final da
gestagdo ou apds o nascimento, o virus foi encontrado principalmente em macréfagos e

era escasso em outros tecidos (SANCHEZ et al., 2001).

1.3.2.4. Tremor congénito

O tremor congénito suino (TCS) ou mioclonia congénita ¢ caracterizado por
tremores da cabeca ¢ dos membros em recém nascidos. Dois tipos de TCS t€m sido
descritos com base na deficiéncia (tipo A) ou ndo (tipo B) de mielina no sistema
nervoso central e periférico (SEGALES et al., 2004). Em adigio, o TCS tipo A tem sido

subdividido em 5 subtipos diferentes (AI-AV), associados a anormalidades genéticas,
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intoxicacao por triclorfon em fase intra-uterina e infec¢do uterina por alguns virus. O
TCS subtipo AIl ¢ a forma mais comum de tremores congénitos e € caracterizado por
contracdes clonicas com grau de severidade variado, mas que diminuem ou cessam a
partir da quarta semana de idade. A associagdo do PCV2 com tremores congénitos ¢
controversa. Utilizando hibridizagdo in situ, imunofluorescéncia indireta ¢ PCR, foi
demonstrada a presenca de acido nucléico e antigenos de PCV2 no cérebro e medula
espinhal (STEVENSON et al., 2001). Porém, outros autores ndo confirmam essa ligacdo

do PCV2 com TCS (KENNEDY et al., 2003).

1.3.3. CONTROLE E PREVENCAO DA CIRCOVIROSE

1.3.3.1. Boas praticas de manejo

Tentativas de erradicacdo do PCV2, através da retirada de todos animais da
granja falharam, sendo que o PCV2 e a SMDS retornaram rapidamente apds repovoacao
(SEGALES e DOMINGO, 2002). Isto provavelmente se deve ao fato do virus estar
largamente distribuido na populacio suina.

A implementacdo dos "20 Pontos de Madec" demonstrou ser eficaz na
diminui¢do da percentagem de mortalidade em granjas severamente afetadas por SMDS
(MADEC et al., 2000). Resumidamente, as recomendagdes incluem procedimentos de
desinfeccdo, uso do sistema all-in-out, limitar o contrato entre animais, evitar a mistura
de lotes, isolar/sacrificar animais doentes, manter adequado o fluxo de ar e a
temperatura nas instalagdes, desvermifugar o rebanho e seguir um esquema de
vacinagao.

A desinfeccao do ambiente reduz a pressao de infeccdo pelo PCV2, quando
utilizados desinfetantes a base de fenois, amonia quaternaria, agentes oxidantes e
alcalis, enquanto que etanol, iodo, formaldeido ou clorexidine ndo sdo eficazes para

inativacdo do virus (ROYER et al., 2001).
1.3.3.2. Soroterapia
Antes da disponibilidade de vacinas comerciais, soroterapia foi amplamente

utilizada em rebanhos europeus (OPRIESSNIG et al., 2008). Esta pratica consistia na

inoculagdo subcutanea ou intramuscular de soro de animais convalescentes em animais
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saudaveis. Em rebanhos que utilizaram esta técnica foi observada significativa redugao
da doenga clinica e da mortalidade (WADDILOVE e MARCO, 2002), porém este
procedimento requer a colheita de soro hiperimune, o que ¢ trabalhoso e aumenta o

risco de reintrodugdo de agentes patogénicos no rebanho.

1.3.3.3. Vacinagdo

1.3.3.3.1. Vacinas comerciais

Ao menos quatro vacinas comerciais contra Circovirose estdo atualmente
disponiveis nos principais paises produtores de carne suina (Tabela 2). A primeira
vacina do mercado foi a CIRCOVAC® (Merial), produzida a partir do virus inativado e
utilizada inicialmente em porcas e marrds entre 2* e 4* semana antes da pari¢do. Os
outros trés produtos comerciais sdo vacinas recombinantes utilizadas em suinos de 3-4
semanas de idade. A Suvaxyn PCV2® (Fort Dodge) ¢ baseada em um virus quimérico
contendo a ORF2 do PCV2 inserida no genoma do PCV1 (FENAUX et al., 2003). As
vacinas Ingelvac CircoFLEX® (Boehringer Ingelheim) e a Circumvet® (Intervet
Schering-Plough) sdo vacinas de sub-unidade baseadas na expressio da ORF2 em
baculovirus. Todas as quatro vacinas sao baseadas em cepas PCV2a.

Estudos de campo utilizando vacinas comerciais tém demonstrado a eficacia das
mesmas. O ganho médio didrio, a melhor conversdo alimentar, a diminuicdo da
mortalidade e reducdo de custos de medicamentos sdo alguns dos beneficios observados
em rebanhos vacinados (FACHINGER et al., 2008, KIXMOLLER et al., 2008). A
vacina¢do de fémeas em idade reprodutiva demonstrou uma melhora nos parametros
reprodutivos dos plantéis vacinados, como o aumento de leitdes nascidos vivos e leitdes
por porca por ano e reducdo de leitdes mumificados (THACKER et al., 2008).
Entretanto, a vacina¢do nao preveniu a infec¢do pelo PCV2 de porcas prenhes, nem a
transmissdo do PCV2 via colostro, sugerindo que a vacinagao em porcas prenhes nao
impeca a transmissdo vertical do virus (MADSON et al., 2009).

No Brasil, até julho de 2007, apenas as vacinas autdogenas estavam disponiveis.
As vacinas autdgenas eram preparadas a partir de tecidos de suinos infectados, os
tecidos eram entdo triturados, homogeneizados e inativados com formaldeido (MORES

et al., 2007). Os produtores em geral relatavam diminuigdo significativa da mortalidade
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apos a aplicacdo da vacina autdégena. Todavia, devido aos riscos bioldgicos que estas

vacinas apresentam, estas foram substituidas pelas vacinas comerciais.

TABELA 2 — Vacinas comerciais utilizadas no controle da Circovirose suina

Ingelvac Suvaxyn Circumvet® CIRCOVAC®
CircoFLEX® PCV2®
Fabricante Boehringer Fort Dodge Intervet Merial
Antigeno Proteina Cap PCVI1-2 Proteina Cap  PCV2 inativado
do PCV2 quimérico do PCV2
inativado

Populacdo alvo  Leitdes (=3*)  Leitdes (>4*)  Leitdes (=3*) Fémeas prenhes
(2-4%%*)
Leitdes (=3*)
Dose/posologia Ix 1 mL Ix 2 mL 2x 2 mL Fémeas: 2 mL
Leitoes: 0,5 mL

* Semanas de idade; ** Semanas antes do parto.
Adaptado de Mores et al. (2007).

Até o momento, existem poucos estudos do mecanismo de protecdo induzido
pela vacinacdo. Em geral, assume-se que a eficacia da vacina depende do efeito protetor
dos anticorpos induzidos contra 0 PCV2, quer adquiridos passivamente (via colostro) ou
ativamente (vacinagdo dos leitdes). No entanto, a indugao de baixo titulo de anticorpos
ou a falta de desenvolvimento de anticorpos ap6s a vacina¢do, nem sempre esta
relacionada com falhas vacinais. Ap6s a vacinagdo com um virus quimérico PCV1-2,
embora nem todos 0s suinos apresentassem soroconversiao para o PCV2, apds desafio,
os animais vacinados ndo apresentaram sinais clinicos e ndo desenvolveram viremia
(FENAUX et al., 2004). Os autores desse estudo sugerem um potencial papel da

imunidade celular na prote¢@o induzida pela vacina.
1.3.3.3.2. Vacinas experimentais
Além das vacinas comerciais, prototipos de outras vacinas foram desenvolvidos

e testados em varios modelos. Estes incluem vacinas de DNA (BLANCHARD et al,,
2003, KAMSTRUP et al., 2004, FAN et al., 2008b, LEFEBVRE et al., 2008, SHEN et
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al., 2008), vacinas baseadas em vetores virais (BLANCHARD et al., 2003, FENAUX et
al., 2004, JU et al., 2005, WANG et al., 2007, FAN et al., 2008a) ou vetores bacterianos
expressando proteinas virais de PCV2 (WANG et al., 2008, KIM et al., 2009). Os dados
dos estudos anteriormente mencionados permitem compreender melhor a resposta
imune gerada pelas diferentes ORFs do PCV2 e suas correspondentes proteinas

codificadas e serdo discutidos a seguir.

1.3.3.3.2.1. Vacinas de DNA

Embora nenhuma vacina de DNA contra PCV2 tenha alcan¢ado o mercado,
alguns estudos vém comprovando sua eficacia na indug@o da resposta imune. Kamstrup
et al. (2004) demonstraram que 1 mg da vacina de DNA expressando a ORF2 do PCV2
induzia anticorpos em camundongos. Em suinos vacinados com DNA plasmidial
recombinante expressando o gene cap ou rep, estes soroconverteram uma semana apos
o desafio, enquanto que o grupo controle soroconverteu na semana posterior e
apresentou reducao no ganho de peso em relagdo ao grupo vacinado (BLANCHARD et
al., 2003).

Em camundongos que foram imunizados com a proteina recombinante do
capsideo ou a ORF2 clonada em um vetor de expressdo (100 pg), verificou-se que o
nivel de anticorpos neutralizantes induzido pela vacina de DNA foi significativamente
maior do que o induzido pela vacina contendo a proteina recombinante (SHEN et al.,
2008). Todavia, a quantidade de DNA recombinante necessaria para producao da vacina
contra PCV2, acaba onerando os custos de producdo e tornando a vacina
comercialmente inviavel.

O perfil de citocinas sistémicas foi avaliado em camundongos vacinados com
DNA plasmidial expressando os genes codificados pelas ORF1, ORF2 ou ORF3
(LEFEBVRE et al., 2008). A vacinagdo com a ORF1 elevou a expressdo de citocinas
relacionadas com a resposta mediada por Th-1 (IFN-y) e Th-2 (IL-13), enquanto que a
vacinacdo com a ORF2 aumentou a imunidade humoral e a expressdo da citocinas
relacionadas com a resposta por Th-2 (IL-10). Todavia, a vacinagdo com a ORF3
produziu altos niveis de TNF-a, sendo esta a provavel causa mortis dos nove dos quinze
camundongos vacinados, uma vez que o TNF-a pode induzir febre, destrui¢ao do tecido

e, em alguns casos, choque ¢ morte (DINARELLO, 2000). Esta citocina também ¢
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apontada como uma das possiveis causas de algumas das principais manifestagdes

clinicas da SMDS, tais como perda de peso progressiva (KIM et al., 2006).

1.3.3.3.2.2. Vacinas baseadas em vetores virais

Ju et al. (2005) construiram um recombinante do virus da doenca de Aujeszky
(PRV) contendo um cassete de expressdao das proteinas Rep e Cap fusionadas (PRV-
PCV2). Linfocitos coletados de camundongos e de suinos imunizados com PRV-PCV2,
quando em contato com proteina do capsideo do PCV2 foram estimulados a proliferar,
indicando que houve indugdo de uma resposta celular. Neste mesmo estudo, verificou-
se uma resposta mediada por anticorpos anti-PCV2 em camundongos. Outro
recombinante utilizou o PRV como vetor para expressdo da ORF2 e foi capaz de induzir
respostas humoral e celular em suinos vacinados com o recombinante (SONG et al.,
2007).

Um adenovirus recombinante expressando a ORF2 do PCV?2 foi utilizado para
imunizacao de camundongos, os quais desenvolveram anticorpos anti-PCV2 (WANG et
al., 2006). Este mesmo recombinante foi utilizado em um experimento de
imunizagao/desafio em suinos e foi observada uma reducdo dos sinais clinicos e das
lesdes patologicas induzidas por PCV2 (WANG et al., 2007).

A VP2, uma proteina do capsideo do parvovirus suino com capacidade de gerar
“particulas semelhantes a virus” (VLPs), foi modificada pela introducdo da sequéncia
que codifica os residuos 165-200 da proteina do capsideo do PCV2, considerada a
regido imunodominante da ORF2 do PCV2, dando origem a uma forma hibrida da VP2
(PAN et al., 2008). Essa por sua vez foi clonada e expressa em adenovirus (rAd-ACap-
AVP2), gerando VLPs semelhantes ao parvovirus, porém com um epitopo imunogénico
da proteina do capsideo. Camundongos imunizados com rAd-ACap-AVP2 produziram
anticorpos neutralizantes contra PCV2 e, em ensaios de linfoproliferacdo in vitro,
apresentaram indices de estimulagao significativamente maiores do que os controles
(PAN et al., 2008).

Outro vetor viral utilizado foi o PCV1 para a producao de um virus PCV1-2
quimérico (FENAUX et al., 2004). Estudos comprovaram que o virus quimérico PCV1-
2 ¢ apatogénico (FENAUX et al., 2003) e animais vacinados com o PCV1-2 quimérico
quando inoculados com PCV2 (103 > DICCsp) ndo apresentaram viremia, enquanto que

75% (9/12) dos animais controle foram virémicos (FENAUX et al., 2004).
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Blanchard et al. (2003) compararam a eficacia de vacinas de DNA com a de
vacinas de subunidade produzidas em baculovirus para as proteinas Rep e Cap do
PCV2. Em experimento de vacinacdo/desafio em suinos, estes autores demonstraram
que a vacina de proteinas recombinantes teve melhor desempenho do que a vacina de
DNA e que a proteina codificada pela ORF2 foi o principal imundégeno do PCV2.

Um pseudotipo de baculovirus recombinante expressando a glicoproteina G do
virus da estomatite vesicular (VSV-G); capaz de infectar células de mamiferos
(BARSOUM et al., 1997), foi utilizado como “vacina viva” contra o PCV2 (FAN et al.,
2008a). Neste experimento, o recombinante foi construido de modo a expressar a
proteina Cap de PCV2 e a VSV-G. Quando inoculado em camundongos, o virus induziu
maior resposta imune celular e humoral contra PCV2 do que a vacina de DNA (FAN et
al., 2008a).

Larvas de Trichoplusia ni foram utilizadas para produzir um vacina da proteina
Cap do PCV2 expressa em baculovirus (PEREZ-MARTIN et al., 2008). Os autores
verificaram que a vacinagao dos suinos induziu protecdo contra a infec¢ao experimental
pelo PCV2. A vacina inibiu tanto a viremia quanto a excregao viral, sendo a prote¢ao

correlacionada com a indugao de resposta imune humoral especifica.
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2. OBJETIVOS

2.1. Gerais:

Padronizar e comparar ensaios moleculares para a deteccdo do PCV2.

Construir potenciais candidatos vacinais para o controle da circovirose suina.

2.2. Especificos:

Artigo I

— Utilizar a técnica da ACR para amplificacdo do genoma do PCV2.

— Sequenciar e genotipar amostras locais de PCV2.

— Comparar a sensibilidade das técnicas de ACR e PCR.

— Produzir clones virais a partir do genoma viral amplificado através da ACR.

Artigo II:

— Utilizar as técnicas de PCR em tempo real e PCR competitivo para
quantificagdo de DNA viral de PCV2.

— Determinar a carga viral de PCV2 em amostras de tecido de suinos
saudaveis e naturalmente afetados pela SMDS.

— Comparar as técnicas de PCR em tempo real ¢ PCR competitivo, como
forma auxiliar no diagnostico da SMDS.

Artigo III

— Expressar a proteina do capsideo do PCV2 utilizando baculovirus como
vetor de expressao.

— Introduzir modificacdes na proteina do capsideo do PCV2 de modo a

permitir altos niveis de expressdo.
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3. ARTIGOS CIENTIFICOS

Nesta sec¢do serdo descritos os trabalhos experimentais, organizados sob a forma de
artigos cientificos elaborados durante o periodo de execugdo do doutorado.

Artigo I: Multiply-primed rolling-circle amplification (MPRCA) of PCV2 genomes:

Applications on detection, sequencing and virus isolation

Artigo publicado no periddico Research in Veterinary Science 88 (2010) 436-440.
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Multiply-primed rolling-circle amplification (MPRCA) was used to amplify porcine circovirus type 2
(PCV2) genomes isolated from tissues of pigs with signs of post-weaning multisystemic wasting syn-
drome (PMWS). Two of the amplified PCV2 genomes were cloned in prokaryotic plasmids and sequenced.
Both were nearly identical (1767 nt) except for one silent substitution in the region coding for the capsid

KF}{WO"dS-' protein (ORF2). In addition, they showed high nucleotide sequence similarity with PCV2 isolates from
SW}‘?E o others countries (93-99%). To investigate whether the MPRCA amplified PCV2 genomes could be used
}m\c/:/r;e circovirus type 2 to produce infectious virus, the cloned genomes were isolated from the plasmids, recircularized and used

for transfection in PK-15 cells. This procedure led to the production of infectious virus to titres up to
10°°° TCIDso/mL. It was concluded that MPRCA is a useful tool to amplify PCV2 genomes aiming at
sequencing and virus isolation strategies, where particularly useful is the fact that it allows straightfor-
ward construction of PCV2 infectious clones from amplified genomes. However, it was less sensitive than
PCR for diagnostic purposes.

Rolling-circle amplification
Infectious copy

1. Introduction

Porcine circovirus type 2 (PCV2) is a member of the genus Cir-
covirus of the family Circoviridae (Pringle, 1999). It is closely related
to porcine circovirus type 1 (PCV1), a non-pathogenic contaminant
detected in the PK-15 cell lineage (Tischer et al., 1982). The overall
DNA sequence identity within either PCV1 or PCV2 isolates is
greater than 90%, whereas the similarity between PCV1 and PCV2
isolates was reported to vary from 68% to 76% (Hamel et al.,
1998). The PCV2 virion comprises a non-enveloped capsid with a
diameter of about 17 nm, displaying an icosahedral symmetry
and packaging a single-stranded circular DNA genome of about
1.76 kb (Mankertz et al., 2004).

PCV2 is distributed worldwide in swine herds and is a serious
cause of economical losses for the pig industry. The virus is re-
garded as the major infectious agent involved in post-weaning
multisystemic wasting syndrome (PMWS), an emerging disease
of swine described in the late 90s, characterized by progressive
weight loss, respiratory signs and jaundice (Clark, 1997). Macro-
scopic lesions include granulomatous interstitial pneumonia, lym-
phadenopathy, granulomatous hepatitis and nephritis (Allan et al.,

* Corresponding author. Tel.: +55 51 3481 3711; fax: +55 51 3481 3337.
E-mail address: ddezen@gmail.com (D. Dezen).

0034-5288/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.rvsc.2009.10.006

© 2009 Elsevier Ltd. All rights reserved.

1998). Other clinical manifestations have also been linked to PCV2
infections, such as porcine dermatitis and nephropathy syndrome
(PDNS), an immune-mediated vascular disease affecting the skin
and kidney (Smith et al., 1993), reproductive failure (Kim et al.,
2004) and the porcine respiratory disease complex (Kim et al.,
2003).

In search for a method to detect PCV2 genomes, we employed
the so called “multiply-primed rolling-circle amplification”
(MPRCA). MPRCA was designed for the isothermal (sometimes re-
ferred to as “cold”) amplification of circular DNA templates (Dean
et al., 2001). The process is based on random primed amplification
of circular DNA by the DNA polymerase of bacteriophage Phi 29
(Dean et al., 2001). By strand displacement synthesis, a high molec-
ular-weight DNA is produced in the form of repeated copies of the
template. From these, linearized copies of the full genome can be
excised with a restriction enzyme which recognizes a single cleav-
age site on the viral genome (Rector et al., 2004). The method has
been successfully used for the detection of a number of viruses
(Rector et al., 2004; Niel et al., 2005; Johne et al., 2006b; Navidad
et al,, 2008).

Here we describe the use of MPRCA to detect and amplify the
full genome of PCV2 isolated from tissues of pigs displaying clinical
signs for PMWS and studies to determine the diagnostic value of
such a method. In addition, viral DNA amplified by MPRCA was
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cloned, sequenced and used in transfections in order to determine
whether such DNA would give rise to infectious virus.

2. Materials and methods
2.1. Tissue samples

Ten, eight to twelve week-old pigs displaying clinical signs of
PMWS were received from pig farms in the state of Rio Grande
do Sul, Brazil. At arrival, pigs were displaying dyspnoea, enlarge-
ment of superficial inguinal lymph nodes, pallor, jaundice and diar-
rhoea. Animals were subjected to necropsy and tissue samples
from kidneys, liver, lungs, mesenteric lymph nodes and spleen
were collected and stored at —70 °C until used.

2.2. DNA extraction and polymerase chain reaction (PCR)

DNA extraction was performed as described elsewhere (Van
Engelenburg et al., 1993), modified as follows; 10 mg of tissue
were minced and digested for 4 h at 37 °C in 1 ml of lysis buffer
(10 mM Tris, 1 mM EDTA, 100 mM NaCl) containing 0.5% SDS and
0.1 mg proteinase K. DNA was extracted twice with phenol:chloro-
form:isoamyl alcohol (25:24:1), precipitated with two volumes of
100% ethanol and kept at 20 °C for 1 h. The DNA was washed in
70% ethanol, air dried and resuspended in 100 pl of TE (10 mM Tris,
1 mM EDTA, pH 7.4). For the PCR 100 ng of total DNA extracted
were used and the reactions were performed as described previ-
ously (Kim et al., 2001).

2.3. Multiply-primed rolling-circle amplification (MPRCA)/restriction
enzyme analysis (REA) and cloning

The samples of each tissue were used in multiply-primed roll-
ing-circle amplification (MPRCA) reactions. A MPRCA protocol
(Niel et al., 2005) was carried out in 25 pl volumes with 100 ng
of the total extracted DNA.

Arestriction enzyme analysis (REA) was performed using 5 pl of
MPRCA products and 1 U of EcoRI (Invitrogen) or Ncol (NEB) which
are expected to cleave the PCV2 - but not PCV1 - genome at a single
site. The products obtained from REA were subjected to electro-
phoresis in a 1% agarose gel, stained with ethidium bromide and
visualized on a UV source. Fragments of 1.7 kb, which correspond
to the size of PCV2 genome, were purified using a commercial kit
(GFX PCR DNA and gel band purification kit, GE Healthcare) and
cloned into the EcoRI site of pCR2.1 using TOP10 Escherichia coli
cells, as describe elsewhere (Sambrook and Russell, 2001).

2.4. Nucleotide sequence analysis

The genomes of samples, named 15/5P and 15/23R, were se-
quenced. Isolated plasmid DNA was purified using the GFX PCR
DNA and gel band purification kit (GE Healthcare) and the inserts
were sequenced in both strands at least four times in a MegaBACE
(GE Healthcare) apparatus, with the Dyenamic ET terminator cycle
sequencing kit (GE Healthcare) using the primers described in Ta-
ble 1. The obtained sequences were assembled in the SeqMan pro-
gram (DNAStar Inc) and were submitted to NCBI database,
GenBank Accession Nos. DQ923523 and DQ923524.

2.5. Phylogenetic analyses

The obtained sequences were assembled with SeqMan software
(DNAStar Inc) and similarity analysis was performed with NCBI-
BLAST (Altschul et al., 1997). The complete genome sequences so
generated were aligned with three PCV2 sequences proposed as

Table 1
Oligonucleotides used for sequencing of PCV2 genomes from cloned DNA (in plasmid
PCR2.1).

Primer Sequence (5'-3")

1F ACC AGC GCA CTT CGG CAG

418F TGA GTA CCT TGT TGG AGA GC
1095F CGG ATA TTG TAG TCC TGG TCG
1286F GTA ATC CTC CGA TAG AGA GC
433R TCC AAC AAG GTA CTC ACA GCA G
886R GTA ATC CTC CGA TAG AGA GC
1696R GGT GTC TTC TTC TGC GGT AAC G
1768R AAT ACT TAC AGC GCA CTT CTT TCG
1549R ACT GTC AAG GCT ACC ACA GTC A

M13F GTA AAA CGA CGG CCA G
M13R CAG GAA ACA GCT ATG AC

prototypes for genotypes a, b and c, according to Segalés et al.
(2008), available at GenBank. As an outgroup, a PCV1 sequence
was included in the alignment (for Accession Nos. see Fig. 2). Se-
quences were aligned with the ClustalW program within the
MEGA3.1 package (Kumar et al., 2004). Phylogenetic analyses of
nucleotide sequences were performed using the Neighbour-Joining
(NJ) method in the MEGA 3.1 software package, based on Kimura
two-parameter distance estimation method. Bootstrap resampling
was performed for each analysis (1000 replications) and the gen-
omes were classified in PCV2a, PCV2b or PCV2c genotypes, as pro-
posed by the EU consortium on porcine circovirus diseases (Segalés
et al., 2008).

2.6. Transfection

The recombinant plasmids were digested with EcoRI and the
1.7 kb fragment was isolated from 0.7% agarose gel using GFX
PCR DNA and gel band purification kit (GE Healthcare). The isolated
fragment was recircularized using 4 U of T4 DNA ligase (Invitro-
gen) and then transfected in PCV1-free PK-15 cells. The cells were
grown in MEM supplemented with 10% fetal bovine serum (Soral-
y), non-essential amino acids and glutamine (Gibco). One day be-
fore transfection 1.5 x 10° cells were added to each well of a 24
well plate. The cells were transfected with 1 g of recircularized
PCV2 genome and 3 pl of lipofectamine (Invitrogen), following
manufacturer’s instructions. Two days after the transfection the
plate was frozen at —80 °C and the cell lysates were titrated. The
virus was detected using a modified immunoperoxidase mono-
layer assay (IPMA) (Kramps et al., 1994), using a rabbit anti-
PCV2-Cap polyclonal serum as a primary antibody and a anti-rab-
bit IgG (HRP) (Zymed) as a secondary antibody. The anti-PCV2 ser-
um was purchased from the College of Veterinary Medicine, lowa
State University, USA. Its production was described elsewhere (Sor-
den et al., 1999).

3. Results
3.1. PCR and MPRCA/REA

The presence of PCV2 DNA was confirmed by PCR in all samples.
However, in MPRCA followed by digestion with EcoRI, that cuts the
PCV2 genome only once, only 27 (54%) out of 50 samples, corre-
sponding to eight out 10 animals, produced a 1.7 kb fragment
(Fig. 1). The remaining 23 samples did not give rise to a fragment
compatible with the expected size of the PCV2 genome. Thus, suc-
cessful viral DNA amplification was achieved in 70% of samples
from spleen and kidney, in 50% of samples from mesenteric lymph
nodes and in 40% of liver and lung samples (Table 2). These results
were reassessed by digestion of the same samples with Ncol. Again
the same 27/50 samples were digested giving rise to a DNA frag-
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Fig. 1. Detection of PCV2 DNA by MPRCA followed by digestion with EcoRI. Lane M,
Lambda x Hindlll ladder; lanes 1, 3-7 and 11: positive samples; 2 and 8-10:
negatives samples. Arrow indicates the expected size of the PCV2 genome (1.7 kb).
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Fig. 2. Phylogenetic relationships between PCV2 genotypes based on nucleotide
sequences. PCV1 was used as an outgroup. Black triangles indicate the two PCV2
genomes sequenced in this study (PCV2b genotype). The tree was inferred with the
MEGA3.1 program using the Neighbour-Joining method with the evolutionary
distances computed by the Kimura-2 parameter method. Bootstrap values above
50% are indicated. Bars represent units of substitution per nucleotide.

ment of the expected size (1.7 kb), whereas the remainder were
not. This conformed that amplification of PCV2 genome was solely
achieved on those 54% of the examined samples.

3.2. Cloning and sequencing
The two samples (15/5P and 15/23R) were fully sequenced.
Both sequences were 1767 nt long and differed only at nucleotide

position 1603 where sample 15/5P has a guanine residue and sam-
ple 15/23R has a thymine residue. Both nucleotide sequences

Table 2

showed a genetic organization characteristic of PCV2 with an ori-
gin of replication located in the untranslated region, a coding re-
gion for the Rep proteins (ORF1) on the sense strand and a
coding region for the capsid protein (ORF2) and for a protein asso-
ciated with apoptosis (ORF3) on the anti-sense strand.

3.3. Phylogenetic analyses

The NCBI-BLAST analysis with the obtained genome sequences
revealed that the degree of identity for both vary from 93% to
99% with PCV2 and 67% to 74% with PCV1. The constructed phylo-
genetic tree grouped the isolates 15/5P and 15/23R in PCV2b geno-
type (Fig. 2).

3.4. Transfection

The recircularized double-stranded DNA of PCV2 transfected
genome gave rise to infectious virus; the supernatant of the culture
was able to infect new cell cultures and antigens could easily be
visualized through immunostaining with IPMA (Fig. 3). Infectious
virus titres obtained with transfected DNA reached 10> TCIDso/
mL and 10°°° TCIDso/mL for isolates 15/5P and 15/23R,
respectively.

4. Discussion and conclusions

MPRCA has been reported as a highly efficient technique, yield-
ing about 20-30 pg of product from as few as 1-10 copies of hu-
man genomic DNA (Dean et al., 2002). However, here it was not
as sensitive as the PCR, since PCV2 DNA was detected in all samples
by PCR, whereas MPRCA was able to detect PCV2 in only 54% of the
samples (Table 2). As total DNA was used in the reactions, this low
sensitivity may have been due to competition for primers and
dNTPs, since MPRCA is based on random amplification and the
amount of viral DNA is rather less abundant than genomic DNA
in a sample. To ascertain whether viral DNA had not been missed
in samples which did not give rise to a DNA fragment of the ex-
pected size after restriction enzyme digestion, an in silico restric-
tion enzyme analysis (not shown) was carried out on 528
complete PCV2 genome sequences deposited in GenBank. From
those, 96.8% have a single site for EcoRI, whereas 98.5% have a sin-
gle restriction site for Ncol. Therefore, no additional restriction
sites for those enzymes were to be expected in the samples exam-
ined here. Thus, the failure of MPRCA to detect viral DNA on those
was not related to the addition of extra restriction enzyme sites; it
seems more likely that MRPCA was just not sensitive enough to
achieve that. Nevertheless, despite its relatively low sensitivity in
comparison to the PCR employed here, MPRCA allowed recovery
of the full PCV2 genome from at least one tissue from 8 out of

PCR or MPRCA/REA detection of PCV2 DNA performed on tissues of animals with clinical signs of PMWS. Positive and negative signs refer to presence or absence of PCV2 DNA. Kd:

kidney; Li: liver; Lu: lung; Ln: lymph node; Sp: spleen; ST: subtotal.

Animal ID PCR MPRCA/REA
Kd Li Lu Ln Sp ST (%) Kd Li Lu Ln Sp ST (%)

1 + + + + + 100 + + + 60
2 + + + + + 100 + + + + + 100
3 + + + + + 100 + + + + + 100
4 + + + + + 100 + + + + + 100
5 + 0 + o + 100 + - — — — 20
6 + + + + + 100 + _ + + 80
7 + + + + + 100 + = = E 40
8 + + + + + 100 = = + = + 40
9 4 + + g3 + 100 0
10 + + + + + 100 = = = = = 0
Total (%) 100 100 100 100 100 100 70 40 40 50 70 54
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Fig. 3. Immunoperoxidase monolayer assay using anti-PCV2-Cap polyclonal serum as primary antibody: (A) PK-15 cells infected with the supernatant obtained from the
transfection with recircularized PCV2 genome. The reddish-brown coloration indicates PCV2 antigens; (B) negative control: uninfected PK-15 cells. Original magnification:
100x. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

the 10 animals tested (Table 2). This may be highly advantageous,
particularly if sequencing of the full genome is required - as it has
usually been the case when small DNA genomes are searched for.
MPRCA was shown to bear additional advantages over usual PCR
amplification, since it does not require thermocyclers for amplifi-
cation and no equipment other than a water bath or incubator at
30 °C is necessary, bringing down the costs of the procedure (Dean
et al,, 2001). In addition, MPRCA is performed in a single step,
allowing detection of viral DNA even with no previous knowledge
of the target sequence. It has, though, the disadvantage of requiring
further restriction enzyme cutting (Johne et al., 2006a).

Perhaps the greatest advantage of MPRCA over other amplifica-
tion methods is that it facilitates enormously the process of con-
struction of PCV2 infectious clones from amplified genomes. The
abundance of viral DNA generated makes cloning quite straightfor-
ward. The transfection of recircularized double-stranded PCV2
DNA gave rise to infectious virus to titres of up to 10°3% TCIDse/
mL, confirming the infectious nature of the cloned genomes and
the capacity of the viral progeny obtained to generate fully infec-
tious PCV2 virions. However, the direct transfection of MPRCA
products from infected tissues does not guarantee that there is
only one isolate in the sample. As the PCV2 genomic DNAs were
recovered from cloned material, it is possible to ensure that no
other adventitious contamination was introduced. Other authors
have used carried out transfections with the digested material di-
rectly from the MPRCA; however, this might lead to the presence of
more than one isolate in the transfection mix (Ferreira et al., 2008).
In addition, the method used here allowed a rapid recovery of
infectious virus. PCV2 propagation in cell culture by conventional
methods can be time consuming and rarely gives rise to infectious
titres equal to or greater than 10%° TCIDso/mL (Zhu et al., 2007).
The approach employed here could be used as an alternative meth-
od for virus isolation and propagation.

In the present study, MPRCA was less sensitive than the PCR
employed here for diagnostic purposes. However, it was highly
useful to amplify full length PCV2 genomes from tissues of infected
pig tissues, with the advantage that MPRCA does not require ther-
mal cycling and gives rise to full genome copies. Such full length
genomic DNA can provide nucleotide sequences of high quality
and may also be used for straightforward generation of infectious
PCV2 clones.

The results of the phylogenetic analyses revealed that the two
samples from which PCV2 genomes were sequenced (15/5 and
15/23) can be assigned to the PCV2b genotype, according to the
classification scheme proposed by Segalés et al. (2008). Recently
published data on Brazilian PCV2 sequences reported PCV2b as
the most frequently genotype detected amongst Brazilian PCV2
genomes (Ciacci-Zanella et al., 2009).
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Abstract. Porcine circovirus-2 (PCV-2) is considered the major etiological
agent of post-weaning multisystemic wasting syndrome (PMWS) in pigs. The clinical
manifestations of the disease are correlated with moderate to high amounts of PCV-2
DNA in biological samples of affected pigs. A threshold of 10’ DNA copies/ml is
suggested as the trigger factor for symptoms. A comparative study was conducted to
determine which quantitative method would be more suitable to estimate the PCV-2
DNA load. Two polymerase chain reaction (PCR) assays were developed: a competitive
PCR (cPCR) and a SYBR Green—based real-time PCR. The assays were compared for
their capacity to detect PCV-2 in DNA samples extracted from liver, lung, spleen,
mesenteric lymph nodes, and kidney of PMWS-affected (n = 23) or non—-PMWS-
affected pigs (n = 9). Both assays could successfully quantify PCV-2 DNA in all tissue
samples and were able to detect significant differences between the numbers of PCV-2
DNA copies found in tissues of PMWS-affected and non-PMWS-affected pigs (>10>°).
The highest mean viral loads were detected by the SYBR Green real-time PCR, up to
107%' copies/100 ng of total DNA sample, while the cPCR detected up to 104515 A
mean difference of 10'® was found between the amounts of PCV-2 DNA detected,
using the SYBR Green real-time PCR and the cPCR, suggesting that the viral load
threshold for PMWS should be determined for each particular assay.

Key words: Competitive polymerase chain reaction; DNA viral load; Porcine

circovirus-2; real-time polymerase chain reaction.
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Introduction

Porcine circovirus-2 (PCV-2; family Circoviridae, genus Circovirus) is
distributed worldwide in swine herds and is an important cause of economic losses for
the pig industry.® The virus is regarded as the major infectious agent involved in the
development of post-weaning multisystemic wasting syndrome (PMWS)."”*° However,
PMWS is a multifactorial disease where PCV-2 is necessary but not sufficient for its
development.” Typical PMWS signs include progressive weight loss, signs of
respiratory impairment, and jaundice (Clark EG: 1997, Post-weaning wasting
syndrome. /n: Proceedings of the American Association of Swine Practitioners 28:499—
501). Macroscopic lesions include granulomatous interstitial pneumonia,
lymphadenopathy, and granulomatous hepatitis and nephritis.” Microscopically, PMWS
is characterized by macrophage infiltration, syncytia formation, and inclusion bodies in
cells of lymphoid tissues.*® PCV-2 is also associated with other pathological conditions,
including congenital tremors,” respiratory disease,'* porcine dermatitis and
nephropathy syndrome (PDNS),® abortions,” and other reproductive disorders.”'
Diseases associated with PCV-2 are collectively termed porcine circovirus diseases
(PCVD),?® or porcine circovirus—associated disease (PCVAD).”* Healthy pigs can also
be infected with PCV-2, but such pigs will bear lower viral loads than diseased animals.
The sole presence of anti—-PCV-2 antibodies and/or PCV-2 DNA is not sufficient to
establish a definitive PMWS diagnosis, which is usually performed by analyzing data
from clinical signs, histopathology, and detection of PCV-2 within tissue lesions.***

Among the methods available to detect viral DNA, a substantial number of
assays have been described based on variations of the polymerase chain reaction
(PCR),'"**** multiply-primed rolling-circle amplification,® loop-mediated isothermal
amplification,” and microarray analyses.'? However, as PCV-2 is ubiquitously present in
swine regardless of disease status, methods based on qualitative PCR are not
appropriate for the establishment of a definitive PMWS diagnosis. In view of that,
different types of quantitative PCR assays have been developed to measure the amount
of PCV-2 DNA in animals, including a competitive PCR (cPCR)"” and several real-time
PCR-based assays.5’19’29’3 234 1n ¢PCR, the target DNA and an internal standard, the so-
called competitor, are simultaneously amplified; the 2 fragments must be recognized by
the same pair of primers.*® The initial amount of target DNA is obtained by a
comparison between the intensity of the bands of the target DNA and the competing
DNA upon gel elec‘[rophoresis.36 On the other hand, real-time PCR-based assays
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generate a fluorescent signal during the amplification cycle, which is directly correlated
with the amount of target DNA molecules as well as inversely with the number of PCR
cycles needed to reach a fluorescent signal threshold."

In the present study, a cPCR and a SYBR Green-based real-time PCR were
developed and evaluated to establish the most suitable method to determine the amount
of PCV-2 DNA in swine tissue samples from PMWS-affected or healthy pigs, in an
attempt to contribute to the diagnosis of PMWS.

Material and methods

Tissue samples

Tissue samples were collected from 23 PMWS-affected (PMWS group) and 9
healthy, non—-PMWS-affected (non-PMWS group) pigs. The 5-8-week-old pigs of the
PMWS group were obtained from pig farms in the state of Rio Grande do Sul, Brazil.
At arrival, the pigs were showing clinical signs of PMWS, such as wasting, dyspnea,
enlargement of superficial inguinal lymph nodes, pallor, jaundice, and diarrhea. These
animals were subjected to necropsy following the general recommendations of COBEA
(Brazilian Committee on Experimental Animal Care). Histopathological and
immunohistochemical tests of tissues from animals in this group confirmed the PMWS
diagnosis. The healthy, non—-PMWS-affected group consisted of samples collected from
finishing-age pigs (16—18 weeks old) randomly chosen in a slaughterhouse. Samples
were collected from kidneys, livers, lungs, mesenteric lymph nodes, and spleens from

all animals. The samples were stored at —70°C until used.

DNA extraction

The DNA extraction method was performed as described elsewhere,’’ with
minor modifications, as follows. Ten milligrams of tissue were minced and digested for
4 hr at 37°C in 1 ml of lysis buffer (10 mM Tris," 1 mM ethylenediamine tetra-acetic
acid [EDTA],” 100 mM NaCl°) containing 0.5% sodium dodecyl sulfate? and 0.1 mg
proteinase K.© The DNA was extracted twice with 1 ml phenol®:chloroform”isoamyl
alcohol (25:24:1). After centrifugation, 2 volumes of 100% ethanol” were added to the
water phase, and the mixture was kept at —20°C for 2 hr. After this, the mixture was
centrifuged, and the obtained DNA pellet was washed with 70% ethanol,f air-dried, and
re-suspended in 100 pl of TE (10 mM Tris,” 1 mM EDTA, pH 7.4).
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Oligonucleotides used in the PCR assays

The nucleotide sequences of the primers used for the cPCR were based on a
published qualitative PCV-2 PCR."” The primers used were 1094F (5’-CGGATA
TTGTAGTCCTGGTCG-3") and 1569R (5’-ACTGTCAAGGCTACCACAGTCA-3’).
These oligonucleotides anneal within the open reading frame-2 region of the PCV-2
genome at nucleotides 1094—1114 (numbers based on PCV-2 genome 15/5P% of
GenBank accession no. DQ923523) and at nucleotides 1548-1569, respectively.
Amplification with such primers should give rise to an amplicon with an expected size
of 476 base pairs (bp).

The primers used for the SYBR Green real-time PCR were designed using
PrimerSelect software® and were chosen from within the region amplified by the cPCR
(Fig. 1A). The designed primers were 1127F (5’-TCGAACGCAGTGCCGAG-3’) and
1190R (5’-AGCTGTGGCTGAGACTACAAACT- 3’°), and were complementary to
nucleotides 1027-1043 and 1190-1168 of the PCV-2 15/5P genome (GenBank
accession no. DQ923523). The primers were expected to amplify a fragment of 64 bp
and were different from the ones used for the cPCR because the maximum

recommended size of an amplicon for a real-time PCR is 200 bp.**

Competitive PCR

The cPCR reactions were performed using a fixed amount of DNA (100 ng)
extracted from the tissue samples to be examined, plus a variable amount of competitor
plasmid p572 (see below). The 25-pl reaction volume contained 0.2 mM of each
deoxyribonucleotide triphosphate,” 3 mM MgCl,,° 10 pmol of each primer (1094F and
1569R), 1 U of Taq polymerase,” 100 ng of DNA sample, and 2 ul of competitor
plasmid DNA p572. For each tested sample, 11 reactions were assembled using one of
the p572 diluted DNA, which ranged from 10" to 10° DNA copies added per tube. A
negative control sample was added between each 4 tissue samples under testing, where
test DNA was substituted by 100 ng DNA extracted from PK-15 (porcine kidney
epithelial) cells.! The reaction was performed as follows: initial incubation at 94°C for 4
min, 35 cycles at 94°C for 30 sec, 65°C for 1 min, and 72°C for 1 min, followed by a
final extension at 72°C for 10 min. Five microliters of the amplification products were
analyzed on 1.5% agarose gel. The equivalence point, at which the bands of the target
DNA (476 bp) and competitor (572 bp) had equal intensities, were determined on

agarose gel by visual inspection and densitometric scanning using the KDS software.]
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Construction of a competing template

Using the cPCR protocol described above, an amplicon with the expected size
(476 bp) was produced by amplification of DNA from the PCV-2 isolate 15/5P. The
obtained amplicon was ligated into the cloning vector pCR 2.1-TOPO® and used to
transform competent Escherichia coli cells. The resulting plasmid was named p476.
Plasmid DNA was isolated from an overnight culture of transformed E. coli cells using
standard methods.”” To construct the competitor template that would generate a slightly
larger amplicon, p476 was cleaved with Stu 1" and a 96-bp fragment was inserted into
the site, resulting in plasmid p572. The 96-bp fragment was obtained through PCR
using primers 1672F (5’-CTGGCCAAGATGGCTGCG -3°) and 1767R (5’-
AATACTTACAGCGCACTT-3’), and the 15/5P PCV-2 isolate DNA as a template
(Fig. 1B).

Quantitation of plasmid DNA copy numbers and Co-amplification of PCV-2 DNA
with competitor DNA

DNA from plasmids p476 and p572 was quantified in an ethidium bromide—
stained agarose gel. The amount of plasmid DNA was determined by comparing the
intensity of the obtained bands with those of the mass DNA ladder® (0.75 pg/ lane)
performed with the aid of the KDS software.) The number of plasmid DNA copies were
calculated assuming an average molecular mass of 660 Da for each base pair of double-
stranded DNA. The calculation was performed using the following equation: number of
DNA copies per nanogram = (N, x 10™)/(n x mw), where N, is the Avogadro constant
(6.02 x 10* molecules/mol), n is the size of the plasmid in base pairs (4407 bp for p476
or 4503 bp for p572), and mw is the molecular weight per bp (660 Da). Plasmid DNA
was then diluted in DNAse-free water® to a final concentration of 10" molecules/2 pl,
and 10-fold serially diluted. The dilutions were used with both the cPCR (p572) and the
SYBR Green real-time PCR (p476).

To test whether the insertion of 96 bp within the PCV-2 target sequence changed
the amplification performance of p572, 10-fold dilutions of equal amounts of the target
DNA (p476) and competing DNA (p572) were co-amplified using the cPCR protocol

mentioned above.

SYBR Green real-time PCR
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The SYBR Green real-time PCR reactions were set up with 10 pul of SYBR
Green PCR master mix,' 5 pmol of each primer (1127F and 1190R), and 100 ng DNA
sample in a total volume of 20 pl. As a negative control, 100 ng of DNA extracted from
uninfected PK-15 cells were used. All real-time reactions (standards, test samples, and
controls) were performed in duplicate. The reported results are an average of these
duplicates. The SYBR Green real-time PCR were performed in a commercial system'
employing the following cycling conditions: 2 min at 50°C, 10 min at 95°C, followed by
40 cycles of 15 sec at 94°C and 45 sec at 60°C. A dissociation curve was performed
after amplification by a gradual rise in temperature from 60 to 95°C. Data analysis was
performed with the aid of the SDS software 1.3.1." The number of copies of viral DNA

was determined by comparison with a standard curve (see below).

Standard curve for the SYBR Green real-time PCR

To create a standard curve for the SYBR Green real-time PCR, 10-fold dilutions
(10"°-10°) of plasmid p476 were used as target DNA templates. The standard curve was
constructed by plotting the plasmid copy number on a log;o scale against the measured
threshold cycle (Ct) values. One hundred nanograms of total DNA extracted from PK-
15 cells' were used as negative control. The reactions were carried out as described

above.

Specificity and sensitivity of cPCR and SYBR Green real-time PCR

The specificity of cPCR and SYBR Green real-time PCR were studied with
respect to Porcine circovirus-1 (PCV-1). Duplicates of 100 ng total DNA of PK-15
cells permanently infected with PCV-1 were analyzed under the optimal conditions of
the assays as determined above. SYBR Green real-time PCR and cPCR sensitivity was
tested in triplicates using 10-fold dilutions (10'°~10° copies/reaction) of p476 plasmid
DNA as standard and 100 ng of DNA extracted from PCV-2—free tissue samples.
Statistical analysis

In order to normalize the acquired data for statistical analysis, the number of
copies of PCV-2 DNA obtained by the 2 PCR assays under comparison was
transformed in log;o. Descriptive statistics, Pearson correlation coefficient, and analysis
of variance were performed using the SPSS 16.0 software™; differences were considered
significant when p < 0.05. In order to determine the agreement between the 2 assays, the

Bland—-Altman plot was constructed based on differences of PCV-2 copy numbers
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(SYBR Green real-time minus cPCR) against their means.! The MedCalc software"
(version 11.5.0.0) was used for this analysis, and the significance was accepted at p <

0.05.
Results

Co-amplification of PCV-2 DNA with competitor DNA

The amplification of the competitor template produced a band of predicted size
(572 bp), which was clearly distinguishable from the 476-bp viral amplicon (Fig. 2).
The efficiency of amplification was equivalent for both target and competitor DNA,
because over the range of 10"-10' DNA copies, the intensities of the amplified bands

were the same for the p476 and p572 templates (data not shown).

Specificity and sensitivity of the cPCR and SYBR Green real-time PCR

Neither a specific band with the cPCR (Fig. 2, lane 6) nor any significant
fluorescence signal could be detected by SYBR Green real-time PCR when PCV-1
DNA sample was used. Negative controls did not give rise to any amplification product;
therefore, no peaks were observed on the dissociation curve. The observed temperature
of dissociation of the 64-bp amplicon occurred between 79.3°C and 80.3°C (Fig. 3B).
Nevertheless, the PK-15 cells used as PCV-2-negative control were indeed positive for
PCV-1, as demonstrated with a primer pair specifically designed for PCV-1"
amplification in a qualitative PCR (data not shown). On the sensitivity assays, SYBR

Green real-time PCR and ¢PCR showed similar sensitivity, detecting from 10'° to 10’

copies of plasmid DNA per reaction.

Standard curve for the SYBR Green real-time PCR

The generated standard curve covered a linear range of 10'-10'° p472 DNA
copies (Fig. 3A), and the value of the linear regression (R2) calculated between DNA
copy number and Ct value was 0.993. The detection limit found on this assay was 10

copies of PCV-2 DNA per sample.

Determination of viral load
The average PCV-2 DNA load detected by cPCR in the PMWS-affected group
ranged from 10*? to 10** per 100 ng of total DNA (Fig. 4A). This was significantly
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higher than the viral load measured on tissues samples of the non—-PMWS-affected
group (10%7-10%*" copies/100 ng of sample DNA; p < 0.05). No statistically significant
differences were found on amounts of PCV-2 DNA detected in different types of
tissues. None of the tissue samples from the non—-PMWS-affected pigs had PCV-2 DNA
loads greater than 10° copies per 100 ng DNA sample, as determined by cPCR.

Results obtained with the SYBR Green real-time PCR showed that, in the
PMWS-affected group, the average PCV-2 DNA loads were significantly higher (106‘96
PCV-2 DNA copies/100 ng DNA sample) than in the non-PMWS group (10°°> PCV-2
DNA copies/100 ng DNA sample; Fig. 4B). Within the groups, no statistical differences
were detected among the values of PCV-2 DNA copies found in the different types of
tissues. An exception was the mean PCV-2 DNA load detected in the spleens of the
non-PMWS group, where PCV-2 DNA concentration was significantly higher than in
the mesenteric lymph nodes (p < 0.05). None of the sample from the non-PMWS-
affected group had a PCV-2 DNA load higher than 10** copies per 100 ng of DNA

sample.

Comparison of the PCR-based assays

A strongly positive correlation (0.77) was found between the assays, as
determined by Pearson correlation coefficient. On the Bland—Altman plot, the results
showed that the viral loads detected from SYBR Green real-time PCR were
significantly higher than those from cPCR. The mean difference between the assays was
10"® PCV-2 DNA copies per 100 ng of DNA sample, with limits of agreement being
10%°-10°° (Fig. 5). The prevalence of PCV-2 DNA on the sample was analyzed, and
approximately 90% of the samples were positive or negative in both assays (Table 1).
Eleven out of the 160 samples analyzed were positive for PCV-2 in SYBR Green real-

time PCR but negative in cPCR, whereas the opposite was observed on 4 samples.
Discussion

In the current study, a cPCR and SYBR Green real-time PCR were developed
and compared to establish which of the 2 tests would be more appropriate to quantify
PCV-2 DNA in PMWS-suspected pigs. Both methods examined were able to detect
significant differences between the viral loads in tissues of PMWS-affected and non-

affected pigs. However, the amounts of PCV-2 DNA detected by the cPCR were 10"%
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lower than those detected by the SYBR Green real-time PCR. A possible explanation
for the difference might be the degree of similarity of the putative binding sites of the
primers and the actual nucleotide sequences of the isolates. In comparing 587 PCV-2
genome sequences deposited in GenBank with the primers used with the cPCR (1569R
and 1094F)" assay, most of the PCV-2 genome sequences display up to 3 mismatches
in the binding site for primer 1569R and up to 1 mismatch for primer 1094F. In
contrast, the binding sites for the primers developed for the SYBR Green real-time
PCR, 1190R and 1127F, were much more conserved; most of the PCV-2 genome
sequences displayed up to 1 mismatch for 1190R and no mismatch for 1127F.

Mismatches might alter the amplification performance, resulting in the detection
of lower amounts of DNA.* It has been shown that 5 mismatches in primers and probe
resulted in an underestimation of copy numbers by 1 logjo unit, while a total of 6
mismatches resulted in 2 logjo units underestimation of the copy numbers.” A 3—5 logjo
difference between perfectly matched primers and 3 mismatches in one primer has been
reported in quantitative PCR.'"®  Another possible explanation for the different
sensitivity detected between the assays is that clinical samples contain contaminants that
affect cPCR more than SYBR Green real-time PCR. However, this explanation is
unlikely, as the amplification of the competitor DNA was not affected.

In the cPCR developed in the current study, according to the tissue sample
analyzed, the detected average varied from 10> to 10** PCV-2 DNA copies per 100 ng
DNA sample in the PMWS group. A similar cPCR-based test detected an average of
10%¢ copies of PCV-2 DNA in 1 ml of serum from PMWS-affected pigs,'” which is
equivalent to 10> copies per100 ng DNA sample. Therefore, the detected viral load of
the cPCR employed in the present study was approximately 3—25-fold lower than that
achieved in a prior study.'” This difference between the 2 cPCR assays may be due,
inter alia, to different sensitivities of the methods, the stage of the disease, or the type of
sample used in the assays.

SYBR Green real-time PCR detected higher mean amounts of PCV-2 DNA in
PMWS-affected (<10”) than in non-PMWS-affected pigs (<10*?). The differences
between groups varied from 2.5 to 4 logjo units, depending on the tissue samples
examined (see Fig. 4B). Using a SYBR Green—based real-time PCR"** or a TagMan-
based real-time PCR,’ other authors detected similar viral loads to those reported in the
current study with the real-time PCR. A statistically significant difference was found

among spleen and mesenteric lymph node from the non-PMWS group, with higher viral
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loads being detected in the spleen samples. This result suggests that mesenteric lymph
node may not be the appropriate sample when monitoring PCV-2 levels in swine herds.

It has been proposed that a threshold of 10" PCV-2 DNA copies per ml serum or
2 x 10° copies per 100 ng DNA sample would be suggestive of PMWS.” However, a
study comparing 2 routinely used real-time PCR assays found a bias of 10" on the
PCV-2 DNA copies detected between the assays.'' These findings revealed that the
results of viral load among assays could vary, suggesting that the establishment of the
viral load threshold to characterize PMWS should be determined by each particular
assay. Variation in the detected PCV load was also observed in the quantitative PCR
assays used in the current study. Based on the highest viral load detected in the non-
PMWS group in the current study, the suggested viral load thresholds for clinically
detectable PMWS are 10 and 10** copies of PCV-2 DNA per 100 ng DNA (or 10
and 10> copies of PCV-2 DNA/500 ng DNA), for cPCR and SYBR Green real-time
PCR, respectively.

Other authors have observed that the mean PCV-2 concentration (per gram or
ml) was 10° higher in naturally PWMS- affected versus non-PWMS-affected pigs."
Therefore, another approach in support of a PMWS diagnosis is to compare DNA viral
loads found on samples of PMWS-affected and non-PMWS-affected pigs. Using such
criterion, both described assays would allow proper diagnosis, since both methods
detected differences of at least 10* per 100 ng DNA.

With respect to the decision about which of the 2 assays would be more suitable
to support a PMWS diagnosis, SYBR Green real-time PCR has a number of practical
advantages.36 This type of assay is less prone to false-positive results in comparison to
cPCR because the risk of contamination is less, as post-PCR manipulation is
unnecessary. As well, real-time PCR is less time consuming than cPCR, since no
competitive DNA template is necessary, and multiple reaction dilutions as well as
electrophoresis analyses are not needed. In addition, SYBR Green real-time PCR was
more sensitive than cPCR, indicating that this method amplified the target DNA more
efficiently, probably because more conserved primers were used.

In summary, both cPCR and SYBR Green real-time PCR can be applied to
discriminate between PMWS and non-PMWS pigs. Either a threshold value for the
PCV-2 DNA load or the difference in PCV-2 DNA load between PMWS and non-
PMWS pigs could be used for diagnostic purposes. The difference between the assays
may not be inherent to the cPCR method and could probably be solved by the use of
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more conserved primers. Although both methods may thus be used to support a PMWS
diagnosis, SYBR Green real-time PCR is preferable because of a number of practical

advantages and because it was able to detect higher amounts of PCV-2 DNA copies.
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Table 1. Prevalence and viral loads of Porcine circovirus-2 DNA detected on swine

tissue samples using SYBR Green real-time PCR or competitive polymerase chain

reaction (cPCR).*

No. of cPCR SYBR Green real-time

samples | (mean = SD.log;¢) (mean £ SD.log,)
Positive results in
both assays 128 (79.4) 4.1£1.63 6.35+2.07
Positive results only
in cPCR 4(2.5) 1.0+£0.0 Negative
Negative results only
in cPCR 11 (6.9) Negative 2.13+£0.93
Negative results in
both assays 18 (11.2) Negative Negative

* Numbers in parentheses are percentages.

70
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A
1094F > 1127F > Stu I
cggatattgtattcectggtegtatatactgttttegaacgeagtgecqgagg | cct
acgtggtctacatttccagcagtttgtagtctcageccacagctgatttettttgt
< 1190R

tgtttggttggaagtaatcaatagtggaatctaggacaggtttgggggtaaagta
gcgggagtggtaggagaagggctgggttatggtatggecgggaggagtagtctaca
taggggtcataggtgagggctgtggectttgttacaaagttatcatctagaataa
cagcactggagcccactccecctgtcaccectgggtgatcggggagcaggggcagaa
ttcaaccttaacctttecttattectgtagtattcaaagggcacagagecgggggttt
gagcceccctectgggggaagaaagtcattaatattgaatetcatcatgtecacceqg
cccaggagggegttttgactgtggttecgtttgatagt

€< 1569R

B
1672F >

ctggccaagatggctgecgggggcggtgtcttecttecteccggtaacgectecttgga
tacgtcatatctgaaaacgaaagaagtgcgctgtaagtatt

<1767R

Figure 1. Positions of the primers used in the current study in relation to nucleotide
sequence of Porcine circovirus-2 (PCV-2) 15/5P isolate genome. A, the sequence of the
476-bp amplicon of PCV-2 DNA with the positions of primers 1094F and 1569R
(underlined) used in competitive polymerase chain reaction (cPCR) and the positions of
primers 1127F and 1190R (dashed underlined) used in SYBR Green real-time PCR. The
position of the Stu I restriction enzyme site has been indicated in bold. B, the sequence
of the additional 96-bp fragment was inserted into the Stu I site of the 476-bp amplicon
to create a competitive DNA template (p572) for cPCR. The positions of the primers
(1672F and 1767R) that were used to obtain this 96-bp fragment are double underlined.
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500 bp

Figure 2. Electrophoretic analysis of the products of the competitive polymerase chain
reaction (cPCR) on 1.5% agarose gel stained with ethidium bromide. Lane M: a 100-bp
ladder,’ the left arrow points to the 500-bp fragment; lanes 1-5: ¢cPCR products from
reactions performed on 100 ng of tissue DNA plus variable amounts (10°~10
molecules) of competitor plasmid (p572) DNA; lane 3: equivalence poin‘[—lO4
molecules of PCV-2 DNA in the tissue sample and 10* molecules of competitor plasmid

p572; lane 6: negative control (100 ng of PK-15 DNA).
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Figure 3. A, standard curve constructed based on the amount of Porcine circovirus-2
(PCV-2) DNA copies versus the threshold cycle (Ct) obtained on SYBR Green real-
time polymerase chain reaction (PCR). A 10-fold dilution series of plasmid p476 was
used as PCV-2 DNA template. Each point in the graph represents the mean Ct value of
a duplicate measurement. The amounts of p476 molecules are given on a log;g scale. B,
dissociation curves of the SYBR Green real-time PCR products of PCV-2—positive

samples.
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Figure 4. Mean values and standard deviations of the number of Porcine circovirus-2
(PCV-2) DNA molecules detected by competitive polymerase chain reaction (cPCR; A)
and the SYBR Green real-time PCR (B) in 5 different tissues from either post-weaning
multisystemic wasting syndrome (PMWS) pigs (n = 23) or non-PMWS pigs (n = 9).

The data are given in log)o scales.
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measurements, and the dashed lines indicate a 95% limit of agreement.
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Artigo III: Development of recombinant baculoviruses expressing PCV2 capsid protein

Dados preliminares de um trabalho em fase de conclusdo para submissao na forma de

artigo cientifico em periddico.
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Abstract

A baculovirus expression vector system was used to generate three recombinant viruses
expressing the capsid (Cap) protein, the immunodominant protein of porcine circovirus
type 2 (PCV2) which is encoded by ORF2. On two recombinants, the nucleotide
sequence from bovine herpesvirus glycoprotein I (BoHV-gl) signal peptide was inserted
at the 5’ end of the ORF2 nucleotide sequence. Additionally, one recombinant
containing the signal peptide nucleotide sequence was constructed lacking the nuclear
localization signal (NLS) of Cap protein. Through immunoperoxidase monolayer assay
(IPMA), the PCV2 antigens were detected in Sf21 cells infected by the three
recombinant viruses. The results suggests that the recombinants here described are

potential vaccine candidates, once they were able to produce the viral antigen.

Keywords: porcine circovirus type 2, PMWS, baculovirus, signal peptide, nuclear

localization signal
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Introduction

Porcine circovirus type 2 (PCV2) is the major infectious agent associated witth
postweaning multisystemic wasting syndrome (PMWS), an economically important
swine disease worldwide (Allan et al., 1998; Segales et al., 2005). PMWS is clinically
characterized by wasting and growth retardation, but other signs such as fever, pallor of
the skin, respiratory distress and diarrhoea are observed (Chae, 2005; Harding, 1998).
Histopathological lesions are characterized by lymphocyte depletion and histiocytic
infiltration of lymphoid tissues (Allan et al., 1999; Ellis et al., 2004).

PMWS is defined as a multifactorial disease, in which PCV2 is required, and the
influence of concomitant infections, genetic predisposition and alterations of the
immune system could be potential triggering factors for the development of the disease
(Segales et al., 2005).

The control of PMWS are mainly based on management practices (Madec et al., 2000)
and vaccination (Fachinger et al., 2008; Fort et al., 2008; Kixmoller et al., 2008).
Currently, there are at least four commercially available PCV2 vaccines. These are
either based on inactivated PCV2 or PCV1/PCV2 chimeras (Fenaux et al., 2004) or on
subunit vaccines containing the Cap protein expressed in baculovirus (Fachinger et al.,
2008; Fort et al., 2008).

In addition to the commercial vaccines, several of PCV2 vaccine prototypes have been
developed, including DNA vaccines (Blanchard et al., 2003; Fan et al., 2008b;
Kamstrup et al., 2004), bacterial-vectored vaccines (Liu et al., 2001b; Wang et al.,
2008), and recombinant virus-vectored vaccines (Fan et al., 2008a; Ju et al., 2005;
Wang et al., 2006). Most of the vaccine prototypes were based on the expression of the
PCV2 capsid protein (Cap), considered the only structural viral protein and the major
viral immunogenic determinant (Cheung and Bolin, 2002; Mankertz et al., 2004;
Nawagitgul et al., 2000). The 41 amino acid residues located at N-terminus of Cap
protein contains a nuclear localization signal (NLS) that target the protein to the cell
nucleus (Liu et al., 2001a). The expression of Cap protein, at least in prokaryotic
systems, is influenced by the NLS, once the Cap protein without NLS was expressed
successfully in E. coli whereas no Cap protein with NLS was observed (Zhou et al.,
2005).

Other element that can influence the level of protein expression is the signal peptide.

Signal peptides are a 15-30 amino acid sequence located on N-terminus of secretory
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proteins; the signal peptides direct the propeptide to the endoplasmic reticulum and
through the secretory pathway (Nunnari and Walter, 1992; Rapoport, 1992; Sanders and
Schekman, 1992). The addition (Guan et al., 1992; Petrovska et al., 2005), deletion
(Alken et al., 2005) or replacement (Tessier et al., 1991) of the SP from a native protein
can alter the protein expression levels.

The recombinant baculovirus expression vector systems (BEVS) have been successfully
used to generate potential vaccine candidates for many different pathogens. The BEVS
were developed in 1983 (Smith et al., 1983) and subsequently used to express a large
variety of proteins. The BEVS has several advantages, such as high efficiency of
expression, ease of purification, cost effectiveness of scaling up for production, and the
safety of the system (O'Reilly et al., 1992). Aiming to generate PCV2 vaccine
candidates, three recombinant baculoviruses were constructed to express PCV2 Cap
protein. In two of the recombinants the bovine herpesvirus glycoprotein I (BoHV-gl)
signal peptide was inserted at 5° end of the PCV2 cap gene (ORF2). In addition, the
NLS of PCV2 Cap protein was deleted in one of the constructions containing the signal
peptide.

Material and Methods

Virus and cells

Madin-Darby bovine kidney cells (MDBK), ATCC CCL-22 and porcine circovirus type
I (PCV1) free porcine kidney (PK-15) cells, originally obtained from ATCC CCL-33,
were maintained in Eagles’s minimal essential medium (E-MEM, Gibco). The medium
was supplemented with 10% (v/v) heat-inactivated fetal bovine serum (Nutricell), 100
mg/ml of streptomycin and 100 IU/ml of penicillin. Spodoptera frugiperda (Sf21) cells
were used to propagate recombinant baculovirus and cultured in Grace’s insect media
(Invitrogen) supplemented with 10% FBS at 27°C. The PCV2b strain 15/5P used in this
study was originally isolated from a pig with PMWS (Dezen et al., 2010). The isolate
15/5P was propagated in PCV1-free PK15 cells as previously described (Nawagitgul et
al., 2000). The bovine herpesvirus (BoHV) type 1.1 strain Cooper (Esteves et al., 2008)
was propagated in MDBK cells following standard procedures (Roehe et al., 1997).

Peptide signal predictions
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The putative signal peptide was predicted using the deduced amino acid sequence of the
PCV2 Cap protein (Genbank accession No. DQ923523) or BoHV glycoprotein I
(BoHV-gl; Genbank accession no. AJ004801). The predictions were performed with
SignalP 3.0 (Bendtsen et al., 2004) and SigCleave softwares via its respective web
interfaces (http://www.cbs.dtu.dk/services/SignalP/) and (http://mobyle.pasteur.fr/cgi-

bin/portal. py), with default settings. The BoHV-gl was chosen based on information
that the signal peptide is functional in baculovirus expression vector system
(Tyborowska et al., 2000). The nucleotide sequence encoded by the predicted BoHV-gI

signal peptide was used to design the primers.

Oligonucleotide design

Oligonucleotides were selected based on the nucleotide sequences of PCV2 Capsid
protein and the putative BoHV-gl signal peptide (Table 1). A BamHI restriction site and
a Kozak consensus sequence (5’ gctcaaa 3”) were added on the primers P1 and P3. A
Hindlll site was added on the primer P2. Primers P4, PS5, P6 and P7 were designed to
contain both nucleotide sequences from PCV2 ORF2 and BoHV-gl signal peptide.

Amplification of the recombinant DNA fragments

At first, 15/5P (PCV2) and Cooper (BoHV-1.1) were submitted to extraction of total
DNA following a standard phenol extraction protocol (Sambrook and Russell, 2001).
Later the purified DNA was dissolved in 50 uL TE (10mM Tris pH 7.4; 1lmM EDTA
pH 8.0). The extracted DNA samples were used as a template to generate the
recombinant DNA fragments: rf.Cap, rf.SP.Cap and rf.SP.ASLN.Cap (Fig 1). The
rf.Cap was obtained by amplification of PCV2 ORF2 with primers Pl and P2. To
produce the rf.SP.Cap two DNA fragments previously amplified were fused with
primers P2 and P3. Those fragments were firstly obtained using primers P3 and P4 to
amplify the nucleotide sequence from BoHV-gl signal peptide, and primers P2 and P5
to amplify the nucleotide sequence of PCV2 ORF2. The rf.SP.ASLN.Cap was generated
as described in rf.SP.Cap, except for P4 and P5 primers which were replaced by primers
P6 and P7, respectively. The PCR reaction volume was 100 pL containing 0.2 mM of
each dNTPs, 1.2 mM MgSO,, 10 pmol of the each primer pair, 2 U of P/x50 DNA
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polymerase and 2 pL of DNA template. The reactions was performed as follows: initial
incubation at 94°C for 15 s, 35 cycles at 94°C for 15 s, 65°C for 15 s and 68°C for 15 s,

followed by a final extension at 68°C for 5 min.

Construction of transfer vectors.

The transfer plasmids were generated using the pFast-Bac Dual vector (Invitrogen).
Five pL of the recombinant DNA fragments obtained by PCR were cleaved with BamHI
and HindlIII at 37°C for 1 h. The digested fragments were cloned under the regulation of
the polihedrin promoter. The vector and insert were ligated with T4 ligase, and
transformed into cells of E. coli strain Top10 (Invitrogen). The transformed cells were
plated on medium containing ampicillin (100 pg/ml). The extraction of plasmid DNA
was performed following a standard protocol (Sambrook & Russel 2001) and the

presence of the inserts was confirmed by restriction analysis.

Sequencing

Recombinant clones were sequenced to ensure its fidelity. The DNA from recombinant
plasmids were purified using the GFX PCR DNA and gel band purification kit (GE
Healthcare) and the inserts were sequenced in a MegaBACE (GE Healthcare) apparatus,
with the Dyenamic ET terminator cycle sequencing kit (GE Healthcare) following the
manufacturer’s protocol. Each product was sequenced at least three times in both
directions using the primers pFBD-F and pFBD-R. The sequences obtained were
aligned using Clustal W on Mega 4 package.

Transposition

To generate a recombinant bacmid DNA, the recombinant transfer plasmids were
transformed into DH10Bac competent cells (Invitrogen) and the gene of interest was
transposed into the bacmid through lacZ gene disruption. White clones containing the
recombinant bacmid were selected on Luria-Bertani agar plates containing 50 pg/ml
kanamycin, 7 pg/ml gentamicin, 10 pg/ml tetracycline, 200 pg/ml X-gal and 40 pg/ml
IPTG. After incubation at 37 °C, the high molecular weight DNA (bacmid) was isolated

from the overnight cultures using standard protocols previously described (King et al.,
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2007). The transposition was confirmed by performing PCR with primers M13F(-
40)Bac (5° gtt ttc cca gtc acg ac 3") and M13R (5’ cag gaa aca gct atg ac 3°). The
recombinant bacmids contained the recombinant DNA fragments rf.Cap, rf.SP.Cap and
rf.SP.ASLN.Cap were named Bac.Cap, Bac.SP.Cap and Bac.SP.ASLN.Cap,

respectively.

Transfection of Sf21 cells with recombinant bacmids

For each transfection 9x10° cells/ml were seeded in a 35 mm cell culture plate and
allowed to attach for at least 1 h. Lipofectamine 2000 reagent (6 ulL) and the
recombinant bacmid DNA (5 pL) were diluted separately into 100 pL of Grace’s insect
medium without antibiotics, and then combined to form lipid-DNA complexes, which
was incubated at room temperature for 45 min. The lipid-DNA complexes were diluted
to 1 mL with Grace’s insect medium and laid over the washed Sf21 cells. The cells were
incubated for 5 h at 27 °C, rinsed by Grace’s insect medium and incubated for another
72 h. Recombinant baculovirus was harvested from the supernatant and amplified in 25
cm” flask culture. Techniques for plaque assay and virus titration were according to the

Bac-to-Bac Baculovirus expression system protocol (Invitrogen).

Immunoperoxidase monolayer assay

The immunoperoxidase monolayer assay (IPMA) was performed on 96-well plate. Two
times 10° Sf21 cells were seeded per well and infected with 0.1 m.o.i. of Bac.Cap,
Bac.SP.Cap, Bac.SP.ANLS.Cap or wild type Autographa californica nuclear
polyhedrosis virus (wt.AcNPV). The plates were incubated at 27°C for two days, then
the supernatant was discarted and the plates were air-dried and frozen at -80 °C. The
PCV2 antigen was detected using a modified immunoperoxidase monolayer assay
(IPMA) (Kramps et al., 1994), using a rabbit anti-PCV2-Cap polyclonal serum as a
primary antibody and an anti-rabbit IgG (HRP) (Zymed) as a secondary antibody. The
anti-PCV2 serum was purchased from the College of Veterinary Medicine, lowa State

University, USA. Its production was described elsewhere (Sorden et al., 1999).

Results
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Signal peptide prediction

Using SignalP 3.0 software, the analysis of amino acid sequence of the BoHV-gl
revealed a signal peptide composed by 20 amino acids. The most likely cleavage site
was found between Ser20 and Leu2l residues (Figure 2). No signal peptide was
identified on the PCV2 Cap protein. The same results were obtained using SigCleave

software.

PCR

The three recombinant DNA fragments were successfully obtained by PCR (Figure 3).
The estimated product sizes were 702 bp, 764 bp and 642 bp for rf.Cap, rf.SP.Cap and
rf.SP.ASLN.Cap, respectively.

Sequencing

The deduced amino acid sequences obtained from the sequenced recombinant plasmids
were aligned with the PCV2 Cap protein and putative BoHV-gl signal peptide (Fig. 4).
No mutation was detected on the recombinant plasmids used for transposition

technique.

Immunoperoxidase monolayer assay

In the Sf21 cells infected by Bac.Cap, Bac.SP.Cap or Bac.SP.ASNL.Cap, the PCV2
antigens were easily visualized through immunostaining (Fig. 4). This result indicates
that the recombinants were able to express the PCV2 Cap protein. A weaker staining
was observed on the Bac.SP.ASNL.Cap infected cells when compared with the others

recombinant virus. No staining was observed on wild type wt.AcNPV infected cells.

Discussion

In Sf21 cells infected by the recombinants, it was possible to detect PCV2 antigens

through IPMA. Nevertheless, a weaker staining was observed in cells infected by

Bac.SP.ASNL.Cap. Once the signal intensity detected on the IPMA correlates with the
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amount of antigen present in the sample, the observed weaker staining might be caused
by the following reasons: a) loss of antigenic epitopes, b) lower expression levels and/or
c¢) lower accumulation of the recombinant protein at intracellular level.

Despite the linear and conformational antigenic epitopes are mainly located on the
amino acid residue 47-85, 165-200 and 230-233 of Cap protein (Lekcharoensuk et al.,
2004; Mahe et al., 2000), an epitope located on residues 26-36 of NLS was recently
recognized (Guo et al., 2010). So, the lacking of NLS on Cap could result in fewer
antibody recognition sites, leading to the weaker staining observed on IPMA.

Another possibility is that Bac.SP.ASNL.Cap could have induced lower levels of the
protein expression. In this case an effect of signal peptide on the protein expression is
unlikely, since no decrease in staining was observed in Bac.SP.Cap, the other
recombinant virus containing the BoHV-gl signal peptide sequence.

In general, the signal peptides induce protein in a secretory pathway, where the protein
is synthesized on endoplasmic reticulum, migrates to Golgi complex and then crosses
the citoplasmatic membrane as a secretory vesicle (Martoglio and Dobbestein, 1998). In
this work, one putative signal peptide was identified in BoHV—gI, but none in PCV2
Cap protein. The putative BoHV-gl signal peptide inserted on Cap protein might lead it
to a secretory pathway. However, if the protein has also a NLS, then it also could target
the nucleus (Antoine et al., 1997; Dultz et al., 2008; Miguel et al., 2001; Ou et al.,
1989). Other study observed that the intra and extracellular protein levels was decreased
and increased, respectively, when the SNL was deleted from the Parathyroid hormone
related peptide (PTHrP), a protein that has a signal peptide (Miguel et al., 2001). So,
another possible explanation is that the recombinant protein produced by
Bac.SP.ASNL.Cap was secreted in a higher proportion when compared with the others
recombinants, resulting in lower intracellular accumulation and, therefore, to the weaker
staining observed.

Furthermore, the constructed recombinants were based on genome sequence of a
PCV2b strain. Epidemiological studies indicate that genotype PCV2b is currently most
prevalent in naturally occurring infections (Allan et al., 2007; Chiarelli-Neto et al.,
2009; Cortey et al., 2010; Dupont et al., 2008; Takahagi et al., 2008; Timmusk et al.,
2008) and it has been suggested as more virulent than PCV2a (Gagnon et al., 2007;
Grau-Roma et al.,2008). Currently, commercially available PCV2 vaccines are all based
on PCV2a, despite they protect against genotypes PCV2a and PCV2b (Fort et al., 2008;
Takahagi et al., 2008), a recent study showed that PCV2b has induced significantly
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higher antibody titres and lymphoproliferative responses than PCV2a strain (Fort et al.,
2010). So, it is likely that a PCV2b-based vaccine could elicit stronger immune
responses than a PCV2a-based vaccine. In this sense, the here generated recombinants

are potential vaccine candidates, once they were PCV2b-based.
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Table 1. Primers used for amplification of recombinant DNA fragments rf-Cap, rf-SP-
Cap and rf-SP-ANLS-Cap. The BamHI and HindlIl sites are represented by underlined
text. The homologous nucleotide sequence of PCV2 ORF2 (DQ923523) and BoHV—gl
signal peptide (AJ004801) in the primers are in italic or bold, respectively.

Primer Sequence (5°-3°) Holomologus region
PCV2 BoHV-1
P1 ctecggateecgetcaaaatgacgtatccaaggaggegttac 1734-1711 -
P2 cgcgaagcttcattaagggttaagiggggggtctitaag 1031- 1059 -
P3 ctccggatccgctcaaaatgeggtgectgttgetetg - 120287-120306
P4 ggtaacgcctccttggatacgtaaggetgegagegggeg 1710-1731 120349-120333
P5 cgeeegetegeagecttacgtatccaaggaggegttace 1731-1710 120333-120349

P6 agaggcgggtgtigaagatgccattaaggetgegagegggcg 1587-1611 120349-120333
P7 cgeeegetegeagecttaatggceatcttcaacacccgectct 1611-1587 120333-120349
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Fig. 1. Strategy for amplification of recombinant DNA fragments. The black, grey and
white boxes represent nucleotide sequence of PCV2 ORF2, NLS of ORF2 and BoHV-gl
signal peptide, respectively. P1 to P7 represents the primers described on table 1. The
rf.Cap was amplified with P1/P2 primers (A). The PCR products obtained with primers
P3/P4 and P2/P5 were fused with primers P2/P3 to generate the rf.SP.Cap (B), the
similar strategy was applied to generate the rf.SP.ANLS.Cap (C), except for primers P4
and P5 that were replaced for P6 and P7, respectively.
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Fig. 2. Signal peptide prediction by SignalP 3.0 Neural Networks (Signal [P-NN) using
the deduced amino acid sequences of BoHV-gl (A) and PCV2 Cap protein (B). “S

score” corresponds to aminoacid probability to compose the signal peptide and the “C

score” represents the probability to occur a peptide cleavage. The maximum probability

cleavage site of gl of BoHV-1 was found between Ser20 and Leu21 (arrow).



Fig. 3. Agarose gel electrophoresis of the

recombinant DNA fragments generated on PCR.
Lines 1-4 correspond to molecular markers
(AxHindIlIl), rf.Cap (702 bp), rf.SP.Cap (764 bp) and
rf.SP.ANLS.ORF2 (642 bp), respectively.
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SP BOHV gT LARRAAPARS L-—-—————— ————mmmmom oo oo o
PCV2 Cap protein - -— MTYPRRRYRR RRHRPRSHLG QILRRRPWLV HPRHRYRWRR KNGIFNTRLS
Bac.Cap = —————————— —————————- MTYPRRRYRR RRHRPRSHLG QILRRRPWLV HPRHRYRWRR KNGIFNTRLS
Bac.SP.Cap LAARAAPARS LTYPRRRYRR RRHRPRSHLG QILRRRPWLV HPRHRYRWRR KNGIFNTRLS
Bac.SP.ANLS. Cap LARRBAPARS L-———————— —————————= ———————o— -NGIFNTRLS
SP BOHV gL = —ommmmmmmm oo o e
PCV2 Cap protein RTFGYTIKRT TVKTPSWAVD MMRENINDFL PEGGGSNPRS VPFEYYRIRK VKVEFWPCSP ITQGDRGVGS
Bac.Cap RTEGYTIKRT TVKTPSWAVD MMRFNINDFL PPGGGSNPRS VPFEYYRIRK VKVEFWPCSP ITQGDRGVGS
Bac.SP.Cap RTEGYTIKRT TVKTPSWAVD MMRFNINDFL PPGGGSNPRS VPFEYYRIRK VKVEFWPCSP ITQGDRGVGS
Bac.SP.ANLS.Cap RTFGYTIKRT TVKTPSWAVD MMRFNINDFL PPCGGSNPRS VEFEYYRIRK VKVEFWPCSP ITQGDRGVGS
SP BOHV QI mmmmmmmmm o oo e
PCV2 Cap protein SAVILDDNFV TKATALTYDP YVNYSSRETI TQPFSYHSRY FTPKPVLDST IDYFQPNNKR NQLWLRLQTT
Bac.Cap SAVILDDNFV TKATALTYDP YVNYSSRHTI TQPFSYHSRY FTPKPVLDST IDYFQPNNKR NQLWLRLQTT
Bac.SP.Cap SAVILDDNFV TEATALTYDP YVNYSSRHTI TQPFSYHSRY FTPKPVLDST IDYFQPNNKR NQLWLRLQTT
Bac.SP.ANLS.Cap SAVILDDNFV TEATALTYDP YVNYSSRHTI TQPFSYHSRY FTPKPVLDST IDYFQPNNKR NQLWLRLQTT
SP BOHV gI =~ ——————mmmm mmmmmmmmmm oo -—

PCV2 Cap protein GNVDHVGLGT AFENSIYDQE YNIRVTMYVQ FREFNLKDPP LNP+

Bac.Cap GNVDHVGLGT AFENSIYDQE YNIRVTMYVQ FREFNLKDPP LNP*

Bac.SP.Cap GNVDHVGLGT AFENSIYDQE YNIRVTMYVQ FREFNLKDPP LNP*

Bac.SP.ANLS.Cap GNVDHVGLGT AFENSIYDQE YNIRVTMYVQ FREFNLKDPP LNE*

Fig. 4. Amino acid sequence alignment using the sequences from the cloned
recombinant DNA fragments, PCV2 Cap protein (DQ923523) and the BoHV-gl signal
peptide (AJ004801). Signal peptide and NLS are represented as underlined and bold

text, respectively.



96

Fig. 5. Immunoperoxidase monolayer assay with anti-PCV2-Cap polyclonal serum as

primary antibody. Sf21 cells were infected with infected wild type AcNPV(A), Bac.Cap
(B), Bac.SP.Cap (C) and Bac.SP.ANSL.Cap (D). The reddish-brown coloration
indicates PCV2 antigens.
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DISCUSSAO E CONCLUSOES

Neste trabalho foram apresentados aspectos relacionados a avaliagdo de métodos
de deteccio do PCV2 e desenvolvimento de potenciais imundgenos contra a
circovirose.

No primeiro estudo a técnica de amplificagdo por circulo rolante (ACR) foi
utilizada. Neste obteve-se a amplificacdo total do genoma do PCV2, o qual foi clonado
e posteriormente sequenciado. Os resultados da andlise filogenética agruparam as duas
amostras seqiienciadas (15/5 e 15/23) no genétipo PCV2b, de acordo com o sistema de
classificagdo proposto por Segalés et al. (2008). Estes achados refor¢am, dados de
estudos epidemiologicos que indicam que o genotipo PCV2b ¢ atualmente o mais
prevalente em suinos naturalmente infectados (ALLAN et al., 2007, DUPONT et al.,
2008, TAKAHAGI et al., 2008, TIMMUSK et al., 2008, CHIARELLI-NETO et al.,
2009, CIACCI-ZANELLA et al., 2009a, CORTEY et al., 2010).

A amplificagdo do genoma do PCV2 através da ACR, associada a técnica de
clonagem e transfeccao, permitiu obter titulos de até 10 DICCsomr do virus. Visto que
a propagacdo de PCV2 em cultivo celular pode ser demorada e raramente d4 origem a
titulos infecciosos > 10>° DICCsymr (ZHU et al., 2007), a abordagem utilizada pode ser
utilizada como um método alternativo para o isolamento e propagacao do virus. Sendo
particularmente util quando ndo se consegue recuperar o agente infeccioso através de
métodos convencionais, tal como o isolamento viral.

Uma desvantagem observada na técnica de ACR foi sua menor sensibilidade em
relagdo a técnica de PCR. Das 50 amostras de tecidos analisadas, em todas foi possivel
detectar DNA de PCV2 através de PCR, enquanto que apenas 54% das amostras foram
positivas na ACR. Apesar da ACR ser relatada como uma técnica altamente eficiente,
produzindo cerca de 20-30 pg de produto a partir de 1-10 copias de DNA gendmico
humano (DEAN et al., 2002), é possivel que a baixa sensibilidade evidenciada neste
estudo possa ser resultado da competigdo de DNA genOmico e viral por primers €
dNTPs. Uma vez que a ACR baseia-se na amplificacdo aleatoria e a quantidade de DNA
viral ¢ menos abundante do que o DNA gendmico nas amostras analisadas, ¢ provavel
que o primeiro seja amplificado em menor proporgao.

Todavia, a ACR apresenta vantagens adicionais sobre a PCR convencional
(DEAN et al., 2001). A técnica ndo requer o uso de termocicladores para amplificacdo e

nenhum outro equipamento além de um banho-maria ou estufa a 30 ° C ¢ necessario, o



98

que torna o processo economico. Além disso, a ACR ¢ realizada em uma unica etapa e
permite a amplificagdo do DNA viral sem conhecimento prévio da seqiiéncia alvo.

No segundo estudo, foram desenvolvidos e comparados métodos quantitativos
de deteccdo de DNA do PCV2, como técnicas auxiliares no diagnostico da SMDS.
Neste, observou-se que ambos os métodos foram capazes de detectar diferencas
significativas da carga viral (> 2,5 logjo) entre animais com a sindrome e animais
clinicamente saudaveis. No entanto, as quantidades de DNA de PCV2 detectadas pela
cPCR foram em média 1,8 log) inferior as detectadas na PCR em tempo real. Estudos
relatam que trés a seis erros no pareamento de oligonucleotideos com a seqiiéncia alvo
alteraram o desempenho de amplificacdo, podendo resultar numa subestimacao de 1-5
logio (MARKOWSKI-GRIMSRUD et al., 2002, BRUNBORG et al., 2004). Portanto, a
diferenga da carga viral observada entre os ensaios aqui descritos, pode ter sido causada
por erros de pareamento. Haja vista, que quando comparados com seqiiéncias
gendmicas do PCV2, os oligonucleotideos utilizados na cPCR apresentaram menor grau
de conservacao em relacao aos da PCR em tempo-real.

Outra possibilidade para a diferenga observada ¢ a presenca de contaminantes
nas amostras. E possivel que alguns contaminantes tenham afetado mais
significativamente a amplificacdo na cPCR do que na PCR em tempo-real. Porém esta
hipotese parece improvavel, uma vez que a amplificacdo do DNA competidor ndo foi
afetada.

Neste estudo, a maior carga viral detectada no grupo de animais clinicamente
saudaveis foi de 10°° ¢ 10>’ copias de DNA de PCV2/ 500 ng, para a cPCR ¢ o PCR
em tempo real, respectivamente. Estes dados apontam diferentes limites detectados para
o aparecimento da sindrome. Tem sido proposto o limite de 10’ copias de DNA de
PCV2 por ml de soro ou 500 ng de DNA da amostra, como sendo sugestivo da SMDS
(BRUNBORG et al., 2004). No entanto, um estudo comparando dois PCR em tempo
real rotineiramente utilizados encontrou um viés de 1,4 log entre os ensaios, sugerindo
que o estabelecimento deste limite deva ser determinado para cada ensaio em particular
(HJULSAGER et al., 2009).

Outros autores observaram que a carga viral de PCV2, por grama de tecido ou ml de
soro, foi em média 3 logjo superiores em animais com a sindrome do que em animais
clinicamente saudaveis. Portanto, uma abordagem para avaliar as técnicas seria

considerar a diferenga das cargas virais entre grupos. Usando esse critério, os ensaios
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aqui descritos permitem o diagnostico adequado, uma vez que a diferencas entre grupos
foi de no minimo 2,5 log;¢/100 ng de amotra de DNA (ou 3,2 log/500ng).

Com relacdo a decisdo sobre qual dos dois ensaios seriam mais adequados para
apoiar o diagnéstico da sindrome, a PCR em tempo real apresenta uma série de
vantagens praticas em comparagdo com a cPCR, tais como: ¢ menos propensa a falsos
positivos, uma vez que diminui o risco de contaminacdo, como a manipulacdo pos-
amplificacdo; demanda um menor tempo para realizagdo, uma vez que nenhum DNA
competidor necessita ser construido; ndo requer multiplas dilui¢des e eletroforese
(ZENTILIN e GIACCA, 2010). Além disso, neste estudo a PCR em tempo real detectou
uma carga viral mais elevada do que a cPCR, indicando uma maior eficiéncia na
amplificacdo do DNA alvo, o que pode ser atribuido em parte ao uso de
oligonucleotideos com seqiiéncias mais conservadas em relagdo ao DNA de PCV2.

No terceiro trabalho foram construidos trés baculovirus recombinantes, Bac.Cap,
Bac.SP.Cap e Bac.SP.ANLS.Cap. Os recombinantes foram construidos de modo a
expressar a proteina do capsideo do PCV2 (Cap). Em dois recombinantes, a seqiiéncia
de nucleotideos do peptideo sinal da glicoproteina I do herpesvirus bovino (BoHV-gl)
foi inserida na extremidade 5' da ORF2, gene codificante da proteina Cap.
Adicionalmente, em um dos recombinantes contendo o peptideo sinal, o sinal de
localizagao nuclear (SLN) da Cap foi excluido.

Neste experimento, foi possivel detectar a presenca de antigenos virais de PCV2 nas
células infectadas pelos trés diferentes recombinantes. No entanto, uma coloragdo
menos intensa em células infectadas pelo Bac.SP.ANLS.Cap foi observada na
IPMA.Uma vez que, a intensidade do sinal detectado na [IPMA se correlaciona com a
quantidade de antigeno presente na amostra, a coloragdo menos intensa observada em
células infectadas pelo Bac.SP.ANLS.Cap pode ter sido causada por:

a) menor nivel de expressdo da proteina recombinante: neste caso, um efeito do
peptideo sinal na expressdo de proteinas ¢ improvavel, pois ndo foi observada redugdo
na coloragdo em células infectadas com Bac.SP.Cap, o qual também continha um
peptideo sinal.

b) perda de epitopos: A delecdo do SLN da Cap poderia ter resultado em uma
perda de epitopos. Apesar de epitopos lineares e conformacionais estarem localizados
principalmente sobre nos residuo de aminoacidos 47-85, 165-200 e 230-233 da proteina
Cap (MAHE et al., 2000, LEKCHAROENSUK et al., 2004), um epitopo localizado nos
residuos 26-36 do SLN foi recentemente descrito (GUO et al., 2010). Portanto, a
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supressdo do SLN poderia resultar em um menor niimero de sitios de ligacdes para os
anticorpos reagirem com a proteina recombinante, resultando assim na coloracdo menos
intensa detectada na [IPMA.

c) e/ou a proteina recombinante produzida ¢ secretada em grande proporcao, o
que faz com que ela se acumule em menos no niicleo ou citoplasma das células. E
sabido que peptideo sinais induzem a proteina para uma via secretoria, onde a proteina €
sintetizada no reticulo endoplasmatico, migra para o complexo de Golgi e, em seguida,
atravessa a membrana citoplasmatica como uma vesicula secretora (MARTOGLIO e
DOBBESTEIN, 1998).

Todavia, na outra constru¢do contendo o peptideo sinal (Bac.SP.Cap) nao foi
observada uma diminui¢do na coloragdo na IPMA. Isto pode ser devido ao fato que
algumas proteinas que contém peptideo sinal e SLN podem seguir duas vias, serem
secretadas ou ser direcionada para o nacleo (OU et al., 1989, ANTOINE et al., 1997,
MIGUEL et al., 2001, DULTZ et al., 2008) . Quando o SNL foi deletado do “peptideo
relacionado ao paratorménio” (PTHrP), uma proteina que tem um peptideo sinal,
observou-se uma dimini¢ao intracelular e um aumento extracelular da concentragdo da
proteina recombinante (MIGUEL et al., 2001). E provavel que esta seja a mesma
situagdo da proteina recombinante produzida pelo Bac.PS.ASNL.Cap. Todavia, estas
sdo apenas especulagdes necessitando de outros testes confirmatérios como Western
Blot para a comprovacgao das pressuposi¢des acima descritas.

Além disso, os recombinantes construidos foram baseados em genotipo PCV2b.
Estudos epidemiologicos indicam que o gendtipo PCV2b ¢ atualmente o mais
prevalente em infecgdes naturais (ALLAN et al.,, 2007, CHIARELLI-NETO et al.,
2009, CORTEY et al., 2010) e tem sido sugerido como mais virulento do que PCV2a
(GAGNON et al., 2007, GRAU-ROMA et al., 2008). Atualmente, todas as vacinas
comerciais contra circovirose sdo baseadas no genotipo de PCV2a. Apesar das mesmas
conferirem protecao contra ambos gendtipos, PCV2a e PCV2b (FORT et al., 2008), um
estudo recentemente revelou que um isolado de PCV2b induziu maiores titulos de
anticorpos e respostas linfoproliferativas que um isolado de PCV2a (FORT et al.,
2010). Nesse sentido, os recombinantes aqui gerados sdo potenciais candidatos

vacinais, uma vez que foram baseados no genotipo PCV2b.
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