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Resumo

Nas Gltimas décadas, o acentuado crescimento da carcinicultura foi responsavel por
alteracdes ambientais que tiveram como principal consequéncia o surgimento e a propagacao
de doencas virais. No Brasil, o virus da Mionecrose infecciosa (IMNV) ocasionou uma queda
significativa na produgédo de Litopenaeus vannamei em 2004, destacando a necessidade do
desenvolvimento de estratégias eficazes para o controle da doencga. Diversos aspectos devem
ser considerados no controle de doencas, desde a selecdo de linhagens resistentes, a validacédo
e padronizacdo de métodos de diagnostico, a compreensdo dos mecanismos de transmissao
dos agentes patogénicos, entre outros. Nesta tese, quatro abordagens foram avaliadas: (1) o
desenvolvimento de um protocolo experimental de infeccdo por IMNV em L. vannamei,
através de dois métodos de exposicdo, por ingestdo (oral) e injecdo (inoculacdo
intramuscular); (2) o uso das linhagens celulares de mosquito C6/36 e SF9 para a propagacao
do IMNV; (3) a determinagéo da rota de transmisséo vertical do IMNV em L. vannamei e; (4)
a Artemia como vetor na transmissdo horizontal do IMNV em L. vannamei. No primeiro
estudo, desafios virais via ingestdo mostraram cargas virais indetectaveis, enquanto que 0s
experimentos via injecdo intramuscular tiveram as doses infectivas 50% (IDso) determinadas
entre valores que indicam a diluicdo de inoculo viral de 1:10" a 28°C e 1:10° a 26°C como as
mais apropriadas. No segundo estudo, linhagens celulares de C6/36 e SF9 foram desafiadas
com IMNV e os resultados mostraram que ndo houve replicacdo de IMNV nessas células,
descartando a possibilidade do uso deste sistema in vitro para fins de replicacdo do virus. No
terceiro estudo, reprodutores desafiados por inje¢do intramuscular e naturalmente infectados
por IMNV mostraram evidéncias para uma rota de transmissdo vertical do IMNV em L.
vannamei, com maior probabilidade de transmissdo atrelada ao parental materno. O quarto
estudo comprovou a susceptibilidade de Artemia a infeccdo por IMNV via duas rotas de
transmissao (imersdo e adesdo virus-fitoplancton) e seu papel como reservatério ou vetor
mecanico na transmissao horizontal deste virus em L. vannamei, sob condi¢des experimentais,
enfatizando a contribuicdo deste microcrustaceo como possivel fonte para aumento da

incidéncia de IMNV em unidades de produgé&o.

Palavras-chave: Bioensaio; IMNV; Linhas de célula de mosquito; Transmissdo vertical;

Artemia; Litopenaeus vannamei.
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Abstract

In the past decades, the marked farmed shrimp industry growth resulted in
environmental disturbances, with a major consequence of outbreaking viral diseases. In
Brazil, the Infectious myonecrosis virus (IMNV) caused a huge shortfall production in
Litopenaeus vannamei in 2004, stressing the need of developing effective strategies for
disease control. Different aspects have to be considered in disease control, including selective
breeding; validation and standardization of viral diagnostic methods, disease transmission
mechanisms, among others. In this thesis, four approaches were evaluated: (1) the
development of an experimental infection protocol for IMNV in L. vannamei, throughout two
methods of exposure, by ingestion (oral) and by injection (intramuscular inoculation); (2) the
use of C6/36 and SF9 mosquito cell lines for IMNV propagation; (3) the determination of
vertical transmission of IMNV in L. vannamei and; (4) the assessment of Artemia as a vector
in IMNV horizontal transmission to L. vannamei. In the first study, ingestion bioassay showed
undetectable viral loads, whereas injection treatments have determined the median infectious
doses (IDsg) between values that suggest the dilution of the inoculum in 1:10” at 28°C and in
1:10° at 26°C as the most appropriate infective methods. In the second study, C6/36 and Sf9
cell lines were challenged with IMNV and the results showed that IMNV did not replicate in
these cells, thus limiting this in vitro system for replication purposes. In the third study, L.
vannamei broodstock inoculated with IMNV by intramuscular procedure or naturally infected
presented evidences for vertical transmission associated to the maternal parent. The fourth
study demonstrated the susceptibility of Artemia sp. to IMNV by immersion challenge and
virus-phytoplankton adhesion route and its role as a reservoir or mechanical vector in IMNV
horizontal transmission to L. vannamei under experimental conditions, stressing its

contribution to virus incidence in aquaculture production units.

Keywords: Bioassay; IMNV; mosquito cell line; Vertical transmission; Artemia; Litopenaeus

vannamei.
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SILVA, SM B C. DESENVOLVIMENTO DE FERRAMENTAS PARA BIOENSAIOS VIRAIS... 17

1- Introducgéo

Atualmente, a producdo aquicola mundial de crustaceos é composta por cerca de
70% de espécies marinhas, sendo o camardo peneideo Litopenaeus vannamei a espécie
predominante, representando 71,8% da producéo total de camardes marinhos cultivados
em 2010, dos quais 22,1% foram produzidos nas Américas (FAO, 2012). No Brasil, a
carcinicultura marinha da espécie L. vannamei foi responsavel por 78% da
producdo aquicola marinha nacional, com uma producdo de 65.670,6t em 2011
(BRASIL, 2013).

Apesar deste volume de producéo, surtos de doencas de etiologia viral tém sido
apontados como um dos principais entraves a sustentabilidade e a rentabilidade da
indUstria do camardo marinho cultivado (LOY et al., 2012). Aproximadamente 60% das
perdas por doengas na carcinicultura marinha mundial podem ser atribuidas a
enfermidades virais (FLEGEL, 2012), estimando-se no periodo entre 1994 e 2009,
prejuizos anuais em nivel mundial superiores a US$ 3 bilhdes de ddlares (WALKER e
MOHAN, 2009).

No Brasil, o virus da Mionecrose infecciosa (Infectious myonecrosis virus —
IMNV) resultou em mortalidades acumulativas de até 70% em L. vannamei cultivado
(NUNES et al., 2004) e perda econdmica estimada em US$ 100 milhGes de ddlares para
0 periodo compreendido entre 2002 e 2006 (LIGHTNER, 2011). Embora o impacto
econémico do IMNV tenha sido significativo para o Brasil, existem poucas informacdes
disponiveis a respeito das consequéncias desta infeccdo viral sobre a imunologia e
fisiologia, em especial aos aspectos reprodutivos e de desenvolvimento pré e pos-

embrionario de animais infectados.
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A resposta fisiologica a doencas em camardes ainda € pouco conhecida (BENZIE,
1998), e apesar dos crustaceos apresentarem uma resposta imune mais eficiente para
doencas a que ja tenham sido expostos, eles ndo possuem uma resposta imune celular de
"memoria” como os vertebrados (imunidade adaptativa) (WU et al., 2002; LUO et al.,
2003).

Embora a resposta imune antimicrobiana (antibacteriana e antifingica) tenha sido
caracterizada em hemocitos de L. vannamei (DESTOUMIEUX et al., 1997), os
mecanismos sobre a resposta imune viral ainda sdo pouco conhecidos
(ROJTINNAKORN et al.,, 2002). Estes fatos evidenciam a necessidade de se
desenvolver ferramentas rapidas para diagnosticar e controlar patégenos, bem como
programas nacionais de biosseguridade. Contudo, em longo prazo, a Unica solucao para
se garantir altos niveis de produtividade frente aos surtos viroticos é o desenvolvimento
de linhagens resistentes a patdgenos.

Neste sentido, laboratorios comerciais de camardo tém adotado a estratégia de
construcdo de populagdes resistentes a doencas, tendo como base que altas taxas de
sobrevivéncia podem estar associadas a menores cargas virais em familias selecionadas
(MOSS et al., 2005).

Em um programa de selecéo, a escolha de animais resistentes requer o uso de
ensaios de desafio experimental no qual familias de irmdos-completos sdo expostas ao
agente patogénico em questdo sob condicdes controladas (FJALESTAD et al., 1993).
Assim, técnicas de inoculacdo sdo primordiais (GITTERLE et al., 2006) e bioensaios in
vivo continuam a ser uma importante ferramenta de avaliagdo de infecciosidade e

identificagdo de animais susceptiveis, infectados e resistentes.
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O cultivo de linhagens de célula é uma ferramenta primordial nos bioensaios
envolvendo virus, por estes apresentarem replicacdo intracelular. Contudo, até o
momento, ndo ha relatos de um cultivo continuo de linhas de célula em crustaceos.
Recentemente, varios trabalhos obtiveram sucesso na multiplicacdo do virus da Cabeca
amarela (Yellow Head Virus - YHV), da Taura (Taura Syndrome Virus - TSV) e da
Parvovirose hepatopancreatica (Hepatopancreatic parvo-like virus - HPV) em linhas de
célula de mosquito Aedes albopictus subclone C6/36 e de lepiddptero Spodoptera
frugiperda subclone SF9, seguidos de estudos de infecciosidade em Penaeus monodon e
L. vannamei, abrindo novas possibilidades para isolamento de outros tipos de virus de
camardo (GANGNONNGIW et al., 2010; ARUNRUT et al., 2011; MADAN et al.,
2013).

Os bioensaios também sdo importantes instrumentos subsidiarios a elucidacdo do
mecanismo de transmissdo do agente patogénico. A transmissdo vertical pode ser um
fator crucial na prevaléncia de doencas virais, além de contribuir para o subsequente
aumento da probabilidade de infec¢do decorrente de transmissao horizontal em sistemas
de cultivo (MOTTE et al., 2003). Para o IMNV, a determinacdo dos mecanismos de
transmissdo viral foi demonstrada para a transmissdo horizontal, sendo provével a
veiculagdo por meio da &gua e a transmissdo vertical, embora neste Gltimo caso nédo
tenha sido estabelecido (OIE, 2009).

A criacdo de um protocolo de infeccdo experimental constituird uma etapa
imprescindivel ndo s6 para a compreensdo de diversos aspectos que envolvem a
Mionecrose infecciosa, tais como avaliacdo de viruléncia, estudos de patogenicidade,
determinacdo da rota de infeccdo e dose de indculo, mecanismos de transmissao,

identificacdo de vetores, avaliacdo de medidas profilaticas e estudos de mecanismo de
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resposta imune a infeccdes, mas também fornecera bases solidas para o melhoramento
genético em camardes cultivados decorrente da padronizacdo de métodos de desafios a

doencas a serem empregadas nos laboratorios.

2- Revisao de literatura

2.1- Carcinicultura marinha mundial e brasileira

Embora o cultivo de crustaceos represente 46,4% da producdo mundial, a cultura
de peneideos foi responsavel por 73,3% da producdo total em 2008, decorrente
principalmente, da insercdo da China, da Tailandia, da Indonésia e do Vietnd na
producdo do camardo marinho L. vannamei, resultando em uma taxa média de
crescimento anual de 15% entre 2000 e 2008 (FAO, 2010).

Similarmente a outros setores da agricultura, a introducdo de espécies exdticas
tem desempenhado um papel importante na producdo da aquicultura mundial, em
particular na Asia. Com a entrada da espécie exética L. vannamei no sudeste asiatico
houve uma dréstica mudanca na carcinicultura naquela regido, com a quase completa
substituicdo da producédo da espécie nativa P. monodon na ultima década (FAO, 2010).
Assim, o cultivo de L. vannamei atingiu, em 2008, um total de 1,8 milhdes de toneladas
fora da América, representado 80,7% da producdo mundial desta espécie e 40,7% da
producdo de todos os crustaceos cultivados fora da América (FAO, 2010).

No Brasil, embora iniciativas de cultivo de camardes marinhos datem da década
de 1970 com a producdo de espécies nativas (Litopenaeus schmitti, Farfantepenaeus
brasiliensis e Farfantepenaeus paulensis) e exoticas (L. vannamei vinda da Flérida -

EUA) através da parceria de empresas privadas e 0rgaos governamentais no Rio de
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Janeiro, Pernambuco, Rio Grande do Norte e Santa Catarina, apenas entre 0os anos de
1993 e 1998, houve a consolidacdo da atividade, com o monocultivo de L. vannamei
(NUNES et al., 2011). Tal consolidacdo deu-se tanto pelo aprimoramento de técnicas de
cultivo semi-intensivo, emprego de racdes balanceadas nacionais e controle de manejo
alimentar (NUNES et al., 2011), como pela distribuicdo comercial de pos-larvas e a
intensificacdo das validac6es tecnologicas nas fazendas de camardao (ROCHA, 2001).

Em 1999, uma combinacdo de surtos epidémicos do virus da Mancha branca
(White Spot Syndrome Virus - WSSV) em paises da América Central (México e
Equador), gque resultaram em queda da oferta do camardo no mercado internacional,
atrelada ao consequente aumento de precos neste produto fez com que o Brasil atingisse
ao final de 2003, uma ampliacdo de area de viveiros da ordem de 243%, passando de
4.320 ha para 14.824 ha e um aumento na producdo anual de 7.250t para 90.190t,
alcancando um recorde historico de US$ 220 milhGes de dolares em exportacGes
(NUNES et al., 2011).

Entretanto, em 2004, a carcinicultura viveu um ano atipico, quando a producao
registrou uma queda de 15,84%, ocasionada por uma série de fatores, como sanc¢des
comerciais movidas por pescadores norte-americanos contra 0 camardo brasileiro, o0s
precos baixos do camardo no mercado internacional, as enchentes de 2004 e 2008, a
desvalorizacéo do ddlar e o surto do virus da Mionecrose infecciosa (MADRID, 2005).
Além disso, a confirmacdo da presenca de WSSV em Santa Catarina em 2005 paralisou
a atividade produtiva no sul do pais (NUNES et al., 2011).

Em 2006, devido a queda nas exportaces, 0 modelo produtivo brasileiro voltou-
se ao mercado interno com a reducdo do tempo de engorda para menos de 90 dias e

oferta de camaré@o de 89 (NUNES et al., 2011). Entre 2008 e 2009, a producao caiu de
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70.251,2t para 65.189,0t quando as chuvas causaram enchentes nos estados do Rio

Grande do Norte e Ceard, que sdo os maiores produtores nacionais (BRASIL, 2010).
Atualmente, a carcinicultura nacional encontra-se com a producéo estabilizada em

65 mil toneladas, respondendo por 78% da producédo aquicola marinha nacional em

2011 (BRASIL, 2013).

2.2 - O virus da Mionecrose Infecciosa (IMNV)

Primeiramente relatado em 2002, o virus da Mionecrose infecciosa (Infectious
myonecrosis virus — IMNV) surgiu em uma fazenda de engorda de camardo marinho L.
vannamei localizada no municipio de Parnaiba, estado do Piaui. Os camardes
moribundos exibiam uma perda da transparéncia do musculo abdominal devido a
extensas areas necrosadas esbranquicadas do musculo esquelético (Figura 1) e uma
incidéncia persistente na mortalidade diaria a partir de 7 g (NUNES et al., 2004). Apo6s
difundir-se por todo o Nordeste, o IMNV foi responsavel por uma perda econémica
estimada em US$ 20 milhdes de ddlares em 2003 (NUNES et al., 2004), embora
estimativas mais recentes apontem para prejuizos superiores a US$ 100 milhdes de

dolares para o periodo compreendido entre 2002 e 2006 (LIGHTNER, 2011).

Figura 1. LesOes esbranquicadas no ultimo segmento abdominal (seta) provocada pela
infeccdo por IMNV, obtida a partir da inoculagdo experimental de virions purificados

em individuos livres de patogenos especificos (Specific Pathogen Free -SPF) de L.
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vannamei, e aparéncia normal, de musculo abdominal translicido (camardo inferior,

controle negativo). (Fonte: POULOS et al., 2006).

Apesar do impacto desta doenca na producdo, apenas em 2004 foi possivel
confirmar que o agente etiologico da Mionecrose infecciosa era de origem viral
(NUNES et al, 2011) a partir de desafios virais em L. vannamei SPF de virions
purificados isolados de animais naturalmente infectados coletados no Brasil durante o
surto (POULOS et al., 2006).

O IMNV ¢ um virus ndo envelopado e com simetria icosaé¢drica de 40 nm de
didametro, contendo um genoma monopartido de molécula de RNA de dupla fita
(dsRNA) com 7560 pb, formados por duas matrizes de regido de leitura (ORF1 e ORF2)
flanqueado pelas regides nao traduzidas 5’UTR (Untranslated region) na extremidade 5'
e 3UTR, na 3', e uma regido intergénica de 288 nucleotideos que separa as ORFs
(Figura 2) (POULOS et al., 2006).

A ORF1 (nucleotideos 136-4953) codifica um polipeptideo de 1606 aa, com peso
molecular de 179 KDa, que inclui a sequéncia terminal N da principal proteina do
capsideo (Coat protein - CP) iniciada no nucleotideo 2248 e o dominio do motivo da
dsRNA-binding (dsRNA-binding motif - DSRM) na porcdo extrema da 5° desta regido. A
ORF2 (nucleotideos 5241-7451) codifica uma proteina de 736 aa (85 kDa) que contém
as caracteristicas da RNA-polimerase RNA-dependente (RdRp). As estruturas
secundarias (5'UTR e 3'UTR - Regibes ndo traduzidas) estdo relacionadas a separagédo
do dsRNA durante a replicagdo do virus (Figura 2) (POULOS et al., 2006). Analises
filogenéticas baseadas na regido RdRp do IMNV classificou este virus como membro

da familia Totiviridae, e 0 unico a infectar um hospedeiro diferente de fungos ou
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protozoarios (POULQOS et al., 2006; NIBERT, 2007), embora Haugland et al. (2011)
relatem a identificacdo de um novo virus desta familia, o virus Piscine myocarditis
(Piscine myocarditis virus - PMCV), capaz de infectar vertebrados, como peixes adultos

do salméo do Atlantico (Salmo salar L.).

5 UTR 3' UTR
¢ ORF 1 ORF 2
f CP y A A
136 2248 4953 5241 7451
DSRM
RdRp
1234 5 6178

Figura 2. Organizagdo e regides conservadas do genoma IMNV. Organizagdo do
genoma mostrando: as UTRs, o DSRM, as ORFs, a proteina do capsideo (CP) e a
RdRp. NUmeros abaixo das setas indicam as posi¢Ges dos nucledtideos no genoma.

(Fonte: POULOS et al., 2006).

Quanto as estratégias de traducdo, segundo Ghabrial e Nibert (2009), membros da
familia Totiviridae podem utilizar trés modelos: (1) a RdRp e a CP sdo traduzidas como
uma proteina de fusdo a partir de uma Unica e continua ORF, seguida por clivagem
proteolitica; (2) a RdRp e a CP sdo traduzidas como uma fusdo, a partir de duas
sobreposicdes, mas fora da ORFs, usando um "ribosomal frame-shift”, seguida de
clivagem proteolitica e; (3) a RdRp e a CP séo traduzidas como proteinas separadas por
uma terminacdo de traducéo, sequida de reiniciacdo interna proveniente de duas ORFs
distintas e ndo sobrepostas. No caso do IMNV, embora a estratégia de traducdo adotada

seja o terceiro modelo descrito (POULOS et al, 2006), segundo Nibert et al., (2007),
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apos uma reavaliacdo da estratégia de traducdo deste virus, ha fortes indicios do uso de
uma "frame-shift" durante a traducdo para gerar uma fuséo entre a RdRp e a CP.

Quanto a distribuicdo geografica do IMNV, além do nordeste brasileiro, surtos de
IMNV foram relatados em fazendas na Indonésia (Asia) em 2006 (SENAPIN et al.,
2007), gerando perdas econdmicas superiores a US$ 1 bilhdo de dolares em 2010
(LIGHTNER et al., 2012). No Brasil, os surtos de IMNV parecem estar associados a
estresses ambientais, tais como variacdes extremas de salinidade e temperatura, e
possivelmente com o uso de alimentos de baixa qualidade (LIGHTNER, 2011). Silva et
al. (2010), em estudo realizado no nordeste brasileiro, também apontam longos ciclos e
altas densidades de estocagem como fatores capazes de aumentar a ocorréncia do IMNV
na producdo. Em um levantamento epidemioldgico realizado por Pinheiro et al. (2007)
no estado de Pernambuco em 2004, das 11 fazendas investigadas, nove apresentaram
individuos infectados.

Com relacdo a suscetibilidade de camardes peneideos ao IMNV, infeccGes
experimentais conduzidas por meio de injecdo intramuscular de in6culo purificado
mostraram que L. vannamei, Litopenaeus stylirostris, Farfantepenaeus subtilis e P.
monodon sdo susceptiveis ao IMNV, sendo L. vannamei a mais susceptivel de todas as
espécies com base no aparecimento dos sinais clinicos da infeccdo e mortalidade
(TANG et al., 2005; COELHO et al., 2009). Além disso, co-infeccbes naturais de
IMNV com os virus da Necrose hipodermal e hematopoiética infecciosa (Infectious
hypodermal and haematopoietic necrosis virus - IHHNV) (COELHO et al., 2009;
TEIXEIRA-LOPES et al., 2011) e da Mancha branca (FEIJO et al., 2013) em L.

vannamei tém sido relatadas no nordeste brasileiro.
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Segundo a Organizacdo Mundial da Satude Animal (OIE) (2012) séo considerados
métodos de deteccdo in vitro para diagnostico confirmatério a hibridizacdo in situ e a
reacdo em cadeia da polimerase (Polymerase Chain Reaction - PCR) e suas variages:
Transcriptase Reversa acoplada a reacdo em cadeia da polimerase (Reverse
Transcriptase - Polymerase Chain Reaction - RT-PCR) e PCR em tempo real (Real
Time Reverse Transcriptase-Polymerase Chain Reaction). Para o IMNV, estdo
disponiveis as técnicas de hibridizacéo in situ (TANG et al., 2005), RT-PCR (POULOS
e LIGHTNER, 2006) e PCR em tempo real (ANDRADE et al., 2007; SILVA et al.,
2011; LIU et al., 2013), sendo esta ultima considerada atualmente como o método mais
sensivel e reproduzivel para deteccdo e quantificacdo de virus de camardo (LIU et al.,

2013).

2.4 - Transmissao vertical de virus em crustaceos.

Virus sdo os agentes infecciosos mais comumente “bem-sucedidos” na
transmissdo vertical por terem a capacidade de persistir dentro das células, muitas vezes
ao longo do ciclo de vida do hospedeiro, sem produzir graves perturbacdes ou interferir
na viabilidade, tampouco induzir respostas imunes capazes de elimina-los (MIMS,
1981).

Entende-se por transmissdo vertical, a passagem do virus de uma geracdo para
outra, seja por intermédio dos gametas ou do embrido. Quando o virus € transmitido
dentro de um évulo maduro recebe a denominagdo especifica de transmissdo vertical
transovariana (MARTIN et al., 1987; BROCK e BULLIS, 2001).

Em crustéaceos, a transmissdo vertical tem sido um dos principais fatores para o

aumento da prevaléncia de muitos virus em populagdes selvagens ou domesticadas de
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diferentes espécies de peneideos, tais como: Penaeus japonicus, P. stylirostris, L.
vannamei e P. monodon) (LO et al., 1997; MUSHIAKE et al., 1998; HSU et al., 1999;
MORALES-COVARRUBIAS et al.,, 1999; TSAI et al., 1999; PENG et al., 2001;
COWLEY et al., 2002; MOTTE et al., 2003; WITHYACHUMNARNKUL et al., 2006;
LA PENA et al., 2007), e carideos (Macrobrachium rosenbergii); (SUDHAKARAN et
al., 2007a).

Além do aumento da prevaléncia, outra implicacdo da transmissdo vertical de
virus é o seu desdobramento em relacdo a teoria de acomodacdo viral. Nesta teoria, a
integracdo aleatdria de fragmentos do genoma viral no genoma do hospedeiro por meio
de transcriptase reversa e integrase do préprio hospedeiro conduziria a transcricdo de
MRNA antisense capaz de suprimir a propagacdo do virus decorrente da degradacao
especifica das sequéncias dos transcritos virais por meio do RNA de interferéncia
(RNAI). Tais insercOes acarretariam em infeccdes ativas, mas de baixo nivel em que o
hospedeiro ndo exibiria sinais clinicos da doenca, mas permaneceria infectado e
infeccioso a outros hospedeiros susceptiveis. Além disso, os individuos com estas
inser¢Oes as transmitiriam a seus descendentes e, durante o processo reprodutivo, a
distribuicdo aleat6ria dos cromossomos permitiria a rapida mistura destas insercfes de
protecdo, o que resultaria no desenvolvimento de uma prole tolerante ao virus
(FLEGEL, 2009). Entretanto, apesar da identificagdo de cinco tipos de transcriptase
reversa e sete tipos de integrase (TASSANAKAJON et al., 2006), até o momento,
nenhum estudo comprovou esta hipotese e a insercdo de sequéncias de DNA derivadas
de virus em células germinativas do hospedeiro.

Para o virus penaeid rod-shaped DNA (PRDV), um estudo sobre sua prevaléncia

em populacdes selvagens de adultos de Penaeus japonicus, em cinco pontos da costa
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japonesa, mostrou que 10,1% das fémeas e 6,7% dos machos capturados eram positivos
para 0 PRDV, com maiores taxas de deteccdo nas amostras provenientes de estbmago,
ovario e testiculo quando comparadas a hemolinfa. Ainda neste mesmo estudo, uma
variacdo sazonal e sexual indicou um maior nimero de fémeas positivas no verao,
sugerindo que sua captura torna-se uma fonte de transmissdo do PRDV quando estas
sdo usadas como reprodutores (MUSHIAKE et al., 1998).

Embora o IHHNV seja infeccioso para todos os peneideos, a prevaléncia deste
virus em reprodutores e a transmissdo vertical dependem da espécie infectada. Infeccbes
por IHHNV geram menos impacto na performance reprodutiva de P. stylirostris e P.
monodon do que em L. vannamei (MORALES-COVARRUBIAS et al., 1999; MOTTE
et al., 2003; WITHYACHUMNARNKUL et al., 2006). Um estudo de Morales-
Covarrubias et al. (1999), conduzido em adultos de P. stylirostris capturados no Norte
do Golfo da Califérnia (México), mostrou que a prevaléncia de IHHNV néo afetava a
reproducdo, uma vez que esta era de 89% nas fémeas, de 57% nos machos, de 100% em
ovos ndo fertilizados e de 60% em esperma, com auséncia de sinais clinicos da doenca
em todos 0s animais capturados.

Resultados similares foram obtidos por Withyachumnarnkul et al. (2006), sobre a
influéncia da transmissdo vertical de IHHNV na producdo de ovos de P. monodon
positivos provenientes da Tailandia. Os autores ndo detectaram reducdo na producédo de
ovos e nauplios ou quaisquer efeitos negativos sobre o crescimento da prole quando
comparados a animais negativos, sugerindo que este virus pode ser transmitido
verticalmente sem comprometimento da fecundidade ou fertilidade.

A transmissdo vertical de IHHNV também foi analisada em L. vannamei no

Equador em que 85% dos ovarios foram positivos, contrastando com apenas 13% do
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esperma de machos, sugerindo que a transmissdo vertical via materna é a mais
importante (MOTTE et al., 2003). Esses autores ainda concluiram que fémeas negativas
mostraram-se 25% mais produtivas do que as positivas, com reducdo evidente de
crescimento heterogéneo em nauplios provenientes de fémeas livres de IHHNV.

Com relacdo ao WSSV, reprodutores selvagens de P. monodon capturados no sul
de Taiwan apresentaram uma alta prevaléncia com 67,5% de machos e 75% de fémeas
positivos em diagnostico de nested-PCR. As fémeas com infec¢des elevadas (detectadas
na 12 PCR) foram incapazes de desovar, enquanto que aquelas com infeccdes leves
(detectadas na 22 PCR) desovaram, mas morreram apés a desova. Além disso, quando
estas fémeas foram triadas novamente depois de mortas, tornaram-se positivas na 12
PCR, indicando que o estresse de desova pode induzir a replicacdo viral (LO et al.,
1997). Quanto a deteccdo de WSSV nos tecidos, esses autores observaram que a
infeccdo por WSSV foi confirmada via ISH nos ovarios (células do foliculo e oogdnias)
e espermatéforos, com auséncia de dévulos maduros infectados, sugerindo que a
transmissao transovariana seja improvavel, mas que possa ocorrer com a liberagdo do
virus no momento da desova.

Em outro estudo com reprodutores selvagens de P. monodon capturados, também
no sul de Taiwan, ao se analisar a prevaléncia de WSSV em 45 fémeas infectadas antes
e apds a desova, houve um aumento de 67 para 75% de fémeas infectadas, com evidente
acréscimo na severidade de infeccdo, sugerindo que uma estratégia eficaz seja
selecionar reprodutores livres de WSSV ap0s a primeira desova (HSU et al., 1999).

Nas Filipinas, apesar da auséncia de diferenca entre a prevaléncia de WSSV entre
fémeas e machos selvagens de P. monodon, houve uma variagdo sazonal significativa,

com maior prevaléncia durante a estacdo seca ou verao, periodo no qual ha atividade de
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desova natural (LA PENA et al., 2007). Tal resultado corrobora com os descritos por Lo
et al. (1997) e Hsu et al. (1999) no sul de Taiwan, em que maior prevaléncia de infecgdo
foi obtida apds a desova. Além disso, Kou et al. (2001) também relatam que
reprodutores infectados por WSSV também podem morrer imediatamente apos a
desova.

Tsai et al. (1999) e Peng et al. (2001) sugerem que a adogdo da estratégia de
povoamento com nauplios oriundos de fémeas com prevaléncia por WSSV inferior a
50% pds-desova atrelado a condigcbes favoraveis de cultivo (baixa densidade e baixo
estresse ambiental), pode resultar em ciclos produtivos com baixa incidéncia de surtos
de doencas na engorda de P. monodon.

Para o virus gill-associated (GAV), a transmissao vertical foi demonstrada em
reprodutores de P. monodon selvagens coletados na costa nordeste de Queensland,
Australia (COWLEY et al., 2002). Neste estudo, tanto espermatoforos e tecido ovariano
maduro, como ovos fertilizados e nauplios de fémeas selvagens fertilizadas
naturalmente foram positivos para GAV via nested-PCR, indicando que a propagacao
do virus pode ser biparental. No caso dos espermatoforos, niveis de deteccdo mais
elevados (intensidade de banda e amplicons oriundos da 12 PCR) foram observados em
P. monodon mantidos em cativeiro por mais de 12 meses, indicando que o estresse do
cativeiro em longo prazo pode aumentar a severidade de infec¢do por GAV (COWLEY
et al., 2002).

No caso de camardes carideos, como o M. rosenbergii, a possibilidade de
transmisséo vertical dos virus Macrobrachium rosenbergii nodavirus (MrNV) e extra
small (XSV) foi confirmada via desafio oral ou de imerséo de reprodutores previamente

triados. Nestes experimentos, os reprodutores inoculados sobreviveram ao desafio sem
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sinais clinicos de infeccdo, desovando cinco dias apds a inoculacdo com eclosdo de
zoeas. Entretanto, apds a eclosdo, a taxa de sobrevivéncia das larvas diminuiu
gradualmente, atingindo 100% de mortalidade na fase de pos-larvas. A confirmacéo de
infeccdo por estes virus foi obtida através de amostras de tecido do ovario, ovos
fertilizados e estagios larvais por meio de PCR e nested-PCR (SUDHAKARAN et al.,
2007a).

Em populacdes de L. vannamei, a presenca de sobreviventes capazes de serem
portadores de infec¢do por IMNV ao longo da vida até se tornarem reprodutores nao foi
demonstrada cientificamente, mas acredita-se que 0 virus possa ser transmitido
verticalmente a progénie. Do mesmo modo, informacBes sobre vetores de infeccdo

ainda ndo se encontram disponiveis (OIE, 2012).

2.5 - Vetores virais em crustaceos

Do ponto de vista epidemioldgico define-se como vetor um animal, geralmente
invertebrado, que transmite ativamente um agente infeccioso do individuo infectado ao
susceptivel, podendo fazé-lo de duas maneiras: transmissdo mecéanica ou bioldgica
(FAO, 1987).

Na transmissdo mecanica, 0s vetores servem como um veiculo (um carreador)
em que o agente infeccioso é transmitido a partir de um hospedeiro para outro sem
passar por uma fase de desenvolvimento ou multiplicacdo. Neste caso, 0 agente €
transportado na pele ou trato digestdrio (como a boca) do vetor a partir de um
hospedeiro infectado para o susceptivel. Assim, o tempo de sobrevivéncia do agente no

vetor é geralmente curto, e como resultado, a transmissdo do agente tem que ser
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alcancada rapidamente. J& na transmisséo biologica, o agente infeccioso se desenvolve
dentro do vetor, tornando-se infeccioso ou multiplicando-se e servindo como hospedeiro
intermediario ou definitivo, dependendo de quais fases do ciclo de desenvolvimento do
agente esteja dentro do vetor. Além disso, 0s vetores podem ser capazes de passar o
agente para sua propria prole via transovariana, 0 que mantém a permanéncia do agente
infeccioso na populacdo de vetores, atraveés de muitas geracdes, sem que a populacao
seja re-infectada, sendo, portanto, uma fonte permanente de risco (FAO, 1987).

Na aquicultura, numerosos organismos aquaticos, incluindo rotiferos, artrépodes
(copépodes e microcrustaceo - Artemia), moluscos (bivalves) e anelideos (poliquetas)
tém sido apontados como vetores ou fonte de contaminacdo viral de WSSV, MrNV,
XSV e HPV em crustaceos (LI et al., 2003; VIJAYAN et al., 2005; SUDHAKARAN et
al., 2006; ZHANG et al., 2006, 2007, 2008, 2010; SIVAKUMAR et al., 2009; CHANG
etal., 2011; CORRE et al., 2012; JIANG, 2012; FENG et al., 2013).

A transmissdo e a infectividade de WSSV a partir de rotiferos infectados das
espécies Brachionus urceus e B. plicatilis em Fenneropenaeus chinensis e P. monodon
foram documentados por Zhang et al. (2006) e Corre et al. (2012), respectivamente. No
primeiro trabalho, Zhang et al. (2006) demonstraram que rotiferos experimentalmente
infectados via rota de adesdo virus-fitoplancton foram positivos para WSSV via PCR,
mas ndo foram patogénicos para F. chinensis devido a baixa susceptibilidade a WSSV
antes da fase pos-larval (PL). J& para pos-larvas de P. monodon, B. plicatilis infectados
via imersdo foram altamente patogénicos, com 82% de mortalidade nos camardes co-
cultivados com rotiferos positivos (CORRE et al., 2012). Ainda neste estudo, ovos em
diapausa também foram positivos para WSSV, confirmando as evidéncias anteriores

deste rotifero como hospedeiro e vetor na transmissdo de WSSV. Similarmente, Yan et
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al. (2004) também detectaram a presenca de WSSV em ovos em dipausa de B. urceus,
submetidos a desinfeccdo da superficie, coletados em sedimentos de viveiros de F.
chinensis, indicando que este organismo serve como um reservatorio de WSSV em
viveiros, o que segundo Corre et al. (2012), explicaria a recorréncia de surtos virais em
viveiros de camardo que tiveram uma preparacao preventiva com secagem, calagem e
dessecacéo do solo.

Além dos rotiferos, artropodes da subclasse Copepoda, como 0s copépodes
Acartia clausi, Nitocra sp. e Apocyclops royi foram confirmados como vetores de
infeccdo por WSSV via PCR. Copépodes do género Nitocra sp. foram expostos ao
WSSV através da rota de adesdo virus-fitoplancton, sendo utilizados como material
infeccioso para a infeccdo de pos-larvas de P. japonicus através de desafios oral e de
injecdo intramuscular, para os quais obtiveram 52,5 e 72,5% de mortalidade |,
respectivamente (ZHANG et al., 2008). Similarmente, o copépode A. clausi foi
submetido a desafio de imersdo e a rota de adesdo virus-fitoplancton para WSSV, sendo
positivos apenas os animais desafiados via virus-fitoplancton por nested-PCR,
indicando que estes animais, ao ingerirem fitoplancton carreador de WSSV, acumulam
particulas virais em seu intestino e eliminam o agente infeccioso no ambiente (ZHANG
et al., 2007). Além disso, o receptor para WSSV foi encontrado na membrana celular do
copépode A. clausi, evidenciando o papel deste invertebrado como hospedeiro (FENG
et al., 2005).

Chang et al. (2011), ao investigar a funcdo do copépode Apocyclops royi e do
molusco bivalve Meretrix lusoria na transmissao de WSSV, mostraram que 0 genoma
de WSSV pode ser detectado via nested-PCR e que as cargas virais, detectadas por PCR

em tempo real, aumentaram de acordo com o tempo de curso da infecgdo apos desafios
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via virus-fitoplancton em A. royi e M. lusoria. Entretanto, a analise temporal de
transcricdo da expressdo de genes de WSSV via RT-PCR revelou que o virus conseguia
se replicar em A. royi, mas ndo em M. lusoria, sugerindo que este Gltimo é apenas um
vetor mecanico devido a bioacumulacdo de particulas virais. Um desafio viral via
ingestdo revelou ainda que WSSV acumulado em M. lusoria infectado poderia ser
transmitido ao L. vannamei e provocar infeccdo grave (CHANG et al., 2011).

Outro artrépode, 0 microcrustaceo Artemia sp., também tem sido apontado como
vetor de WSSV. Em duas investigacbes, diferentes estagios de Artemia sp.
(metanauplios e adultos) foram inoculados através da rota de adesdo virus-fitoplancton
com resultados positivos via PCR, mas sem sinais clinicos de infec¢do (LI et al., 2003;
ZHANG et al., 2010). Li et al. (2003) também mostraram que os resultados obtidos a
partir de estudos de infectividade e transmissao vertical sugerem que a Artemia sp. pode
transmitir o virus das fases larvais até adultos e de adultos a cistos reprodutivos. No
entanto, a constatacdo de que nauplios eclodidos destes cistos foram negativos, indica
que o WSSV ¢ removido durante a incubacdo e lavagem dos nauplios. Similarmente,
Chang et al. (2002) ndo detectaram WSSV em nauplios eclodidos e lavados derivados
de cistos positivos, nem em poés-larvas de P. monodon alimentadas por estes nauplios,
sugerindo uma contaminacdo externa dos cistos. Entretanto, a presenca de receptores
celulares de WSSV na membrana de células de Artemia sp., sugere que este
microcrustaceo seja um reservatorio de WSSV (FENG et al., 2013).

Além do WSSV, os virus MrNV, XSV e HPV também foram capazes de infectar
0 microcrustaceo artemia. A patogenicidade de MrNV e XSV para todos os estagios de
desenvolvimento da Artemia sp. (nauplio, metanauplio, juvenil, pré-adulto e adulto) foi

avaliada por meio de desafios de imersdo e oral, com resultados positivos para todas as
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fases via RT-PCR, embora nenhum sinal clinico de doenca tenha sido observado. Por
outro lado, ao se utilizar Artemia positiva para a transmissédo destes virus em pos-larvas
de M. rosenbergii, todos se tornaram positivos com sinais de infeccdo com 100% de
mortalidade ao 9° dia pds-inoculacao, indicando gque este microcrustaceo funciona como
reservatorio ou vetor mecanico (SUDHAKARAN et al., 2006). Do mesmo modo, em
similares desafios experimentais, diferentes fases da Artemia franciscana foram
positivas ao HPV por PCR, com transmissdo horizontal comprovada quando estes
animais infectados foram usados em desafios de ingestdo de pos-larvas de P. monodon.
No entanto, ndo ficou claro se a Artemia é realmente infectada com HPV ou
simplesmente age como portadora passiva (SIVAKUMAR et al., 2009).

Embora maior importancia tenha sido dada a organismos zooplancténicos como
vetores de WSSV, de acordo com Bondad-Reantaso et al. (2001), virions de WSSV
podem permanecer infecciosos nos tecidos em decomposi¢cdo ou em detritos por até
quatro dias e ser consumidos por invertebrados bentbnicos, evidenciando a
possibilidade de poliquetas (anelideos) como vetor mecanico deste virus.

Em estudo conduzido por Vijayan et al. (2005), poliquetas da espécie Marphysa
gravelyi foram coletadas em oito estacdes selecionadas na costa nordeste da india e
avaliadas para a presenca de WSSV via nested-PCR. Destas areas, as cinco que
recebiam diretamente efluentes da carcinicultura apresentaram poliquetas positivas para
WSSV com prevaléncia entre 16,7 e 75%, enquanto que as trés restantes, em que néo
havia atividade de cultura, todas foram negativas. Alem disso, ao desafiar poliquetas
com a adicdo de inoculo na agua, mais de 60% tornaram-se positivas apos sete dias de

experimento, sendo capazes de infectar reprodutores de P. monodon (até 83% de
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infectados), comprovando, assim, seu papel como vetor na transmissdo horizontal de

WSSV (VIJAYAN et al., 2005).

2.6 - Aplicacédo de modelos in vitro para crustaceos

Modelos in vitro baseados na utilizagdo de cultura celular sdo sistemas
experimentais que permitem alto controle das condi¢des de ensaio, reduzindo a
variabilidade das respostas que possam ser observadas devido a condic¢des de estresse,
nas quais as interagfes entre patdgeno e hospedeiro possam ser analisadas (VILLENA,
2003). Por este motivo, sua aplicacdo tem permitido a abordagem de alguns elementos
cruciais para o manejo integrado de salde na aquicultura, incluindo a validacdo e
padronizacdo de métodos de diagnostico, o desenvolvimento de novos produtos
terapéuticos e a implementacdo de metodologias de controle de doencas eficazes
(VILLENA, 2003). Adicionalmente, estes modelos também tém sido utilizados como
ferramentas alternativas para a experimentacdo animal (RINKEVICH, 1999) e para a
producdo de grande quantidade de material viral e sua caracterizacdo (HAQ et al.,
2013).

Culturas celulares podem ser distinguidas em trés tipos: priméria, secundaria e de
linhagem estabelecida. Os cultivos primarios sdo obtidos diretamente do organismo
(animal ou vegetal) em condicbes assepticas e os fragmentos de tecido submetidos a
desagregacdo enzimatica, mecénica ou quimica para a obtencdo de uma suspensédo de
células livres. As culturas secundarias sao resultantes do repique (passagem) de culturas
primarias e as de linhagens estabelecidas, sdo cultivos cujo crescimento celular é

prolongando decorrente de caracteristica neoplasica da célula (DE ROBERTIS, 2006).
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Em crustaceos, culturas primarias oriundas de diferentes tecidos (6rgédo linfdide,
hepatopancreas, ovario e hemacito) de peneideos tém permitido a propagacdo dos virus
da Mancha branca (KASORNCHANDRA e BOONYARATPALIN, 1998; UMA et al.,
2002; MAEDA et al., 2004; JIANG et al., 2006; JOSE et al., 2010; JOSE et al., 2012),
da Taura (GEORGE et al., 2011) e da Cabeca amarela in vitro (ASSAVALAPSAKUL
et al., 2003). No entanto, culturas primarias sdo de dificil estabelecimento, contém uma
mistura heterogénea de células com vida atil limitada e propensa a contaminacao, além
de baixa reprodutibilidade. Por outro lado, linhagens de células imortais podem ser
continuamente cultivadas, eliminando a necessidade de fonte de células oriundas de
animais vivos; apresentam culturas homogéneas com relacdo ao genotipo e fenotipo e
estabilidade em nitrogénio liquido por varios anos e; culturas celulares em larga escala
em curto periodo de tempo (CRANE, 1999; CLAYDON et al., 2010).

Atualmente, apesar dos avancos na decodificacdo das necessidades nutricionais de
células in vitro e nas abordagens moleculares em nivel genémico para transformacéo e
imortalizacdo de células, linhagens celulares provenientes de invertebrados permanecem
sem ser desenvolvidas. Tal fato ocorre, principalmente, devido a falta de informacgdes
sobre os mecanismos moleculares que inibem transformacfes neoplésicas em camardo
(JAYESH et al., 2012).

Visando solucionar este problema, inimeros trabalhos tém empregado linhagens
celulares de mosquito (Aedes albopictus subclone C6/36) e lepiddpteros (Spodoptera
frugiperda subclone SF9) para a propagacéo in vitro de virus de camarao.

Sudhakaran et al. (2007b) relatam a replicacdo dos virus Macrobrachium
rosenbergii nodavirus (MrNV) e extra small virus (XSV) em cinco passagens

sucessivas de C6/36, confirmada através da analise de RT-PCR de amostras do

37



SILVA, SM B C. DESENVOLVIMENTO DE FERRAMENTAS PARA BIOENSAIOS VIRAIS... 38

sobrenadante da cultura apds trés dias de inoculacdo e de microscopia (coloracdo de
RNA com laranja de acridina), na qual foram observados o desenvolvimento de virions
apos 48 horas e aumento da coloracdo do RNA no citoplasma. Adicionalmente, estudos
de infectividade conduzidos por estes autores em poés-larvas de Macrobrachium
rosenbergii, por meio de desafios de imersdo de inoculo preparado a partir do
sobrenadante da cultura de células infectadas, mostram a presenca de sinais clinicos de
infeccdo similares aos obtidos em surtos naturais e 100% de mortalidade em 6 dias pos-
infeccdo, com confirmagcdo positiva via RT-PCR dos animais desafiados
(SUDHAKARAN et al., 2007b).

No caso de camardes peneideos, Sriton et al. (2009) descrevem 100% de células
C6/36 e SF9 positivas para WSSV e YHV detectadas via analise imunohistoquimica em
mais de 100 passagens celulares. Entretanto, apesar da fluorescéncia positiva, nenhum
efeito citopatico (CPE) foi observado nas células infectadas em relacdo as negativas e
nenhum virion ou nucleocapsideo de WSSV ou YHV fora observado no ndcleo de
células imunopositivas via microscopia eletronica, indicando que a persisténcia de
antigenos virais possa estar associada a transmissdo ocorrida por divisdo celular
(subdivisdo de genes entre células mae e filhas) ou a algum processo endocitico inicial
durante a inoculacdo viral (SRITON et al., 2009).

Resultados similares foram obtidos por Gangnonngiw et al. (2010), que, ao
inocular YHV em C6/36, obtiveram 100% de células positivas detectadas via analises
imunohistoquimica e RT-PCR oriundas de passagens celulares. Entretanto, quando
amostras do sobrenadante celular destas culturas foram analisadas via RT-PCR, todas as
passagens mostraram-se negativas, sugerindo a ndo liberacdo de particulas virais no

meio de cultura. Tais resultados foram ratificados através dos estudos de infectividade
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em P. monodon inoculados intramuscularmente com indculo produzido a partir da
quinta passagem celular (usando apenas a célula) e do sobrenadante da cultura. No
primeiro (passagem celular), 57% de mortalidade foi alcancada ao 2° dia poés-
inoculacdo nos camarbes desafiados, com confirmacdo da infeccdo por histologia e
imunohistoquimica, enquanto que para 0 segundo (sobrenadante), nenhum camarao
injetado foi infectado (GANGNONNGIW et al., 2010).

Para o virus da Taura, células C6/36 foram inoculadas e mostraram-se positivas
por imunohistoquimica dentro de 11 passagens sucessivas, com constatacdo de
particulas virais junto a estruturas vesiculares no citoplasma de C6/36 imunopositivas
semelhantes aquelas encontradas em células de camarbes infectados com TSV
(ARUNRUT et al., 2011). Contudo, L. vannamei desafiados intramuscularmente com
homogeneizado proveniente do sobrenadante da 15° passagem celular, foram negativos
para TSV por imunohistoquimica e RT-PCR. Por outro lado, quando estes animais
foram submetidos a injecdes contendo um milhdo de células positivas oriundas da 15°
passagem celular, alta percentagem de hemdcitos imunopositivos para TSV foi obtido
ao 8° dia pos-inoculacdo (ARUNRUT et al., 2011).

Recentemente, a propagacdo de outro virus de camardo, o da Parvovirose
hepatopancredtica (Hepatopancreatic parvo-like virus - HPV), foi demonstrada em um
sistema in vitro usando C6/36 (MADAN et al., 2013). Os resultados revelaram que
C6/36 foram susceptiveis ao HPV e as células infectadas mostraram CPE sob a forma
de formacdo de vacuolo, reducdo do tamanho das células e degeneracdo da
monocamada ap6s cinco dias de infeccdo. A infeccdo por HPV em C6/36 foi
confirmada via analises de RT-PCR, imunocitoquimica e western blot, com

quantificacdo da carga viral através de PCR em tempo real em intervalos regulares de 4,
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6, 8, 10 e 12 dias pos-inoculacdo, na qual ficou evidente um aumento da carga viral
durante o curso da infecgdo, com maiores cargas encontradas ao 12° dia quando
comparadas ao 4° dia. Em relacdo aos estudos de infecciosidade, pds-larvas de P.
monodon foram desafiadas via imersdo com indculo proveniente da 20° passagem de
cultura positiva, causando alta mortalidade apos seis semanas de infeccdo (MADAN et
al., 2013).

Os resultados destes estudos mostram que sistemas in vitro de cultura celular
tornam-se uma opcdo atraente para o crescimento, o isolamento e a obtencdo de virus
sem a dependéncia de fontes originarias de surtos naturais, além de permitir a avaliacdo
de quais células sdo suscetiveis a determinado patdgeno. Tais implicacdes tornam as
culturas celulares uma ferramenta adicional a padronizacdo de material infeccioso a ser
usado na identificacdo de animais susceptiveis, infectados e resistentes em programas de

selecdo de linhagens resistentes a doengas.

2.7 - Melhoramento genético para resisténcia a doencas em camardes marinhos

Nos ultimos anos, programas de selecdo para resisténcia a doencas tém recebido
cada vez mais importancia na aquicultura mundial (@DEGARD et al., 2011). Estes
programas baseiam-se em testes de desafio viral a patégenos especificos (um patdgeno a
um intervalo de tempo, usando diferentes subamostras de todas as familias do nicleo de
selecdo) em condicBes ambientais controladas (JDEGARD et al., 2011).

Em camardes, programas de selecdo para resisténcia a doencas tém sido
desenvolvidos para doengas com elevadas taxas de mortalidade (entre 70 e 100%) e
com crescimento reduzido nos animais sobreviventes, tais como o virus da Taura e da

Mancha branca (COCK et al., 2009). Para o virus da Taura, desafios virais por ingestao
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de tecido infectado em condi¢bes controladas foram realizados para a selecdo
combinada (massal de familias resistentes), havendo um aumento de 18,4% de
sobrevivéncia nos individuos selecionados quando comparado ao grupo controle
(ARGUE et al., 2002). White et al. (2002) relatam um aumento na sobrevivéncia média
de 24 para 37% ap06s a exposicdo de familias selecionadas de L. vannamei ao TSV ao
longo de trés anos, com incremento na sobrevivéncia de 65 para 100% entre as familias
de melhor performance durante 0 mesmo periodo. Ap6s 15 geracdes de selecéo de L.
vannamei para resisténcia a TSV, observa-se uma alta frequéncia de familias por
geracdo exibindo 100% de sobrevivéncia ap0s a exposicdo ao TSV (MOSS et al., 2011).

Para a Mancha branca, apesar de terem sido usados desafios semelhantes com
ingestdo de tecido para a obtencdo de familias resistentes, por selecdo combinada, em
ambiente controlado e em condi¢Ges comerciais, 0 baixo numero de sobreviventes
decorrente de mortalidades superiores a 98%, impossibilitou a formacdo de familias
iniciais (GITTERLE et al., 2005). No entanto, estudos recentes mostram a producgéo de
familias de L. vannamei com maiores taxas de sobrevivéncia (22,7-57%) ap0s poucas
geragOes de selecdo para 0 WSSV (HUANG et al., 2011; CUELLAR-ANJEL et al.,
2012). Ja para o virus IHHN, a comprovacdo de uma linhagem resistente de P.
stylirostris (Super Shrimp®) foi obtida através da oferta de tecido infectado picado
como rota de infeccdo (TANG, et al., 2000), sugerindo que programas de melhoramento
de resisténcia podem ser realizados de forma eficaz com L. vannamei.

No que diz respeito ao modo de exposicao viral, Lotz (1997a, b) relatou que a
mortalidade para TSV foi maior quando os camarfes foram submetidos a desafios por
injecdo com o virus em relacdo aos que foram apenas expostos ao patdgeno na agua

(waterborne assay). Por outro lado, pesquisadores do U.S. Marine Shrimp Farming
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Program (USMSFP) do Havai observaram que ndo houve correlacdo fenotipica na
sobrevivéncia familiar ao TSV, quando camardes foram expostos por injecdo versus
ingestdo, enfatizando a importancia de padronizar protocolos utilizados nos laboratérios

de desafios a doencgas (MOSS et al., 2005).
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4- Artigo cientifico

4. 1 - Artigo cientifico |

Experimental infection of Infectious myonecrosis virus (IMNV) in the Pacific white

shrimp Litopenaeus vannamei (Boone, 1931)

Artigo cientifico submetido & Revista Aquaculture Research.

Todas as normas de redagdo e citagdo, deste capitulo, atendem as
estabelecidas pela referida revista (em anexo).
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shrimp Litopenaeus vannamei (Boone, 1931)

Suzianny Maria Bezerra Cabral da Silva!, Jodo Lufs Rocha? Pedro Carlos Cunha
Martins®, Alfredo Olivera Gélvez', Fernando Leandro dos Santos®, Humber Agrelli

Andrade’, Maria Raquel Moura Coimbra™*

'Departamento de Pesca e Aquicultura, Universidade Federal Rural de Pernambuco, Av.

Dom Manoel de Medeiros, 52171-900, Dois Irmaos, Recife, Pernambuco, Brazil

°Genearch Aquacultura Ltda, Rua Pedro Zuca, 59578-000, Rio do Fogo, Rio Grande do

Norte, Brazil

3Departamento de Oceanografia e Limnologia, Universidade Federal do Rio Grande do

Norte, Via Costeira, 59014-100, Praia de Mae Luiza, Rio Grande do Norte, Brazil

*Departamento de Medicina Veterinaria, Universidade Federal Rural de Pernambuco,

Av. Dom Manoel de Medeiros, 52171-900, Dois Irmaos, Recife, Pernambuco, Brazil

Correspondence: M R M Coimbra, Laboratorio de Genética Aplicada, Departamento de
Pesca e Aquicultura, Universidade Federal Rural de Pernambuco, Av. Dom Manuel de
Medeiros, s/n — Dois Irméos, Recife-PE, Brazil, 52171-900. Tel: +55 81 33206522;

Fax: +55 81 33206502. E-mail: raquel@depag.ufrpe.br
Running title: IMNV infection protocol for marine shrimp.

Keywords: virus infection; IMNV resistant shrimp; survival; breeding program.

65



21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

SILVA, SM B C. DESENVOLVIMENTO DE FERRAMENTAS PARA BIOENSAIOS VIRAIS... 66

ABSTRACT

Bioassays are essential in detecting resistant animals based on standardized challenge
tests. We developed an experimental infection of Infectious myonecrosis virus (IMNV)
through two methods of infection, by ingestion and injection, in Litopenaeus vannamei.
For ingestion bioassays, shrimp (2-3.9 g body weight) were exposed to four feeding
infection treatments associated to stress. No signs of disease were observed and 30% of
the animals were infected. In the injection treatment, dilutions from 1:10' (mean viral
load of 9.82x10° IMNV copiespg™ of total RNA) to 1:10° were tried at 28°C and from
1:10° to 1:10°, at 26°C. All challenged animals exhibited IMNV signs of infection for
dilutions from 1:10" to 1:10" for both temperatures. Between 1:10° and 1:10 dilutions,
the number of infected animals was superior to 60%, while at 26°C; these values were
between 30 and 50%, with a clear decrease in the proportion of infected shrimp as a
consequence of declining water temperature. Median infectious doses (IDsp) was
determined between 2.44:10% and 1.19:10" at 28°C and between 1.76:10° and 1.28:10°
at 26°C for 15 days post-infection, respectively. As the highest infection rates were
detected in the dilution of 1:10" at 28°C and 1:10° at 26°C, these were chosen as the

most appropriate infective methods.
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INTRODUCTION

Penaeid species include the most economically important cultured marine
shrimp species worldwide (Moss, Moss, Arce, Lightner & Lotz 2012). In the Americas,
the shrimp farming industry accounted for nearly 20% of total global production, and
the Pacific white shrimp, Litopenaeus vannamei, for more than 95% of the Western
Hemisphere’s production (Lightner 2011), with a total production of 2,720,929 tons in

2010 (FAO 2012).

Despite high levels of production, viral diseases have been a serious limiting
factor in penaeid shrimp industry (Lightner 2011). The increasing rate of emerging viral
diseases in aquatic species has been associated with the transition from wild
environment to aquaculture systems due to degradation of environmental quality of
culture system, high stocking densities and manipulations (Pinheiro, Lima, Souza, Neto,

Adrido, Gongalves & Coimbra 2007; Walker & Winton 2010).

In Brazil, the economic impact of an outbreak of Infectious myonecrosis virus
(IMNV) was estimated to have cost US$ 100 million for the period from 2002 to 2006
(Lightner 2011). IMNV-infected shrimp exhibited necrosis of striated muscles
(abdomen and cephalothorax), which can become reddened in chronic stage of infection

and mortality rates ranged from 40 to 60% (Nunes, Martins & Gesteira 2004).

Crustaceans lack the acquired immunity found in vertebrates and hence their
resistance to disease is based on their innate immune system (Luo, Zhang, Shao & Xu

2003), thus limiting alternatives for disease control. Under these circumstances, the

67



60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

SILVA, SM B C. DESENVOLVIMENTO DE FERRAMENTAS PARA BIOENSAIOS VIRAIS... 68

development of genetic resistance stock to infectious diseases becomes an attractive

option (Storset, Strand, Wetten, Kjgglum & Ramstad 2007).

Shrimp aquaculture industry has adopted the strategy of developing disease-
resistant populations on the basis that high survival rates can be associated with lower
viral loads in selected families. In this strategy, when both viral load (a continuous
indicator variable) and survival are used as a selection index, the number of
observations to achieve an acceptable statistical power is reduced (Moss, Doyle &

Lightner 2005).

Breeding programs aiming disease resistance are based on viral challenges for
specific pathogens under laboratory conditions (@degard, Baranski, Gjerde & Gjedrem
2011a). The development of the experimental infection protocol has to simulate the
most likely exposure route in culture conditions, repeatability, stocking densities and
uniform dosage of inoculum (White, Schofield, Poulos & Lightner 2002). Thus,
inoculation techniques are essential to minimize environmental variance components
and maximize genetic variation in challenge tests (Gitterle, Gjerde, Cock, Salazar, Rye,

Vidal, Lozano, Erazo & Salte 2006).

Recently, the selection for disease resistance in shrimp has been developed to
improve survival for severe diseases such as Taura syndrome virus (TSV) and White
spot syndrome virus (WSSV), which causes mortalities close to 100% and decreases
growth rates in surviving animals (Cock, Gitterle, Salazar & Rye 2009). In TSV
resistance program, selected shrimp exposed to TSV by ingestion of infected tissue had
an 18.4% increase in survival after the first generation of selection (Argue, Arce, Lotz

& Moss 2002). In the case of WSSV, high mortalities (>98%) prevented the selection of
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dams and sires (Cock et al. 2009; Gitterle, Salte, Gjerde, Cock, Johansen, Salazar,
Lozano & Rye 2005). However, recent studies demonstrated that WSSV selected
families produced higher survival rates (from 22.7 to 57%) in few generations,
suggesting that resistance breeding programs can be conducted effectively with L.
vannamei (Huang, Yin, Ai, Huang, Li, Weng & He 2011; Cuellar-Anjel, White-Noble,

Schofield, Chamorro & Lightner 2012).

Because primary cell cultures from crustaceans have been used for growing or
viral titration purposes only (Villena 2003) and attempts for producing crustacean
hybrid cell lines have not demonstrated success in in vitro viral growth (Claydon, Roper
& Owens 2010), in vivo assays may provide an important tool in breeding selection

(Prior, Browdy, Shepard, Laramore & Parnell 2003).

A preliminary experiment of IMNV infection has been reported for L. vannamei
(White-Noble, Lightner, Tang & Redman 2010). However, the development of a
standardized challenge protocol to evaluate IMNV resistance in L. vannamei families
remains unavailable. Based on this information, this study aimed at developing an
experimental infection protocol for IMNV infection in L. vannamei, throughout two
methods of exposure, ingestion of infected tissue and injection of viral inoculums,
quantifying the viral load in all challenged animals and evaluating the viral load and

survival rates correlations for the methods of exposure.

MATERIAL AND METHODS

Experimental conditions

69



105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

SILVA, SM B C. DESENVOLVIMENTO DE FERRAMENTAS PARA BIOENSAIOS VIRAIS... 70

Specific Pathogen Free (SPF) L. vannamei juveniles (2-3.9 g body weight) from
different families were obtained at Genearch Aquacultura Ltda (Brazilian commercial
hatchery; Rio Grande do Norte, Brazil) and maintained under a biosecurity facility. All
tanks were covered to prevent virus transmission by aerosol and water was disinfected

with 5 mgL™ chlorine.

Shrimp were randomly selected and distributed into 100 L fiberglass tanks with
continuous aeration (salinity between 29 and 31 gL™), according to stocking density of
each route of infection and acclimatized to experimental conditions for 24 h prior to the
experiments. Animals were fed twice a day with a commercial pellet feed (35% crude
protein) at a rate of 5% body weight day™. Water quality parameters (temperature and
pH) were monitored twice daily using an YSI 556 MPS meter (Yellow Spring
Instruments Co., Yellow springs, OH, USA), with daily exchange of sea water at 50%
and samples were collected weekly for total ammonia and nitrite measurements using
commercial colorimetric kit (Alcon Labcon, Camborit, Santa Catarina, Brazil). All
water parameters were kept within recommended limits for L. vannamei (Van Wyk &

Scarpa 1999).

Inoculum Preparation

The IMNV inoculum used in this study was obtained from samples of adult (7-
11 g) L. vannamei collected during an outbreak in farms located in Northeastern Brazil,
which exhibited gross signs of acute-phase IMN disease. The presence of IMNV was

confirmed by PCR, and the absence of Taura syndrome virus (TSV), White spot
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syndrome virus (WSSV), Infectious hypodermal and hematopoietic necrosis virus
(IHHNV) and Necrotizing hepatopancreatic bacterium (NHPB) was detected by PCR
and nested-PCR. All PCR and nested-PCR analyses were conducted through 1Q2000™
kits, according to the manufacturer's instructions (Farming IntelliGene Tech. Corp.,

Taiwan) (data not shown).

Tissue (100 g) from abdominal muscle of naturally IMNV-infected shrimp
without cuticle was homogenized in 300 ml of chilled TN buffer (0.4 M NaCl and 20
mM Tris-HCI, pH 7.4) to a final concentration of 0.3 g tissue mL™ TN buffer. The
amount of tissue for inoculum preparation was based on TSV challenge described by
Zarain-Herzberg, Hernandez-Saavedra & Ascencio-Valle (2003). The homogenate
(stock inoculum) was diluted to 1:10" (mean viral load of 9.82x10° IMNV copiespg™ of
total RNA) with sterile 2% saline solution and centrifuged at 3,000 rpm for 25 min at
4°C. Supernatant fluid was centrifuged at 14,000 g for 20 min at 4°C and filtered
through a sterile 0.22 um syringe filter (TPP, Switzerland) followed by serial dilutions
(1:10° to 1:10%. All new virus dilutions were prepared from stock inoculum before each
assay and dilution dosages were expressed in stock inoculum ml™ of 2% saline solution.

All dilutions were stored at -80 °C until further use in injection challenges.

Oral inoculation procedure

The remaining muscle tissue used for stock inoculum preparation was preserved
at -80°C and used as infective material for oral challenges by ingestion of infected

tissue.
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Oral inoculation procedure consisted of four treatments: feeding with infected
tissue with salinity stress (FITS); feeding with infected tissue with temperature and
salinity stresses (FITES); feeding with infected tissue with alkalinity stress (FITA) and
feeding with infected tissue without stress (FIT) (Table 1). Stress tests design were
based on information provided by shrimp farmers who experienced IMNV outbreaks
between 2002 and 2004 in Brazil and by optimal water quality standards for L.

vannamei culture (Van Wyk & Scarpa 1999).

Each treatment was carried out in two replicates of 13 shrimp at a density of 1
individual 7 L™ and one control group. After molt stage, shrimp were orally infected
with IMNV-infected minced muscle tissue at 4% of the biomass/day for three days.
From the fourth day onwards, animals were submitted to stress tests for 48 hours at
intervals of one week. This procedure was repeated three times. Negative controls were
fed IMNV-free shrimp tissue confirmed using PCR, and submitted to same stress tests

conditions.

The experiment lasted 50 days and throughout this period, animals were fed a
commercial feed in the intervals of stress tests. Mortalities and gross signs of IMNV
disease were monitored daily. Throughout the experiment, all dead animals were
collected and stored at -80°C until real-time PCR analysis was performed. After 50
days, surviving shrimp were also stored at -80°C and submitted to real-time PCR
analysis. The IMNV infection loads were assessed in dead and surviving shrimp over

time.
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Table 1 Stress tests of oral inoculation procedure

Optimal standards (Van

Treatments Stress

Wyk & Scarpa 1999)
Feeding with infected tissue with salinity stress

5¢gL* 28-35¢gL*
(FITS)
Feeding with infected tissue with temperature 28 - 32°C and 28 — 35
20°C and 5 gL

and salinity stresses (FITES) gL

Feeding with infected tissue with alkalinity
30 mg CaCOsL?  >100 mg CaCO,L™
stress (FITA) by adding HCI.

Feeding with infected tissue without stress (FIT) - -

Intramuscular inoculation procedure

After molting, shrimp were inoculated intramuscularly in the third abdominal
segment using a 1-mL insulin syringe with each dilution (100 pL per animal). In the
negative control treatment, shrimp were injected with sterile 2% saline solution with the
same volume. Shrimp were monitored daily to observe mortality rate and IMNV clinical

signs.

Nine exponential serial dilutions were tested: from 1:10' to 1:10°. Initially,
dilutions from 1:10" to 1:10° were challenged with IMNV in duplicate of 13 animals,
however massive mortalities were observed on the 13" day. Thus, new virus inoculum
dilutions were set at 1:10° to 1:10° and three replicates of 20 animals were used. These

experiments were carried at 28°C at a density of 1 shrimp 5 L™ and one control group.
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In order to verify the effect of low water temperature in IMNV infection, a
second experiment was conducted at 26°C using the same virus serial dilutions
previously tested at 28°C, from 1:10° to 1:10°, with three replicates of 20 animals at a

density of 1 shrimp 5 L™ and one control group.

In both either cases, dead and surviving animals were collected during the course
of the experiment and stored at -80°C for real-time PCR analysis (except for dilution
1:10* at 28°C). Moribund or surviving animals from each dilution were preserved in
Davidson's AFA fixative for histological analysis (Bell & Lightner 1988) and a pair of

their pleopods was collected for real-time PCR diagnosis.

A third experiment was carried out at 26°C with dilutions from 1:10° to 1:10°
with three replicates of 20 animals at a density of 1 shrimp 5 L™ and one control group,
aiming to validate the survival probability trend obtained in the second experiment.
Thus, no PCR analyses were carried out, only annotation of dead and survivors was

recorded.

RNA extraction and RT-PCR

Total RNA was extracted from the abdominal muscle (50 mg) of challenged and
control animals using Trizol (Invitrogen, Carlsbad, CA, USA), according to
Chomczynski & Sacchi (1987), and stored at —80°C. The presence and quality of
extracted RNA were evaluated by means of electrophoresis 1% agarose-formaldehyde
gel in accordance with the standard protocol and the RNA concentration was estimated

visually by comparison of known RNA sample band intensity (130 nguL™) (Sambrook,
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I™ Reverse

Fritsch & Maniatis 1989). The cDNA synthesis was performed by Improm-I
Transcription System (Promega, Madison, WI, USA), with 0.5 g oligo(dT)sand 2 pL
of extracted total RNA in a 20 pL reaction volume, following the manufacture's

protocol.

Real-time PCR quantitation of IMNV in challenged animals

Real-time PCR detection assay was made according to Silva, Pinheiro &
Coimbra (2011) and the primer sequences used were 5'- GGA CCT ATC ATA CAT
AGC GTT TGC A-3' (IMNV412F) and 5'-AAC CCA TAT CTATTG TCG CTG GAT-

3'(IMNV545R), as described by Andrade, Srisuvan, Tang & Lightner (2007).

Amplification was carried out with 1X SYBR Green Master Mix (Applied
Biosystems, Warrington, UK), 0.2 uM of each primer and 1 puL of cDNA in a final
volume of 25 uL. Real-time PCR runs were conducted in an Applied Biosystems 7500
Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) and the
quantitation of the viral load was performed using the ABI 7500 program (version
2.0.1). Each sample was tested in duplicate. To determine the copy number of the
IMNV genome, an IMNV recombinant plasmid was constructed and used as a
quantitative standard, as described in Silva et al. (2011). Amplification specificity was

confirmed by analyzing the dissociation curve (Ririe, Rasmussen & Wittwer 1997).

Statistical analysis
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The proportions of infected shrimps and of survival are the response variables
considered in this study. Bayesian approach to statistical inference has experienced fast
growth over the last decades in several sciences (Berger 2000; McCarthy 2007; Kinas &

Andrade 2010). In this work, Bayesian approach was used to estimate the probability

(9) of infection (or surviving) for each treatment of ingestion and inoculation
experiments. In this approach, the likelihood for the data is combined with a prior
distribution that conveys all other relevant information to calculate an updated posterior
distribution of the parameter of interest (). The Bayes formulation is:

L #(0)x10)
POP)= 1 oNx oo

1)

where X stand for the data, 1(X10) is the likelihood, 7(0) is the prior and PO1%) s the
posterior distribution. The integral of the above equation can be difficult to calculate.
However, in some situations the posterior distribution can be easily calculated by using
families of conjugated probability distributions or numerical methods (e.g. Markov

Chain Monte Carlo — MCMC).

If the likelihood function and the prior distribution are conjugated, the posterior
distribution will of the same type of the prior distribution. Binomial and beta

distributions are conjugated. Hence, if we assume a binomial distribution for the

likelihood BiN(M6) \where N is the number of tries in which we observe X “successes”

(e.g. infected shrimps) and € is the probability of success (e.g. infection), and a beta
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Beta(c, )

distribution for the prior, it is easy to show that the posterior will be also a

beta distribution with parameters @=a+X and A =B+N=X (Kinas & Andrade
2010). That solution arises because binomial and beta distribution are conjugated. We
have used the conjugated solution to calculate the posterior distribution of probability of
infection for each of the ingestion and inoculation experiment treatments. We also used

the conjugated solution to calculate the posterior for the survival probability for each

ingestion treatment. In all the cases we assumed ignorance about ¢ and used a non-

Beta(L1)

informative prior distribution . Intervals of credibility (95%) were calculated

based on the posterior distribution of ©.

Generalized linear models (GLM) (McCullagh & Nelder 1989; Dobson 2002)
were used to model the relationship between the proportion of surviving shrimps
(response variable), and the dilutions (explanatory variable) tested in inoculation

experiments. The GLM is:
2 [E(Y)]=x0

where X is the design matrix that stands for the explanatory variables, ¢ is the vector

E(Y) is the expectation of the response variable, and 9[ ] is the link

of parameters,
function. If we assume a binomial distribution to model the number of successes in N

tries, the expectation is the probability of success and the model is a logistic regression.
Logit is often used as link function. We again assume ignorance about ¢ and used

N(z=0,6? =1000)

normal prior distributions with large variance . Here opted by the

MCMC numerical method to calculate the posterior distribution. The posterior
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distribution for the probability of survival is then calculated based on the posterior

distribution of. Intervals of credibility (95%) where calculated for the survival
probability. Kruskal-Wallis test was used to compare mean viral load values between
dilution groups. All the analyses mentioned in this section were carried out using the
software R (R Core Team 2013). The software JAGS (Plummer 2005) was used

together with R to run the MCMC algorithm.

RESULTS AND DISCUSSION

Oral inoculation procedure

Throughout the bioassay by ingestion of infected tissue, no gross clinical signs
of IMNV infection were found in challenged animals. Viral load ranged from 23.95 to
8.39x10° copiespg™ of total RNA for positive samples (Table 2) and 75% of challenged
animals presented undetectable levels of viral load. Similar results were reported by
White-Noble et al. (2010), which registered lower prevalence of diagnosable IMNV

infections for orally inoculated shrimp.
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Table 2 Viral load (copiespg™ of total RNA) of positive samples by oral inoculation

procedure
Viral load
Treatment N° Examined PCR Positive

Minimum Maximum
FITS 26 17 2.11 x10° 8.39 x10°
FITES 26 7 23.95 85.48
FITA 26 1 48.61 48.61
FIT 26 1 7.14 x10° 7.14 x10°

Although inoculation by ingestion of infected tissue simulates the most likely
natural mode of transmission in culture conditions (White et al. 2002), in the present
study it was ineffective due to the low number of infected animals. According to
Gitterle et al. (2005), it is unlikely that all animals will be equally infected by feeding

minced infected muscle, since only voracious animals will access infected tissue.

In order to produce TSV resistant lines, Argue et al. (2002) have challenged 65
families of L. vannamei by oral infection of minced tissue and found an increase of
18.4% in survival. Similarly, an IHHNV resistant line of Penaeus stylirostris was
obtained by feeding minced tissue as an infection route (Tang, Durand, White, Redman,
Pantoja & Lightner 2000). For WSSV, three selected families of L. vannamei were
orally infected by minced frozen tissue, resulting in higher survival rates up to 57%,
after nine generations of selection (Cuéllar-Anjel et al. 2012). In addition, Gitterle,
Gjerde, Cock, Salazar, Rye, Vidal, Lozano, Erazo & Salte (2006) and Escobedo-

Bonilla, Audoorn, Wille, Alday-Sanz, Sorgeloos, Pensaert & Nauwynck (2006)
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reported 100% infected L. vannamei in challenge tests that were conducted by a known
oral dose of WSSVmL™ using a catheter, suggesting new possibilities for other shrimp

viruses.

In this study, although mean viral load in the FITS treatment was lower than
those found in natural IMNV infections by Silva et al. (2011), the values were
statistically different among stress treatments (p<0.05). Moreover, the proportion of

infected animals was significantly higher for FITS treatment (Fig. 1).

0.6 0.8

Proportion of Infected
0.4

0.2

L

[ T T ]
FIT FITA FITES FITS

0.0
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Figure 1 Credibility interval (95%) of the proportion of infected shrimp of oral
inoculation procedure as calculated based on the posterior distributions. Circles stand
for the median. Treatments: FITS — Feeding with infected tissue with salinity stress;
FITES — Feeding with infected tissue with temperature and salinity stresses; FITA —
Feeding with infected tissue with alkalinity stress; and FIT — Feeding with infected

tissue without stress.
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Carbajal-Sanchez, Castro-Longoria & Grijalva-Chon (2008) reported that the
severity and progression of WSSV infection were higher in experimentally infected
animals submitted to 15 gL salinity rather than to 35, 25, 5 and 2 gL™. Although
salinity itself had little influence on metabolism of euryhaline species (Bray, Lawrence
& Leung-Trujillo 1990; Le Moullac & Haffner 2000), Pan & Jiang (2002) reported that
sudden changes of salinity (30 gL™ to 15 gL™) reduced antibacterial activity of L.
vannamei and Fenneropenaeus chinensis. Likewise, changes in salinity (from 25 gL to
5 gL™) led to higher susceptibility to V. alginolyticus infection in L. vannamei,
suggesting that change in salinity is capable of causing disease outbreaks (Wang &

Chen 2005).

Estimations of survival probabilities of infected shrimp until the end of the
experiment (50 days) were high for both FITS and FITES treatments. On the other
hand, probability of survival of infected shrimp was low for FITA and FIT groups. In
the case of FITA and FIT treatments, most deaths were associated to molting or to stress
conditions. However, the number of infected shrimps was low, hence the confidence
intervals are wide (Fig. 2). No mortality or detectable viral load was observed in the

negative control groups.
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Figure 2 Credibility intervals (95%) of the estimations of survival probabilities of L.
vannamei after IMNV challenge by oral inoculation treatments: FITS — Feeding with
infected tissue with salinity stress; FITES — Feeding with infected tissue with
temperature and salinity stresses; FITA — Feeding with infected tissue with alkalinity

stress; and FIT — Feeding with infected tissue without stress.

Intramuscular inoculation procedure

Mean viral load of all dilutions was not significantly different at 28°C for
dilutions between 1:10" and 1:107 (p > 0.05) and values were similar (Table 3) to those
reported for the chronic phase in naturally IMNV infected shrimp (between 6.85x10°
and 3.09x10* copiespg™ of total RNA) registered by Silva et al. (2011). In contrast,
significant differences in the mean viral load between 1:10* and 1:10" group and 1:10°

and 1:10° dilutions were found, with the first group exhibiting higher viral loads.
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Shrimp kept at 28°C and challenged by dilutions 1:10* to 1:10" showed higher
mean infection levels (Table 3) than those found for dilutions between 1:10° to 1:10’ for
shrimp maintained at 26°C (p < 0.05), whereas for 1:10° and 1:10° dilutions similar

mean viral load were observed for both temperatures.

In this study, the effect of decreasing water temperature from 28 to 26 °C in the
course of IMNV infection resulted in lower IMNV infection levels. Opposite results
were found for WSSV challenged shrimp kept at 33°C, which displayed no sign of
WSSV infection, whereas those maintained at 27 and 30°C developed signs of disease,
showing the effect of water temperature on the progression of infection in shrimp
(Rahman, Escobedo-Bonilla, Corteel, Dantas-Lima, Wille, Alday Sanz, Pensaert,
Sorgeloos & Nauwynck 2006; Rahman, Corteel, Wille, Alday-Sanz, Pensaert,

Sorgeloos & Nauwynck 2007).
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371 Table 3 Mean viral load (copiespg™ of total RNA) of intramuscular inoculation

372  procedure at 28 and 26°C

Dilutions PCR Viral load
N° Examined
at 28°C Positive Minimum Mean Maximum
1:10" 26 26 2.19x10° 6.04x10% 1.1x10°
1:10° 26 26 1.69x10° 4.82x10% 7.35x10’
1:10° 26 26 58.3 6.31x10% 7.65x10’
1:10° 60 52 2.99x10° 2.06x10™ 5.17x10°
1:10° 60 38 71.90 1.03x10" 4.66x10°
1:10° 60 47 30.20 4.94x10% 6.79x10’
1:10° 60 23 2.19x10° 4.23x10%° 2.04x10°
1:10° 60 8 1.90x10° 6.12x10%° 3.67x10°
Dilutions at Viral load
N° Examined PCR Positive

26°C Minimum Mean Maximum
1:10° 60 28 62.8 6.82x10™ 7.56x10°
1:10° 60 27 80.7 2.09x10% 3.39x10°
1:10° 60 18 41.7 8.88x10% 1.25x10°
1:10° 60 9 3.74x10°  2.49x10™°  1.25x10°
1:10° 60 1 6.13x10°  6.13x10™°  6.13x10°

373
374 All challenged animals for dilutions from 1:10" to 1:10” for both temperatures

375  displayed typical clinical signs of IMNV infection (opacity or muscle necrosis) and
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lesions suggestive of IMNV infection were found by histology, as demonstrated by
coagulative necrosis of striated muscle fibers accompanied by infiltration of hemocytes
(Fig. 3). Furthermore, a cannibalism trend was observed for these dilutions. Few
affected individuals were observed under infection for 1:10° or 1:10° dilutions and

shrimp used as controls displayed no clinical signs.
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Figure 3 Photomicrograph of striated muscle (400X) from L. vannamei analyzed for
IMNV lesions by H&E. Coagulative necrosis of striated muscle fibers accompanied by

infiltration of hemocytes (arrow) in IMNV infection.

Wu, Namikoshi, Nishizawa, Mushiake, Teruya & Muroga (2001) reported the
presence of cannibalism in Penaeus japonicus infected experimentally with WSSV by
intramuscular route. White et al. (2002) suggested that optimal biomass needs to be
considered in viral challenges in order to prevent cannibalism, though the eradication of
cannibalism is difficult, since L. vannamei cannibalizes dead or weak members of the
population (Gitterle et al. 2005). In this study, we could not detect consistent effect of

biomass on infection protocol.

85



393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

SILVA, SM B C. DESENVOLVIMENTO DE FERRAMENTAS PARA BIOENSAIOS VIRAIS... 86

Regarding the number of infected animals, serial dilution and proportion of
infected shrimp were inversely proportional for both temperatures. Over 60% of animals
challenged for dilutions between 1:10" and 1:10” were infected, while for 1:10° and
1:10° dilutions less than 40% of shrimp were infected at 28°C (Fig. 4). However, shrimp
challenged at 26°C showed a proportion of infection superior to 30% for dilutions
between 1:10” and 1:10° (Fig. 4). Therefore, a decrease in the proportion of infected

shrimp was observed as a consequence of lower water temperature.

1.0

0.6
L

Proportion of Infected
0.4

0.2

0.0

I T T T T T T T ]
1:10°  1:10%  1:107 1:10% 1:10° 1010 1:10° 10102 1:40

Dilution

Figure 4 Model fittings and infection probability estimation in the intramuscular
inoculation experiment. Light gray area bounded by dashed lines stands for the
credibility interval (95%) for the experiment with 26°C, while dark gray stands for the
experiment with 28°C. Continuous lines are the mean. Solid and empty circles are the
observed proportion of infected shrimps in the experiments with 26°C and 28°C,

respectively.
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In viral challenges by intramuscular route, the injected virus spreads rapidly
throughout the hemolymph, reaching target organs in a short interval (Carbajal-Sanchez
et al. 2008). Infectious viral particles are released directly into shrimp body, surpassing
natural barriers and reaching susceptible cells (Escobedo-Bonilla et al. 2006). On the
other hand, in viral challenges by oral route, infectious viral particles can be damaged

by lumen of shrimp foregut, leading to their inactivation (Escobedo-Bonilla et al. 2006).

In this study, greater proportions of infected animals were achieved by
intramuscular challenges, although mean viral load values were similar for all dilutions

(from 1:10" to 1:10" for both temperatures) and FITS ingestion treatment.

Survival probabilities were similar among dilutions from 1:10" to 1:10° at 28°C
for infected shrimp at the 13" day post-inoculation, though dilutions from 1:10* to 1:10°
showed massive mortalities at that time (Fig. 5). In general, high survival probabilities
of infected shrimp were achieved five days after exposure to the virus (for both
temperatures), but decreased quickly at the 10" day post-inoculation (less than 40% of
survivors) especially for 1:10° and 1:10° dilutions at 28°C, whereas for dilutions from
1:10° to 1:108 at 26°C, the survival probability was superior to 60% at the 10" day of

experiment (Fig. 5).

In the third experiment, the results of survival probability at 26°C were similar
from dilutions 1:10° to 1:108 up to the 5™ day post-inoculation, followed by a decline in
the 10™ day post-inoculation. A high survival was registered at the end of the

experiment (15" day post-inoculation) for 1:10° and 1:107 dilutions (Fig. 6).
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Figure 5 Credibility intervals (95%) of the estimations of survival probabilities of L.

vannamei infected after intramuscular inoculation procedure at 28°C (A) and 26°C (B).
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Figure 6 Credibility intervals (95%) of the estimations of survival probabilities of L.
vannamei infected by intramuscular inoculation. Solid circles correspond to observed
survival probability at 28°C, whereas solid square and triangle are survival probabilities

at 26°C for the second and third experiments, respectively.
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Prior et al. (2003) found no differences in the mortality of L. vannamei infected
intramuscularly with serial exponential dilutions of TSV and WSSV inoculums
recorded for 7 days post-infection. In the present study, there was no significant
difference in the mortalities for IMNV dilutions from 1:10" to 1:10° recorded five days

post-infection (p>0.05).

In the injection groups for both temperatures, the first mortalities were recorded
at the 6™ day post infection and there was one mortality peak between the 7" and 10™
days for dilutions of 1:10° to 1:10, suggesting that the time course required by the virus
to reach susceptible cells and start an infection process is around 10 days post-

inoculation.

In breeding programs, challenge tests for infectious diseases have been carried
out by terminating experiments at intermediate mortality or when it is still increasing. A
fundamental point for this is that genetic evaluation is based on survival as a binary
trait, which is favorable when the aim of selection is resistance rather than reduced
susceptibility (@degard, Gitterle, Madsen, Meuwissen, Yazdi, Gjerde, Pulgarin & Rye

2011b).

In the present study, median infectious doses (IDsp) were determined between
2.44:10° and 1.19:10’ dilutions at 28°C and between 1.76:10° and 1.28:10° dilutions at
26°C for 15 days post-infection, respectively. Moreover, if only the proportion of
infected individuals (positive animals) is taken into account, the dilution of 1:10 at
28°C and the dilution of 1:10° at 26°C revealed an infectious dose in which more than
45% of the test animals were infected and nearly 80% died. Furthermore, most of the

animals that died at these dilutions were infected with high levels of viral load,
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indicating that almost every infected shrimp died. Thus, these dilutions were the most
appropriate infective methods for driving challenges for IMNV resistance selection in L.

vannamei families due to its efficiency in the infection rate.
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4.1.1 - Normas da Revista Aquaculture Research

Author Guidelines

Content of Author Guidelines: 1. General 2. Ethical Guidelines 3. Submission of
Manuscripts 4. Manuscript Types Accepted 5. Manuscript Format and Structure 6. After
Acceptance Relevant Documents: Colour Work Agreement Form Useful Websites:
Submission Site, Articles published in Aguaculture Research, Author Services,
Blackwell Publishing’s Ethical Guidelines, Guidelines for Figures

1. GENERAL

Aquaculture Research publishes papers on applied or scientific research relevant to
freshwater, brackish, and marine aquaculture. The Journal also includes review articles
and short communications.

Please read the instructions below carefully for details on the submission of
manuscripts, the Journal's requirements and standards as well as information concerning
the procedure after a manuscript has been accepted for publication in Aquaculture
Research. Authors are encouraged to visit Wiley Blackwell's Author Services for
further information on the preparation and submission of articles and figures.

2. ETHICAL GUIDELINES

Aquaculture Research complies with the United Kingdom’s Animals (Scientific
Procedures) Act 1986 which regulates any experimental or other scientific procedure
applied to a “protected animal” that may have the effect of causing that animal pain,
suffering, distress or lasting harm. Currently, the Act defines a “protected animal” as
any living vertebrate, other than man, plus all live cephalopods, i.e. all species of
octopus, squid, cuttlefish and nautilus, from the point of hatching. For more information
see: http://www.homeoffice.gov.uk/science-research/animal-research/ or contact the
Home Office quoting reference CEPH2010/63/EU at
aspa.london@homeoffice.gsi.gov.uk .

2.1. Authorship and Acknowledgements

Authorship: Authors submitting a paper do so on the understanding that the manuscript
has been read and approved by all authors and that all authors agree to the submission
of the manuscript to the Journal. ALL named authors must have made an active
contribution to the conception and design and/or analysis and interpretation of the data
and/or the drafting of the paper and ALL must have critically reviewed its content and
have approved the final version submitted for publication. Participation solely in the
acquisition of funding or the collection of data does not justify authorship and, except in
the case of complex large-scale or multi-centre research, the number of authors should
not exceed Six.
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Aquaculture Research adheres to the definition of authorship set up by The
International Committee of Medical Journal Editors (ICMJE). According to the ICMJE,
authorship criteria should be based on 1) substantial contributions to conception and
design of, or acquisition of data or analysis and interpretation of data, 2) drafting the
article or revising it critically for important intellectual content and 3) final approval of
the version to be published. Authors should meet conditions 1, 2 and 3. The Journal
prefers papers describing hypothesis-driven research. Descriptive papers are allowed
providing that they meet the conditions listed above, particularly if they provide
substantial new knowledge which advances the state of knowledge in their topic area.
Papers describing research on topics already well described in the literature but differing
from previous work because the study was conducted with a different species of fish are
allowed, providing they describe novel findings rather than simply confirm well-known
phenomena found in other species.

It is a requirement that all authors have been accredited as appropriate upon submission
of the manuscript. Contributors who do not qualify as authors should be mentioned
under Acknowledgements.

Acknowledgements: Under Acknowledgements please specify contributors to the
article other than the authors accredited. Please also include specifications of the source
of funding for the study.

2.2. Ethical Approvals

Ethics of investigation: Papers not in agreement with the guidelines of the Helsinki
Declaration as revised in 1975 will not be accepted for publication.

2.3 Appeal of Decision

The decision on a paper is final and cannot be appealed.

2.4 Permissions

If all or parts of previously published illustrations are used, permission must be obtained
from the copyright holder concerned. It is the author's responsibility to obtain these in
writing and provide copies to the Publishers.

The journal to which you are submitting your manuscript employs a plagiarism
detection system. By submitting your manuscript to this journal you accept that your
manuscript may be screened for plagiarism against previously published works.

2.5 Copyright Assignment

Authors submitting a paper do so on the understanding that the work and its essential
substance have not been published before and is not being considered for publication
elsewhere. The submission of the manuscript by the authors means that the authors
automatically agree to assign exclusive license to the publisher if and when the
manuscript is accepted for publication. The work shall not be published elsewhere in
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any language without the written consent of the publisher. The articles published in this
Journal are protected by copyright, which covers translation rights and the exclusive
right to reproduce and distribute all of the articles printed in the Journal. No material
published in the Journal may be stored on microfilm or videocassettes, in electronic
databases and the like, or reproduced photographically without the prior written
permission of the publisher.

Correspondence to the Journal is accepted on the understanding that the contributing
author licenses the publisher to publish the letter as part of the Journal or separately
from it, in the exercise of any subsidiary rights relating to the Journal and its contents.

If your paper is accepted, the author identified as the formal corresponding author for
the paper will receive an email prompting them to login into Author Services; where via
the Wiley Author Licensing Service (WALS) they will be able to complete the license
agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected the corresponding author will be presented with
the copyright transfer agreement (CTA) to sign. The terms and conditions of the CTA
can be previewed in the samples associated with the Copyright FAQs below:
CTA Terms and Conditions http://authorservices.wiley.com/bauthor/fags_copyright.asp

For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of the
following Creative Commons License Open Access Agreements (OAA):

Creative Commons Attribution License OAA

Creative Commons Attribution Non-Commercial License OAA

Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the
Copyright FAQs hosted on Wiley Author Services
http://authorservices.wiley.com/bauthor/fags_copyright.asp and visit
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--
License.html.

If you select the OnlineOpen option and your research is funded by The Wellcome Trust
and members of the Research Councils UK (RCUK) you will be given the opportunity
to publish your article under a CC-BY license supporting you in complying with
Wellcome Trust and Research Councils UK requirements. For more information on this
policy and the Journal’s compliant self-archiving policy please visit:
http://www.wiley.com/go/funderstatement.

For questions concerning copyright, please visit Wiley Blackwell's Copyright FAQ.
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CrossRef: The journal employs a plagiarism detection system. By submitting your
manuscript to this journal you accept that your manuscript may be screened for
plagiarism against previously published works.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts must be prepared to conform to the Journal’s style and format. Please
consult the section Manuscript Format and Structure below for details. Substantial
deviation from the Journal’s format will result in return of manuscripts without review.

Manuscripts should be submitted electronically via the online submission site
http://mc.manuscriptcentral.com/are. The use of an online submission and peer review
site enables immediate distribution of manuscripts and consequentially speeds up the
review process. It also allows authors to track the status of their own manuscripts.
Complete instructions for submitting a paper are available online and below. Further
assistance can be obtained from the Editorial Office at areedoffice@wiley.com.

3.1. Getting Started

- Launch your web browser (supported browsers include Internet Explorer 6 or higher,
Netscape 7.0, 7.1, or 7.2, Safari 1.2.4, or Firefox 1.0.4) and go to the journal's online
Submission Site: http://mc.manuscriptcentral.com/are.

- Log-in or click the 'Create Account' option if you are a first-time user.
- If you are creating a new account.

- After clicking on 'Create Account', enter your name and e-mail information and click
‘Next'. Your e-mail information is very important.

- Enter your institution and address information as appropriate, and then click 'Next.'

- Enter a user ID and password of your choice (we recommend using your e-mail
address as your user ID), and then select your area of expertise. Click 'Finish'.

- If you have an account, but have forgotten your log in details, go to Password Help on
the journals online submission systi http://mc.manuscriptcentral.com/are and enter your
e-mail address. The system will send you an automatic user ID and a new temporary
password.

- Log-in and select 'Author Center'.

3.2. Submitting Your Manuscript
- After you have logged in, click the 'Submit a Manuscript' link in the menu bar.

- Enter data and answer questions as appropriate. You may copy and paste directly from
your manuscript and you may upload your pre-prepared covering letter.
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-Click the 'Next' button on each screen to save your work and advance to the next
screen.

-You are required to upload your files.

-Click on the 'Browse' button and locate the file on your computer.

-Select the designation of each file in the drop-down menu next to the Browse button.
-When you have selected all files you wish to upload, click the 'Upload Files' button.

- Review your submission (in HTML and PDF format) before sending to the Journal.
Click the 'Submit' button when you are finished reviewing.

3.3. Manuscript Files Accepted

Manuscripts should be uploaded as Word (.doc) or Rich Text Format (.rtf) files (not
write-protected) plus separate figure files. GIF, JPEG, PICT or Bitmap files are
acceptable for submission, but only high-resolution TIF or EPS files are suitable for
printing. The files will be automatically converted to HTML and PDF on upload and
will be used for the review process. The text file must contain the entire manuscript
including title page, abstract, text, references, tables, and figure legends, but no
embedded figures. Figure tags should be included in the file. Manuscripts should be
formatted as described in the Author Guidelines below.

3.4. Blinded Review

All manuscripts submitted to Aquaculture Research will be reviewed by two or three
experts in the field. Aquaculture Research uses single-blinded review. The names of the
reviewers will thus not be disclosed to the author submitting a paper.

3.5. Suggest a Reviewer

Aquaculture Research attempts to keep the review process as short as possible to enable
rapid publication of new scientific data. In order to facilitate this process, please suggest
the names and current e-mail addresses of four potential international reviewers who are
active in the subject area. It is permissable to choose reviewers known to the authors,
but avoid choosing reviewers based solely upon professional relationships. International
stature is an important quality for reviewers recommended by authors. Avoid
recommending reviewers that are likely to have professional responsibilities that will
make it difficult to obtain a review in the required time.

3.6. Suspension of Submission Mid-way in the Submission Process

You may suspend a submission at any phase before clicking the 'Submit' button and
save it to submit later. The manuscript can then be located under 'Unsubmitted
Manuscripts' and you can click on 'Continue Submission’ to continue your submission
when you choose to.

3.7. E-mail Confirmation of Submission
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After submission you will receive an e-mail to confirm receipt of your manuscript. If
you do not receive the confirmation e-mail after 24 hours, please check your e-mail
address carefully in the system. If the e-mail address is correct please contact your IT
department. The error may be caused by spam filtering software on your e-mail server.
Also, the e-mails should be received if the IT department adds our e-mail server
(uranus.scholarone.com) to their whitelist.

3.8. Manuscript Status

You can access Manuscript Central any time to check your 'Author Center' for the status
of your manuscript. The Journal will inform you by e-mail once a decision has been
made.

3.9. Submission of Revised Manuscripts

Revised manuscripts must be uploaded within 3 months of authors being notified of
conditional acceptance pending satisfactory revision. Locate your manuscript under
‘Manuscripts with Decisions' and click on 'Submit a Revision' to submit your revised
manuscript. Please remember to delete any old files uploaded when you upload your
revised manuscript.

4. MANUSCRIPT TYPES ACCEPTED

Original Articles: Generally original articles are based upon hypothesis-driven
research describing a single study or several related studies constituting a single project.
Descriptive studies are allowed providing that they include novel information and/or
scholarly insight that contributes to advancement of the state of information on a given
scientific topic.

Review Articles: Review articles are welcome and should contain not only an up-to-
date review of scientific literature but also substantial scholarly interpretation of extant
published literature. Compilations of scientific literature without interpretation leading
to new insights or recommendations for new research directions will be returned to the
author without review.

Short Communications: These should differ from full papers on the basis of scope or
completeness, rather than quality of research. They may report significant new data
arising from problems with narrow, well defined limits, or important findings that
warrant rapid publication before broader studies are complete. Their text should neither
exceed 1500 words (approximately six pages of typescript) nor be divided up into
conventional sections. An abstract will be required on submission, but this is for
informing potential reviewers and will not be part of the Short Communication. When
submitting Short Communications, authors should make it clear that their work is to be
treated as such.

5. MANUSCRIPT FORMAT AND STRUCTURE

5.1. Format
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All sections of the typescript should be on one side of A4 paper, double-spaced and
with 30mm margins. A font size of 12pt should be used. Line numbering should be
included, with numbering to continue from the first line to the end of the text (reference
list). Line numbers should be continuous throughout the manuscript and NOT start over
on each page.

Articles are accepted for publication only at the discretion of the Editors. Authors will
be notified when a decision on their paper is reached.

Language: The language of publication is English. Authors for whom English is a
second language must have their manuscript professionally edited by an English
speaking person before submission to make sure the English is of high quality. It is
preferred that manuscripts are professionally edited. A list of independent suppliers of

editing services can be found at
http://authorservices.wiley.com/bauthor/english_language.asp. Japanese authors can
also find a list of local English  improvement  services at

http://www.wiley.co.jp/journals/editcontribute.ntml. All services are paid for and
arranged by the author, and use of one of these services does not guarantee acceptance
or preference for publication. Manuscripts in which poor English makes it difficult or
impossible to review will be returned to authors without review.

Units and spelling: Systeme International (SI) units should be used. The salinity of sea
water should be given as gL-1. Use the form gmL-1 not g/ml. Avoid the use of g per
100 g, for example in food composition, use g kg-1. If other units are used, these should
be defined on first appearance in terms of Sl units, e.g. mmHg. Spelling should conform
to that used in the Concise Oxford Dictionary published by Oxford University Press.
Abbreviations of chemical and other names should be defined when first mentioned in
the text unless they are commonly used and internationally known and accepted.

Scientific Names and Statistics: Complete scientific names, including the authority with
correct taxonomic disposition, should be given when organisms are first mentioned in
the text and in tables, figures and key words together with authorities in brackets, e.g.
'rainbow trout, Oncoryhnchus mykiss (Walbaum)' but 'Atlantic salmon Salmo salar L.'
without brackets. For further information see American Fisheries Society Special
Publication No. 20, A List of Common and Scientific Names of Fishes from the United
States and Canada.

Carry out and describe all appropriate statistical analyses.

5.2. Structure
A manuscript (original article) should consist of the following sections:

Title page:
This should include:
- the full title of the paper

- the full names of all the authors
- the name(s) and address(es) of the institution(s) at which the work was carried out (the
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present address of the authors, if different from the above, should appear in a footnote)
- the name, address, telephone and fax numbers, and e-mail address of the author to
whom all correspondence and proofs should be sent

- a suggested running title of not more than 50 characters, including spaces

- four to six keywords for indexing purposes

Main text:

Generally, all papers should be divided into the following sections and appear in the
order: (1) Abstract or Summary, not exceeding 150-200 words, (2) Introduction, (3)
Materials and Methods, (4) Results, (5) Discussion, (6) Acknowledgments, (7)
References, (8) Figure legends, (9) Tables, (10) Figures.

The Results and Discussion sections may be combined and may contain subheadings.
The Materials and Methods section should be sufficiently detailed to enable the
experiments to be reproduced. Trade names should be capitalized and the
manufacturer's name and location (town, state/county, country) included.

All pages must be numbered consecutively from the title page, and include the
acknowledgments, references and figure legends, which should be submitted on
separate sheets following the main text. The preferred position of tables and figures in
the text should be indicated in the left-hand margin.

Optimizing Your Abstract for Search Engines

Many students and researchers looking for information online will use search engines
such as Google, Yahoo or similar. By optimizing your article for search engines, you
will increase the chance of someone finding it. This in turn will make it more likely to
be viewed and/or cited in another work. We have compiled these guidelines to enable
you to maximize the web-friendliness of the most public part of your article.

5.3. References (Harvard style)

References should be cited in the text by author and date, e.g. Lie & Hire (1990). Joint
authors should be referred to in full at the first mention and thereafter by et al. if there
are more than two, e.g. Lie et al. (1990).

More than one paper from the same author(s) in the same year must be identified by the
letters a, b, c, etc. placed after the year of publication. Listings of references in the text
should be chronological. At the end of the paper, references should be listed
alphabetically according to the first named author. The full titles of papers, chapters and
books should be given, with the first and last page numbers. For example:

Chapman D.W. (1971) Production. In: Methods of the Assessment of Fish Production in

Freshwater (ed. by W.S. Ricker), pp. 199-214. Blackwell Scientific Publications Ltd,
Oxford.
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Utting, S.D. (1986) A preliminary study on growth of Crassostrea gigas larvae and spat
in relation to dietary protein. Aquaculture 56, 123-128.

Authors are responsible for the accuracy of their references. References should only be
cited as 'in press' if they have been accepted for publication. Manuscripts in preparation,
unpublished reports and reports not readily available should not be cited. Personal
communications should be cited as such in the text.

It is the authors' responsibility to obtain permission from colleagues to include their
work as a personal communication. A letter of permission should accompany the
manuscript.

The Editor and Publisher recommend that citation of online published papers and other
material should be done via a DOI (digital object identifier), which all reputable online
published material should have — see www.doi.org/ for more information. If an author
cites anything which does not have a DOI they run the risk of the cited material not
being traceable.

We recommend the use of a tool such as EndNote or Reference Manager for reference
management and formatting.

EndNote reference styles can be searched for here:

www.endnote.com/support/enstyles.asp

Reference Manager reference styles can be searched for here:

www.refman.com/support/rmstyles.asp

5.4. Tables, Figures and Figure Legends

Tables: Tables should be self-explanatory and include only essential data. Each table
must be typewritten on a separate sheet and should be numbered consecutively with
Arabic numerals, e.g. Table 1, and given a short caption. No vertical rules should be
used. Units should appear in parentheses in the column headings and not in the body of
the table. All abbreviations should be defined in a footnote.

Figures: lllustrations should be referred to in the text as figures using Arabic numbers,
e.g. Fig.1, Fig.2 etc. in order of appearance.

Photographs and photomicrographs should be unmounted glossy prints and should not
be retouched. Labelling, including scale bars if necessary, should be clearly indicated.
Magnifications should be included in the legend.

Line drawings should be on separate sheets of paper; lettering should be on an overlay
or photocopy and should be no less than 4 mm high for a 50% reduction. Please note,
each figure should have a separate legend; these should be grouped on a separate page
at the end of the manuscript. All symbols and abbreviations should be clearly explained.
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Avoid using tints if possible; if they are essential to the understanding of the figure, try
to make thi coarse.

Preparation of Electronic Figures for Publication: Although low quality images are
adequate for review purposes, print publication requires high quality images to prevent
the final product being blurred or fuzzy. Submit EPS (line art) or TIFF
(halftone/photographs) files only. MS PowerPoint and Word Graphics are unsuitable for
printed pictures. Do not use pixel-oriented programmes. Scans (TIFF only) should have
a resolution of at least 300 dpi (halftone) or 600 to 1200 dpi (line drawings) in relation
to the reproduction size (see below). Please submit the data for figures in black and
white or submit a Colour Work Agreement Form (see Colour Charges below). EPS files
should be saved with fonts embedded (and with a TIFF preview if possible).

For scanned images, the scanning resolution (at final image size) should be as follows to
ensure good reproduction: line art: >600 dpi; halftones (including gel photographs):
>300 dpi; figures containing both halftone and line images: >600 dpi.

Further information can be obtained at Wiley Blackwell’s guidelines for figures:
http://authorservices.wiley.com/bauthor/illustration.asp

Check your electronic artwork before submitting it:
http://authorservices.wiley.com/bauthor/eachecklist.asp

Permissions: If all or parts of previously published tables and figures are used,
permission must be obtained from the copyright holder concerned. It is the author's
responsibility to obtain these in writing and provide copies to the Publisher.

Colour Charges: It is the policy of Aquaculture Research for authors to pay the full
cost for the reproduction of their colour artwork. Therefore, please note that if there is
colour artwork in your manuscript when it is accepted for publication, Wiley Blackwell
require you to complete and return a Colour Work Agreement Form before your paper
can be published. Any article received by Wiley Blackwell with colour work will not
be published until the form has been returned. If you are unable to access the
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4.2 - Artigo cientifico Il

Investigacao da replicacdo do virus da Mionecrose infecciosa em linhas de célula
do mosquito Aedes albopictus subclone C6/36 e Spodoptera frugiperda subclone
SF9.

Artigo cientifico a ser encaminhado a Revista - Journal of Virological Methods.

Todas as normas de redacdo e citacdo, deste capitulo, atendem as estabelecidas pela
referida revista (em anexo).
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ABSTRACT

In Brazil, the Infectious myonecrosis virus (IMNV) caused a significant decrease in the
production of L. vannamei in 2004, stressing the need of developing standardized in
vitro systems for isolation of virus in order to develop strategies for disease control.
Although there was no permanent shrimp cell line, some attempts were conducted for
propagation of shrimp viruses in mosquito cell line. In this study, C6/36 and Sf9 cell
lines were challenged with IMNV and ten serial passages were analyzed by PCR and
indirect immunofluorescence (IFI1). The PCR analysis confirmed the IMNV in the five
successive passages from C6/36 cells, whereas SF9 cell was positive just for inoculation
passage. For IFI analysis, a monoclonal antibody was constructed and used to confirm
IMNV infection. All ten serial passages from C6/36 and SF9 cells were negative by IFI,
suggesting that there was no viral replication, but that residual virus remained from
inoculation. The results of the present study showed that IMNV did not replicate in
C6/36 and SF9 cells, thus limiting in vitro system for IMNV replication purposes. This
is the first attempt of using C6/36 and SF9 cell lines for IMNV propagation.

Keywords: C6/36 mosquito cell line; Lepidopteran cell line; IMNV; RT-PCR,;

Monoclonal antibody; Indirect immunofluorescence.
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1. Introducgéo

Segundo a Organizagédo das Nagdes Unidas para Alimentacdo e Agricultura (FAO),
cerca de 57% (2,7 milhGes de toneladas) da producdo mundial aquicola marinha, em
2010, consistiu de camarBes marinhos, com predominancia de 71,8% da producao
concentrada no camardo branco do Pacifico, o Litopenaeus vannamei (FAO, 2012). Nas
Américas, a carcinicultura marinha esta baseada quase inteiramente na cultura de L.
vannamei (Lightner, 2011), com uma cadeia produtiva que englobava, em 2004, 14
paises (Lightner, 2011) e uma producéo de 594.960t em 2011, geradora de mais de 2,5
bilhGes em receita (FAO, 2014).

No entanto, durante o ultimo século, a rapida adocéo de préticas de cultivo intensiva
na indastria de peneideos marinhos acarretou tanto em um aumento global do
movimento de animais vivos e seus produtos, e sua subsequente possibilidade de
transferéncia e estabelecimento de certos patégenos de um hemisfério para o outro,
quanto nas vérias fontes de estresse antropogénica aos ecossistemas aquaticos, tais
como: mudanca de habitat; alimentacdo artificial e elevadas densidades de estocagem,
conduzindo ao surgimento e a propagacao de doencas (Walker e Winton, 2010).

Doencas de origem viral e bacteriana respondem atualmente por 80% das perdas por
doengas na carcinicultura marinha mundial, sendo o0s virus quatro vezes mais geradores
de impacto negativo na producdo do que as bactérias (Flegel, 2012). No Brasil, uma
nova doenca transmitida por virus que afeta crustaceo, chamada de doenca da
Mionecrose infecciosa, foi primeiramente relatada em fazendas de engorda de L.
vannamei no estado do Piaui (Brasil) em 2002 e na Indonésia em 2006 (Nunes et al.,
2004; Senapin et al., 2007), ocasionando prejuizos econdmicos que ultrapassam os US$
100 milhdes de ddlares para o periodo de 2002 a 2006 no Brasil (Lightner, 2011) e de
US$ 1 bilh&o de dolares para o periodo de 2006 a 2010 na Indonésia (Lightner et al.,
2012).

A doenca da Mionecrose infecciosa é causada pelo virus de RNA de dupla fita
pertencente a familia Totiviridae, denominado de virus da Mionecrose infecciosa
(Infectious myonecrosis virus — IMNV) (Poulos et al., 2006). Os sinais clinicos da
doenca incluem opacidade e necrose muscular dos segmentos abdominais, cauda e
urépodos, com observagdo da reducdo ou suspensao no consumo alimentar, perda do

volume do hepatopéncreas, dificuldade no endurecimento da carapaca e natacdo erratica
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nos animais infectados. Os viveiros afetados pelo IMNV podem apresentar mortalidades
variando de 40 a 60% (Nunes et al., 2004).

Culturas celulares constituem uma ferramenta basica para o estudo de infec¢cbes
patogénicas, particularmente para aquelas em que os patdogenos sdo replicantes
intracelulares, como os virus (Sudhakaran et al., 2007). Seu uso permite a anélise de
interagBes entre o virus e o hospedeiro no sentido de identificar os mecanismos
envolvidos em um processo de infeccdo viral (Villena, 2003).

Em crustaceos, embora culturas primarias oriundas de diferentes tecidos (6rgédo
linfoide, hepatopancreas, ovario e hemdcito) de peneideos tenham sido usadas para a
propagacao dos virus da Mancha branca (Kasornchandra e Boonyaratpalin, 1998; Uma
et al., 2002; Maeda et al., 2004; Jiang et al., 2006; Jose et al., 2010; Jose et al., 2012), da
Taura (George et al., 2011) e da Cabeca amarela (Assavalapsakul et al., 2003), a
inconsisténcia de informacgdo sobre o nimero de passagens celulares (nimero de dias)
que uma cultura pode ser mantida tém tornado estes protocolos de dificil reproducédo
(Jayesh et al., 2012).

Atualmente, linhagens celulares provenientes de invertebrados marinhos
permanecem sem ser desenvolvidas apesar das abordagens moleculares em nivel
gendmico para transformacdo e imortalizacdo de células. Tal fato se d4, principalmente,
devido a falta de informagBGes sobre os mecanismos moleculares que inibem
transformacfes neoplasicas em camardo (Jayesh et al.,, 2012). Assim, estudos
direcionados ao IMNV e a outros virus de camardo permanecem limitados pela auséncia
de linhas de células continuas de crustaceos.

Visando solucionar este problema, inimeros trabalhos tém empregado o uso de
linhagens celulares de mosquito (Aedes albopictus subclone C6/36) e lepiddpteros
(Spodoptera frugiperda subclone SF9) para a propagacéo in vitro de virus de camaréo.
Sudhakaran et al. (2007) relatam a replicacdo dos virus Macrobrachium rosenbergii
nodavirus (MrNV) e extra small virus (XSV) em cinco passagens sucessivas de C6/36,
confirmada atraves da analise de RT-PCR de amostras do sobrenadante da cultura. No
caso de camardes peneideos, Sriton et al. (2009) descrevem 100% de células C6/36 e
SF9 positivas para o virus da Mancha branca (White Spot Syndrome Virus — WSSV) e
da Cabeca amarela (Yellow Head Disease - YHV) detectadas via analise

imunohistoquimica em mais de 100 passagens celulares. Resultados similares foram

118



101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

SILVA, SM B C. DESENVOLVIMENTO DE FERRAMENTAS PARA BIOENSAIOS VIRAIS... 119

obtidos por Gangnonngiw et al. (2010) que ao inocular YHV em C6/36 obtiveram
100% de celulas positivas detectadas via analises imunohistoquimica e RT-PCR
oriundas de passagens celulares. Para o virus da Taura (TSV), C6/36 foram inoculadas e
mostraram-se positivas por imunohistoquimica dentro de 11 passagens sucessivas, com
constatacdo de particulas virais em C6/36 imunopositivas (Arunrut et al., 2011).
Recentemente, a propagacdo de outro virus de camardo, o da Parvovirose
hepatopancreatica (Hepatopancreatic parvo-like virus - HPV), foi demonstrada em um
sistema in vitro usando C6/36 por RT-PCR, imunocitoguimica, western blot e PCR em
tempo real, ficando evidente a replicagdo com o0 aumento da carga viral durante o curso
da infeccdo (Madan et al., 2013). Assim, o presente estudo tem por objetivo investigar a
propagacdo do IMNV nas linhas de célula C6/36 e SF9 através de analises de PCR e
imunofluorescéncia indireta. Este é o primeiro estudo a avaliar o IMNV em um sistema

in vitro.

2. Material e métodos

2.1 Preparacéo do indculo viral

Adultos de camardo marinho L. vannamei (peso médio de 11,6 g) naturalmente
infectados foram obtidos durante um surto de IMNV em viveiros de engorda de
fazendas localizadas no litoral norte do estado de Pernambuco (Nordeste, Brasil) e
usados como material para o preparo do inoculo viral. Apés a coleta, estes animais
foram imediatamente armazenados em nitrogénio liquido e depois transferidos para um
ultrafreezer a -80°C.

A infeccdo por IMNV foi confirmada por PCR, usando primers especificos para
IMNV (Poulos e Ligthner, 2006), enquanto a presenca de outros patdgenos de camardes
peneideos (TSV, WSSV, virus da Necrose hipodermal e hematopoiética infecciosa -
IHHNV e Hepatopancreatite necrosante - NHPB) foi descartada por meio dos kits da
1Q2000™, conforme as instrucdes do fabricante para cada patégeno (Farming
IntelliGene Tech. Corp., Taiwan) (dados ndo mostrados). Este procedimento foi adotado
de forma a garantir que apenas o patégeno de interesse (IMNV) estivesse presente no
indculo.

O preparo do inoculo viral foi feito segundo protocolo de infeccdo experimental

descrito por Silva et al. (descrito no 1° artigo desta tese), com algumas modificagdes. O
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tecido muscular de camaréo infectado foi descongelado e homogeneizado em tampéo
TN gelado (20 mM Tris-HCI, pH 7,5, 400 mM NaCl) a uma proporgéo de 1:3 (w/v). O
homogeneizado foi diluido a 1:10 em meio de cultura (Leibovitz L-15 ou Grace,
dependendo da cultura celular) e centrifugado a 3000 rpm por 25 minutos a 4°C e o
sobrenadante, removido e centrifugado a 14000 rpm por 20 minutos a 4°C. Em seguida,
filtrou-se o sobrenadante através de um filtro com membrana polietersulfonica (PES) de
0,22 pum (TPP, Switzerland).

Para os estudos de infectividade, o filtrado foi diluido em meio de cultura, sendo
esta diluicdo definida com base na observacdo de efeitos citotoxicos ocasionados pelo
inéculo. Todas as diluicbes foram armazenadas a —80°C até a sua utilizacdo para
infectar as linhas de célula do mosquito Aedes albopictus subclone C6/36 e Spodoptera

frugiperda subclone SF9.

2.2 Cultura celular e manutencéo

Células C6/36 (Aedes albopictus subclone C6/36) e SF9 (Spodoptera frugiperda
subclone SF9) foram obtidas do Departamento de Virologia e Terapia Experimental
pertencente ao Centro de Pesquisa Aggeu Magalhdes (FIOCRUZ, Brasil). Células
C6/36 foram mantidas em meio Leibovitz L-15 (Gibco, EUA) contendo 100 U/ml de
ampicilina, 100 pg/mL de estreptomicina e 2,5 pg/ mL de fungizona suplementado com
10% de soro fetal bovino, enquanto que as células SF9 foram cultivadas em meio Grace
TNM-FH (Gibco, EUA) suplementado com 100 U/mL de ampicilina, 100 pg/mL de
estreptomicina, 2,5 pg/ mL de fungizona, 10 pg/ mL de gentamicina e 10% de soro fetal
bovino.

As células foram incubadas a 28°C e a medida que formavam uma monocamada,
eram repicadas por meio de deslocamento da monocamada a uma razdo de 1:2 ou 1:4,

dependendo do nimero de células.

2.3 Estudos de infectividade

Para os estudos de infectividade, células C6/36 e SF9 foram cultivadas em placas de
cultura de seis pocos (TPP, Germany) a densidade de 3x10° células /mL e incubadas por
12 horas a 28°C. Apos atingir uma confluéncia de 70%, o meio de cultura foi removido

e o indculo viral diluido adicionado. Para as células C6/36 foram testadas as dilui¢fes
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de 1:2, 1:5 e 1:10, enquanto que para as SF9, as dilui¢bes de 1:10, 1:20, 1:30 e 1:50.
Estas diluicbes foram definidas com base nos efeitos citotoxicos (redugéo de viabilidade
celular e degeneracdo da monocamada celular) observados para as diluicdes
previamente testadas para estas células (dados ndo mostrados). Depois da adsorcao por
2 horas a 28°C, o sobrenadante foi descartado e novo meio de cultura acrescido de soro
fetal bovino a 2% foi adicionado as células, seguido de incubacdo a 28°C por 15 dias
para a observacao de efeito citopatico (CPE). Diariamente, as células inoculadas foram
observadas para efeito citopatico, sob um microscopio de contraste de fase invertida.
Apos 15 dias, o sobrenadante das culturas celulares infectadas foi coletado e 1 mL
usado para o estudo de re-infeccdo em novas células, sendo realizadas aliquotas de
amostras do sobrenadante e das células de cada passagem inoculada. As amostras do
sobrenadante de cada passagem inoculada foram preservadas a -80°C para andlise de
PCR e as células, congeladas em meio de congelamento (90% de soro fetal bovino e
10% de DMSO) para a analise de imunofluorescéncia indireta. Ao total, dez passagens

celulares foram efetuadas.

2.4 Confirmacéo de IMNV por PCR

2.4.1Extracao de RNA e RT-PCR

Cem microlitros de cada amostra do sobrenadante de cada passagem inoculada
foram usados para a extracdo do RNA total usando Trizol (Invitrogen, EUA), conforme
as instrucdes do fabricante. Apds a extracdo, a concentracdo e a qualidade do RNA total
foram medidas por andlise espectrofotométrica em 260 e 280 nm por meio de um
espectrofotometro (NanoPhotometer® P-Class, Implen, EUA). Em seguida, o cDNA foi
sintetizado através do kit Improm-11"™ Reverse Transcription System (Promega,
Madison, WI, USA) usando 2uL de RNA total (300 ng/uL) e 0,5ug de oligo(dT)is em
um volume final de 20uL, conforme as instru¢des do fabricante Promega (USA). O
cDNA foi armazenado a -20°C até posterior utilizagao.

2.4.2 PCR
Anélises de PCR foram realizadas para confirmar a infecgdo por IMNV no
sobrenadante das 10 passagens das culturas das celulas C6/36 e SF9, infectadas

experimentalmente.
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Cada reacgdao de PCR foi conduzida em um volume final de 25uL contendo 2uL de
cDNA, 1U de Taq polimerase, 200 uM de cada dNTP, 1,5 mM de MgCl, e 5 pmol dos
primers especificos para IMNV (IMNV-F 5-CGA-CGC-TGC-TAA-CCA-TAC-AA-3’
e IMNV-R 5-ACT-CGC-CTG-TTC-GAT-CAA-GT-3') e 1X tampdo de PCR,
conforme descrito por Pinheiro et al. (2007), sendo adicionado a cada reacdo um
controle positivo para o virus da Mionecrose infecciosa e um controle negativo que
substituiu a amostra de cDNA por agua ultra-pura. O ciclo térmico empregado foi o
mesmo descrito por Pinheiro et al. (2007) e os amplicons foram submetidos a

eletroforese em gel de agarose a 2%.

2.5 Producéo de anticorpo monoclonal

Para a deteccdo e determinacdo de percentagem de células positivas para IMNV nas
passagens celulares infectadas via imunofluorescéncia indireta (IFI) foi produzido um
anticorpo monoclonal baseado na sequéncia codificante da regido hidrofilica do
capsideo do IMNV (GenBank no. AY570982.1), previamente descrito por Borsa et al.
(2011), com algumas modificacdes.

O RNA total foi extraido de uma amostra de tecido muscular remanescente
utilizado para a preparagdo do indculo viral preservado a -80°C, seguido de sintese de
cDNA conforme previamente descrito. Para a expressdo da regido hidrofilica do
capsideo do IMNV, os primers IMMV F - Sitio Ndel (5’-CAT ATG GGG CAA TTA
CGG TTA CAG G-3") e IMNV R - Sitio Xhol (5’- CTC GAG GTA TAC ATA CCA
AAT GGC C -3’) foram usados para amplificar esta regido via PCR usando o cDNA
sintetizado como amostra. As condi¢des de amplificacdo e ciclo térmico foram as
mesmas descritas por Pinheiro et al.(2007).

Ap6bs a visualizacdo do produto de PCR de 600pb em gel de agarose a 2%, foi usado
o kit Illustra GFX PCR DNA and Gel Band Purification (Amersham/GE Healthcare,
EUA) para a purificagdo. O produto purificado foi, entdo, diretamente ligado ao vetor
pDRIVE (Qiagen, EUA) e transformado em células competentes Escherichia coli DH5a
(New England Biolabs), conforme as instrucbes do fabricante. As col6nias
recombinantes (colonias brancas) foram inoculadas em meio Luria-Bertani (LB) (1%
triptona, 0,5% extrato de levedura, 1% NaCl) com ampicilina a 50 pg/mL para a

obtencdo de DNA plasmidial, conforme protoco padrdo (Sambrook et al., 1989). A
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confirmacdo do recombinante foi feita atraves de digestdo enziméatica com 20U de Ndel
e 25U Xhol (New England Biolabs) e seqtienciamento, usando o sequenciador
automatico ABI 3100 (Applied Biosystems, CA, USA).

Apds a confirmacdo dos recombinantes, o fragmento digerido e purificado obtido
dos clones recombinantes foi ligado ao vetor de expressdo pET-2la(+) (Novagen,
EUA), previamente digerido (com 20U de Ndel e 25U Xhol) e desfosforilado (com 20U
de Antarctic Phosphatase - New England Biolabs), e transformado em células
eletrocompetentes E. coli DH10B (Invitrogen, EUA), conforme as recomendacdes do
fabricante.

Apos a transformacdo, cinco colbnias obtidas foram propagadas em LB com
ampicilina a 50 pg/mL para a obtengdo de DNA plasmidial usando o kit QIAprep Spin
Miniprep (Qiagen, EUA). A recombinacdo foi confirmada por digestdo e o DNA
plasmidial da construcdo IMNV-pET21a(+) transformado em células competentes de E.
coli BL21, para a expressédo da proteina recombinante.

Seis col6nias da transformacdo em BL21 foram cultivadas em meio LB liquido e a
expressao das proteinas foi induzida pela adicdo de 1mM de isopropiltiogalactosideo
(IPTG) a 37°C a 150 rpm por 4 horas. A cultura celular foi centrifugada (8000 rpm a
4°C por 20 minutos) e o pellet, ressuspendido em 20 mL de PBS 1X estéril gelado,
seguido de sonicacdo com seis pulsos de 30 segundos intercalados com um minuto de
repouso (Sonics Vibra Cell - VC x 500, EUA). Em seguida, o lisado celular foi
centrifugado a 10.000 rpm por 10 minutos a 4°C e o sobrenadante contendo o extrato
protéico total soltvel descartado. Segundo Borsa et al. (2011), a maior concentracdo da
proteina recombinante da sequéncia do capsideo do IMNV encontra-se na fracdo
protéica insoltvel. Assim, o pellet foi ressuspendido em tampéao desnaturante (DNPI-
10) e a purificacdo da proteina conduzida através do kit Protino® Ni-NTA Agarose sob
condicBes desnaturantes (Macherey-Nagel, Germany). Para renaturacdo da proteina e
recuperacdo de sua conformacdo, a proteina purificada foi diluida em tampdo ASB (50
mM Tris—HCI pH 8.0, 100 mM NaCl, 1 mM B-mercaptoetanol e 0.1% (w/v) ASB-14)
acrescido de inibidor de protease a 1,25X e submetida a trés ciclos de dialise em PBS
1X (Allonso et al., 2011), seguida de concentracdo a vacuo (Concentrator 5301,
Eppendorf, EUA) para aumento do rendimento da proteina purificada. Todas as etapas

de inducdo e purificacdo da proteina recombinante foram submetidas a eletroforese em
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gel de poliacrilamida SDS-PAGE a 17,5% corados com azul de Comassie a 0,1% para
confirmacéo da presenga da proteina. A proteina purificada (~25 kDa) a concentracéo
de 1 mg/mL, foi enviada para a empresa RHEA BIOTECH (Brasil) para a producdo do
anticorpo monoclonal anti-IMNV.

Para a validagdo do anticorpo monoclonal anti-IMNV produzido, camardes livres
de patdgeno especifico (Specific Pathogen Free -SPF) de L. vannamei com 2 g foram
desafiados experimentalmente para IMNV via injecdo intramuscular de inoculo diluido
a 1:10". Apbs a observacdo de sinais clinicos de infeccdo (8 dias pés-inoculacéo),
tecidos do musculo abdominal proveniente de animais desafiados e do controle negativo
foram removidos assepticamente (imersdao por 1 minuto em etanol a 70% estéril,
seguido de imersdo em PBS 1X estéril acrescido de 100 U/mL de ampicilina e 100
pug/mL de estreptomicina por 1 minuto) e dissociados mecanicamente através de cell
strainer de 70 um (Fisher Scientific, EUA). Cem microlitros da suspensdo celular foi
transferida para o sistema Lab Tek® Chamber Slide (NUNC, EUA), previamente
tratado com poli-D-lisina a 0,1 mg/mL, contendo 200 uL de meio de cultura Grace
TNM-FH suplementado com 100 U/mL de ampicilina, 100 pg/mL de estreptomicina,
2,5 pg/mL de fungizona, 10 pg/mL de gentamicina, 10% de soro fetal bovino e 10% de
extrato de musculo de camardo (George e Dhar, 2010). Apds a adesdo das células na
lamina, as células foram fixadas em metanol absoluto gelado por 15 minutos para a

analise de imunofluorescéncia indireta.

2.6 Imunofluorescéncia indireta (IFI)

A analise de imunofluorescéncia indireta foi efetuada para a detec¢do da proteina do
capsideo do IMNV nas amostras inoculadas. Para as 10 passagens celulares de C6/36 e
SF9 inoculadas congeladas, foi realizado o descongelamento prévio das células a 37°C,
seguido de centrifugacdo a 1200 rpm por 5 minutos e ressuspensdo em 1 mL de PBS 1X
estéril, com a transferéncia de 20 pL da suspensdo para os pocos de laminas multispot
de 12 pocos (Thermo Scientific, EUA). Apds o assentamento celular, as células foram
fixadas em metanol absoluto gelado por 15 minutos, descrito previamente.

Assim, apds a fixacdo, tanto as laminas usadas para a validacdo do anticorpo
monoclonal, como as produzidas a partir das amostras de passagens congeladas foram

acrescidas de 20 pL de anticorpo monoclonal diluido a 1:10 e incubadas a 37°C por 1
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hora. Em seguida, as laminas foram lavadas trés vezes em PBS 1X e, uma vez, em &gua
destilada, seguida de secagem a temperatura ambiente. Apds secagem, o0 anticorpo
secundario anti-camundongo IgG, produzido em caprino conjugado com isotiocianato
de fluoresceina - FITC, foi adicionado a diluicdo de 1:100 e incubado a 37°C por 1
hora, seguida de lavagens sucessivas em PBS 1X e coloragdo em azul de Evans a 0,01%
por 3 minutos. Em seguida, a lamina foi montada com adigéo de glicerol tamponado
(glicerol/PBS 1X - 9:1 - v:v) e as células, analisadas sob microscépio confocal (Leica
DMI 4000B, EUA).

3. Resultados e discusséo

Nenhum efeito citopatico (alteracdo morfoldgica e degeneracdo da monocamada
celular) foi observado nas dez passagens celulares de C6/36 e SF9 inoculadas com
IMNV quando comparadas ao controle.

Amostras oriundas do sobrenadante de cinco passagens celulares de C6/36
desafiadas com IMNV foram positivas por PCR, com reducdo da intensidade das
bandas a medida que o numero de passagens aumentava (Figura 1). A partir da 6°
passagem, todos os resultados foram negativos. J& para as células SF9, s6 a cultura
celular inoculada pela primeira vez (passagem 0) mostrou-se positiva (Figura 2). Tal
resultado sugere que as células C6/36 e SF9 desafiadas para IMNV foram incapazes de
liberar particulas virais (virions infecciosos) na cultura celular ou que ndo houve

replicacdo viral.
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Figura 1. Deteccédo positiva de IMNV em células C6/36 por PCR. Amostras 1, 2 e 3
correspondem as diluicbes de 1:2, 1:5 e 1:10 inoculadas em C6/36, enquanto 0s
numeros abaixo da linha indicam o nimero de passagens celulares ocorridas, onde: # é
passagem celular; C-, controle negativo (célula ndo infectada); C+, controle positivo;
M, marcador de peso molecular de 100pb (Invitrogen, USA) e C-,, controle negativo

(4gua ultra-pura).

Figura 2. Deteccdo positiva de IMNV em células SF9 por PCR. Amostras 1, 2, 3 e 4
correspondem as dilui¢bes de 1:10, 1:20, 1:30 e 1:50 inoculadas em SF9, enquanto 0s
numeros abaixo da linha indicam o nimero de passagens celulares ocorridas, onde: # é

passagem celular; C-, controle negativo (célula ndo infectada); C+, controle positivo;
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M, marcador de peso molecular de 100pb (Invitrogen, USA) e C-y, controle negativo

(&gua ultra-pura).

Resultados negativos de PCR do sobrenadante de culturas celulares de C6/36
desafiadas por YHV foram descritos por Gangnonngiw et al. (2010). Embora os autores
tenham obtido células imunopositivas para 0 YHV via anélise imunohistoquimica, ao se
analisar o sobrenadante destas culturas por meio de RT-PCR, todas se mostraram
negativas, sugerindo a ndo liberacdo de particulas virais no meio de cultura. Além disso,
a patogénese de YHV proveniente do sobrenadante de C6/36 inoculadas foi incapaz de
induzir a manifestacdo da doenca em P. monodon desfiado experimentalmente via
injecdo intramuscular, com deteccdo negativa do virus nos animais desafiados por
histologia e imunohistoquimica, confirmando a néo liberacdo de virions infecciosos na
cultura celular (Gangnonngiw et al., 2010).

Adicionalmente, em outro estudo realizado por Sriton et al. (2009), embora
nenhuma andlise de RT-PCR tenha sido conduzida para o sobrenadante de células
C6/36 e SF9 positivas para WSSV e YHV detectadas via analise imunohistoquimica, a
ndo visualizagdo de virion de WSSV ou YHV no ndcleo de células imunopositivas via
microscopia eletronica indicou que a constancia de antigenos virais poderiam estar
associadas a transmissao ocorrida por divisao celular (subdivisdo de genes entre células
mée e filhas) ou a algum processo endocitico inicial durante a inoculacdo viral.

Arunrut et al. (2011) ao propagar o virus da Taura (TSV) em C6/36 constatou que
apesar da presenca de particulas virais junto a estruturas vesiculares no citoplasma de
C6/36 imunopositivas semelhantes aquelas encontradas em células de camardes
infectados com TSV, ndo foi possivel infectar novas culturas celulares usando o
sobrenadante destas culturas.

Por outro lado, a replicacdo dos virus Macrobrachium rosenbergii nodavirus
(MrNV) e extra small virus (XSV), em cinco passagens sucessivas de C6/36, foi
demonstrada através da analise de RT-PCR de amostras do sobrenadante da cultura apds
trés dias de inoculagdo, com numerosas particulas virais no citoplasma de C6/36
infectadas visualizados via microscopia eletrénica apos 48 horas (Sudhakaran et al.,
2007). Além disso, pos-larvas de Macrobrachium rosenbergii desafiadas via imerséo

utilizando inéculo preparado a partir do sobrenadante de células infectadas exibiram
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sinais clinicos de infeccdo similares aos obtidos em surtos naturais e 100% de
mortalidade em 6 dias pds-infecgdo, com confirmacéo positiva via RT-PCR dos animais
desafiados (Sudhakaran et al., 2007).

Resultados similares foram obtidos por Madan et al. (2013) ao propagar o virus da
Pavovirose hepatopancreética (HPV) em um sistema in vitro usando C6/36, que ao
analisar o sobrenadante das passagens infectadas detectou o HPV via PCR e 0 aumento
da carga viral durante o curso da infeccdo. A patogénese do HPV foi demonstrada em
pos-larvas de P. monodon desafiadas via imersdo com indculo proveniente da 20°
passagem de cultura positiva (Madan et al. (2013).

Com relagdo as andlises de imunofluorescéncia indireta, o anticorpo monoclonal
anti-IMNV produzido neste trabalho foi capaz de reconhecer a proteina nativa viral
obtida através de desafio conduzido em L. vannamei inoculados experimentalmente
(Figura 3), sendo utilizado nas andlises de imunofluorescéncia indireta (IFI) das dez
passagens das células C6/36 e SF9 inoculadas com IMNV.

A-Negativo B - Virus

Figura 3. Analise de imunofluorescéncia indireta (IFI) de L. vannamei SPF infectado
experimentalmente para IMNV usando o anticorpo monoclonal anti-IMNV, onde: A,
tecido oriundo de L. vannamei SPF e B, L. vannamei SPF infectado experimentalmente

para IMNV (1, microscopia éptica e 2, microscopia confocal).

Nenhuma das dez passagens das células C6/36 e SF9 inoculadas com IMNV foram

positivas via IFI, indicando que os resultados positivos obtidos por PCR para as 5
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passagens de C6/36 e para a inoculacdo de SF9 (passagem 0) ndo eram produto de
replicacdo viral, mas virus residual do indculo.

De acordo com Sriton et al. (2009) é surpreendente que as transmissdes de WSSV e
YHD tenham ocorrido tdo prontamente nas linhas de célula C6/36 e SF9, uma vez que
estes virus ndo sdo capazes de infectar estas células de inseto naturalmente, sendo
improvavel, portanto, que estas células possuam receptores especificos para estes virus.

A membrana celular é a principal barreira de protecdo dos organismos vivos para
evitar a entrada de patdgenos e, sendo os virus, parasitas intracelulares obrigatorios, faz-
Se necessario encontrar 0s meios para atravesséa-la (Huang et al., 2013). Para a maioria
dos virus, a fase inicial do processo de entrada é a ligacdo de uma proteina de adsor¢édo
viral a um receptor generalizado, seguida da interacdo com um receptor celular
especifico do hospedeiro. Estes receptores generalizados, mais comumente conhecidos
como fatores de adsor¢do, concentram as particulas virais sob a célula do hospedeiro e
criam condicGes favoraveis a ligagdo do receptor (Kalia e Jameel, 2011).

Receptores celulares variam de um virus para o outro e sdo em muitos casos célula-
especificos. Os virus de uma mesma familia podem ter seletividade para diferentes
receptores, enquanto que os virus de diferentes familias podem usar a mesma proteina
que o seu receptor celular (Kalia e Jameel, 2011).

No caso de virus ndo envelopados, a auséncia de membrana lipidica impede a
adocdo de fusdo da membrana como mecanismo para entrar nas células. Embora os
mecanismos de adsorcdo e penetracdo de virus ndo envelopados ainda sejam pouco
conhecidos, geralmente envolvem uma proteina do capsideo (capsideo-dependente) ou
proteinas que medeiam a penetracdo da membrana (Chandran et al., 2002). Para o
IMNV, a presenca de protrusdes na superficie do capsideo pode estar envolvida aos
processos de ligacdo ao receptor e a penetracdo da membrana (Tang et al., 2007).

No presente estudo, a auséncia de células C6/36 e Sf9 imunopositivas via IFI
sugere a falta de um receptor especifico destas células para o IMNV, inviabilizando o
uso deste sistema in vitro para a propagacgdo do virus como consequéncia da auséncia de

replicacgéo viral.
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4. Conclusodes

No presente estudo, o IMNV ndo foi capaz de infectar as células de mosquito
(C6/36) e de lepiddpteros (SF9) devido, provavelmente, a auséncia de receptores
especificos destas ceélulas. Por outro lado, embora estes resultados paregcam
desanimadores, eles apontam para a necessidade de outros estudos objetivando a
identificacdo de proteinas presentes nos receptores destas células capazes de inviabilizar

a adsorcdo do IMNV, o que podera ser favoravel ao controle de infeccdes por este virus.
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4.2.1 - Normas da Revista - Journal of Virological Methods.

u Introduction

The Journal of Virological Methods publishes original papers and invited reviews
covering techniques on all aspects of virology. These include methods for studying
the morphology, assembly, replication, composition, function and physiochemical
properties of viruses and their components; the purification of viruses and their
components; cultivation; properties of viral antigens, production of antibody, and
techniques for studying the immune response to virions, viral subunits, and
components; the detection and identification of viruses and viral infections; assay of
viruses and viral infectivity and the investigation of transmission and pathogenicity;
and methods for investigating the suppression or inhibition of viral growth.

Types of paper

Research articles should generally not exceed 25 typewritten pages and should be
divided into Summary (on a separate sheet and not exceeding 200 words, followed
by 3-6 keywords). Introduction, Materials and Methods, Results, Discussion,
Acknowledgements and References.

Short communications, approx. 12 typewritten pages, with a Summary and
keywords but without section headings.

Book reviews or meeting reports will be published following invitation from, or
by authors first contacting, the Editor-in-Chief, Arie J. Zuckerman:

Arie J. Zuckerman

Email: j.v.meth@medsch.ucl.ac.uk

Tel: +44 (0) 20 7830 2579

Fax: +44 (0) 20 7830 2070

Please note there are different Instructions to Authors for VIROLOGY
PROTOCOLS. These are included at the end of the "Preparation™ section.

g Before You Begin

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-
authors/ethics.

Ethical Policy: human subjects and animals

The research described in papers submitted to the Journal of Virological Methods that
involve the use of human beings, including healthy volunteers, must adhere to the
principles of the Declaration of Helsinki as well as to Title 45, U.S. Code of Federal
Regulations, Part 46, Protection of Human Subjects, Revised November 13, 2001,
effective December 13, 2001. Research involving animals must adhere to the American
Physiological Society's Guiding Principles in the Care and Use of Animals. All
investigations involving humans or animals that are reported in the journal must be
conducted in conformity with these principles, and that a statement of protocol approval
from an * IRB or * * IACUC or equivalent is included in the methods section of the
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paper. Manuscripts reporting the results of experiments on human subjects, including
healthy volunteers, must include a statement that informed consent was obtained.

* IRB = Institutional Review Board

** JACUC = Institutional Animal Care and Use Committee

Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including
any financial, personal or other relationships with other people or organizations within
three years of beginning the submitted work that could inappropriately influence, or be
perceived to influence, their work. See also http://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

Submission declaration and verification

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract or as part of a published lecture or
academic thesis or as an electronic preprint, see
http://www.elsevier.com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyright-holder.
To verify originality, your article may be checked by the originality detection service
CrossCheck http://www.elsevier.com/editors/plagdetect.

Please note that manuscripts which have been published previously in another
language cannot be considered as original work and will not be accepted for
publication.

Authorship

The inclusion of statements such as "these two (or more) authors contributed equally"
cannot not be accommodated. Only one first author is allowed and one corresponding
author.

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the
authorship of accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or
remove an author, or to rearrange the author names, must be sent to the Journal
Manager from the corresponding author of the accepted manuscript and must include:
(@) the reason the name should be added or removed, or the author names rearranged
and (b) written confirmation (e-mail, fax, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of authors, this
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includes confirmation from the author being added or removed. Requests that are not
sent by the corresponding author will be forwarded by the Journal Manager to the
corresponding author, who must follow the procedure as described above. Note that: (1)
Journal Managers will inform the Journal Editors of any such requests and (2)
publication of the accepted manuscript in an online issue is suspended until authorship
has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add,
delete, or rearrange author names in an article published in an online issue will follow
the same policies as noted above and result in a corrigendum.

Copyright

This journal offers authors a choice in publishing their research: Open Access and
Subscription.

For Subscription articles

Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing
Agreement’  (for more information on this and  copyright, see
http://www.elsevier.com/copyright). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a '‘Journal Publishing Agreement’
form or a link to the online wversion of this agreement.
Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations (please consult
http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and
credit the source(s) in the article. Elsevier has preprinted forms for use by authors in
these cases: please consult http://www.elsevier.com/permissions.

For Open Access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (for more information see http://www.elsevier.com/OAauthoragreement).
Permitted reuse of open access articles is determined by the author's choice of user
license (see http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more
information on author rights for:

Subscription articles please see http://www.elsevier.com/journal-authors/author-rights-
and-responsibilities.
Open access articles please see http://www.elsevier.com/OAauthoragreement.
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Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication. If
the funding source(s) had no such involvement then this should be stated. Please see
http://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose
articles appear in journals published by Elsevier, to comply with potential manuscript
archiving requirements as specified as conditions of their grant awards. To learn more
about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

Open access
This journal offers authors a choice in publishing their research:
Open Access

* Articles are freely available to both subscribers and the wider public with permitted
reuse

* An Open Access publication fee is payable by authors or their research funder
Subscription

* Articles are made available to subscribers as well as developing countries and patient
groups  through  our  access  programs  (http://www.elsevier.com/access)
* No Open Access publication fee

All articles published Open Access will be immediately and permanently free for
everyone to read and download. Permitted reuse is defined by your choice of one of the
following Creative Commons user licenses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to
create extracts, abstracts, and other revised versions, adaptations or derivative works of
or from an article (such as a translation), to include in a collective work (such as an
anthology), to text or data mine the article, even for commercial purposes, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the
article, and do not modify the article in such a way as to damage the author's honor or
reputation.

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for
non-commercial purposes, lets others distribute and copy the article, to create extracts,
abstracts and other revised versions, adaptations or derivative works of or from an
article (such as a translation), to include in a collective work (such as an anthology), to
text and data mine the article, as long as they credit the author(s), do not represent the
author as endorsing their adaptation of the article, do not modify the article in such a
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way as to damage the author's honor or reputation, and license their new adaptations or
creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for
non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided
they do not alter or modify the article.

To provide Open Access, this journal has a publication fee which needs to be met by the
authors or their research funders for each article published Open Access.
Your publication choice will have no effect on the peer review process or acceptance of
submitted articles.

The publication fee for Open Access in this journal is $1,800, excluding taxes. Learn
more about Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing

language and language services

Please write your text in good English (American or British usage is accepted, but not a
mixture of these) avoid the use of split infinitives, and do not use the first person
pronoun. Authors who require information about language editing and copyediting
services pre- and post-submission please visit http://www.elsevier.com/languageediting
or our customer support site at http://epsupport.elsevier.com for more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
source files to a single PDF file of the article, which is used in the peer-review process.
Please note that even though manuscript source files are converted to PDF files at
submission for the review process, these source files are needed for further processing
after acceptance. All correspondence, including notification of the Editor's decision and
requests for revision, takes place by e-mail removing the need for a paper trail.

Referees
Please submit, with the manuscript, the names, addresses and e-mail addresses of three

potential referees. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

u Preparation

Use of word processing software
It is important that the file be saved in the native format of the word processor used. The

text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the article.
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In particular, do not use the word processor's options to justify text or to hyphenate
words. However, do use bold face, italics, subscripts, superscripts etc. When preparing
tables, if you are using a table grid, use only one grid for each individual table and not a
grid for each row. If no grid is used, use tabs, not spaces, to align columns. The
electronic text should be prepared in a way very similar to that of conventional
manuscripts  (see also the Guide to  Publishing  with  Elsevier:
http://www.elsevier.com/guidepublication). Note that source files of figures, tables and
text graphics will be required whether or not you embed your figures in the text. See
also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
‘grammar-check’ functions of your word processor.

Article structure
Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to
'the text'. Any subsection may be given a brief heading. Each heading should appear on
its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. The
Results and Discussion section must be written separately. Avoid extensive citations
and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discussion
section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eqg. (A.1), Eq. (A.2), etc.;
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in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table
A.1; Fig. A.1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

» Author names and affiliations. Where the family name may be ambiguous (e.g., a
double name), please indicate this clearly. Present the authors' affiliation addresses
(where the actual work was done) below the names. Indicate all affiliations with a
lower-case superscript letter immediately after the author's name and in front of the
appropriate address. Provide the full postal address of each affiliation, including the
country name and, if available, the e-mail address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. Ensure that phone numbers (with
country and area code) are provided in addition to the e-mail address and the
complete postal address. Contact details must be kept up to date by the
corresponding author.

* Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address')
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript
Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose
of the research, the principal results and major conclusions. An abstract is often
presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Also,
non-standard or uncommon abbreviations should be avoided, but if essential they must
be defined at their first mention in the abstract itself.

Graphical abstract

A Graphical abstract is optional and should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership online.
Authors must provide images that clearly represent the work described in the article.
Graphical abstracts should be submitted as a separate file in the online submission
system. Image size: Please provide an image with a minimum of 531 x 1328 pixels (h x
w) or proportionally more. The image should be readable at a size of 5 x 13 ¢cm using a
regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.
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Authors can make use of Elsevier's Illustration and Enhancement service to ensure the
best presentation of their images also in accordance with all technical requirements:
Illustration Service.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a separate
file in the online submission system. Please use 'Highlights' in the file name and include
3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point). See
http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, ‘'and’, 'of). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article. Avoid the excessive use of abbreviations in the text
and do not use unconventional acronyms.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.g.,
providing language help, writing assistance or proof reading the article, etc.).

Nomenclature and units.

Follow internationally accepted rules and conventions: use the international system of
units (S1). If other quantities are mentioned, give their equivalent in SI.

Virus nomenclature.

Each virus should be identified at least once, preferably in the ‘Introduction’ or
'‘Materials and Methods' section, using formal family, genus, and species terms and
where possible by using a precise strain designation term as developed by an
internationally recognized specialty group or culture collection. Please note that the
word type is not used before species designations that include a number. Formal terms
used for virus families, genera, and species should be those approved by the
International Committee on Taxonomy of Viruses (ICTV):Fauquet, C.M., Mayo,
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M.A.,Maniloff, J., Desselberger, U., and Ball, L.A.(2005) Virus Taxonomy,
Classification and Nomenclature of Viruses. Eighth ICTV Report, Academic Press, an
imprint of Elsevier. This volume also includes standard abbreviations for species. Once
formal taxonomic names have been given in a paper, vernacular terms may be used.

Formal taxonomic nomenclature

In formal taxonomic usage, the first letters of virus order, family, subfamily, genus and
species names are capitalized and the terms are printed in italics. Other words in the
species names are not capitalized unless they are proper nouns or parts of nouns, for
example West Nile virus. In formal usage, the name of the taxon should precede the
term for the taxonomic unit; for example; "the family Paramyxoviridae,” "the genus
Morbillivirus." The following represent examples of full formal taxonomic terminology:

Order Mononegavirales, family Rhabdoviridae, genus Lyssavirus, species Rabies virus.

Family Poxviridae, subfamily Chordopoxvirinae, genus Orthopoxvirus, species
Vaccinia virus.

Family Picornaviridae, genus Enterovirus, species Poliovirus.
Family Bunyaviridae, genus Tospovirus, species Tomato spotted wilt virus.
Vernacular Taxonmic Nomenclature

In formal vernacular usage, virus order, family, subfamily, genus and species names are
written in lower case Roman script: they are not capitalized, nor are they printed in
italics or underlined. In informal usage, the name of the taxon should not include the
formal suffix, and the name of the taxon should follow the term for the taxonomic unit;
for example "the picornavirus family, the enterovirus genus." One particular source of
ambiguity in vernacular nomenclature lies in the common use of the same root terms in
formal family, genus or species names. Imprecision stems from not being able to easily
identify in vernacular usage which hierarchical level is being cited. For example, the
vernacular name "paramyxovirus™ might refer to the family Paramyxoviridae, or one
species in the genus Respirovirus, such as Human parainfluenza virus 1. The solution in
vernacular usage is to avoid "jumping" hierarchical levels and to add taxon
identification wherever needed. For example, when citing the taxonomic placement of
Human parainfluenza virus 1, taxon identification should always be added: Human
Parainfluenza virus 1 is a species in the genus Respirovirus, family Paramyxoviridae.
In this example, as is usually the case, adding the information that this virus is also a
member of the subfamily Paramyxovirinae and the order Mononegavirales is
unnecessary.

It should be stressed that italics and capital initial letters need be used only if the species
name refers to the taxonomic category. When the name refers to viral objects such as
virions present in a preparation or seen in an electron micro

Database linking

143



SILVA, SM B C. DESENVOLVIMENTO DE FERRAMENTAS PARA BIOENSAIQOS VIRAIS... 144

Elsevier encourages authors to connect articles with external databases, giving their
readers one-click access to relevant databases that help to build a better understanding
of the described research. Please refer to relevant database identifiers using the
following format in your article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking for more
information and a full list of supported databases.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article,
using superscript Arabic numbers. Many wordprocessors build footnotes into the text,
and this feature may be used. Should this not be the case, indicate the position of
footnotes in the text and present the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.
Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.
Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the printed version.
* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply ‘as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and line/halftone
combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.
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TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300
dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPQG); these
typically have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color on the Web (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in color in
the printed version. For color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further information
on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color
figures to 'gray scale' (for the printed version should you not opt for color in print)
please submit in addition usable black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to
the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum
but explain all symbols and abbreviations used.

Tables

Number tables consecutively in accordance with their appearance in the text. Place
footnotes to tables below the table body and indicate them with superscript lowercase
letters. Avoid vertical rules. Be sparing in the use of tables and ensure that the data
presented in tables do not duplicate results described elsewhere in the article.
References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
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results and personal communications are not recommended in the reference list, but may
be mentioned in the text. If these references are included in the reference list they
should follow the standard reference style of the journal and should include a
substitution of the publication date with either 'Unpublished results’ or 'Personal
communication’. Citation of a reference as 'in press' implies that the item has been
accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references,
please be careful as they may already contain errors. Use of the DOI is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
(e.g., after the reference list) under a different heading if desired, or can be included in
the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.

Reference formatting

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted
article by Elsevier at the proof stage. Note that missing data will be highlighted at proof
stage for the author to correct. If you do wish to format the references yourself they
should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the
year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al." and the year of
publication.

Citations may be made directly (or parenthetically). Groups of references should be
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listed first alphabetically, then chronologically.

Examples: ‘as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).
Kramer et al. (2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the
same year must be identified by the letters 'a’, 'b', 'c', etc., placed after the year of
publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific
article. J. Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New
York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article,
in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing
Inc., New York, pp. 281-304.

Journal abbreviations source
Journal names should be abbreviated according to the
List of title word abbreviations: http://www.issn.org/2-22661-LTWA-online.php.

Video data

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit
with their article are strongly encouraged to include links to these within the body of the
article. This can be done in the same way as a figure or table by referring to the video or
animation content and noting in the body text where it should be placed. All submitted
files should be properly labeled so that they directly relate to the video file's content. In
order to ensure that your video or animation material is directly usable, please provide
the files in one of our recommended file formats with a preferred maximum size of 50
MB. Video and animation files supplied will be published online in the electronic
version of vyour article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com. Please supply 'stills' with your files: you can choose any
frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot
be embedded in the print version of the journal, please provide text for both the
electronic and the print version for the portions of the article that refer to this content.

AudioSlides
The journal encourages authors to create an AudioSlides presentation with their

published article. AudioSlides are brief, webinar-style presentations that are shown next
to the online article on ScienceDirect. This gives authors the opportunity to summarize
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their research in their own words and to help readers understand what the paper is about.
More information and examples are available at http://www.elsevier.com/audioslides.
Authors of this journal will automatically receive an invitation e-mail to create an
AudioSlides presentation after acceptance of their paper.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, high-resolution images, background datasets, sound
clips and more. Supplementary files supplied will be published online alongside the
electronic version of your article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com. In order to ensure that your submitted material is directly
usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise
and descriptive caption for each file. For more detailed instructions please visit our
artwork instruction pages at http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending
it to the journal for review. Please consult this Guide for Authors for further details of
any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and ‘grammar-checked'

* References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources
(including the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web
(free of charge) and in print, or to be reproduced in color on the Web (free of charge)
and in black-and-white in print

* If only color on the Web is required, black-and-white versions of the figures are also
supplied for printing purposes

For any further information please visit our customer support site at
http://support.elsevier.com.
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Virology Protocols
Protocols are to be submitted in the same way as regular articles

Organization of a Protocol
Title page:

The title page should contain the following items: (i) complete title (preferably no
chemical formulas or arbitrary abbreviations); (ii) full names of all authors; (iii)
complete affiliations of all authors; (iv) the number of text pages of the whole
manuscript (including figures and tables) and the number of figures and tables; (v) the
name and complete address of the corresponding author (including telephone number,
facsimile number and electronic mail address); (vi) acknowledgements.

Abstract:
This should provide a concise description of the purpose of the Protocol and should not
exceed 200 words.

Keywords:
Please provide 3 - 6 keywords.

Type of research:

In this section, relevant published studies should be described concisely in list form
preceded by Roman lower case numeral characters. The published studies should be
appropriately cited.

Time required.

An estimation of the time required to run the protocol should be given per separate step
and for the whole protocol.

Materials

The materials used should be described in sufficient detail for the protocol to be
replicated. Animals used should include information on breed, breeder, sex, age, weight
and the maintenance conditions. Furthermore, this section should be divided into two
subsections: (i) Special equipment and (ii) Chemicals and reagents. Any special
equipment required should be mentioned, including details of model type/number and
(international) supplier. The source or supplier of any special equipment should also be
stated, in parentheses, after mentioning the equipment for the first time. A listing
(preceded by dashes) of chemicals and reagents used in the protocol, should be
provided, if applicable. Special chemicals and drugs with their sources or suppliers
should be grouped under a separate subheading ("Chemicals" or "Drugs"). For drugs,
generic names should be used; trade names may be given in brackets where the drug is
first mentioned. In case of new drugs or chemicals, a full chemical description (formula)
should be given. The form of the drug used should be indicated.

Detailed procedure.
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This section should include an extensive, detailed and stepwise description of the
procedures used. The individual steps should be described in list form preceded by
Roman lower case numeral characters and correspond with the steps described under
Quick procedure. All companies from which chemicals or materials were obtained
should be listed with their full address.

Results.

In this section the expected results should be described clearly and concisely, and in
logical order without extended discussion of their significance. Results should usually
be presented descriptively and be supplemented by photographs or diagrams.

Discussion.

This section should present an assessment of the protocol, problems which may be
encountered, and alternative or support protocols.This section should be divided into
two parts: (i) Trouble-shooting and (ii) Alternative and Support Protocols.
Troubleshooting: Problems that may have been encountered during any of the
procedures should be discussed clearly and concisely, and suitable solutions suggested.
Alternative methods for replacing certain steps in the protocol should be mentioned in
sufficient detail, and clearly indicating at which point in the protocol they should be
applied.Alternative and Support Protocols: If applicable, alternative or support protocols
should be mentioned, clearly stating the advantages and disadvantages of such protocols
and be accompanied by appropriate citation of the literature.

Essential literature references.

This should mention certain essential reading divided into original papers, book
chapters and review papers. Do not cite the full reference, but just list the reference
number. All references cited in the text should be listed at the end of the manuscript,
arranged in alphabetical order of the author's surname.

Quick procedure.

This section should describe the protocol in a concise, stepwise manner. The individual
steps should be described in list form preceded by roman lower case numeral characters
and correspond with the steps described under Detailed procedure. This section should
contain basic, essential information for the protocol to be replicated successfully.

[llustrations.
Follow the standard article guidelines for instructions on illustrations.

u After Acceptance

Use of the Digital Object Identifier
The Digital Object Identifier (DOI) may be used to cite and link to electronic

documents. The DOI consists of a unique alpha-numeric character string which is
assigned to a document by the publisher upon the initial electronic publication. The
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assigned DOI never changes. Therefore, it is an ideal medium for citing a document,
particularly 'Articles in press' because they have not yet received their full bibliographic
information. Example of a correctly given DOI (in URL format; here an article in the
journal  Physics  Letters B):  http://dx.doi.org/10.1016/j.physletb.2010.09.059
When you use a DOI to create links to documents on the web, the DOIs are guaranteed
never to change.

Online proof correction

Corresponding authors will receive an e-mail with a link to our ProofCentral system,
allowing annotation and correction of proofs online. The environment is similar to MS
Word: in addition to editing text, you can also comment on figures/tables and answer
questions from the Copy Editor. Web-based proofing provides a faster and less error-
prone process by allowing you to directly type your corrections, eliminating the
potential introduction of errors. If preferred, you can still choose to annotate and upload
your edits on the PDF version. All instructions for proofing will be given in the e-mail
we send to authors, including alternative methods to the online version and PDF.
We will do everything possible to get your article published quickly and accurately -
please upload all of your corrections within 48 hours. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading
is solely your responsibility. Note that Elsevier may proceed with the publication of
your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via
e-mail (the PDF file is a watermarked version of the published article and includes a
cover sheet with the journal cover image and a disclaimer outlining the terms and
conditions of use). For an extra charge, paper offprints can be ordered via the offprint
order form which is sent once the article is accepted for publication. Both corresponding
and co-authors may order offprints at any time via Elsevier's WebShop
(http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed
copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service
to collate multiple articles within a single cover
(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

u Author Inquiries

For inquiries relating to the submission of articles (including electronic submission)
please visit this journal's homepage. For detailed instructions on the preparation of
electronic artwork, please visit http://www.elsevier.com/artworkinstructions. Contact
details for questions arising after acceptance of an article, especially those relating to
proofs, will be provided by the publisher. You can track accepted articles at
http://www.elsevier.com/trackarticle. You can also check our Author FAQs at
http://www.elsevier.com/authorFAQ and/or contact Customer  Support via
http://support.elsevier.com.
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4.3 - Artigo cientifico 111

Transmissdo vertical do virus da Mionecrose infecciosa (IMNV) no camarao
marinho Litopenaeus vannamei

Artigo cientifico a ser encaminhado a Revista - Aquaculture.

Todas as normas de redacdo e citacdo, deste capitulo, atendem as estabelecidas pela
referida revista (em anexo).
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ABSTRACT

In cultured Litopenaeus vannamei shrimp, the Infectious myonecrosis virus's (IMNV)
infection is characterized by 70% cumulative mortality during grow-out cycle. Although
the horizontal transmission of IMNV has been demonstrated, vertical transmission
remains unknown, which may be a crucial factor for the prevention of IMNV from one
shrimp generation to the next. Hence, we determined the possibility of vertical
transmission of IMNV from L. vannamei broodstock inoculated by intramuscular
procedure or naturally infected with the use of molecular methods (real-time PCR and
conventional PCR) in spermatophore, ovary and egg. Moreover, the effect of IMNV
infection on sperm viability was also evaluated. Conventional PCR detected IMNV in
spermatophores, mature ovary and muscle tissues from experimentally infected SPF
broodstock. All samples (spermatophores, mature ovary, muscle and eggs - fertilized or
not) from not SPF broodstock naturally and experimentally infected were found to
support IMNV replication by real-time PCR. There was no significant difference in
viral load of the reproductive organs/tissues between naturally or experimentally
infected shrimp groups (for both sexes) (p>0.05). However, the mean viral load in the
muscle for all animals (males and females) was statistically different from the other
tissues, with viral load values for naturally and experimentally muscles dissimilar from
each other for both sexes (p<0.05). As for spawning, all infected females spawned and
there were no significant differences in the viral load of eggs produced by naturally and
experimentally infected females for IMNV. In addition, eggs from all females were
classified in two morphological types (type B and A;) based on morphology and post-
spawning development. Sperm viability of experimentally infected males was not
determined due to lower cell density, whereas for naturally infected males, the
percentage of viable sperm showed an average viability of 82%. In the control group,
mean viable sperm was 91%. The results suggested that IMNV can be transmitted
vertically in L. vannamei. However, nauplii did not hatched out, preventing better
understanding of the mechanisms by which eggs become infected following spawning
(by egg surface or by transovarial transmission). On the other hand, the association of
100% positive samples from ovaries and eggs and low percentage of viable cells from
naturally infected males suggests that female appears to be the primary source of IMNV

associated with eggs in the vertical transmission.
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1. Introducgéo

Patogenos de etiologia viral respondem atualmente por 60% das perdas por doengas
na carcinicultura marinha mundial (Flegel, 2012). Dentre as estratégias adotadas para a
gestdo e prevencdo de doencas na unidade de producdo de camardes marinhos, a
reducdo da prevaléncia de virus a partir do controle de reprodutores tem sido a mais
eficaz (Brock e Bullis, 2001).

Dos seis agentes infecciosos virais (Necrose hipodermal e hematopoiética infecciosa
- IHHNV, Mionecrose infecciosa - IMNV, Sindrome de Taura - TSV, Mancha branca -
WSSV, Doencga da cauda branca - WTD e da Cabeca amarela - YHD) que infectam
crustaceos presentes na lista de notificacdo obrigatéria da Organizacdo Mundial da
Satde Animal (OIE) em 2012 (OIE, 2012a), trés (IHHNV, WSSV e WTD) tém a
transmissdo vertical comprovada associada a alta prevaléncia em populagdes selvagens
ou domesticadas de diferentes espécies de peneideos (Penaeus stylirostris, Litopenaeus
vannamei e Penaeus monodon) e carideos (Macrobrachium rosenbergii) (Morales-
Covarrubias et al., 1999; Motte et al., 2003; Withyachumnarnkul et al., 2006; Lo et al.,
1997; Hsu et al., 1999; Tsai et al., 1999; Peng et al., 2001; La Pefia et al., 2007,
Sudhakaran et al., 2007).

Prevaléncias superiores a 60% de WSSV em fémeas foram determinadas em
reprodutores selvagens de P. monodon capturados em Taiwan, com comprovacao de
transmissdo vertical baseada na deteccdo positiva via hibridizacdo in situ (ISH) do virus
em ovarios (células do foliculo e oogbnias) e espermatoéforos, embora 6vulos maduros
infectados ndo tenham sido observados, sugerindo liberacdo do virus no momento da
desova (Lo et al., 1997; Hsu et al., 1999).

Ja para o IHHNV, a prevaléncia e seu impacto no desempenho reprodutivo
dependem da espécie envolvida. Em P. stylirostris e P. monodon, apesar das
prevaléncias médias de 70% em fémeas tenham sido observadas, nenhuma
sintomatologia ou efeito negativo foi notado em termos de nimero de ovos e nauplios
produzidos por desova (Morales-Covarrubias et al., 1999; Withyachumnarnkul et al.,
2006). Por outro lado, a alta prevaléncia de IHHNV em reprodutores domesticados de
L. vannamei (85% em ovarios) pode resultar em uma queda de 25% na producdo de
nauplios quando fémeas infectadas sdo comparadas a negativas, com evidente elevacao

de crescimento heterogéneo em nauplios originarios dessas fémeas (Motte et al., 2003).
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Quanto a doenca da cauda branca, a WTD, causada pelos virus Macrobrachium
rosenbergii nodavirus (MrNV) e extra small (XSV), a transmissdo vertical foi
confirmada via desafio viral de reprodutores a pds-larvas, com confirmacao de infecgédo
por estes virus em amostras de tecido do ovario, ovos fertilizados e estagios larvais por
meio de PCR e nested-PCR (Sudhakaran et al., 2007).

Com relacdo ao IMNV, embora estudos sobre a prevaléncia em reprodutores de L.
vannamei ainda ndo se encontrem disponiveis, Pinheiro et al. (2007) em um estudo
epidemioldgico realizado no estado de Pernambuco (nordeste brasileiro), revelaram que
o0 virus da IMN esteve presente em 81% das fazendas analisadas quando animais com
peso médio de 5 g foram amostrados.

No Brasil, a doenca da Mionecrose infecciosa, causada pelo virus da Mionecrose
infecciosa (IMNV), foi apontada no aspecto sanitario, como o principal fator para a
perda de 40% da produgdo do monocultivo de L. vannamei na regido nordeste em 2003
(Nunes et al., 2011), com estimativas recentes apontando para prejuizos acima de US$
100 milhdes de dolares para o periodo entre 2002 e 2006 (Lightner, 2011). Como o
nome do virus sugere, esta doenca caracteriza-se pela necrose do musculo estriado do
abdémen e do cefalotérax, com liquefacdo dos musculos fibréticos necrosados na fase
aguda da infec¢cdo, o que confere uma coloracdo avermelhada as areas afetadas nos
animais infectados (Nunes et al., 2004).

Embora a comprovacédo de camardes sobreviventes capazes de serem portadores de
infeccdo ao longo da vida até se tornarem reprodutores ndo tenha sido demonstrada
cientificamente, acredita-se que este virus possa ser transmitido verticalmente a
progénie (OIE, 2012b). Assim, o presente estudo tem por objetivo determinar a
possibilidade de transmissdo vertical do IMNV em L. vannamei naturalmente e
experimentalmente infectados através de PCR convencional e PCR em tempo real. A
avaliacdo da viabilidade espermatica de machos naturalmente e experimentalmente

infectados na fase aguda da infecc¢do por IMNYV tambem foi verificada.

2. Material e métodos
2.1 Inoculo viral
A preparagdo do inoculo viral foi realizada conforme descrito por Silva et al.

(descrito no 1° artigo desta tese). Em resumo, tecido do musculo abdominal de L.
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vannamei (peso médio de 11,6 g) foi coletado durante um surto natural de IMNV e
triado para a presenca deste virus por PCR (Poulos e Ligthner, 2006) e auséncia de
outros patogenos de camardes peneideos (TSV, WSSV, virus da Necrose hipodermal e
hematopoiética infecciosa - IHHNV e Hepatopancreatite necrosante - NHPB) via kits da
1Q2000™ (Farming IntelliGene Tech. Corp., Taiwan). O tecido foi homogeneizado,
centrifugado e filtrado em membrana polietersulfonica (PES) de 0,22um (TPP,
Switzerland). A carga viral do homogeneizado foi quantificada via PCR em tempo real
(Silva et al., 2011), seguido de diluicéo serial em solucéo salina estéril a 2%. A diluicéo
de 1:10" foi armazenada a -80°C até & sua utilizacgdo em desafios via injecéo
intramuscular a 28°C, conforme recomendacgdes de Silva et al. (descrito no 1° artigo

desta tese).

2.2 Sistema de recirculagéo fechado

Todos os animais foram mantidos em um sistema de recirculagdo fechado (Closed
Recirculation Systems - CRS) projetado segundo Gonzélez-Gonzélez et al. (2009), com
algumas modificacfes. Neste sistema, a unidade de maturacdo era composta por trés
tanques de fibra de vidro preto e circular de 2 m de diametro e volume util de 2200 L, 1
m de altura e um dreno central de 50 mm. Em cada tanque foi instalado um filtro
mecanico-biolégico de 300 L, dois skimmers de 1500 L, quatro pontos de aeragdo
continua, um esterilizador UV de 36 W (JEBO, China), quatro airlifts verticais de 70 cm
e um cooler para manter a temperatura da dgua a 28°C. Trés lampadas fluorescentes de
40 W e uma lampada incandescente de 100 W foram instaladas 1,2 m acima da
superficie da dgua de cada tanque com um timer digital temporizador para controle de
fotoperiodo de 13hL (horas de luz): 11hD (horas sem luz) de acordo com Chamberlain e
Lawrence (1981). Todos os tanques foram individualmente cobertos com telas de
sombreamento pretas de 70% de bloqueio solar para controle da intensidade luminosa e
fotoperiodo. Antes de entrar no sistema, toda agua era desinfetada com cloro a 5 mgL™
e durante todo o experimento foi mantida a salinidade de 31 gL™, temperatura de
28+1°C e pH 8,0+0,4, com taxas de renovacgdo diaria de 5%.

Quanto a unidade de desova, trés tanques de fibra de vidro preto e circular (1,17 m
de diametro e 80 cm de altura) e duas caixas circulares de polietileno de média
densidade (PEMD) (81 cm de diametro e 53 cm de altura) de 300L foram utilizados
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para a coleta individual de desovas. Neste sistema a &gua foi mantida sob aeracéo leve e
continua, sem circulagdo, com salinidade de 30 gL™ e temperatura de 28°C, sendo
adicionados EDTA auma concentracéo final de 10 mgL™ como medida profilatica.

Os animais foram alimentados durante todo o experimento com lulas e mexilhdes
congelados e dieta comercial propria para reprodutores (Breed S Fresh, INVE
Aquaculture, Bélgica), nas proporcdes de 60, 30 e 10%, respectivamente, quatro vezes
ao dia a 20% da biomassa.

Durante todo o experimento, temperatura e pH foram monitoradas duas vezes ao
dia, e amostras de agua foram coletadas semanalmente para analise de nitrito, nitrato,
nitrogénio amoniacal e alcalinidade por meio de kit colorimétrico comercial (Alcon
Labcon, Camboriu, Brasil) para verificacdo destes parametros dentro dos limites ideais

para peneideos propostos por Van Wyk e Scarpa (1999).

2.3 Reprodutores SPF e desafio viral

Para a determinacdo da rota de transmissdo vertical do IMNV foram usados
reprodutores livres de patdgeno especifico (Specific Pathogen Free - SPF) de L.
vannamei provenientes de tanques de maturacdo da empresa Genearch Aquacultura
Ltda (larvicultura comercial brasileira) localizada em Rio do Fogo (RN). Fémeas (66,27
g) e machos (42,8 g) foram mantidos em um sistema de recirculagéo fechado (CRS) e
distribuidos em tanques de acordo com a presenca ou auséncia de inoculacdo para a
obtencdo de animais experimentalmente infectados.

Desafios virais por inje¢do intramuscular em um dos reprodutores foram realizados
para a identificacdo da origem do parental envolvido na transmissdo vertical. Desta
forma, os animais foram distribuidos em trés tanques: (1) fémeas inoculadas com
machos negativos (via parental materno); (2) machos inoculados com fémeas negativas
(via parental paterno) e; (3) fémeas e machos ndo inoculados (grupo controle).

Para o primeiro tanque, durante o periodo de intermuda, nove fémeas
unilateralmente abladas de L. vannamei foram inoculadas por via intramuscular (300 pL
de indculo diluido a 1:10” por animal) no terceiro segmento abdominal. Apds sete dias
da inoculacdo (curso de tempo minimo necessario para que o IMNV atinja células
susceptiveis e inicie um processo de infeccdo - Silva et al., descrito no 1° artigo desta

tese), as fémeas foram monitoradas diariamente para o desenvolvimento do ovario e as
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que apresentavam ovarios maduros (Palacios et al., 1999) foram inseminadas
artificialmente (Misamore e Browdy, 1997) com espermatdforos de machos negativos
(n=20), sendo transferidas para tanques individuais de fibra de vidro (300 L) a 28°C.

Ja para a determinacdo da rota via parental paterno (segundo tanque), 15 machos de
L. vannamei foram desafiados experimentalmente sob as mesmas condicdes descritas
para as fémeas. Sete dias apds a inoculacdo, os individuos que apresentavam
espermatoforos completamente desenvolvidos (Chamberlain et al., 1983) eram
selecionados e os espermatoforos retirados, via compressdo da regido latero-ventral
posterior a inser¢do do quinto par de pereidpodos, inseminados em fémeas negativas
abladas (n=10). Estes desafios contaram ainda com um grupo controle (terceiro tanque)
composto por 10 machos e 10 fémeas, nos quais foram injetados 300 pL de solucédo
salina estéril a 2%.

Entretanto, o longo intervalo de tempo entre a ablagdo do pedunculo ocular e
primeira desova pos-inoculacao (120 dias), atrelado ao surgimento dos primeiros sinais
clinicos de infeccdo por IMNV (10 dias p0s-injecdo), inviabilizaram a obtencdo de
desovas. Apenas uma Unica desova fertilizada com obtencdo de nauplios foi obtida
proveniente do tanque controle. Assim, todos os animais (desafiados e do grupo
controle) foram sacrificados e armazenados a -80°C para confirmagdo da infecgdo por
IMNV via PCR convencional nos tecidos de musculo, ovario e espermatéforos.

2.4 Reprodutores naturalmente infectados e desafio viral

Visando a obtencéo de desovas que pudessem elucidar a rota de transmisséo vertical
do IMNV, 300 camardes L. vannamei (150 fémeas e 150 machos com peso médio de
28,5 g) foram coletados de viveiros com histdrico recorrente de infeccdo IMNV em uma
fazenda de engorda comercial localizada no municipio de Ceara-Mirim (Rio Grande do
Norte, Brasil) com salinidade de 1,5 gL™.

Estes animais foram transportados para o sistema de recirculacdo fechado e
aclimatados para a salinidade de 31 gL™ através do aumento gradual da salinidade a
taxa de 3 gL™ para os trés primeiros dias, sequidos de 5 gL* para os tltimos quatro dias.
Este processo de aclimatagdo foi executado em uma semana e resultou na morte de 61

animais (20% de mortalidade).
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Apbs 48 horas a 31 gL, as fémeas restantes foram abladas unilateralmente através
de esmagamento do penddnculo ocular com pinga incandescente e inoculadas via
intramuscular (300 pL de inéculo diluido a 1:107 por animal) no terceiro segmento
abdominal. Do mesmo modo, 30 machos também foram inoculados experimentalmente.

As fémeas submetidas a ablagdo foram observadas ao longo de 10 dias e as que ndo
desenvolveram completamente os ovérios, foram descartadas. Desta forma, foram
estocados 60 animais por tanque de maturacdo a proporcdo sexual de 1:1, sendo estes
camar@es distribuidos em trés tanques conforme as combinacbes de inoculagdo: (1)
fémea ndo inoculada com macho inoculado; (2) fémea inoculada com macho néo
inoculado e, (3) fémea e macho n&do inoculados. A escolha de fémeas e machos
maduros, bem como as técnicas de extrusdo e de inseminacdo foram conduzidas da
mesma forma descrita para os animais SPF. Apds as desovas, as fémeas eram
devolvidas ao tanque de origem e os Ovulos, fertilizados ou ndo, eram coletados e
armazenados a -80°C para deteccdo de IMNV via PCR em tempo real.

Obijetivando reduzir as condicdes de estresse que poderiam comprometer a desova e
inviabilizar os resultados, nenhuma anélise de PCR foi conduzida nestes animais até o
fim do experimento. Assim, todos os animais foram sacrificados ao final do
experimento (45 dias), identificados de acordo com o tanque e analisados por PCR em
tempo real (musculo, ovério e espermatoforo) para a determinacéo de infecgdo natural
por IMNV e para a definicdo das reais combinac@es existentes em cada um dos tanques.

Todas as amostras foram armazenadas a -80°C até a sua andalise molecular.

2.5 Andlises moleculares

2.5.1 Extracdo de RNA e RT-PCR

A extracdo do RNA total dos tecidos de todos os camardes (musculo, ovarios,
espermatdforos e pools de 150 6vulos /fémea), foi feita conforme o protocolo de
Chomezynski e Sacchi (1987), com algumas modificacfes. Nesta metodologia, o tecido
(50 mg) foi macerado individualmente em nitrogénio liquido. Posteriormente, a este
macerado foi acrescentado 1 mL de Trizol (Invitrogen) para a digestdo. O RNA foi
precipitado com &lcool isopropilico e ressuspendido em &gua com DEPC
(Dietilpirocarbonato), sendo armazenado a —80°C até a sua utilizacdo. A concentracao

e a qualidade do RNA extraido foram verificados por meio de espectrofotometria a 260
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e 280 nm via espectrofotdmetro (NanoVue Plus"™, GE Healthcare, EUA). Em seguida,
300 nguL™ de RNA total e 0,5ug de oligo(dT)ss foram usados para sinetizar o cDNA
através do kit Improm-1I"™ Reverse Transcription System (Promega, Madison, WI,
USA), conforme as instrucbes do fabricante. O cDNA foi armazenado a -20°C até

posterior utilizacdo nas analises de PCR ou de PCR em tempo real.

2.5.2PCR

As amostras de cDNA provenientes dos tecidos dos reprodutores SPF (musculo,
ovarios e espermatoforos) foram submetidos a PCR para confirmagéo de infecgdo por
IMNYV usando os primers especificos descritos por Poulos e Lightner (2006). As reacdes
de PCR foram realizadas em um volume final de 25 pL contendo: 2 puL de cDNA, 1U
de Taq polimerase, 200 uM de cada ANTP, 1,5 mM de MgCl; e 5 pmol de cada primer
especifico. As condicBes térmicas de amplificacdo foram as mesmas descritas por
Pinheiro et al. (2007) e os produtos de PCR (tamanho esperado de 328 pb) foram
submetidos a eletroforese em gel de agarose a 2% corado com brometo de etidio. A
cada reacdo foi adicionado um controle positivo para o virus da Mionecrose infecciosa e

um controle negativo, constituido de dgua ultra-pura como amostra.

2.5.3 PCR em tempo real

Analises de PCR em tempo real para IMNV foram realizadas conforme descrito por
Silva et al. (2011). Nestas analises, cDONA das amostras de pools de 150 ovos
(fertilizados ou ndo)/fémea, de tecido muscular, de ovarios e de espermatdéforos de todos
o0s animais oriundos da fazenda de engorda (ndo SPF) tiveram sua carga viral média de
IMNYV determinada e a taxa de infec¢do natural definida.

Em cada placa de 96 pocos foi adicionado: uma diluicdo serial (1:102 a 1:10%) do
plasmideo recombinante-padrdo para IMNV; duas réplicas técnicas de cada amostra;
dois controles negativos (agua ultra-pura e amostra de controle positivo para o virus da
Taura) e um controle interno de B-actina. As condicfes de reacdo e andlise dos dados
foram efetuadas segundo Silva et al. (2011) em um termociclador StepOnePlus™ Real-

Time PCR System (Applied Biosystems, CA, EUA).
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2.6 Avaliagdo da viabilidade espermatica durante a fase aguda da infec¢ao

A fim de determinar o efeito da fase aguda da infeccdo por IMNV sobre a
viabilidade espermatica, cinco camarfes ndo SPF de cada tanque que apresentavam
espermatoforos completamente desenvolvidos e sinais clinicos da fase aguda (opacidade
multifocal no musculo abdominal) foram selecionados e o par de espermatdéforos
retirados por meio de extrusédo manual.

A viabilidade espermatica foi efetuada por meio do método de coloragdo eosina-
nigrosina, conforme Jeyalectumie e Subramoniam (1989), Nimrat et al. (2005) e
Vuthiphandchai et al. (2007). Ap6s a remocdo do par de espermatoforos, a massa
espermatica do par foi transferida para um tubo contendo 1 mL de solucdo salina livre
de calcio (21,63 g de NaCl; 1,12 g de KCI; 0,53 g de H3BOg3; 0,19 g de NaOH; 4,93 g de
MgSQ,.7H,0; pH 7,4) e homogeneizada até obter uma suspensdo de células. Em
seguida, uma aliquota de 50 uL da suspensdo celular foi adicionada a 50 puL de uma
solucdo contendo eosina a 0,5% e nigrosina a 10% na proporgdo de 1:1 (viv) e
misturada sobre uma lamina, com posterior confeccdo de esfregaco das células coradas.
A amostra foi seca a temperatura ambiente e a viabilidade espermaética avaliada sob
microscopio optico. No caso de alta densidade celular (mais de 100 células visualizadas
por campo), no minimo, 100 espermatozoides da lamina foram avaliados para
determinacdo do percentual de células viaveis, entretanto, se baixa densidade fosse

detectada, o percentual era baseado na leitura de toda a lamina (10x).

2.7 Andlises estatisticas

A analise dos dados e a determinacdo do nimero de cdpias virais das amostras
foram feitas através do software StepOne™ (versdao 2.2.2) (Applied Biosystems, CA,
EUA). Os dados de quantificacdo viral dos diferentes tecidos foram submetidos ao teste
de Bartlett ao nivel de 95% de probabilidade (P<0,05), para a verificagdo da
homogeneidade. Em seguida, o teste de Kruskal-Wallis foi usado para comparar a carga
viral média obtida nos diferentes tecidos (musculo, ovério e espermatéforo) e amostras
de desovas coletados. As analises estatisticas foram realizadas com o auxilio do
software ASSISTAT verséo 7.7 beta (Silva, 2014).
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3. Resultados e discusséo

Todas as amostras de musculo, ovarios e espermatoforos originarias de camardes
SPF experimentalmente inoculados foram positivas para a infeccdo por IMNV via PCR
convencional (Figura 1), ndo sendo detectado o virus nas amostras de animais nédo
inoculados ou no grupo controle para os mesmos tecidos. Do mesmo modo, sinais
clinicos de infeccdo por IMNV, tais como: opacidade multifocal nos segmentos
abdominais e na cauda e lesbes necrosadas com coloracdo avermelhada foram
observadas nos animais desfiados. No grupo controle, nenhum sinal de infeccdo foi

notado até o final do experimento (120 dias).
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Figura 1. Deteccdo de IMNV por PCR em diferentes tecidos de reprodutores SPF de L.
vannamei experimentalmente infectados. As quatro primeiras amostras (1, 2, 3 e 4)
correspondem aos machos SPF infectados experimentalmente, enquanto as trés Gltimas
(1, 2 e 3), correspondem as fémeas SPF, onde: S é espermatéforo; M, musculo; O,
ovarios; C+, controle positivo; M, marcador de peso molecular de 50pb (New England

Biolabs, EUA) e C-, controle negativo (a4gua ultra-pura).

Segundo Nunes et al. (2004), a sintomatologia do IMNV pode indicar o grau de
severidade da infeccdo e apresenta-se em trés graus: leve, com a presenca de pequenos
focos de opacidade no musculo abdominal e nos apéndices; moderada, com a expanséo
da opacidade e perda da transparéncia muscular e; grave, com a presenca de areas
necrosadas e apodrecimento dos segmentos abdominais e leque caudal. No presente
estudo, os sinais clinicos observados nos reprodutores SPF indicaram graus de infeccdo

por IMNV de moderado a grave.
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Com relacéo aos animais (ndo SPF) vindos de viveiros de engorda com historico de
infecgdo por IMNV nos ultimos ciclos, dos 180 animais estocados, 157 foram mantidos
até o fim do experimento e destes, 97 ndo foram submetidos a inoculacéo, permitindo
um levantamento preliminar sobre a percentagem de infectados naturalmente. Assim,
quando apenas amostras de musculo foram analisadas via PCR em tempo real, dos 50
machos ndo inoculados, 60% foram positivos para IMNV, enquanto que das 47 fémeas
ndo inoculadas, 100% foram positivas. Entretanto, quando as amostras de ovarios e
espermatoforos foram avaliadas, apenas 44% dos espermatoforos foram positivos
versus 100% dos ovérios, evidenciando uma maior probabilidade da frequéncia de
fémeas infectadas em unidades de cultivo.

E importante salientar, ainda, que nenhum adulto coletado e ndo inoculado mostrou
sinal clinico da doenca. No segundo experimento, nenhum dos animais (machos e
fémeas) inoculados apresentou sinais clinicos de infeccdo moderada e grave como
observados nos reprodutores SPF, mas um comportamento letargico apés 15 dias de
inoculacdo e discreta opacidade muscular associada a quase total suspensao do consumo
alimentar. Por esta razdo, transcorridos 20 dias ap6s a inoculacdo, optou-se por uma
renovacédo de 33% do plantel de animais inoculados, com a substituicdo de 10 machos
no tanque 1 e de 10 fémeas, no tanque 2. Todos os animais adicionados foram retirados
do tanque 3, restando ao final do experimento, 37 animais (20 machos e 17 fémeas)
neste tanque e, no experimento total, 157 animais.

A alta prevaléncia de infeccdo por virus em populacbes domesticadas de L.
vannamei tem sido relatada por Motte et al. (2003). Esses autores relataram a
prevaléncia de IHHNV em adultos de L. vannamei cultivados em duas geragfes em
larviculturas no Equador e no Panama através de nested-PCR de amostras de hemolinfa.
No Equador, os camarBes de origem colombiana apresentaram prevaléncia de IHHNV
de 50%, sem diferenca entre machos e fémeas, enquanto que nos de origem panamenha,
a prevaléncia foi de 50% para os machos e 63% para as fémeas. Ja no Panamé (de
origem panamenha), a prevaléncia foi estimada em 94% para as fémeas e 95% para 0s
machos. Ainda neste estudo, ao se analisar a prevaléncia de todas as fémeas para todas
as origens, antes e depois da primeira desova, um aumento de 12% de fémeas infectadas

foi detectado.
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Lo et al. (1997) e Hsu et al. (1999) registraram que maiores severidade e deteccao
de infeccdo por WSSV (deteccdo na 1 PCR) foram observadas em reprodutores
selvagens de P. monodon capturados no sul de Taiwan apds a desova, indicando que o
estresse de desova pode desencadear a replicacdo viral. Similarmente, La Pefia et al.
(2007) ao investigar a prevaléncia de WSSV entre fémeas e machos selvagens de P.
monodon nas Filipinas observaram uma variagdo sazonal significativa, com maior
prevaléncia para ambos 0s sexos no verdo o que coincide com o periodo de atividade de
desova natural. De acordo com Hsu et al. (1999), para aumentar o nimero de ovos com
baixa prevaléncia de WSSV a recomendacdo é efetuar uma triagem de reprodutores
apos a primeira desova.

Tsai et al. (1999) e Peng et al. (2001) sugerem ainda que a adocao da estratégia de
povoamento baseada em nauplios provindos de fémeas com prevaléncia de WSSV
inferior a 50% pds-desova pode resultar em ciclos produtivos de engorda de P.
monodon com baixa incidéncia de surtos quando condicdes favoraveis de cultivo (baixa
densidade e baixo estresse ambiental) sdo praticadas. No presente estudo, todas as
analises de PCR em tempo real foram conduzidas ao final do experimento,
possibilitando uma triagem de fémeas p6s-primeira desova.

Com relacdo a deteccdo de IMNV via PCR em tempo real de todos os animais
usados no segundo experimento, para as amostras de musculo, 100% das fémeas e 75%
dos machos foram positivos, ao passo que para os tecidos reprodutivos, 96,1% dos
ovarios e 57,5% dos espermatoforos foram positivos. Os resultados do numero de
infectados por tanque no segundo experimento e por tipo de tecido coletado (musculo,
ovario e espermatéforo) encontram-se sumarizados na Tabela 1. Com base nestes
resultados, as reais combinacfes de cruzamento obtidas nos trés tanques foram: (1)
fémea naturalmente infectada e macho inoculado; (2) fémea inoculada e macho
naturalmente infectado e; (3) fémea naturalmente infectada e macho negativo (Tabela
1).

Quanto & quantificacdo da carga viral média de IMNV, ndo houve diferenca
significativa entre as amostras de tecido de ovéario e espermatoforo analisados para
animais (machos e fémeas) naturalmente ou experimentalmente infectados (p>0,05). No

entanto, a carga viral média encontrada no musculo para todos os animais (machos e
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393 fémeas) diferiu estatisticamente dos demais tecidos, sendo os valores de musculo
394  experimentalmente e naturalmente diferentes entre si (p<0,05) (Tabela 1).
395 O IMNV infecta preferencialmente tecidos de origem mesodérmica, embora
396 durante a fase aguda os principais tecidos infectados sejam os musculos estriados
397  (principalmente 0 musculo esquelético), os tecidos conjuntivos, os hemacitos, e as
398 células do 6rgéo linféide, podendo este ultimo tornar-se o principal tecido-alvo na fase
399 cronica da infeccdo (OIE, 2012b). Neste estudo, amostras de masculo tiveram carga
400 viral média significativamente maior que os demais tecidos.
401 Além disso, em ambos os sexos experimentalmente infectados, os niveis de carga
402  viral média foram similares aqueles obtidos na quantificacdo de musculo abdominal de
403  animais oriundos de infeccdes naturais deste virus (entre 6,85x10°2 e 3,09x10* copias pug”
404 'deRNA total) (Silva et al., 2011).
405
406  Tabela 1. NGmero de infectados e carga viral média (copias pg™ de RNA total) dos
407  reprodutores ndo SPF para os diferentes tecidos coletados
N° PCR Carga viral
Tanque Sexo Tecido Infeccéo
Analisado Positiva Minimo  Média  Maximo
1 Macho Espermat6foro Experimental 30 24 1,21x10%® 3,61x10%®* 8,10x103
Mdsculo  Experimental 30 30 1,16x10% 1,96x10%® 5,31x10’
Fémea Ovaério Natural 30 30 6,39x10%2 2,74x10%* 6,91x103
Mdasculo Natural 30 30  4,07x102 2,82x10%° 6,16x103
2 Macho Espermat6foro  Natural 30 22 1,09x10%® 4,65x10%®* 9,82x103
Musculo Natural 30 29  1,06x10% 4,92x10%° 7,67x103
Fémea Ovério Experimental 30 27  2,29x10% 7,00x10%®* 1,53x10*
Muasculo  Experimental 30 30 2,87x10% 1,85x10%® 4,97x10’
3 Macho Espermatéforo - 20 0 - - -
Musculo - 20 1 2,056x10% 2,05x10%® 2,05x103
Fémea Ovério Natural 17 17 3,41x10%2 2,22x10%* 3,67x103
Mdasculo Natural 17 17 1,13x10® 1,99x10%° 3,20x103
408  *P¢ . \Médias seguidas de letras iguais ndo diferem entre si pelo teste de Kruskal-Wallis
409  (p=0,05); - Nao detectado.
410
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A confirmacdo da rota de transmisséo vertical em camardes tem sido presumida a
partir da detecgdo positiva de virus via técnica molecular em 6rgdos reprodutivos
(ovérios e espermatoforos) e em ovos de adultos maduros infectados.

Resultados positivos via nested-PCR para o virus penaeid rod-shaped DNA
(PRDV) em amostras de ovario e testiculo procedentes de adultos selvagens de Penaeus
japonicus durante a estacdo de maior prevaléncia (verdo) foram apontadas como uma
fonte para a transmisséao vertical do PRDV (Mushiake et al., 1998).

No caso do IHHNV, a presenca do virus em 6rgaos reprodutivos tem sido descritas
para P. monodon (Withyachumnarnkul et al., 2006) e L. vannamei (Motte et al., 2003).
Reacdes positivas para IHHNV em ovarios e odcitos de P. monodon via hibridizacao in
situ (ISH) sugerem que este virus pode ser transmitido verticalmente. Ao mesmo tempo,
o fato de que pos-larvas oriundas destes lotes também abrigavam o virus embasam os
resultados obtidos para estes tecidos (Withyachumnarnkul et al., 2006). Em L.
vannamei, o IHHNV foi detectado em tecidos de ovérios, espermatéforos, ovos e
estagios pré e pods-larvais (de fémeas infectadas) triados por PCR, com altissima
frequéncia em ovarios (85%) e rara deteccdo em espermatoforos (13%), sugerindo uma
maior probabilidade de transmiss&o vertical atrelada ao parental materno.

A comprovacdo de transmissdo vertical tambem tem sido obtida para WSSV
através da presenca de células positivas localizadas no espermatéforo e nos ovarios
(células do foliculo e oogbnias) em P. monodon por meio de andlise de microscopia
eletronica e ISH (Lo et al., 1997). Similarmente, Cowley et al. (2002) mostram que a
presenca do virus gill-associated (GAV) em espermat6foros, ovarios maduros, ovos e
nauplios via nested-PCR esta associada a elevada prevaléncia de infecgdes cronicas e a
perpetuacdo deste virus em larviculturas, quando estes animais sdo usados como
reprodutores, evidenciando a transmissdo vertical.

A transmissao vertical dos virus MrNV e XSV foi reproduzida experimentalmente
em M. rosenbergii, com a presenca destes virus comprovada via nested-PCR em ovério,
ovos fertilizados e larvas derivadas destes lotes infectados (Sudhakaran et al., 2007). No
presente estudo, a detec¢do positiva de IMNV em ovarios de fémeas naturalmente e
experimentalmente infectadas e em espermatoforos de machos naturalmente e
experimentalmente infectados, demonstra a possibilidade de uma rota de transmisséo

vertical do IMNV em L. vannamei.
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Quanto as desovas, todas as fémeas infectadas (naturalmente ou ndo) foram capazes
de desovar, obtendo-se 13 desovas para fémeas infectadas naturalmente e quatro, para
as experimentalmente, com apenas uma desova fertilizada para ambos os casos. Destas
13 desovas (fémeas infectadas naturalmente), seis foram de inseminagdes de machos
experimentalmente infectados e, sete, de machos negativos. Para as quatro desovas de
fémeas infectadas experimentalmente, todos os espermatéforos usados na inseminagao
vieram de machos naturalmente positivos (Tabela 2).

O IMNYV foi detectado via PCR em tempo real em 93,4% das amostras de desovas
coletadas, apresentando carga viral média por pool coletado variando de 5,84x102 a
5,37x103 copias de IMNVpug™ de RNA total, ndo havendo diferenca entre a carga viral
média obtida para as diferentes combina¢6es de inseminacdo (p >0,05) (Tabela 2).

Embora a PCR em tempo real seja considerada atualmente como método padrao-
ouro para o diagnostico de IMNV (OIE, 2012b), os resultados negativos para pools
diferentes da mesma amostra coletada podem estar associados a proximidade do limite
de deteccdo da metodologia. No presente estudo, a metodologia de quantificacdo foi
baseada na técnica descrita por Silva et al. (2011), em que a PCR em tempo real usando
SYBR Green foi capaz de detectar até 100 cOpias do genoma viral, sugerindo que as
amostras negativas de desova no presente trabalho estavam abaixo do limite de
deteccdo.

A deteccdo positiva de IMNV em ovos (fertilizados ou ndo) oriundos de fémeas
infectadas (naturalmente e experimentalmente) atrelada a presenca deste virus nos
tecidos dos ovarios comprova a rota de transmissao vertical deste virus. Entretanto, os
resultados ndo deixam claro se a propagacdo do virus se da via transmissdo

transovariana (infeccéo pelo virus dentro do ovo) ou na superficie do ovo.
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Tabela 2. Combinacgdo de inseminacdes, nimero de desovas e carga viral média (cdpias
de IMNVug™ de RNA total) dos reprodutores néo SPF

N° Analisado _
o Amostras de - Carga viral
Inseminacéo (pools de 150  PCR Positiva o
desovas A media
ovos/fémea)

5 2,17x103
1,68x103
3,42x103
4,47x103
2,23x103

1,41x103

9+ nat 6+exp

2,42x103
5,37x103
3,24x103
2,36x103

9+exp+ 6\+nat

Qenatt J- 3,53x103
5,84x102
3,97x103
4,53x103
1,74x103

3,29x103

o OB WD RPN PO OB WN
= O 01 B~ = O o1 o1 O O P, B O N DN
o0 A WO = O 01 01 b~ O P, B~ O NN DN B>

7 1 1,71x10°

@+ nat - Fémea naturalmente infectada por IMNV; @4 «p - Fémea experimentalmente
infectada por IMNV; 4 exp - Macho experimentalmente infectado por IMNV; 4 ng -
Macho naturalmente infectado por IMNV e & - Macho ndo infectado.

Ainda em relacdo as desovas, ao se analisar 0s ovos obtidos de todas as fémeas em
relacdo a morfologia e desenvolvimento pos-desova, dois tipos morfolégicos foram
identificados: ovos ndo fertilizados e ovos fertilizados com desenvolvimento anormal.
Mais de 97% dos ovos obtidos ndo foram fertilizados e apresentaram formacgoes

citoplasmaticas irregulares, enquanto que cerca de 2% mostraram-se fertilizados,

170



486
487
488

489
490

491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512

SILVA, SM B C. DESENVOLVIMENTO DE FERRAMENTAS PARA BIOENSAIOS VIRAIS... 171

apresentando nduplio internamente com desenvolvimento retardado e anormal e, ndo

bilateralmente simétrico, seguida da ndo ecloséo (Figura 2).

Figura 2. Desenvolvimento de diferentes tipos de ovos de L. vannamei observados ap6s
10 horas de desova, onde: A é ovo fertilizado com desenvolvimento normal evidenciado
pela simetria bilateral do nauplio interno obtido a partir de reprodutores SPF durante o
primeiro experimento; B, ovo fertilizado com desenvolvimento anormal caracterizado
por clivagem retardada e assimétrica procedente de reprodutores ndo SPF e; C, ovo ndo
fertilizado com auséncia de clivagem e formac6es citoplasmaticas irregulares, também

provenientes de reprodutores ndo SPF.

De acordo com Primavera e Posadas (1981), em um estudo conduzido para a
identificacdo da qualidade de ovos em reprodutores de P. monodon foram identificados
cinco tipos morfologicos de ovos baseado em seu desenvolvimento pds-desova: (A)
ovos fertilizados, sendo (A;) com desenvolvimento normal e (A;), anormal ou retardado
em relacdo a clivagem; e ovos ndo fertilizados, classificados por formacdes
citoplasmaticas irregulares (B), por nenhuma alteracdo na aparéncia (C) e por grande
presenca bacteriana (D). Ainda segundo estes autores, aproximadamente 30 minutos
apos a desova, 0s ovos ja podem ser classificados em aqueles que apresentam clivagem
(fertilizados) e os que ndo apresentam (nao fertilizados), com a obtencéo de eclosédo de
nauplios em cerca de 12 a 15 horas pds-desova para o tipo Az, enquanto que para o tipo
A, devido ao seu desenvolvimento irregular, baixas taxas de eclosdo com a presenca de
nauplios débeis ou a auséncia de nauplios podem ser observadas. J& para os demais
tipos (B, C e D), além da auséncia de clivagem, ap0s trés horas pds-desova, alguns ovos
podem apresentar fissuras na célula ou membrana plasmatica (Primavera e Posadas,
1981).
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Ja em outro estudo realizado por AQUACOP (1977) sobre a observacdo da
maturacdo e reproducdo de P. merguiensis, P. aztecus, P. japonicus, P. monodon, L.
vannamei e P. stylirostris, quatro tipos morfolégicos de ovos em relacdo ao
desenvolvimento pos-desova foram identificados (1, 2, 3 e 4). Destes quatro, os tipos 1,
3 e 4 equivalem-se aos B, A, e A; descritos por Primavera e Posados (1981), sendo o do
tipo 3 (ou A,) também caracterizado por: grandes células clivadas irregularmente; morte
de embrido no ovo e obtencdo de nauplios completamente deformados ou que quando
normais, apresentam setas dos apéndices alteradas, fazendo-os ser eliminados durante
um processo de triagem baseado em seu comportamento de fototaxia positiva
(AQUACOP, 1977). Desta forma, com base na classificacdo proposta por estes autores,
os dois tipos morfolégicos identificados no presente estudo podem ser classificados
como tipo B ou 1 (mais de 97% dos ovos obtidos) e, como A2 ou 3 (menos de 2%).
Embora néo se saiba exatamente a razdo para a obtencdo dos ovos do tipo A,e B (ou 3 e
1) em L. vannamei, segundo AQUACOP (1977), uma possibilidade seria a fraca adesao
dos espermatoforos causada por uma ma manipulacdo ou por um mau posicionamento
do espermatoforo o que impediria o envolvimento do 6vulo com o esperma.

Além desta proposigdo, outra possibilidade seria a baixa viabilidade espermatica
presente nos espermat6foros de machos infectados. Para elucidar esta hipotese, uma
avaliacdo da viabilidade espermaética durante a fase aguda da infeccdo de IMNV em
machos naturalmente e experimentalmente infectados foi efetuada no presente estudo. O
espermatoforo de cinco machos negativos (ndo infectados) provenientes do tanque 3 foi
usado como controle.

Em machos experimentalmente infectados, dos cinco camardes coletados no
segundo experimento, apenas uma amostra exibiu mais de 100 células na lamina por
campo, com 75% de células viaveis. As demais exibiram uma baixissima densidade
celular (menos de 72 células visualizadas em toda a lamina), inviabilizando a
determinacdo do percentual de células espermaticas viaveis para este grupo. Ja nos
machos naturalmente infectados das cinco amostras analisadas, duas apresentam uma
percentagem de espermatozoides viaveis de 87 e 77% (respectivamente), enquanto que
as outras trés, apresentaram as mesmas caracteristicas observadas no grupo
experimentalmente infectado com baixa densidade celular. Para o grupo controle, todas

as amostras apresentaram alta densidade celular (mais de 100 células visualizadas por
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campo), com percentual de células vidveis superior a 83% determinada por campo. O
nimero de células vidveis e mortas por macho infectado (naturalmente e

experimentalmente) e ndo infectado (controle) encontra-se sumarizado na Tabela 3.

Tabela 3. Percentual de espermatozoides viaveis de espermatoforos de reprodutores L.

vannamei ndo SPF

N° de células
) % de Células
Tanque Amostra analisadas o
_ viaveis
Vivas Mortas
1 - Macho experimentalmente . . 0
infectado por IMNV
2 53 18 -
3 75 25 75,0
4 26 12 -
5 16 30 -
2 - Macho naturalmente infectado
1 87 13 87,0
por IMNV
2 77 23 77,0
3 5 1 -
4 17 8 -
5 36 4 -
3 - Macho ndo infectado 1 101 20 83,5
2 100 0 100,0
3 103 11 90,4
4 92 9 91,1
5 104 11 90,4

- Néo determinado decorrente do nimero total de células analisadas ser inferior a 100

por campo.
Ceballos-Vazquez et al. (2003) ao analisar a influéncia da idade e do peso na

qualidade e quantidade espermatica de machos de L. vannamei advindos de viveiros

comerciais usando a contagem de espermatozoides e o percentual de celulas mortas
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como indicadores, relataram que machos com 10 meses e peso médio de 30,3 g
apresentam uma percentagem de espermatozoides viaveis de 89,3%. Aqui, 0 nimero de
células viadveis no controle (ndo infectados) encontra-se de acordo com os resultados
obtidos por estes autores, uma vez que machos com peso medio de 28,5 g apresentaram
percentual de células viaveis superior a 83%.

Em relagdo as células infectadas, embora poucos estudos tratem do papel do
espermatozoide na transmissdo vertical em espécies aquaticas, segundo Mulcahy e
Pascho (1984) em espécies com fecundacdo externa, a propagacao de virus advinda da
transmissao vertical por espermatozoides seria provavel e vantajosa. Isto se da pela
adsorcdo direta do virus na superficie do espermatozoide, transformando-o em um
veiculo de entrada mais eficiente no ovo, e pela ndo diluicdo de particulas virais durante
0 processo de desova.

Neste estudo, a presenca de poucos machos infectados naturalmente que
apresentavam viabilidade esperméatica préxima as condicBes encontradas em
reprodutores oriundos de viveiros comerciais, sugere uma menor participacao parental

paterna na propagacdo do IMNV na fase aguda da infeccao.

4. Conclusodes

O presente trabalho determinou a possibilidade de uma rota de transmissao vertical
do IMNV em L. vannamei através da analise molecular via PCR em tempo real de
reprodutores desafiados por injecdo intramuscular e naturalmente infectados e, seus
respectivos ovos. Entretanto, a grande presenca de ovos ndo fertilizados ou com
desenvolvimento andémalo inviabilizou a obtengdo de néuplios e subsequente triagem
que elucidaria a localizacdo do virus em relacdo ao interior (transmissdo transovariana)
ou exterior do ovo. Por outro lado, a deteccdo 100% positiva de ovarios e 6vulos
associada a baixa percentagem de células espermaticas viaveis de machos naturalmente
infectados, sugere uma maior probabilidade de transmisséo vertical deste virus atrelada
ao parental materno. Assim, para minimizar a propagacdo de IMNV em unidades de
cultivo, apenas fémeas negativas apds a primeira desova para este e outros patdgenos
devem ser utilizadas para fins de acasalamento, ndo devendo, entretanto, negligenciar a

baixa participacdo dos machos na difusao do virus.
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4.3.1 - Normas da Revista - Aquaculture.

u Introeduction

Types of paper

Original Research Papers should report the results of original research. The material
should not have been previously published elsewhere. Articles are expected to
contribute new information (e.g. novel methods of analysis with added new insights and
impacts) to the knowledge base in the field, not just to confirm previously published
work.

Review Articles can cover either narrow disciplinary subjects or broad issues requiring
interdisciplinary discussion. They should provide objective critical evaluation of a
defined subject. Reviews should not consist solely of a summary of published data.
Evaluation of the quality of existing data, the status of knowledge, and the research
required to  advance  knowledge of the subject are  essential.
Short Communications are used to communicate results which represent a major
breakthrough or startling new discovery and which should therefore be published
quickly. They should not be used for preliminary results. Papers must contain sufficient
data to establish that the research has achieved reliable and significant results.
Technical Papers should present new methods and procedures for either research
methodology or culture-related techniques. The Letters to the Editor section is intended
to provide a forum for discussion of aquacultural science emanating from material

published in the journal.
Contact details for submission

Papers for consideration should be submitted via the electronic submission system

mentioned below to the appropriate Section Editor:

Nutrition:
D.M. Gatlin
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The Nutrition Section welcomes high quality research papers presenting novel data as
well as original reviews on various aspects of aquatic animal nutrition relevant to
aquaculture. Manuscripts addressing the following areas of investigation are

encouraged:

1) determination of dietary and metabolic requirements for various nutrients by
representative aquatic species. Studies may include environmental/stress effects on
animal's physiological responses and requirements at different developmental stages;
2) evaluation of novel or established feedstuffs as well as feed processing and
manufacturing procedures with digestibility and growth trials. Such studies should
provide comprehensive specifications of the process or evaluated ingredients including

nutrients, potential anti-nutrients, and contaminants;

3) comparison of nutrient bioavailability from various ingredients or product forms as

well as metabolic kinetics of nutrients, food borne anti-nutrients or toxins;

4) identification of key components in natural diets that influence attractability,
palatability, metabolism, growth reproduction and/or immunity of cultured organisms;
5) optimization of diet formulations and feeding practices;
6) characterization of the actions of hormones, cytokines and/or components in
intracellular signaling pathway(s) that influence nutrient and/or energy utilization.
7) evaluation of diet supplementation strategies to influence animal performance,

metabolism, health and/or flesh quality.

Manuscripts concerning other areas of nutrition using novel or advanced methods are
also welcome. Please note that in regard to various diet additives such as probiotics,
prebiotics, herbal extracts, etc., a very large number of papers have already been
published. Therefore, Aquaculture will not continue to accept manuscripts that present
initial and preliminary investigations of such additives. Manuscripts addressing these
and other feed additives will be accepted for review only if they are of the highest
scientific quality and they represent a significant advance in our knowledge of the
mechanisms involved in their metabolism. Manuscripts may also be considered if they
present clinical efficacy data generated in large-scale trials and economic cost-benefit
analysis of these applications.
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Aquaculture Production Science: B.Costa-Pierce

AQUACULTURE PRODUCTION SCIENCE (PS) is one of 5 sections of the
international journal AQUACULTURE dedicated to research on improvements and

innovations in aquatic food production.

This section supports worldwide dissemination of the results of innovative, globally
important, scientific research on production methods for aquatic foods from fish,
crustaceans, mollusks, amphibians, and all types of aquatic plants. Contributions are
encouraged in the following areas: 1) Improvement of production systems that results in
greater efficiencies of resource usage and sustainability of aquaculture; 2) Effective
applications of technologies and methods of aquaculture production for improved
stocking regimes; 3) The use of new species and species assemblages; and, 4)
Investigations to minimize aquaculture wastes and improve water quality, including
technologies for nutrient recycling in aquaculture ecosystems, and potential synergy of
aquaculture and other food production systems using methods such as polyculture and
integrated aquaculture. Aspects of seafood processing and technology will not be
considered in this section although aquaculture techniques that may influence the

nutritional value of aquatic food products may be considered in the Nutrition Section.

Physiology and Endocrinology: Fish: A. P. (Tony) Farrell Invertebrate: J. Benzie

The Physiology Section welcomes high quality papers that present both novel research
data and original reviews, on all aspects of the physiology of cultured aquatic animals

and plants. Their content must be relevant to solving aquaculture problems.

Submitted manuscripts must have a valid hypothesis or objective, clearly state the
relevance to aquaculture, have proper experimental design with appropriate controls and
utilize appropriate statistical analysis. Mention of trade names is limited to the main

text.

Relevant physiological topics include, but are not limited to: - Reproductive physiology,
including: Endocrine and environmental controls development; Induced ovulation and

spermiation; Gamete quality, storage and cryopreservation; control of sex
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differentiation; Physiology and endocrinology of gynogenetic, triploid and transgenic
organisms; - Molecular genetic assessment of physiological processes; - Larval
physiology and ontogeny in relation to aquaculture, including metamorphosis, smolting
(salmonids) and molting (crustacea); - Nutritional physiology including endocrine and
environmental regulation of growth; - Performance under variable culture conditions,
including temperature optima and tolerances; Altered water quality and environmental
variables; Stress and disease physiology; Rearing density; - Immunology (physiological
studies of probiotics must present statistically valid conclusions); - Respiratory, muscle
and exercise physiology of cultured organisms; - Osmoregulatory physiology and
control; - Physiology of harvest and handling techniques, including: Anesthesia and

transport; Product and flesh quality; Pigmentation.

Genetics:
G. Hulata

The Genetics Section welcomes high-quality research papers presenting novel data, as
well as critical reviews, on various aspects of selective breeding, genetics and genomics.
Submitted manuscripts must have a valid hypothesis or objective, clearly state the
relevance to aquaculture, have proper experimental design with appropriate sample size

and controls and utilize appropriate statistical analysis.

Relevant genetics topics include, but are not limited to:

Breeding programs using classic selection procedures, markers or combining marker

assisted selection with classic selection
Applications of crossbreeding and interspecific hybridization

Evaluation of commercially important phenotypes among cultured strains, populations

or stocks

Applications of biotechnology and genetic manipulation methods

Development of linkage maps, identification of QTL or association of commercially

important traits with specific gene(s). Where appropriate, linkage maps should include
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co-dominant markers, such as microsatellite DNA and SNP markers, to enable

application to other populations and facilitate comparative mapping.

Aquaculture will NOT accept manuscripts dealing with the application of well-
described techniques to yet another species, unless the application solves a specific
biological problem important to aquaculture production; or manuscripts dealing with
gene cloning, characterizing of microsatellites, species identification using molecular
markers, EST papers with small collections, or mapping papers with a small number of
markers, unless the papers also deal with solving a biological problem that is relevant to

aquaculture production.

Aquaculture will not accept manuscripts focusing mainly on population genetics studies
that are based on RAPD and AFLP markers, since the dominance and multilocus nature
of the fingerprints are not suitable for making inferences about population genetic

diversity and structure.
Sustainability and Society: D.C. Little

The Sustainability and Society section of the journal Aquaculture invites articles at the
interface of natural and social sciences that address the broader roles of aquaculture in
global food security and trade.

Aims and scope of the Sustainability and Society section are the: global dissemination
of interdisciplinary knowledge regarding the management of aquatic resources and
resulting impacts on people. Interconnections with other sectors of food production;
resource management and implications for societal impact. Going beyond a narrow
techno-centric focus, towards more holistic analyses of aquaculture within well-defined
contexts. Enquiry based on understanding trajectories of change amid the global
challenges of climate change and food security. Mixed methods and approaches that
incorporate and integrate both social and natural sciences. Relevance for the diverse
range of policy makers, practitioners and other stakeholders involved. Articles that take

a value chain approach, rather than being wholly production orientated, are encouraged.
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Disease
B. Austin

The Disease sections welcomes critical reviews and high quality articles containing
novel data on all aspects concerning diseases of farmed aquatic species. The aims of the
section are: description of new and emerging diseases including characterization of the
causal agent(s), development in the understanding of fish pathogens for example
including new methods of growth where this has been a problem for fastidious
organisms, pathogenicity and epizootiology, developments in the diagnosis of disease
going beyond the use of standard well used methods, and methods of disease control,
notably new developments in vaccines, immunostimulants, dietary supplements,
medicinal plant products, probiotics, prebiotics and genetically-disease resistant stock.
Relevance to aquaculture must be demonstrated. Articles, which adapt well known
methods without further refinement of those methods, are unlikely to be accepted.

g Before You Begin

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication

see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-

authors/ethics.

Human and animal rights

If the work involves the use of animal or human subjects, the author should ensure that
the work described has been carried out in accordance with The Code of Ethics of the

World Medical Association (Declaration of Helsinki) for experiments involving humans

http://www.wma.net/en/30publications/10policies/b3/index.html; EU Directive
2010/63/EU for animal experiments
http://ec.europa.eu/environment/chemicals/lab animals/leqgislation en.htm; Uniform

Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org.

Authors should include a statement in the manuscript that informed consent was
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obtained for experimentation with human subjects. The privacy rights of human
subjects must always be observed.

Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including
any financial, personal or other relationships with other people or organizations within
three years of beginning the submitted work that could inappropriately influence, or be
perceived to influence, their work. See also http://www.elsevier.com/conflictsofinterest.

Further information and an example of a Conflict of Interest form can be found at:

http://help.elsevier.com/app/answers/detail/a 1d/286/p/7923.

Submission declaration and verification

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract or as part of a published lecture or
academic thesis or as an electronic preprint, see

http://www.elsevier.com/postingpolicy), that it is not under consideration for

publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyright-holder.
To verify originality, your article may be checked by the originality detection service

CrossCheck http://www.elsevier.com/editors/plagdetect.

If the manuscript to be submitted was previously rejected by Aquaculture or another
journal, it is necessary to specify what substantive new work and/or revisions have been

included to elevate the manuscript’s quality for consideration by Aquaculture.

Contributors

Each author is required to declare his or her individual contribution to the article: all
authors must have materially participated in the research and/or article preparation, so
roles for all authors should be described. The statement that all authors have approved

the final article should be true and included in the disclosure.
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Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the

authorship of accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or
remove an author, or to rearrange the author names, must be sent to the Journal
Manager from the corresponding author of the accepted manuscript and must include:
(@) the reason the name should be added or removed, or the author names rearranged
and (b) written confirmation (e-mail, fax, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of authors, this
includes confirmation from the author being added or removed. Requests that are not
sent by the corresponding author will be forwarded by the Journal Manager to the
corresponding author, who must follow the procedure as described above. Note that: (1)
Journal Managers will inform the Journal Editors of any such requests and (2)
publication of the accepted manuscript in an online issue is suspended until authorship

has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add,
delete, or rearrange author names in an article published in an online issue will follow

the same policies as noted above and result in a corrigendum.

Copyright

This journal offers authors a choice in publishing their research: Open Access and

Subscription.

For Subscription articles

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement'  (for more information on this and copyright, see

http://www.elsevier.com/copyright). An e-mail will be sent to the corresponding author

confirming receipt of the manuscript together with a ‘Journal Publishing Agreement’

form or a link to the online version of this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations (please consult

http://www.elsevier.com/permissions). If excerpts from other copyrighted works are

included, the author(s) must obtain written permission from the copyright owners and
credit the source(s) in the article. Elsevier has preprinted forms for use by authors in

these cases: please consult http://www.elsevier.com/permissions.

For Open Access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License

Agreement' (for more information see http://www.elsevier.com/OAauthoragreement).

Permitted reuse of open access articles is determined by the author's choice of user

license (see http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more
information on author rights for:

Subscription articles please see http://www.elsevier.com/journal-authors/author-rights-

and-responsibilities.

Open access articles please see http://www.elsevier.com/OAauthoragreement.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication. If
the funding source(s) had no such involvement then this should be stated. Please see

http://www.elsevier.com/funding.

Funding body agreements and policies
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Elsevier has established agreements and developed policies to allow authors whose
articles appear in journals published by Elsevier, to comply with potential manuscript
archiving requirements as specified as conditions of their grant awards. To learn more
about existing agreements and policies please visit

http://www.elsevier.com/fundingbodies.

Open access

This journal offers authors a choice in publishing their research:

Open Access

* Articles are freely available to both subscribers and the wider public with permitted
reuse

* An Open Access publication fee is payable by authors or their research funder
Subscription

* Articles are made available to subscribers as well as developing countries and patient

groups  through  our  access programs  (http://www.elsevier.com/access)

* No Open Access publication fee

All articles published Open Access will be immediately and permanently free for
everyone to read and download. Permitted reuse is defined by your choice of one of the

following Creative Commons user licenses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to
create extracts, abstracts, and other revised versions, adaptations or derivative works of
or from an article (such as a translation), to include in a collective work (such as an
anthology), to text or data mine the article, even for commercial purposes, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the
article, and do not modify the article in such a way as to damage the author's honor or
reputation.

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for
non-commercial purposes, lets others distribute and copy the article, to create extracts,

abstracts and other revised versions, adaptations or derivative works of or from an
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article (such as a translation), to include in a collective work (such as an anthology), to
text and data mine the article, as long as they credit the author(s), do not represent the
author as endorsing their adaptation of the article, do not modify the article in such a
way as to damage the author's honor or reputation, and license their new adaptations or
creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for
non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided
they do not alter or modify the article.

To provide Open Access, this journal has a publication fee which needs to be met by the
authors or their research funders for each article published Open Access.
Your publication choice will have no effect on the peer review process or acceptance of

submitted articles.

The publication fee for this journal is $3300, excluding taxes. Learn more about

Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available from

Elsevier's WebShop (http://webshop.elsevier.com/languageediting/) or visit our

customer support site (http://support.elsevier.com) for more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
source files to a single PDF file of the article, which is used in the peer-review process.
Please note that even though manuscript source files are converted to PDF files at

submission for the review process, these source files are needed for further processing
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after acceptance. All correspondence, including notification of the Editor's decision and
requests for revision, takes place by e-mail removing the need for a paper trail.

Authors should avoid responding by messages received from the system using the
'Reply' button on their e-mail message; this will send the message to the system support
and not to the editorial office, and will create unnecessary load of sorting out and

forwarding

Please submit your article via http://ees.elsevier.com/aqua/

Referees

Please submit, with the manuscript, the names, addresses and e-mail addresses of three
potential referees. Note that the editor retains the sole right to decide whether or not the

suggested reviewers are used.

u Preparation

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The
text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the article.
In particular, do not use the word processor's options to justify text or to hyphenate
words. However, do use bold face, italics, subscripts, superscripts etc. When preparing
tables, if you are using a table grid, use only one grid for each individual table and not a
grid for each row. If no grid is used, use tabs, not spaces, to align columns. The
electronic text should be prepared in a way very similar to that of conventional
manuscripts  (see  also the  Guide to  Publishing  with  Elsevier:

http://www.elsevier.com/guidepublication). Note that source files of figures, tables and

text graphics will be required whether or not you embed your figures in the text. See
also the section on Electronic artwork. To avoid unnecessary errors you are strongly

advised to use the 'spell-check' and ‘grammar-check’ functions of your word processor.
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LaTeX

You are recommended to use the Elsevier article class elsarticle.cls

(http://www.ctan.org/tex-archive/macros/latex/contrib/elsarticle) to  prepare  your

manuscript and BibTeX (http://www.bibtex.org) to generate your bibliography.

For detailed submission instructions, templates and other information on LaTeX, see

http://www.elsevier.com/latex.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to
'the text'. Any subsection may be given a brief heading. Each heading should appear on

its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published

should be indicated by a reference: only relevant modifications should be described.

Theory/calculation
A Theory section should extend, not repeat, the background to the article already dealt
with in the Introduction and lay the foundation for further work. In contrast, a

Calculation section represents a practical development from a theoretical basis.

Results

Results should be clear and concise.
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Discussion
This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive citations

and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discussion

section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.;
in a subsequent appendix, Eqg. (B.1) and so on. Similarly for tables and figures: Table
A.l; Fig. A1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems.

Avoid abbreviations and formulae where possible.

*Numbering.Manuscripts that are sequentially numbered (e.g., I, 11, etc.) are no longer
accepted.

«Author names and affiliations. Where the family name may be ambiguous (e.g., a
double name), please indicate this clearly. Present the authors' affiliation addresses
(where the actual work was done) below the names. Indicate all affiliations with a
lower-case superscript letter immediately after the author's name and in front of the
appropriate address. Provide the full postal address of each affiliation, including the
country name and, if available, the e-mail address of each author.
* Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. Ensure that phone numbers (with
country and area code) are provided in addition to the e-mail address and the
complete postal address. Contact details must be kept up to date by the

corresponding author.
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* Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address')
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript

Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose
of the research, the principal results and major conclusions. An abstract is often
presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Also,
non-standard or uncommon abbreviations should be avoided, but if essential they must
be defined at their first mention in the abstract itself.

The abstract should be not longer than 400 words.

Keywords

Immediately after the abstract, provide a maximum of 4-6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, "and", "of"). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing

purposes.

Highlights of the manuscript

As part of the submission process, authors are required to provide 3 or 4 highlights,
each one sentence long. Beyond stating key discoveries, these highlights must explicitly
establish why the work is novel and why it has an application to aquaculture. It is not

sufficient to state that the species is one that is farmed.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
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first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of

abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.g.,

providing language help, writing assistance or proof reading the article, etc.).

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of

units (SI). If other quantities are mentioned, give their equivalent in SI. You are urged

to consult IUPAC: Nomenclature of Organic Chemistry: http://www.iupac.org/ for

further information.

1. Authors and editors are, by general agreement, obliged to accept the rules governing
biological nomenclature, as laid down in the International Code of Botanical
Nomenclature, the International Code of Nomenclature of Bacteria, and the
International Code of Zoological Nomenclature.

2. All biota (crops, plants, insects, birds, mammals, etc.) should be identified by their
scientific names when the English term is first used, with the exception of common

domestic animals.

3. All biocides and other organic compounds must be identified by their Geneva names
when first used in the text. Active ingredients of all formulations should be likewise
identified.

4. For chemical nomenclature, the conventions of the International Union of Pure and
Applied Chemistry and the official recommendations of the ITUPAC IUB Combined

Commission on Biochemical Nomenclature should be followed.

Database linking
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Elsevier encourages authors to connect articles with external databases, giving their
readers one-click access to relevant databases that help to build a better understanding
of the described research. Please refer to relevant database identifiers using the
following format in your article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking for more

information and a full list of supported databases.

DNA sequences and GenBank Accession numbers. Many Elsevier journals cite "gene
accession numbers" in their running text and footnotes. Gene accession numbers refer to
genes or DNA sequences about which further information can be found in the databases
at the National Center for Biotechnical Information (NCBI) at the National Library of
Medicine. Authors are encouraged to check accession numbers used very carefully. An
error in a letter or number can result in a dead link. Note that in the final version of
the electronic copy, the accession number text will be linked to the appropriate source in

the NCBI databases enabling readers to go directly to that source from the article.

Example 1: "GenBank accession nos. A1631510, A1631511, A1632198, and BF223228,
a B-cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048),

and a T-cell lymphoma (GenBank accession no. AA361117)".

Authors are encouraged to check accession numbers used very carefully. An error in a

letter or number can result in a dead link.

In the final version of the printed article, the accession number text will not appear bold

or underlined (see Example 2 below).

Example 2: "GenBank accession nos. Al1631510, A1631511, Al632198, and BF223228),
a B-cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048),
and a T-cell lymphoma (GenBank accession no. AA361117)".

In the final version of the electronic copy, the accession number text will be linked to
the appropriate source in the NCBI databases enabling readers to go directly to that
source from the article (see Example 3 below).
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Example 3: "GenBank accession nos. Al1631510, Al631511, A1632198, and BF223228),
a B-cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048),

and a T-cell lymphoma (GenBank accession no. AA361117)".
Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/)
instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables
are to be presented in italics. Powers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be displayed separately from the text

(if referred to explicitly in the text).

Give the meaning of all symbols immediately after the equation in which they are first
used. In chemical formulae, valence of ions should be given as, e.g. Ca** and not Ca*".
Isotope numbers should precede the symbols, e.g., 0. The repeated writing of
chemical formulae in the text is to be avoided where reasonably possible; instead, the
name of the compound should be given in full. Exceptions may be made in the case of a
very long name occurring very frequently or in the case of a compound being described

as the end product of a gravimetric determination (e.g., phosphate as P,Os).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article,
using superscript Arabic numbers. Many wordprocessors build footnotes into the text,
and this feature may be used. Should this not be the case, indicate the position of
footnotes in the text and present the footnotes themselves separately at the end of the

article. Do not include footnotes in the Reference list.
Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.
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Artwork
Electronic artwork
General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the printed version.
 Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:

http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and line/halftone
combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300
dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.
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Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

 Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color on the Web (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in color in
the printed version. For color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further information
on the preparation of electronic artwork, please see

http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color
figures to 'gray scale' (for the printed version should you not opt for color in print)

please submit in addition usable black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to
the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum

but explain all symbols and abbreviations used.

Text graphics

Text graphics may be embedded in the text at the appropriate position. See further under
Electronic artwork.
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Tables

Number tables consecutively in accordance with their appearance in the text. Place
footnotes to tables below the table body and indicate them with superscript lowercase
letters. Avoid vertical rules. Be sparing in the use of tables and ensure that the data

presented in tables do not duplicate results described elsewhere in the article.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but may
be mentioned in the text. If these references are included in the reference list they
should follow the standard reference style of the journal and should include a
substitution of the publication date with either 'Unpublished results’ or 'Personal
communication’. Citation of a reference as 'in press' implies that the item has been

accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references,

please be careful as they may already contain errors. Use of the DOI is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a

source publication, etc.), should also be given. Web references can be listed separately
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(e.g., after the reference list) under a different heading if desired, or can be included in

the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any

citations in the text) to other articles in the same Special Issue.

Reference management software

This journal has standard templates available in key reference management packages

EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager

(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages,

authors only need to select the appropriate journal template when preparing their article
and the list of references and citations to these will be formatted according to the journal

style which is described below.
Reference formatting

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted
article by Elsevier at the proof stage. Note that missing data will be highlighted at proof
stage for the author to correct. If you do wish to format the references yourself they

should be arranged according to the following examples:
Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the
year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al." and the year of
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publication.

Citations may be made directly (or parenthetically). Groups of references should be
listed first alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).
Kramer et al. (2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the
same year must be identified by the letters 'a’, 'b’, 'c’, etc., placed after the year of
publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific
article. J. Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New
York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article,
in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing
Inc., New York, pp. 281-304.

Journal Abbreviations Source

Define abbreviations that are not standard in this field at their first occurrence in the
article: in the abstract but also in the main text after it. Ensure consistency of
abbreviations throughout the article.

Video data

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit
with their article are strongly encouraged to include links to these within the body of the
article. This can be done in the same way as a figure or table by referring to the video or
animation content and noting in the body text where it should be placed. All submitted
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files should be properly labeled so that they directly relate to the video file's content. In
order to ensure that your video or animation material is directly usable, please provide
the files in one of our recommended file formats with a preferred maximum size of 50
MB. Video and animation files supplied will be published online in the electronic
version of your article in Elsevier Web products, including ScienceDirect:

http://www.sciencedirect.com. Please supply 'stills' with your files: you can choose any

frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages at

http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot

be embedded in the print version of the journal, please provide text for both the

electronic and the print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are shown next
to the online article on ScienceDirect. This gives authors the opportunity to summarize
their research in their own words and to help readers understand what the paper is about.

More information and examples are available at http://www.elsevier.com/audioslides.

Authors of this journal will automatically receive an invitation e-mail to create an

AudioSlides presentation after acceptance of their paper.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, high-resolution images, background datasets, sound
clips and more. Supplementary files supplied will be published online alongside the
electronic version of your article in Elsevier Web products, including ScienceDirect:

http://www.sciencedirect.com. In order to ensure that your submitted material is directly

usable, please provide the data in one of our recommended file formats. Authors should

submit the material in electronic format together with the article and supply a concise
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and descriptive caption for each file. For more detailed instructions please visit our

artwork instruction pages at http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending
it to the journal for review. Please consult this Guide for Authors for further details of

any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

» Keywords

« All figure captions

« All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and ‘grammar-checked'

* References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources
(including the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web
(free of charge) and in print, or to be reproduced in color on the Web (free of charge)
and in black-and-white in print

* If only color on the Web is required, black-and-white versions of the figures are also
supplied for printing purposes

For any further information please visit our customer support site at

http://support.elsevier.com.
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u After Acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic
documents. The DOI consists of a unique alpha-numeric character string which is
assigned to a document by the publisher upon the initial electronic publication. The
assigned DOI never changes. Therefore, it is an ideal medium for citing a document,
particularly 'Articles in press' because they have not yet received their full bibliographic
information. Example of a correctly given DOI (in URL format; here an article in the

journal
Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059
When you use a DOI to create links to documents on the web, the DOIs are guaranteed

never to change.

Online proof correction

Corresponding authors will receive an e-mail with a link to our ProofCentral system,
allowing annotation and correction of proofs online. The environment is similar to MS
Word: in addition to editing text, you can also comment on figures/tables and answer
questions from the Copy Editor. Web-based proofing provides a faster and less error-
prone process by allowing you to directly type your corrections, eliminating the

potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version.
All instructions for proofing will be given in the e-mail we send to authors, including

alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately -
please upload all of your corrections within 48 hours. It is important to ensure that all

corrections are sent back to us in one communication. Please check carefully before
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replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading
is solely your responsibility. Note that Elsevier may proceed with the publication of

your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via
e-mail (the PDF file is a watermarked version of the published article and includes a
cover sheet with the journal cover image and a disclaimer outlining the terms and
conditions of use). For an extra charge, paper offprints can be ordered via the offprint
order form which is sent once the article is accepted for publication. Both corresponding

and co-authors may order offprints at any time via Elsevier's WebShop

(http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed
copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service
to collate multiple articles within a single cover

(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

u Author Inquiries

For inquiries relating to the submission of articles (including electronic submission)

please visit this journal's homepage. For detailed instructions on the preparation of

electronic artwork, please visit http://www.elsevier.com/artworkinstructions. Contact

details for questions arising after acceptance of an article, especially those relating to

proofs, will be provided by the publisher. You can track accepted articles at

http://www.elsevier.com/trackarticle. You can also check our Author FAQs at

http://www.elsevier.com/authorFAQ  and/or  contact Customer  Support via

http://support.elsevier.com.
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4.4 - Artigo cientifico IV

Artemia como vetor da Mionecrose infecciosa (IMNV) em juvenis de Litopenaeus
vannamei?

Artigo cientifico a ser encaminhado a Revista - Journal of Invertebrate Pathology.

Todas as normas de redacdo e citacdo, deste capitulo, atendem as estabelecidas pela
referida revista (em anexo).
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ABSTRACT

In Brazil, the Infectious myonecrosis virus (IMNV) was recognized as the main cause of
L. vannamei shrimp culture's drop in 2004. In health animal control programs, in order
to reduce virus prevalence in production units it is necessary to screen live feed used.
Among live diets used in aquaculture, the brine shrimp Artemia sp. is essential in
crustacean larviculture and maturation. The aim of this study was to investigate the
susceptibility of Artemia sp. to IMNV by immersion challenge and virus-phytoplankton
adhesion route and to elucidate its role as a vector for IMNV transmission to L.
vannamei. Adults Artemia became IMNV-infected by both routes, with PCR-positive
reactions. However, infected Artemia showed no signs of infection. More than 40% of
L. vannamei juveniles fed with IMNV-infected Artemia by virus-phytoplankton
adhesion route were positive by real-time PCR, whereas just 10% of infection was
observed in shrimp fed with IMNV-infected Artemia by immersion challenge. There
were significant differences in mean viral load between immersion and virus-
phytoplankton adhesion shrimp treatments (p<0.05). The mean viral loads were
1.34x102 and 1.48x10* copiespg™ of total RNA for virus-phytoplankton adhesion and
IMNV-infected tissue treatments, respectively, and the difference was not significant
(p>0.05). The results indicated that Artemia act as a vector for IMNV transmission
under the experimental conditions examined. Moreover, despite no mass mortalities
have been detected in L. vannamei fed with IMNV-infected Artemia, these infected
shrimp should not be disregarded as a source of IMNV in grow-out units.

Keywords: Live feed; IMNV; Vector; Litopenaeus vannamei; Real-time PCR; Artemia.
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1. Introducgéo

Nas Gltimas duas décadas, dentre os organismos usados como alimento vivo na
larvicultura de espécies aquaticas, 0 microcrustaceo Artemia sp. tornou-se o item chave
para a rapida expansdo de larviculturas de camardes e peixes marinhos mundialmente
(Sui et al., 2013). Este microcrustaceo é o alimento bésico nos estagios larvais dos
camardes marinhos das espécies tigre (Penaeus monodon) e cinza (Litopenaeus
vannamei) (Gervais Jr.e Zeigler, 2013).

Embora nauplios e adultos de Artemia ndo constituam o zooplancton naturalmente
consumido de muitas espécies cultivadas, a disponibilidade de cistos capazes de serem
armazenados por longos periodos a torna uma fonte de alimento versatil aplicada a
aquicultura (Sorgeloos et al., 1998; Sorgeloos et al., 2001). Apesar das inegaveis
vantagens, o uso de alimento vivo, como a Artemia, ou de outros ndo processados
podem representar uma ameaga a carcinicultura decorrente da possibilidade de atuarem
como vetores potenciais de patdgenos de origem bacteriana e viral (Sivakumar et al.,
2009).

Neste sentido, varios trabalhos tém investigado a susceptibilidade da Artemia a
diferentes patdgenos virais de crustaceos e seu papel como reservatério, vetor ou fonte
de contaminacdo em animais susceptiveis. Para o virus da Mancha branca (WSSV), Li
et al. (2003) e Zhang et al. (2010) relatam que diferentes estagios larvais de Artemia sp.
foram infectados experimentalmente por este virus, com a comprovacado de transmissao
vertical deste patdgeno neste microcrustaceo desde as fases larvais até adultos e de
adultos a cistos reprodutivos.

Além do WSSV, a doenga da cauda branca (WTD) e o virus da Parvovirose
hepatopancreatica (HPV) também foram capazes de infectar Artemia sp. A
patogenicidade da WTD, causada pelos virus Macrobrachium rosenbergii nodavirus
(MrNV) e extra small (XSV), foi demonstrada para todos os estagios de
desenvolvimento da Artemia sp. (nduplio, metanauplio, juvenil, pré-adulto e adulto) via
desafios virais, com detec¢do 100% positiva de todas as fases via RT-PCR (Sudhakaran
et al., 2006). Do mesmo modo, por meio de infecgdes experimentais, diferentes fases da
A. franciscana foram positivas ao HPV por PCR, com transmissdo horizontal
comprovada em pos-larvas de P. monodon (Sivakumar et al., 2009).
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Com relagdo ao virus da Mionecrose infecciosa (IMNV) ndo existem dados
especificos sobre vetores, embora devido a sua estrutura de particula viral nédo
envelopada, seja provavel que permaneca infeccioso no trato gastrintestinal de animais
que venham a se alimentar de camardes infectados advindos de fazenda de engorda
durante um surto (OIE, 2012). Assim, a propagacdo deste virus através da ingestdo de
particulas virais por outros invertebrados também é possivel.

O IMNV surgiu em uma fazenda de engorda de camardo marinho L. vannamei
localizada no estado do Piaui (Brasil) em 2002, em que os produtores relatavam a
presenca de uma nova doenca caracterizada por camardes moribundos que exibiam uma
perda da transparéncia do musculo abdominal devido a extensas areas necrosadas
esbranquicadas do musculo esquelético e mortalidade diaria a partir de 7 g (Nunes et al.,
2004). Em 2006, além do nordeste brasileiro, surtos de IMNV foram relatados em
fazendas de engorda da Indonésia (Asia) (Senapin et al., 2007), gerando perdas
econdmicas superiores a US$ 1 bilhdo de dolares desde seu surgimento até 2010
(Lightner et al., 2012), o que culminou com sua insercdo na lista de doencas de
crustaceos de notificacdo obrigatoria da Organizacdo Mundial da Saude Animal (OIE) a
partir de 2007 (OIE, 2007).

Entre as acOes destinadas a prevencdo da propagacdo de doencas em fazendas de
camardo, os programas de salde animal tém estabelecido como medida de controle que
todas as espécies susceptiveis presentes no sistema de cultivo devem ser consideradas
como fonte de transmissdo de patdgenos e, portanto, triadas, o que inclui também os
organismos usados como alimento vivo (Chang et al., 2011).

Deste modo, sendo a Artemia um alimento vivo amplamente difundido nas unidades
de larvicultura e maturacdo (na forma de biomassa) de peneideos, o presente estudo tem
por objetivo avaliar a susceptibilidade da Artemia sp. ao IMNV através de desafios

virais e seu papel como vetor na transmisséo horizontal deste virus em L. vannamei.

2. Material e métodos

2.1 Preparacéo do inoculo viral

O inoculo viral foi preparado conforme descrito por Silva et al. (descrito no 1°
artigo desta tese), com algumas modificacbes. Cem gramas de tecido do musculo

abdominal de L. vannamei naturalmente infectado e previamente triado como positivo
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para este virus por PCR (Poulos e Ligthner, 2006) e negativo para outros patdgenos de
camardes peneideos (TSV, WSSV, virus da Necrose hipodermal e hematopoiética
infecciosa - IHHNV e Hepatopancreatite necrosante - NHPB) via kits da 1Q2000™
(Farming IntelliGene Tech. Corp., Taiwan), foram homogeneizados em 300 mL de
solucdo salina estéril a 2% (w/v).

O tecido homogeneizado foi diluido em solucdo salina estéril a 2% (1:3; viv) e
sucessivamente filtrado a 300, 210 e 70 um para obtencdo do inoculo. O inoculo foi
dividido em aliquotas de 10 mL de volume e armazenado a -80°C até sua posterior

utilizagdo no desafio viral.

2.2 Producédo de biomassa de Artemia sp.

Cistos de Artemia sp. (HIGH 5 Artemia, INVE Aquaculture, Bélgica) foram
hidratados em &gua doce por uma hora sob forte aeragdo, lavados em agua corrente por
um minuto através de tela de 100 um e incubados a 3 g/L em agua a salinidade de 30
gL™ por 24 horas. Ap6s este periodo, os nauplios foram separados dos cistos ndo
eclodidos ou vazios e transferidos para caixas de fibra de vidro de 300 L (salinidade de
30 gL, temperatura de 28°C e aeragdo constante) a densidade de 20 animais / mL,
sendo alimentados a partir da abertura da boca (22 fase larval - Instar 1) até a fase adulta
com uma "mistura™ descrita por Naegel (1999), com algumas modificacGes. A cada dois
dias, 100% do volume de agua eram renovados.

Para o preparo desta "mistura”, a cada 1 L de adgua destilada foram adicionados 50 g
de Neston® (Nestlé Brasil Ltda, Brasil), 50 g de FRiPPAK FRESH#1 CAR (INVE
Aquaculture, Bélgica); 60 mL de Easy SELCO (Artemia International LLC, EUA)e 1 g
de vitamina C, seguido de homogeneizac¢édo por 10 minutos no liquidificador e filtragem
a 70 um. O volume diario da oferta da "mistura” foi determinado por observacdo da
transparéncia visual da agua.

Apos 15 dias, adultos (1 cm) de Artemia sp. foram obtidos e estocados até seu uso
nos experimentos de desafio viral. Cinco gramas de adultos foram convertidos em
biomassa congelada a -80°C para posterior emprego como controle negativo dos

bioensaios virais.
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2.3 Obtenc&o de juvenis de L. vannamei SPF

Um total de 120 individuos livres de patdgeno especifico (Specific Pathogen Free -
SPF) de L. vannamei com peso meédio de 1,8 g, provenientes da empresa Genearch
Aquacultura Ltda (larvicultura comercial brasileira) localizada em Rio do Fogo (RN),
foram usados neste experimento.

Estes animais foram mantidos em unidades experimentais de 50L de volume util, a
densidade de 1 camardo / 5 L, a 28°C e 30 gL de salinidade, sendo alimentados com
racdo comercial (35% de proteina bruta) a 5% da biomassa duas vezes ao dia. A cada
trés unidades experimentais foi adicionado um filtro biolégico de 1500 L/h (Filtro
Canister JEBO 829, JEBO, China) para a instalacdo de um sistema de recirculacdo
fechado, perfazendo um total de quatro conjuntos experimentais.

Diariamente (duas vezes ao dia) eram monitorados a temperatura e o pH e,
semanalmente, amostras de &gua foram coletadas para andlise de nitrito, nitrato,
nitrogénio amoniacal e alcalinidade por meio de kit colorimétrico comercial (Alcon
Labcon, Camboriu, Brasil) para verificacdo destes parametros dentro dos limites ideais

para peneideos propostos por Van Wyk e Scarpa (1999).

2.4 Desafio viral de Artemia spp.

Para os desafios virais de Artemia com IMNV, duas rotas foram avaliadas: imersédo
e adesdo virus-fitoplancton. Estes desafios baseiam-se em infeccGes experimentais com
artemia para WSSV conforme descrito por Hameed et al. (2002) e Zhang et al. (2006;
2007; 2008), com algumas modificaces.

Cada desafio foi composto por 10 réplicas de 500 individuos / L em béckers de 2 L
com 1 L de 4gua a uma salinidade de 30 gL™ e 28°C, sob aerac&o constante. Todos os
béckers foram cobertos para evitar a contaminacéo cruzada.

Nos desafios via imersédo, o indculo foi adicionado a 4gua a 1% do volume total (10
mL / 1000 mL) e mantido em contato com os adultos de Artemia por trés horas, duas
vezes ao dia, por quatro dias. Entre uma adi¢do de indculo e outra, 0s animais eram
lavados trés vezes e transferidos para um novo bécker com &gua limpa, no qual
permaneciam por igual tempo (trés horas). Ao final do dia, os adultos de Artemia eram
alimentados com 10 mL da "mistura”. Apos os quatro dias de desafio, os animais foram

mantidos sem alimentagdo por 24 horas a fim de esvaziar o canal alimentar, sendo
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efetuadas aliquotas de 1 g para posterior analise de PCR para confirmacdo de infecgdo
por IMNV e oferta no experimento de transmissdo horizontal em L. vannamei. Toda a
biomassa foi armazenada a -80°C.

Ja para os desafios via rota de adesdo virus-fitoplancton, duas espécies de
microalgas foram utilizadas: Isochrysis galbana e Chaetoceros sp.. O uso destas
microalgas justifica-se por serem as mais utilizadas mundialmente em larviculturas de
L. vannamei (Hemaiswarya et al., 2011). Neste desafio, 10 mL do in6culo viral foi
previamente misturado em um volume final de 1 L contendo Isochrysis galbana e
Chaetoceros sp. a 2,6x10° células / mL, na proporcdo de 1:1 por 30 minutos e, depois
adicionado a cada becker (40 mL) para alimentacdo da Artemia por trés horas. Em
seguida, os animais foram lavados trés vezes e mantidos em um bécker com agua limpa
por trés horas antes da segunda oferta de virus-fitoplancton. Assim, os adultos de
Artemia foram desafiados duas vezes ao dia, por quatro dias, sendo alimentados com 10
ml da "mistura™ ao final do dia. Da mesma forma descrita anteriormente, ao final do 4°
dia de experimento, os animais foram mantidos sem alimentacdo por 24 horas para
coleta e determinacdo da presenca do IMNV. Aliquotas de 1 g foram efetuadas para o

uso em desafios com L. vannamei, seguida de armazenamento a -80°C.

2.4 Desafio viral de L. vannamei com Artemia infectada

A determinacdo da transmissao horizontal de IMNV em L. vannamei via desafio
viral por ingestdo de Artemia infectada foi avaliada em quatro tratamentos: (1) juvenis
de L. vannamei alimentados com Artemia infectada via adesdo virus-fitoplancton; (2)
juvenis de L. vannamei alimentados com Artemia infectada via imersdo; (3) juvenis de
L. vannamei alimentados com tecido de camardo infectado e; (4) juvenis de L. vannamei
alimentados com Artemia ndo infectada (grupo controle).

Cada tratamento constou de trés repeticdes de 10 camarbes SPF (um conjunto
experimental) e todos os animais foram alimentados para 0S Seus respectivos
tratamentos a 5% da biomassa, duas vezes ao dia, durante sete dias, totalizando 10% da
biomassa / dia. Ao 8° dia, os camardes foram alimentados com racdo comercial a
mesma biomassa, sendo monitorados diariamente para a observacdo de sinais clinicos

de infecgdo por IMNV e mortalidade.
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O experimento durou 15 dias e ao longo deste periodo os animais mortos foram
coletados e estocados a —80°C para a anélise de PCR em tempo real. Os sobreviventes
foram sacrificados ao 15° dia e também armazenados a —80°C para posterior analise

molecular.

2.5 Andlises moleculares

2.5.1 Extracdo de RNA e RT-PCR

A extracdo do RNA total de Artemia desafiada (para as duas rotas) e musculo
abdominal de camardo inoculado (para todos os tratamentos) foi realizada através da
digestdo do tecido (50 mg) em 1 mL de Trizol (Invitrogen, EUA), conforme as
instrucdes do fabricante. Apos a extracdo, o RNA foi avaliado qualitativamente e
quantitativamente via espectrofotometria a 260 ¢ 280 mm via espectrofotometro
(NanoVue Plus™, GE Healthcare, EUA) e armazenado a -80°C. Em seguida, a RT-
PCR foi efetuada através do kit Improm-11™ Reverse Transcription System (Promega,
Madison, W1, USA) em um volume final de 20 pL, usando 300 nguL™ de RNA total e
0,5 pg de oligo(dT);s, conforme as instrucdes do fabricante. O cDNA foi armazenado a

-20°C até posterior utilizacdo nas analises de PCR convencional ou PCR em tempo real.

2.5.2 PCR convencional

A infeccdo por IMNV em Artemia desafiada (para as duas rotas) foi determinada
através de PCR convencional usando os primers especificos descritos por Poulos e
Lightner (2006) usando como amostra, dois pools de 1 g de Artemia coletada
aleatoriamente nas 10 réplicas de cada rota. As condicdes de reacdo e os ciclos térmicos
de PCR foram realizadas da mesma forma descrita por Pinheiro et al. (2007). Os
produtos de PCR (tamanho esperado de 328 pb) foram submetidos a eletroforese em gel
de agarose a 2% corado com brometo de etidio e o tamanho do fragmento estimado por
um marcador de peso molecular de 100 pb (Invitrogen, EUA).

2.5.3 PCR em tempo real
Todas as amostras de muasculo abdominal de camardo inoculado (para todos os
tratamentos) tiveram sua carga viral média de IMNV determinada atraves de analises de

PCR em tempo real conforme descrito por Silva et al. (2011).
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As reacOes foram feitas em placas de 96 pocos em um volume final de 25 pL e a
carga viral quantificada através da extrapolagdo dos valores de Ct de cada amostra na
diluicdo serial do plasmideo recombinante-padrdo para IMNV, segundo Silva et al.
(2011). Cada amostra foi analisada em duplicata e a cada placa, foram adicionados dois
controles negativos (agua ultra-pura e amostra de controle positivo para o virus da
Taura) e um controle interno de B-actina. As amplificagcbes foram efetuadas em um
termociclador StepOnePlus™ Real-Time PCR System (Applied Biosystems, CA, EUA)
e os dados analisados por meio do software StepOne™ (versdo 2.2.2) (Applied

Biosystems, CA, EUA).

2.6 Analises estatisticas

Os dados provenientes da quantificacdo viral de amostras de musculo de camarao
(para todos os tratamentos) foram submetidos ao teste de Cochran ao nivel de 95% de
probabilidade (p<0,05) para verificacdo da homogeneidade e aos testes de Kolmogorov-
Smirnov e de Shapiro-Wilk, para normalidade (p<0,05). Em seguida, os dados obtidos
com os diferentes tratamentos foram transformados em log da base 10 e submetidos ao
teste ndo paramétrico de Kruskal-Wallis (p<0,05) para comparar a carga viral média
obtida nos diferentes tratamentos testados. Todas as analises estatisticas foram
realizadas com o software ASSISTAT verséo 7.7 beta (Silva, 2014).

3. Resultados e discusséo

Todas as amostras de Artemia desafiadas com IMNV foram positivas via PCR
convencional para ambas as rotas de infeccdo testadas (imersdo e adesdo virus-
fitoplancton) (Figura 1), ndo sendo observados quaisquer sinais clinicos de infec¢do ou
mortalidades acumulativas decorrentes dos desafios. Além disso, amostras de adulto de
Artemia pertencentes ao mesmo lote usado nestes desafios e que ndo foram infectadas,
mas convertidas em biomassa (armazenada a -80°C), para posterior emprego como
controle negativo nos bioensaios virais com os camardes, foram negativas via PCR

convencional. Do mesmo modo, nenhum sinal de infecgéo foi notado.
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400
300

Figura 1. Deteccdo de IMNV em Artemia sp. infectada experimentalmente atraves de
desafios de imersdo e de adeséo virus-fitoplancton. As duas primeiras amostras (1 e 2)
correspondem aos adultos de Artemia sp. infectada via imersdo, enquanto que as duas
ultimas (3 e 4) correspondem as infectadas via adesdo virus-fitoplancton, onde: M ¢é
marcador de peso molecular de 100 pb (Invitrogen, EUA); C+, controle positivo e C-,

controle negativo (agua ultra-pura).

Deteccdo positiva de diferentes virus em adultos de Artemia tem sido relatada por
outros autores. Li et al. (2003) ao investigar a susceptibilidade de nauplios e adultos de
Artemia ao WSSV durante 10 dias por meio de desafios de ingestdo de indculo
misturado a microalga em p6 comprovaram a infecgdo por WSSV via PCR. Ainda neste
estudo, resultados similares de infeccdo positiva foram observados em testes para
determinacdo da transmissao vertical deste virus em Artemia, com a presenca de adultos
positivos gerando cistos reprodutivos também positivos, embora os nauplios eclodidos
destes cistos fossem negativos, indicando a remocdo do virus durante a lavagem dos
nauplios. Similarmente, Chang et al. (2002) ndo detectaram WSSV por PCR em
nauplios eclodidos, apds lavagem, derivados de cistos positivos, sugerindo uma
contaminagéo externa dos cistos. Em ambos os estudos, nenhum sinal clinico da doenca
foi observado, o que segundo Li et al. (2003) indica que estudos de patogenicidade com
maior duracdo devem ser efetuados para observacdo de sintomatologia em Artemia
infectada com WSSV.

Em outro estudo, quatro estagios (nduplio, metanauplio, pré-adulto e adulto) de
desenvolvimento de Artemia foram experimentalmente desafiados para WSSV através
de desafios de imersdo e adesdo virus-fitoplancton, mas apenas os animais inoculados
com a segunda rota (virus-fitoplancton) foram infectados, com deteccéo positiva apenas
na 22 PCR, indicando baixas cargas virais (Zhang et al., 2010). Do mesmo modo, a
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patogenicidade de WSSV no rotifero Brachionus urceus e em copépodes das espécies
Nitroca sp. e Acartia clausi tem sido demonstrada em infecgdes experimentais através
da rota adesdo virus-fitoplancton, com resultados positivos obtidos por nested-PCR
(Zhang et al, 2006; 2007; 2008).

Liu et al. (2007), ao co-cultivar adultos de Marsupenaeus japonicus infectados por
WSSV com seis espécies de microalgas (Isochrysis galbana, Skeletonema costatum,
Chlorella sp., Heterosigma akashiwo, Scrippsiella trochoidea e Dunaliella salina),
determinaram que todas as microalgas foram reservatorios de WSSV com deteccédo
positiva via nested-PCR, exceto para a espécie H. akashiwo, e que entre estas, Chlorella
sp. e S. trochoidea foram as com maior capacidade de transporte de WSSV. Entretanto,
ao re-infectar os juvenis de M. japonicus com as microalgas infectadas, apenas a
Chlorella sp. foi vetor mecanico de transmissdo, sugerindo que as microalgas possam
constituir uma via de transmissao horizontal para WSSV (Liu et al., 2007). Assim,
segundo Zhang et al. (2010), a rota adesdo virus-fitoplancton é uma via de transmisséo
eficiente de WSSV ao zooplancton. No presente estudo, ambas as rotas de transmissédo
(imersdo e adesdo virus-fitoplancton) mostraram-se eficientes ao infectar adultos de
Artemia com IMNV, apresentando deteccéo positiva via PCR convencional (12 PCR), o
que sugere carga viral média superior a 10° copiaspg™ de RNA total (Silva et al., 2011).

Entretanto, ndo soO a rota adesdo virus-fitoplancton tem sido usada na conducédo de
desafios orais para avaliacdo de susceptibilidade de Artemia a virus. Hameed et al.
(2002) ao testar a patogenicidade de WSSV em nauplios, metanauplios, juvenis, pré-
adultos e adultos de Artemia usando dois métodos de exposi¢do ao patdgeno: introducdo
de 0,1% de inéculo em volume na agua (imersdo) e adi¢do de suspensdo viral em farelo
de arroz, seguido de oferta aos animais (ingestdo), foi incapaz de detectar a presenca
deste virus em todas as fases de desenvolvimento testadas para ambos os métodos. Do
mesmo modo, Sarathi et al. (2008) em desafios similares, ndo conseguiram infectar
estes mesmos cinco estagios de desenvolvimento de Artemia com Monodon baculovirus
(MBYV), apresentando resultados de detecgdo negativa por nested-PCR.

No caso dos virus Macrobrachium rosenbergii nodavirus (MrNV) e extra small
(XSV), o uso de suspenséo viral em farelo de arroz para desafio oral foi eficiente na

propagacao destes dois virus em todos os estagios de desenvolvimento da Artemia, com
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resultados positivos via nested-PCR, indicando que a Artemia atua como um
reservatorio para estes virus (Sudhakaran et al., 2006).

Resultados positivos de infeccdo por HPV também foram alcancados com o
emprego de suspensao viral associada ao farelo de arroz em desafios orais em todas as
fases da Artemia franciscana, exceto nauplios (Sivakumar et al., 2009). No entanto,
outros estudos devem ser conduzidos para determinar se A. franciscana é realmente
infectada com HPV ou simplesmente age como portadora passiva (Sivakumar et al.,
2009), embora Feng et al. (2013) relatem a presenca de receptores celulares de WSSV
na membrana de células de Artemia, sugerindo que este microcrustaceo seja um
reservatorio deste virus.

Quanto a avaliacdo da Artemia como vetor na transmissdo horizontal de IMNV em
juvenis de L. vannamei, todos apresentaram animais positivos via PCR em tempo real.
Entretanto, apenas os tratamentos com camarao alimentado com Artemia infectada via
adesdo virus fitoplancton (tratamento 1) e com tecido de camardo infectado (tratamento
3) apresentaram percentagem de infectados superior a 40%, ndo havendo diferenca
estatistica entre a carga viral média obtida para estes tratamentos (p >0,05) (Tabela 1).
Contudo, a carga viral média destes tratamentos diferiu estatisticamente das encontradas
nos camardes alimentados com Artemia infectada via imersédo (tratamento 2) (p<0,05),
para 0s quais apenas 10% dos animais desfiados, foram infectados (Tabela 1),
evidenciando a eficiéncia da rota adesdo virus-fitoplancton na propagacdo de IMNV.
Nenhuma carga viral foi detectada nos juvenis de L. vannamei alimentados com
Artemia ndo infectada (grupo controle) e; todos os dados de quantificacdo viral e
namero de infectados por tratamento encontram-se sumarizados na Tabela 1.

De acordo com Zhang et al. (2010), usando o método de adesdo virus-fitoplancton,
as particulas virais inicialmente aderidas a superficie da microalga sdo ingeridas e
bioacumuladas pela Artemia que € um organismo filtrador, e em seguida, transmitidas a
camardes dentro do trato digestorio deste microcrustaceo. Em seu experimento, embora
mortalidades massivas ndo tenham sido detectadas durante todo o experimento (15
dias), todos os camardes desafiados por ingestdo de Artemia infectada previamente pela
rota adesao virus-fitoplancton, foram positivos para WSSV via nested-PCR.

De maneira geral, rotas que favorecam a ingestdo de particulas virais pela Artemia,

como o uso de uma suspensdo viral em farelo de arroz (por exemplo), tém se mostrado
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habeis ao infectar Artemia e provarem seu papel como vetor na transmissdo horizontal
de MrNV, XSV e HPV em pos-larvas de Macrobrachium rosenbergii e Penaeus
monodon (Sudhakaran et al., 2006; Sivakumar et al., 2009).

Dentre todos 0s tratamentos experimentais testados, apenas aquele com ingestao de
tecido de camardo infectado, mostrou-se com valores de carga viral média semelhante
aquelas encontradas em musculo de animais naturalmente infectados com IMNV (entre
6,85x10° e 3,09x10* copiaspg™ de RNA total) (Silva et al., 2011). Além disso, este
tratamento foi o Unico em que foram observados sinais clinicos de infeccdo por IMNV
nos animais desafiados, como opacidade multifocal nos mdsculos do segmento

abdominal e nos urépodos (leque caudal).

Tabela 1. NGmero de infectados e carga viral média (copiaspg™ de RNA total) para os
quatro diferentes tratamentos de L. vannamei desafiado via ingestdo de Artemia
infectada

N° PCR Carga viral
Tratamento

Analisado  Positiva Minimo Média Méaximo

1- L. vannamei alimentado

com Artemia infectada via 30 14 8,07x10' 1,34x102* 2,19x102
adesdo virus-fitoplancton

2- L. vannamei alimentado

com Artemia infectada via 30 3 1,75x102 9,31x10%° 1,99x103
imers&o

3 - L. vannamei alimentado

com tecido de camardo 30 12 6,07x102 1,48x10% 1,59x10°
infectado

4 - L. vannamei alimentado

com Artemia ndo infectada 30 0 - - -

(grupo controle)

b _ Letras diferentes indicam diferenca estatistica significante pelo teste de Kruskal-
Wallis (p<0,05); - N&o detectado via PCR em tempo real.
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Em relacdo a mortalidade cumulativa para todos os tratamentos testados, os valores
estiveram dentro dos esperados para condi¢cbes normais de cultivo (sem virus), nao
sendo observadas mortalidades massivas (Tabela 2). Estes resultados encontram-se de
acordo com os obtidos por outros autores ao infectar pos-larvas de L. vannamei com
WSSV via Artemia infectada por bioensaios de imerséo e adesdo virus-fitoplancton, em
que ndo foram observadas mortalidades massivas ou diferenca de mortalidade entre os

tratamentos testados (Zhang et al., 2010).

Tabela 2. Percentagem de mortalidade acumulativa para os diferentes tratamentos de L.
vannamei desafiado via ingestdo de Artemia infectada

N° d Percentagem de mortalidade Percentagem
°de
o cumulativa (%) de
Tratamento individuos _
infectados
estocados 1°Dia 5°Dia 10° Dia 15° Dia
(%)
1 30 0 0 0 100 46,67
2 30 0 0 0 100 10,00
3 30 0 0 0,03 99,97 40,00
4 30 0 0 0 100 0,00

4. Conclustes

O presente trabalho comprovou a susceptibilidade de Artemia a infecgdo por IMNV
via duas rotas de transmissdo (imersdo e adesdo virus-fitoplancton) e seu papel como
reservatorio ou vetor mecanico na transmissdo horizontal deste virus em L. vannamei,
sob condicBes experimentais. Além disso, embora mortalidades massivas ndo tenham
sido detectadas durante 15 dias nos camardes desafiados com Artemia infectada, ndo se
deve subestimar a presenca desses camardes como fonte viral nos sistemas de cultivo
quando alimentados com alimento vivo infectado ou contaminado, podendo aumentar a

prevaléncia de patdgenos nas unidades de producéo.
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4.4.1 - Normas da Revista - Journal of Invertebrate Pathology.

INTRODUCTION

The Journal of Invertebrate Pathology publishes articles on all aspects of original
research concerned with the causation and manifestation (including immunologic
responses) of infectious and noninfectious diseases of invertebrates, the suppression of
such diseases in beneficial species, and the use of these pathogens in controlling
undesirable species such as agricultural pests and vectors of pathogens transmissible to
other organisms. In addition, this journal publishes the results of biochemical,
physiological, morphological, genetic, and ecological studies related to the etiologic
agents of diseases of invertebrates. The journal is particularly dedicated to the
publication of contributions of a basic and fundamental nature, although it will accept
suitable articles pertaining to the applications of invertebrate pathology. The editor-in-
chief and members of the Editorial Board will examine contributions from any qualified
worker in any country of the world.

Types of paper

The Journal of Invertebrate Pathology publishes the following types of articles:

Regular Articles. Manuscripts for Regular Articles are full-length papers the reports the
results of a large and well-defined study. There is no page limit, but this type of article

is usually in the range of eight published pages.

Short Communications. Manuscripts for Short Communications should be 1500 or
fewer words and contain not more than two illustrations or two tables, or one of each.
Manuscripts should contain an abstract of not more than 100 words. References should
be kept to a minimum and should be styled according to the guidelines in the section on

References.

Minireviews. Manuscripts for Minireviews typically range from four to six published
pages and provide a succinct review of important and recent developments in any field

of invertebrate pathology.

Forum Articles. Manuscripts for Forum Articles typically range from one to four
published pages and focus on a topical issue in invertebrate pathology. It is the intent of
Forum Articles to stimulate discussion of controversial or unresolved issues relevant to

all aspects of invertebrate pathology.
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required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations (please consult

http://www.elsevier.com/permissions). If excerpts from other copyrighted works are

included, the author(s) must obtain written permission from the copyright owners and
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credit the source(s) in the article. Elsevier has preprinted forms for use by authors in

these cases: please consult http://www.elsevier.com/permissions.

For Open Access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License

Agreement' (for more information see http://www.elsevier.com/OAauthoragreement).

Permitted reuse of open access articles is determined by the author's choice of user

license (see http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more

information on author rights for:

Subscription articles please see http://www.elsevier.com/journal-authors/author-rights-

and-responsibilities.

Open access articles please see http://www.elsevier.com/OAauthoragreement.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
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in the writing of the report; and in the decision to submit the article for publication. If
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archiving requirements as specified as conditions of their grant awards. To learn more
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Open access

This journal offers authors a choice in publishing their research:

Open Access

* Articles are freely available to both subscribers and the wider public with permitted
reuse

* An Open Access publication fee is payable by authors or their research funder
Subscription

* Articles are made available to subscribers as well as developing countries and patient

groups  through  our  access programs  (http://www.elsevier.com/access)

* No Open Access publication fee

All articles published Open Access will be immediately and permanently free for
everyone to read and download. Permitted reuse is defined by your choice of one of the

following Creative Commons user licenses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to
create extracts, abstracts, and other revised versions, adaptations or derivative works of
or from an article (such as a translation), to include in a collective work (such as an
anthology), to text or data mine the article, even for commercial purposes, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the
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text and data mine the article, as long as they credit the author(s), do not represent the
author as endorsing their adaptation of the article, do not modify the article in such a
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Use of word processing software

It is important that the file be saved in the native format of the word processor used. The
text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the article.
In particular, do not use the word processor's options to justify text or to hyphenate
words. However, do use bold face, italics, subscripts, superscripts etc. When preparing
tables, if you are using a table grid, use only one grid for each individual table and not a
grid for each row. If no grid is used, use tabs, not spaces, to align columns. The
electronic text should be prepared in a way very similar to that of conventional
manuscripts  (see also the Guide to  Publishing  with  Elsevier:

http://www.elsevier.com/guidepublication). Note that source files of figures, tables and

text graphics will be required whether or not you embed your figures in the text. See
also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and

‘grammar-check’ functions of your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to
'the text'. Any subsection may be given a brief heading. Each heading should appear on

its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a

detailed literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published

should be indicated by a reference: only relevant modifications should be described.
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Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive citations

and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discussion

section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.;
in a subsequent appendix, Eqg. (B.1) and so on. Similarly for tables and figures: Table
A.l; Fig. A1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.
« Author names and affiliations. Where the family name may be ambiguous (e.g., a
double name), please indicate this clearly. Present the authors' affiliation addresses
(where the actual work was done) below the names. Indicate all affiliations with a
lower-case superscript letter immediately after the author's name and in front of the
appropriate address. Provide the full postal address of each affiliation, including the
country name and, if available, the e-mail address of each author.
* Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. Ensure that phone numbers (with
country and area code) are provided in addition to the e-mail address and the
complete postal address. Contact details must be kept up to date by the

corresponding author.
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* Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address')
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript

Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose
of the research, the principal results and major conclusions. An abstract is often
presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Also,
non-standard or uncommon abbreviations should be avoided, but if essential they must
be defined at their first mention in the abstract itself.

Graphical abstract

A Graphical abstract is mandatory for this journal. It should summarize the contents of
the article in a concise, pictorial form designed to capture the attention of a wide
readership online. Authors must provide images that clearly represent the work
described in the article. Graphical abstracts should be submitted as a separate file in the
online submission system. Image size: please provide an image with a minimum of 531
x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of
5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,

PDF or MS Office files. See http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the
best presentation of their images also in accordance with all technical requirements:

Ilustration Service.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a separate

file in the online submission system. Please use 'Highlights' in the file name and include
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3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point). See
http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American

spelling and avoiding general and plural terms and multiple concepts (avoid, for

example, 'and’, 'of). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing

purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of

abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.g.,

providing language help, writing assistance or proof reading the article, etc.).

Units

Follow internationally accepted rules and conventions: use the international system of
units (SI). If other units are mentioned, please give their equivalent in SI.

Database linking
Elsevier encourages authors to connect articles with external databases, giving their

readers one-click access to relevant databases that help to build a better understanding
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of the described research. Please refer to relevant database identifiers using the
following format in your article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking for more

information and a full list of supported databases.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article,
using superscript Arabic numbers. Many wordprocessors build footnotes into the text,
and this feature may be used. Should this not be the case, indicate the position of
footnotes in the text and present the footnotes themselves separately at the end of the

article. Do not include footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

» Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the printed version.
 Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:

http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are
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given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and line/halftone
combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300
dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPQG); these
typically have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.
Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color on the Web (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in color in
the printed version. For color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further information
on the preparation of electronic artwork, please see

http://www.elsevier.com/artworkinstructions.
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Please note: Because of technical complications which can arise by converting color
figures to 'gray scale' (for the printed version should you not opt for color in print)

please submit in addition usable black and white versions of all the color illustrations.

Illustration services

Elsevier's WebShop (http://webshop.elsevier.com/illustrationservices) offers Illustration

Services to authors preparing to submit a manuscript but concerned about the quality of
the images accompanying their article. Elsevier's expert illustrators can produce
scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s)

and improve them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to
the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum

but explain all symbols and abbreviations used.

Tables

Number tables consecutively in accordance with their appearance in the text. Place
footnotes to tables below the table body and indicate them with superscript lowercase
letters. Avoid vertical rules. Be sparing in the use of tables and ensure that the data

presented in tables do not duplicate results described elsewhere in the article.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but may

be mentioned in the text. If these references are included in the reference list they
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should follow the standard reference style of the journal and should include a
substitution of the publication date with either 'Unpublished results’ or 'Personal
communication’. Citation of a reference as 'in press' implies that the item has been

accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references,

please be careful as they may already contain errors. Use of the DOI is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
(e.g., after the reference list) under a different heading if desired, or can be included in

the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any

citations in the text) to other articles in the same Special Issue.

Reference formatting

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted

article by Elsevier at the proof stage. Note that missing data will be highlighted at proof
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stage for the author to correct. If you do wish to format the references yourself they
should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the
year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al." and the year of
publication.

Citations may be made directly (or parenthetically). Groups of references should be
listed first alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).
Kramer et al. (2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the
same year must be identified by the letters 'a’, 'b’, 'c’, etc., placed after the year of
publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific
article. J. Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New
York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article,
in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing
Inc., New York, pp. 281-304.

Journal abbreviations source
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Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/2-22661-LTWA-online.php.

Video data

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit
with their article are strongly encouraged to include links to these within the body of the
article. This can be done in the same way as a figure or table by referring to the video or
animation content and noting in the body text where it should be placed. All submitted
files should be properly labeled so that they directly relate to the video file's content. In
order to ensure that your video or animation material is directly usable, please provide
the files in one of our recommended file formats with a preferred maximum size of 50
MB. Video and animation files supplied will be published online in the electronic
version of vyour article in Elsevier Web products, including ScienceDirect:

http://www.sciencedirect.com. Please supply 'stills' with your files: you can choose any

frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages at

http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot

be embedded in the print version of the journal, please provide text for both the
electronic and the print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are shown next
to the online article on ScienceDirect. This gives authors the opportunity to summarize
their research in their own words and to help readers understand what the paper is about.

More information and examples are available at http://www.elsevier.com/audioslides.

Authors of this journal will automatically receive an invitation e-mail to create an

AudioSlides presentation after acceptance of their paper.

Supplementary data
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Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, high-resolution images, background datasets, sound
clips and more. Supplementary files supplied will be published online alongside the
electronic version of your article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com. In order to ensure that your submitted material is directly

usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise
and descriptive caption for each file. For more detailed instructions please visit our

artwork instruction pages at http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending
it to the journal for review. Please consult this Guide for Authors for further details of

any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
 E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and ‘grammar-checked'

* References are in the correct format for this journal

 All references mentioned in the Reference list are cited in the text, and vice versa
* Permission has been obtained for use of copyrighted material from other sources
(including the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web
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(free of charge) and in print, or to be reproduced in color on the Web (free of charge)
and in black-and-white in print

« If only color on the Web is required, black-and-white versions of the figures are also
supplied for printing purposes

For any further information please visit our customer support site at

http://support.elsevier.com.

Additional information
(To appear before "Preparation of Supplementary Material™)

Identification of Pathogens. Pathogens should be identified using current methods
accepted for each pathogen group. Molecular methods should be used to identify
pathogens being described for the first time where these methods are standard for the
field.

u After Acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic
documents. The DOI consists of a unique alpha-numeric character string which is
assigned to a document by the publisher upon the initial electronic publication. The
assigned DOI never changes. Therefore, it is an ideal medium for citing a document,
particularly 'Articles in press' because they have not yet received their full bibliographic
information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):
http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed

never to change.

Online proof correction
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Corresponding authors will receive an e-mail with a link to our ProofCentral system,
allowing annotation and correction of proofs online. The environment is similar to MS
Word: in addition to editing text, you can also comment on figures/tables and answer
questions from the Copy Editor. Web-based proofing provides a faster and less error-
prone process by allowing you to directly type your corrections, eliminating the
potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version.
All instructions for proofing will be given in the e-mail we send to authors, including
alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately -
please upload all of your corrections within 48 hours. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading
is solely your responsibility. Note that Elsevier may proceed with the publication of

your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via
e-mail (the PDF file is a watermarked version of the published article and includes a
cover sheet with the journal cover image and a disclaimer outlining the terms and
conditions of use). For an extra charge, paper offprints can be ordered via the offprint
order form which is sent once the article is accepted for publication. Both corresponding
and co-authors may order offprints at any time via Elsevier's WebShop

(http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed

copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service
to collate multiple articles within a single cover

(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

u Author Inquiries
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For inquiries relating to the submission of articles (including electronic submission)
please visit this journal's homepage. For detailed instructions on the preparation of

electronic artwork, please visit http://www.elsevier.com/artworkinstructions. Contact

details for questions arising after acceptance of an article, especially those relating to
proofs, will be provided by the publisher. You can track accepted articles at
http://www.elsevier.com/trackarticle. You can also check our Author FAQs at

http://www.elsevier.com/authorFAQ  and/or  contact Customer  Support via

http://support.elsevier.com.
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