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O virus da doenga de Newcastle (VDN) ¢ o agente causador de uma das mais importantes
doengas em aves e representa uma ameaga para a industria avicola. O VDN ¢ um membro da familia
Paramyxoviridae, subfamilia Paramyxovirinae, género Avulavirus. Sdo virus envelopados, nao-
segmentados dotados de genoma RNA de fita simples sentido negativo, associado a doenga do trato
respiratorio, digestivo e nervoso das aves. O Controle da DN se baseia em biosseguranga, uso de
vacinas e deteccdo precoce de lotes infectados.

No presente estudo, examinamos dez vacinas vivas comercializadas no Brasil quanto a sua
estabilidade térmica (ET), viruléncia e imunogenicidade. Em outra etapa do trabalho, investigou-se a
soroprevaléncia perante o VDN em regides de produgdo avicola voltada a exportagdo ou ndo de
produtos aviarios, seguido da detec¢do do VDN em aves migratorias. Os estudos sdo
complementados pela andlise filogenética de VDN isolado de aves comerciais, dos resultados
alcangados, cumpre ressaltar: 1) os testes de ET revelam elevada estabilidade para as vacinas
utilizadas no pais, mesmo apos dois anos de sua fabrica¢do; ii) o grau de protecdo conferido por
vacinas vivas contra a DN nao depende da viruléncia residual conforme testes de inoculacio
intracerebral; iii) a soroprevaléncia contra VDN em aves nas regides produtoras e exportadoras, foi
de 39,1% e foram isoladas 77 amostras virais, sempre com perfil ndo-patogénico; iv) sorologia
realizada em uma segunda oportunidade detectou-se uma soroprevaléncia de 28,8% e isolamento
de 15 amostras virais que também foram caracterizadas como nao-patogénicas; v) observou-se numa
soropositividade de 41,7 a 84,3% dependendo da regido e isolamento de 12 VDN na regido Nordeste,
caracterizados como nao-patogénicas, indicando que nas areas nao exportadoras circulam virus de
baixa patogenicidade; vi) o genoma dos virus isolados e das vacinas vivas, atesta que os virus
circulantes em aves comerciais sao de provavel origem vacinal e pertencem a classe II sendo 71,8%
do genotipo II ou La Sota-like e 28,2% do gendtipo I ou Ulster-like; vii) por ultimo, a caracterizagdo
bioldgica dos isolados de aves migratdrias mostram que hd circulacdo de virus de baixa e alta
patogenicidade em nosso territorio. Portanto, este conjunto de trabalhos evidencia o status do Brasil

como pais livre da Doenga de Newcastle em aves comerciais.
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Newcastle disease virus (NDV) is the agent that causes one of the most important diseases in
birds and represents a threat to industrial aviculture. NDV is a member of the Paramyxoviridae
family, Paramyxovirinae subfamily, Avulavirus genus.

In the present study, live vaccines commercialized in Brazil were examined in regard to their
thermostability (TS), virulence and immunogenicity. In another stage of this work, soroprevalence
was investigated, with viral isolation and characterization carried out in poultry production regions
focused on production for exportation or domestic commercialization, followed by the detection of
the virus in migratory birds. The studies were complemented by phylogenic analysis carried out on
the isolates from the commercial birds. From the results obtained, it is important to underscore that 1)
the tests of TS revealed a high stability of the vaccines used in Brazil, even two years after their
manufacture; ii) the level of protection given by live vaccines against NDV does not depend on
residual virulence, as confirmed by tests of intracerebral inoculation iii) soroprevalence against NDV
in regions with production for exportation was 39.1% and it was possible to isolate 77 samples,
always with a non-pathogenic profile; iv) on a second opportunity, a soroprevalence of 28.8% was
detected, with isolation of 15 samples, also classified as non-pathogenic; v) in the Brazilian
Northeast, a seropositivity of 41.7 to 84.3% was observed depend of region, with isolation of 12
NDVs, characterized as non-pathogenic, indicating that virus of low pathogenicity circulates in those
areas that do not export; vi) the genome of the isolated virus and vaccine implies that the circulating
virus in commercial birds probably originates from the vaccine and belongs to class II, being 71.8%
from genotype II or La Sota-like and 28.2% from genotype I or Ulster-like; vii) finally, the
biological characterization of isolates from migratory birds showed that there is circulation of virus
of low and high pathogenicity in Brazil. However, this set of studies agrees with the status of Brazil

as being a country free of Newcastle disease in commercial birds.
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O agente etiologico da Doenca de Newcastle, o virus da Doenga de Newcastle (VDN), pertence
ao género Avulavirus membros da familia Paramyxoviridae, subfamilia Paramyxovirinae e ordem
Mononegavirales (van Regenmortel et al., 2000, Mayo et al., 2002 a, 2002b). Os membros da familia
Paramyxoviridae sdo virus RNA envelopados com fita simples e genoma ndo segmentado de polaridade
negativa. Possui morfologia esférica as vezes pleomorfica, com 150 a 200 nm de diametro, um
nucleocapsideo em forma de espiral, de 12 a 17 nm de didmetro. As particulas virais apresentam proje¢des
tipicas, de dois tamanhos: A maior, uma simples glicoproteina (HN), associada a atividade de
hemaglutinagdo ¢ neuraminidase; a espicula menor ¢ formada pela glicoproteina F, que esta associada a
fusdo do envelope viral com a membrana celular da célula hospedeira, resultando no efeito citopatico
caracteristico — formacao de sincicio. O VDN tem um RNA gendmico de 15 Kb e codifica seis proteinas
virais: RNA polimerase (L), proteina Hemaglutinina-neuraminidase (HN), proteina de fusdo (F), proteina
matrix (M), fosfoproteina (P) e nucleoproteina (NP). Elas estdo dispostas na ordem 3’-NP-P-M-F-HN-L-
5’ (Obérdorfer & Werner, 1998; de Leeuw & Peeters, 1999).

O VDN ¢ também referido como paramixovirus aviario-1 (APMV-1), que ¢ um dos nove
sorotipos identificados por infectar aves. Os isolados de APMV-1 podem ser classificados como
lentogénica, mesogénica ou velogénica (baixa, moderada e alta viruléncia para aves, respectivamente).

Algumas reagdes cruzadas foram demonstradas entre os paramixovirus ¢ as mais significativas
foram entre APMV-3 e APMV-7 ¢ entre APMV-3 ¢ APMV-1 (Box et al., 1988). Somente os virus dos
sorotipos APMV-1, APMV-2 ¢ APMV-3 foram descritos dando efeitos patologicos em galinaceos. Ja o
APMV-6 foi isolado em perus.

A doenca de Newcastle (DN) ¢ uma doenca viral listada no Codigo Zoosanitario Internacional
da Organizacdo de Saude Animal (OIE) causada por uma estirpe virulenta do paramixovirus aviaria tipo 1 ¢
a notificagdo dos focos desta doenga € compulsoria.

O VDN afeta muitas espécies de aves causando uma severa perda economica no setor avicola
(Cattoli et al., 2009) sendo, portanto uma constante ameaga para as aves criadas comercialmente, e
considerada enzoodtica na maior parte dos paises. Lotes comerciais de aves sofrem medidas de controle da
doenga e da disseminagdo do virus. Em aves comerciais a maioria dos paises utiliza a vacinagdo para
manter a Doenga de Newcastle monitorada constantemente, sabendo que esta doenga ¢ o maior fator
limitante para aumentar a produg@o avicola. As perdas causadas por surtos da DN t€m sido significativas,
resultando na eliminag¢do de milhares de aves em diversos paises e restricdes nas importagdes/exportacdes.
E considerada como sendo uma das mais devastadoras doengas de galinha e de outras aves. Os prejuizos e

danos que o VDN pode causar nao se limitam apenas as aves infectadas, com mortalidade de lotes, mas
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também o impacto econdmico negativo devido a restricdo do comércio de animais e subprodutos com
embargos de areas e paises com focos da doenga (Aldoux et al., 2001).

O impacto desta doenga também ¢ sentido na criagdo doméstico ou fundo de quintal
(Alexander, 2008), sendo que para muitos paises este tipo de criagdo significa o unico acesso a fonte de
proteina animal apresentada na forma de carne e ovos acessivel as populagdes de baixa renda. Spradbrow
(1992) relatou que a DN ¢ responsavel por 90% da morte ocorrida na criagdo de galinha doméstica do
Nepal. O controle DN nestas aves em paises em desenvolvimento ¢ dificultado, afetando o
desenvolvimento da produgdo comercial avicola.

A primeira descri¢do da doenga, no Brasil, data de 1953, em Belém e Macapa (Santos et al., 1954),
atribuindo-se o surto da doenga a importagdo de carcagas de frangos congelados contaminados com o virus
procedente dos Estados Unidos (Vaistsman & Moussatché, 1954). O primeiro isolamento do virus da doenga
de Newcastle no Brasil foi realizado por Cunha & Silva (1955). Essa amostra de virus foi designada de M33
e caracterizada biologicamente (Oliveira et al., 2000). Posteriormente, foram assinalados surtos esporadicos
nos estados do Rio de Janeiro e Minas Gerais, que foram rapidamente controlados através de vacinagdo e
medidas profilaticas complementares (Santos et al., 1954). Apos o 1° impacto na década de 50 no Brasil,
embora endémica, foi observada apenas esporadicamente, acometendo plantéis de pequena expressdo,
controlando-se rapidamente os focos através de vacinacdo ¢ medidas profilaticas complementares. A
enfermidade da Doenca de Newcastle ressurgiu na década de 70, a sob a forma Newecastle viscerotropica
(altamente patogénica). No periodo de 1970 a 1975 a DN teve uma prevaléncia de 10.7% (1350 focos ) na
industria avicola de Minas Gerais e catorze estados do Brasil. Nos proximos vinte anos varios focos da
VDN ocorreram no pais porem com menor intensidade. O baixo nimero de aves notificadas por foco indica
que ocorreu em aves de criagdo doméstica. Apds o ano de 1995, ndo foram notificados focos da DN em
criagcdes comerciais, no Brasil.

O Ministério da Agricultura em 1994-1995 montou um laboratorio com estrutura adequada de
biosseguranga para caracterizacdo viral.  Este laboratorio tornou-se referéncia para o Brasil e para o
Mercosul. Até 1995, na maioria dos focos da doenca de Newcastle notificados ao MAPA, foram relatados
apenas com base nas suspeitas clinicas, sem o respectivo isolamento e caracterizacdo do agente, portanto,
perfeitamente possivel que em alguns dos focos notificados o0 VDN patogénico poderia ndo estar presente.
Em 1997, houve o primeiro isolamento do virus de Newcastle em avestruzes (Struthio camelus) importadas
pelo Brasil (Doretto et al., 1999a). No mesmo ano, Doretto et al. (1999b) isolaram o VDN em dois lotes de
pintos de avestruzes. Neste periodo, também foram isoladas 3 estirpes de virus vacinais de frango de corte,
matriz de corte e postura comercial. Em 1998, o VDN foi isolado também em flamingos (Phoenicopterus

ruber) importados pelo Brasil (Doretto et al., 1999¢). No entanto, os testes de patogenicidade mostraram que
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as cepas nao eram patogénicas. De acordo com a bibliografia pesquisada este foi o primeiro isolamento do
APMV-1 em avestruzes. Neste mesmo periodo foram isolados virus vacinais de frango de corte provenientes
de Pernambuco e de pinguins capturados na regido praiana que apresentavam problemas respiratorios,
aerossaculite e ataxia. Da mesma forma, em 1999, no estado do Parana, o VDN foi isolado em aves exoticas
importadas, principalmente dos grupos de psitacideos e palmipedes. Em ambas as ocorréncias, todas as aves
importadas foram sacrificadas e destruidas para evitar a dissemina¢do do VDN. O foco da ND diagnosticado
no Rio de Janeiro, no ano de 1999, foi o inico caso de isolamento oficial do VDN no Brasil, a partir de uma
suspensdo de fezes de patos doentes oriundos do municipio de Japeri, RJ. O novo isolado viral foi
denominado JAP99 (Portz et al., 2000; Oliveira Jr. et al., 2000, 2005) e o foco ficou restrito a uma fazenda,
acometendo apenas aves caipiras, onde as acdes emergenciais foram facilmente realizadas e a difusdo do
VDN evitada. Em 2000, no estado do Rio de Janeiro, foram isolados virus patogénicos e vacinais em uma
propriedade, mostrando a possibilidade de isolamentos de virus com diferentes viruléncias
simultaneamente. O foco da DN registrado em 2001, em Goiania, ocorreu em aves caipiras em um
assentamento e foi rapidamente controlado. Também foi isolado virus vacinal de tucano no Rio de Janeiro.
Ap0s alguns anos sem ocorrer a doenga, em 2006 foi isolada uma estirpe do APMV-1 no Rio Grande do Sul
em aves de fundo de quintal (consumo familiar). Medidas de controle (quarentena, sacrificio das aves,
barreira sanitaria, isolamento e desinfeccdo) das areas acometidas, impediram a propagacdo do agente
(Flores et al., 20006).

Nao ha tratamento para a doenga de Newcastle, entretanto uma politica de eliminagdo (baseada em
sacrificio de aves potencialmente infectadas, quarentena, limpeza e desinfeccdo) ou vacinagdo ou uma
combinacdo pode ser usada para controlar a DN. Em situacdo de emergéncia em paises previamente livres
da DN, erradicacdo pela eliminagdo é a opgdo preferida. Alguns paises possuem estirpes de DN ndo
patogénicas (Nova Zelandia), a maioria dos outros paises tem experimentado surtos da estirpe virulenta,
como nos continentes africanos, asidticos e americanos que possuem VDN enzootica (Spradbrow 1988;
Rweyemamu et al., 1991). Em paises onde a DN virulenta ¢ considerada enzodtica, a vacinagdo ¢ uma
pratica rotineira. Esquemas de vacinag¢do e tipo de vacinas usadas variam dependendo do potencial e
viruléncia dos virus de desafio, assim como o tipo de producdo e esquema de producdo de aves. Vacinas
vivas atenuadas e vacinas inativadas tém sido desenvolvidas, bem como vacinas recombinantes. A 1? estirpe
vacinal atenuada de VDN, “Hertfordshire”, foi obtida por passagem seriada em ovos embrionados (SPF) de
um virus de campo virulento isolado na Inglaterra em 1933. Depois esta estirpe virulenta foi chamada como
Herts 33 e tornou-se um padrao de desafio e virus de referéncia (OIE, 1996).

As vacinas vivas usadas no controle do VDN ao redor do mundo sdo com raras excecoes, as

estirpes lentogénicas. As estirpes vacinais mais utilizadas sdo: La Sota/46 (conhecida por La Sota), B1/47
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(conhecida como Hitchner/B1 ou B1), F (Asplin), V4, Ulster, C2 e VG/GA. As estirpes La Sota/46 e B1/47
foram isoladas e desenvolvidas na década de 40 nos Estados Unidos da América (Goldhaft, 1979) e segundo
Hitchner & Johnson, (1948), as vacinas lentogénicas sdo as mais usadas hoje no mundo. Elas replicam no
trato digestorio e respiratorio com indug¢do de uma resposta imunologica humoral local e sistémica. A estirpe
vacinal La Sota é geralmente mais virulenta e induz resposta imune mais evidente que estirpe vacinal Bl
(Glisson & Kleven, 1993), mas ambas podem ser administradas na dgua de bebida e em spray através das
vias nasal e ocular. Pintinhos saudaveis sdo vacinados precocemente com 1 a 4 dias de idade.

Em 1966, uma estirpe “lentogénica entérica suave” do VDN foi isolada de galinhas saudaveis em
Queensland na Australia (Simmons, 1967) e denominada de V4.

A estirpe vacinal VG/GA foi isolada no comego dos anos 90 de perus comerciais na Georgia nos
USA (Beard et al., 1993). Esta estirpe replica também os tratos gastrointestinal e respiratorio de galinha,
produzindo uma resposta imune semelhante aquela induzida pela estirpe vacinal B1, porém sem nenhum
sinal respiratorio reconhecido (Glisson & Kleven, 1993). A estirpe vacinal Ulster, considerada “avirulenta”,
¢ uma estirpe de laboratorio isolada de perus com afinidade entérica, causando o minimo de reagdo vacinal
em galinha. Estudos conduzidos por Franzo et al, (2009) mostraram que patos imunizados por esta estirpe
apresentaram o epitélio traqueal integro semelhante ao controle, sendo, portanto indicada para primeira
vacinacao.

Embora seja possivel identificar pelo menos trés sistemas de produgdo no setor avicola brasileiro —
como o integrado, o cooperativo e o independente — o sistema que tem se tornado mais presente ¢ o sistema
de integragdo vertical com mais de 80% da produgdo avicola. Este sistema ¢ firmado através de um contrato
de parceria entre empresas e o avicultor, o que proporciona um maior controle sanitdrio em toda a cadeia
produtiva. O destino da producdo brasileira em 2008 foi de 67% para o consumo interno € 33% para a
exportagdo. Em 2008, os estados do Parana (26,8%), Santa Catarina (27%) e Rio Grande do Sul (21,3%)
foram responsaveis por 75% das exportacdes brasileiras (ABEF, 2008).

A capacidade produtiva da avicultura nacional tem oferecido condi¢cdes vantajosas para que a
mesma possa competir em mercados internacionais, mesmo frente a paises que fornecem subsidios para seus
produtores. Deste modo a presenga do produto brasileiro nestes mercados s6 pode ser diminuida através de
alegadas dificuldades ou barreiras sanitdrias, ja que as diversas taxagdes e impostos que incidem sobre o
produto ndo consegue diminuir o seu custo relativo.

De qualquer forma, ¢ imperativo que o Brasil se adiante aos obstaculos sanitérios e, para tanto, uma
importante iniciativa foi a criagdo do Programa Nacional de Sanidade Avicola (PNSA), instituido em 19 de
dezembro de 1994 através da Portaria Ministerial Numero 193. Entre as atribui¢bes do PNSA

(regulamentado pelo artigo 1° da Portaria 115, de 04 de outubro de 1995) se destacam a confirmagdo e o
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controle de focos de duas enfermidades: a doenga de Newcastle e a Influenza Avidria, sendo que a segunda
ndo existe nos plantéis comerciais brasileiros.

A doenca de Newcastle pode ser controlada sem vacinagdo, ou somente com vacinagdo de
reprodutoras e poedeiras ou pelo uso de ambas as medidas. Outras medidas sdo os controles sanitarios
através de medidas de higiene, quarentena e vacinagao nacional ou talvez regional. Monitoramento e sistema
de relato nacional ou internacional sdo essenciais para a eficiéncia destas medidas.

A quantidade de vacina viva produzida e usada no Brasil, conforme dados relatados através do
controle de qualidade Oficial por Orsi et al., 1999; 2001, aliado ao baixo reisolamento do virus vacinal no
territorio nacional e a grande variacdo na viruléncia dos diferentes isolados do VDN, indicam a necessidade
de mais pesquisa sobre esta tematica.

Fatores que promovem a ocorréncia da doenga em aves vacinadas podem ser divididos em dois grupos: 1)
Fatores que diminuem a resisténcia do hospedeiro a infec¢ao; e 2) Mudanga do virus que permite tornar-se
uma barreira imunoldgica (Panshin et al., 2002).

Apesar da reducdo gradual da DN no pais nos tltimos anos para alguns autores (Seal, et al, 1998;
Clavijo et al., 2000) a doenca de Newcastle continua endémica no Brasil, servindo de fonte de disseminagao
de virus, principalmente pelo trafico de aves silvestres. Estudo de prevaléncia realizada em aves
ornamentais do Rio de Janeiro com 11% de isolamento viral foi relatado por Couceiro et al, (1999), outro
estudo no mesmo estado mostrou cerca de 3,2% de soropositividade para VDN em aves de cativeiro
(Bellucci et al., 1999). A soropositividade de 85,7% foi encontrada na cidade de Sdo Paulo em Irerés apesar
do genoma do VDN nao ter sido detectado (Demétrio, 2002).

As principais areas produtivas da avicultura brasileira estdo localizadas nas regides Sul e Sudeste
do pais, com principais produtores e exportadores de material genético avicola, ovos de consumo, produtos
de aves e frangos de corte. Nos estados de Sdo Paulo e Minas Gerais estdo localizados a produgdo dos
bisavozeiros e avozeiros. Nestes estados, além da produgdo avicola comercial tem ocorrido um expressivo
desenvolvimento da criagdo de aves ornamentais, perus, silvestres como as ratitas (emas e avestruzes),
psitacideos, passariformes, entre outros.

O controle dessa doenca ¢ de importancia vital para o Brasil, pais que ¢ o maior exportador e o 3°
maior produtor mundial de frango de corte. Para aprimorar a eficiéncia, uma nova proposta de vigilancia
epidemiologica a “vigilancia ativa” foi elaborada e implantada nas maiores areas produtoras. O diagnostico
convencional da DN esta baseado no isolamento viral em ovos embrionados, conjugado a testes soroldgicos
para as nove hemaglutininas do VDN e determinagdo de patogenicidade. Esta vigilancia ativa se baseava em
soroprevaléncia aliado ao diagnostico da DN. Atualmente o teste de inibi¢do da hemaglutinacdo ¢ o mais

usado no mundo e reconhecido pelos 6rgaos internacionais (OIE, 2004). Porém o teste de ELISA quando
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aliado ao isolamento ¢ utilizada como ferramenta de monitoramento, pois esta técnica pode ser automatizada
ou semi automatizada, facilitando assim o diagnostico.

A metodologia de isolamento convencional (ovos embrionados) ¢ trabalhosa e relativamente
demorada, limitando o monitoramento da doenca. Para tanto, outra abordagem diagndstica, reconhecida
atualmente pela OIE sdo os testes moleculares como RT-PCR (reacdo em cadeia pela polimerase), com
resultados rapidos, que associada ao sequenciamento de DNA permite a analise filogenética e identificacao
do agente. Jestin & Jestin desenvolveram em 1991, a 1° RT-PCT para a identificacdo dos VDN. Usando
primer universal amplificando segmento de 238 pb do gene da proteina de fusdo, positivo para 30 diferentes
isolados testados, ¢ confirmados através de enzima de restrigdo. O RNA viral foi extraido do fluido alantdide
infectivo. A reacdo foi considerada altamente especifica, ndo houve amplificacdo com outros virus aviarios.
Mais recentemente foi desenvolvido por Gohm et al. (2000) um RT-PCR para a deteccdo do VDN em
tecidos e fezes infectadas, descrevendo um estudo para determinar a sensibilidade de sua técnica. Usando
um par de primers universal, amplificando uma regido de 182 pb do gene F incluindo o sitio de clivagem.
Este método barra no tipo amostras a ser colhida (tropismo nos tecidos das diferentes), a amostra deve ser
colhido de uma vasta quantidade 6rgdos, evento esse ja relatado (Wilde et al., 1990).

A base molecular da patogenicidade se baseia na replicagio do VDN em célula infectada, as
particulas sdo produzidas com um glicoproteina precursora de fusdo (FO). Para ser funcional, o precursor
tem que ser clivado em dois peptideos, F1 e F2, os quais permanecem ligados por ponte dissulfeto (Rott &
Klenk, 1988). A tripsina € capaz de clivar o FO para todas as amostras do VDN (Nagai et al., 1976).
Estudos que compararam a sequéncia de aminoacidos deduzidos do precursor FO do virus da ND, variando
na viruléncia para galinha, tiveram a seqiiéncia de aminoacidos ''*R/K-R-Q-K/R-R'"'® no C-terminal da
proteina F2 e F (fenilalanina) no residuo 117 do N-terminal da proteina F1. Entretanto os virus de baixa
patogenicidade tiveram sequéncia na mesma regido de ''*G/E-K/R-Q-G/E-R ''® e L(leucina) no residuo 117
(Collins et al., 1993). Alguns virus variantes de pombos (PPMV-1) examinados tiveram a sequéncia ''* G-
R-Q-K-R-F''"" ¢ mostraram altos valores de IPIC (Collins et al., 1993,1994). A presenca de aminoacidos
basicos adicionais em amostras virulentas indica que a clivagem pode ser efetuada pelas enzimas do
hospedeiro presente em uma grande variedade de tecidos e Orgdos. Ao contrario, virus de baixa
patogenicidade a clivagem do FO pode ocorrer somente com protease reconhecendo-se uma simples
arginina, isto € enzimas tipo tripsina. Virus de baixa patogenicidade estdo restritos a areas no hospedeiro,
onde enzimas tipo tripsinas estdo presentes, tais como no trato digestivo e respiratorio, ao passo que virus
patogénico pode replicar em uma variedade de tecidos e o6rgdos, resultando em infecgdo sist€émica (Rott,

1979).
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O uso da dedugdo de aminoécidos no sitio de clivagem FO como um progndstico de viruléncia tem
sido aceito pela OIE. O que tem levado a um aumento de grupos que usam esta ferramenta em suas
pesquisas, realizado 1° por Collins et al, 1993; outros pesquisadores tém usado para patotipar virus (Jestin et
al., 1994; Collins et al., 1994; Seal et al., 1995; Marin et al., 1996; King & Seal, 1997).

Usando enzimas de restricdo foi possivel definir seis linhagens do VDN (I a VI) e através do
sequenciamento foram confirmados os 6 grupos e adicionados mais 2 linhagens VII e a VIII ( Ballagi-
Pordany et al., 1996). Diversas sublinhagens t€ém sido descritas dentro destas oito linhagens (Lomniczi et al.,
1998; Seal et al., 1998; Herczeg et al., 1999; Yang et al., 1999; Herczeg et al., 2001; Ke et al., 2001; Yu et
al., 2001).

Consideravel diversidade genética tem sido detectada nos virus da DN, os quais podem partilhar
parametros temporal, geografico, antigénico ¢ ou epidemioldgico. A classificacdo se da dentro de linhagens
ou cluster e isto tem se mostrado valioso na epidemiologia global bem como na difusdo local do ND (
Aldous et al., 2003).

A classificagdo do VDN ¢é bastante diversificada e muitas vezes os autores se referem a
classificacdo como linhagens e ou genotipos. Analises filogenéticas classificam os virus da DN em duas
classes, Classe I dividida em nove gendtipos e Classe Il também em nove genoétipos; sendo que a maioria
dos isolados velogénicos pertencem a classe I, enquanto que os lentogénicos pertencem a classe I (Czegledi

et al., 2006; Kim et al., 2008).
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Figura 1: Analises filogenéticas classificam os VDN em duas classes: I e II. A classe | ¢ dividida em 9 genotipos denominados de 1 a 9 e os virus
sdo encontrados principalmente em aves silvestres aquaticas. A classe II também ¢ dividida em 9 genotipos, I ao IX, e os virus encontrados

principalmente em galliformes (Adaptado de Kim et al., 2007).

O papel das aves silvestres na epidemiologia da doenca de Newcastle ndo ¢ suficientemente
entendido, embora existam indicagdes que as aves silvestres infectadas tém o potencial de propagacgdo da
doenga e de forma muito rapida por longas distancias (Abolnik, 2007). As aves silvestres, especialmente
aves aquaticas migratorias sdo muitas vezes consideradas como um reservatorio do VDN e um risco
potencial para a introdu¢cdo do VDN em paises livres. Esta preocupacdo ¢ corroborada pelo surgimento de
focos DN ter ocorrido em 1991 (Finlandia, Reino Unido, Holanda, Reptblica Tcheca e na Austria) onde as
aves silvestres foram presumidamente as principais fontes de infeccao (OIE 1997, 1996). A transmissao

primaria do VDN ¢ dependente dos 6rgdos onde os virus se multiplicam. Aves com sinais da doenga
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respiratoria espalham os virus por aerossdis e € facilmente transmitido entre as aves. J& os virus que possuem
a replicagdo restrita ao tecido intestinal podem disseminar através de alimento e agua; ingestdo de fezes
contaminadas ou inala¢do de particulas infectantes produzida pelas fezes secas. Na Gra Bretanha em 1984
em uma epizootia em aves foi demonstrada esta forma de disseminagdo (Alexander, 1985). A propagacdo
ocorreu provavelmente através de uma forma variante do VDN diferenciada por Anticorpos monoclonais,
introduzido no pais por pombos extraviados (Alexander et al., 1984). O virus propagou-se entre pombos
britanicos a partir deste para os selvagens (Lister et al., 1986).

A propagagao de VDN e seu sucesso sao devido a capacidade do virus de sobreviver em excregoes
e hospedeiros mortos. O virus pode sobreviver por diversas semanas em calor de ambiente umido e pode
sobreviver em material congelado. Entretanto eles podem ser destruidos rapidamente pela desidratacdo dos
raios ultravioletas da luz solar (OIE, 2004).

O VDN tem sido frequentemente isolado de aves migratorias, principalmente das aquaticas
selvagens e de outras aves aquaticas ndo migratorias (Alexander et al., Stallknecht et al., 1991; Bannerjee et
al.,, 1994). Dez amostras do VDN foram isoladas de 321 suabes de cloaca e traquéia de patos-reais
capturados em Nova Zelandia em 1997. Estes isolados apresentaram baixos indices de patogenicidade com
IPIC variando até 0,0 a 1,6. Nove deles foram semelhante as estirpes originalmente isoladas no Japao e ao
virus Queensland/66 da Australia pela sua analise filogenética, porém uma amostra isolada foi muito
similar ao virus isolado de patos na Franga (Stanislawek et al., 2002). Em 2000 cinco VDN lentogénicos
foram isolados de gansos durante o inverno no oeste do Japao (Shenging et al., 2002), também em recente
levantamento em aves selvagens na Australia dois isolados do VDN nao patogénicos foram obtidos de
suabes traqueal e cloacal de patos, sendo um dos virus semelhante a estirpe vacinal V4 e o outro
pertencente aos grupo H de anticorpos monoclonais (genotipo 6), Peroulis & O'Riley, 2004.

O processo de reinfecgdo e preservagdo dos virus em patos foram elucidados por Takakuwa et al.,
1998. Foi verificada a movimentagdo das aves aquaticas no processo de migra¢ao do hemisfério norte para
o hemisfério sul no outono, voltando para o hemisfério norte na primavera, botando os ovos no verao nos
ninhos em territorios nérdicos como Sibéria, Alaska e Canada. O virus € preservado no inverno quando os
patos estdo ausentes e as aves sdo re-infectadas na primavera no seu retorno do sul. Entretanto as areas de
parada e invernada de aves aquaticas migratorias sdo importantes sitios de transmissao intra e interespécies
além da soropositividade para VDN de gansos selvagens que foi mostrado por Muller et al., 1999.

A maioria dos isolados do VDN sao de aves silvestres principalmente aquaticas e sdo classificadas
como lentogénicas, ndo causando doenga clinica, entretanto comparacdo genética recente entre os virus
isolados de galinha e aves aquaticas silvestres sugere que os virus velogénicos surgiram a partir da estirpe

avirulenta originada de aves silvestres. Esta hipotese ¢ mostrada em dois casos bem conhecidos na Irlanda
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em 1990 onde dois surtos em galinha apresentavam os virus isolados altamente virulento e aparentemente
idéntico, mas estes virus possuiam uma relacdo antigénica e genética muito proxima aos virus de baixa
patogenicidade normalmente isolados de aves aquaticas selvagens (Alexander et al., 1992; Collins et al.,
1993). Molecularmente estes virus virulentos tinham 4 nucleotideos diferentes nos sitios de clivagem da
proteina FO quando comparado aos virus associados a baixa viruléncia, o que pode explicar a alta viruléncia
para galinha (Collins et al., 1993).

No 2° caso, entretanto na década de 60 foi reconhecido que a Australia possuia seu proprio virus
avirulento endémico, caracterizado como Queensland/66 ou estirpe V4 (Simmons, 1967), a caracterizagdo
molecular no sitio de clivagem mostrava uma sequéncia ''> GKQGRL''" e uma extensdo da proteina de
HN de 45 aminoacidos (Toyoda et al., 1989). Algumas amostras destes virus estdo envolvidas com a forma

respiratoria da doenga (Hooper et al., 1999).
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2.1- Objetivos gerais:

Isolar e caracterizar estirpes do virus da doenca de Newcastle (VDN) a partir de amostras
cloacal e traqueal de aves de producdo industrial e de aves migratérias capturadas em
diferentes regides do Brasil;

Estudar sob o ponto de vista bioldgico, molecular, imunologico e de estabilidade térmica as
vacinas vivas ( B1, La Sota, Ulster 2C, VG-GA) usadas no pais

2.2- Objetivos especificos:

Estudar a estabilidade térmica das estirpes de vacinas vivas usadas no Brasil;

Caracterizagdes bioldgicas das vacinas vivas usando técnicas convencionais (Tempo médio
de mortalidade embrionaria e indice de patogenicidade intracerebral);

Detec¢do do VDN por meio de técnicas convencionais (isolamento em ovos embrionados,
identificacdo e caracterizacao bioldgica) em areas produtoras e exportadoras e em areas nao
exportadoras, assim como em aves migratorias;

Analise filogenética baseada no gene da proteina F do VDN através do sequenciamento,
com vistas a caracterizar os genotipos circulantes em aves nas regides produtoras
exportadoras ou ndo exportadoras, assim como, as principais vacinas usadas no Brasil.
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3- CAPITULOS (Trabalhos publicados e submetidos)

CAPITULO 1 - LONG-TERM STABILITY STUDIES ON PROTECTION AGAINST NEWCASTLE
DISEASE BY COMMERCIAL LIVE VACCINE USED IN BRAZIL.

Estudo de estabilidade térmica de longa duracdo e protecdo conferida pela vacinas comerciais brasileiras
usadas no Brasil. (Publicado na Biologicals em 2009-37: 252-258).

CAPITULO 2 - NEWCASTLE DISEASE VIRUS VACCINE STRAINS: IMMUNOGENICITY IS NOT
INFLUENCED BY ICPI.

Estirpes vacinais do virus da doenca de Newcastle: Imunogenicidade ndo é influenciada pelo IPIC.
(Publicado no Brazilian Journal of Poultry Science em 2009- v11, n.2:73-77).

CAPITULO 3 - PREVALENCE OF NEWCASTLE DISEASE VIRUS IN BROILER CHICKENS (Gallus
gallus) IN BRAZIL

Prevaléncia do virus da Doenca de Newcastle em frango de corte (Gallus gallus) no Brasil.

(Publicado no Brazilian Journal of Microbiology em 2010 — 41:349-357).

CAPITULO 4 - A SURVEY FOR MAINTENANCE OF VIRULENT NEWCASTLE DISEASE VIRUS-
FREE AREA IN POULTRY PRODUCTION IN BRAZIL

Um levantamento para manutencdo de drea livre do virus virulento da Doenca de Newcastle em dreas
produtoras de aves no Brasil. (Publicado no Brazilian Journal of Microbiology em 2010- 41: 368-375).

CAPITULO 5 - ABSENCE OF HIGHLY PATHOGENIC NEWCASTLE DISEASE VIRUS IN SOME
DOMESTIC COMMERCIALIZATION REGIONS OF BRAZIL Auséncia de virus da
Doenca de Newcastle altamente patogénico em algumas regioes ndo exportadoras de aves no Brasil. (A
ser submetido a publicacao).

CAPITULO 6 - MOLECULAR CHARACTERIZATION OF FIELD ISOLATES OF NEWCASTLE
DISEASE VIRUS AND VACCINE STRAINS USED IN BRAZIL

Caracterizacdo molecular de isolados de campos do virus da Doenca de Newcastle e estirpes vacinais
usadas no Brasil. (A ser submetido a publicagao).

CAPITULO 7 - ISOLATION AND BIOLOGICAL CHARACTERIZATION OF NEWCASTLE
DISEASE VIRUS IN MIGRATORY BIRDS IN BRAZIL

Isolamento e caracterizacdo bioldgica do virus da Doenga de Newcastle em aves migratorias no Brasi.
(Submetido a publicagdo no Journal of Wildlife Disease).
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Abstract

The thermostability (TS) and efficacy offered by live vaccines against Newcastle disease strains B1, La Sota, VG-GA and Ulster, produced or
imported by four Brazilian laboratories, were evaluated during their validity period. Kinetic profiles were obtained from samples conserved in
refrigerators during 0, 4, 8, 12, 16, 20 and 24 months after their manufacturing. The statistical analysis of the vaccine titre effect obtained by the
fresh air (FA) method showed that the vaccine profiles were parallel and coincident, presenting a significant descending trend. The vaccine titres
and efficiency proofs at the end of the validity period were above the level of legislation requirements and showed an average loss in titre of 0.40
and 0.66 log,,, within the first and second validity years, respectively. The titre obtained by TS, within the month after manufacturing, had no
significant difference from the titre obtained by FA within 24 months after manufacturing, being their pairs of observations positively correlated
(r =0.49, p = 0.0003), showing that the TS method, which anticipates the vaccines” performance at the end of the validity period, can substitute
the FA method 24 months after manufacturing.
© 2009 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.
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1. Introduction heat-tolerant, live mesogenic and inactivated [5]. Some

countries have specific legislation on the use and control of

The commercial live vaccines of Newcastle disease (ND)
were developed in the 1940s, with the discovery of strains
bearing low pathogenicity Newcastle Disease virus (NDV)
[1—3] and, for more than 50 years, an attenuated NDV vaccine
has been used successfully in chickens to prevent disease [4].
There are three types of vaccines used for ND: live lentogenic,

* Corresponding author. Tel.: +55 19 35216267; fax: +55 19 35216276.
E-mail address: arns@unicamp.br (C.W. Arns).

quality of such vaccines. However, the policy varies greatly
depending on the “‘enzootic status™ or ND perception as
a threat for poultry production. The success of the vaccination
depends on several factors inherent to the vaccine: the
immunogenic virus quality employed in its manufacturing,
antigen stability, and the amount of virus used per dose, as
well as the virus profile, in order to become an immunological
barrier [6]. Veterinary vaccines should be controlled by the
manufacturer and, in several countries, also by independent
analysts, before they are approved for commercial use [7].

1045-1056/09/536.00 © 2009 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.biologicals.2009.04.001

49



MA. Orsi et al. / Biologicals 37 {2009) 252—258

Despite of the organ, which is enrolled on the quality control
measures, it is generally accepted that the product quality is
a responsibility of the manufacturer. The vaccines should be
tested for potency and efficacy, identity, safety and purity, using
both in virro andfor in vivo assays. Based on international
standards, each country has specific requirements for approval
of NDV vaccine batches, and in Brazil these requirements are
defined by the Ministry of Agriculture [8—10].

Efforts for ND prophylaxis in broiler chickens in Brazil are
focused on the active immunization by the use of live lento-
genic vaccines, being La Sota, B1, Ulster and VG-GA the
most often used strains. Reports on the use of live vaccines
prepared from the Bl strain are abundant in the literature
[11—14], as well as a considerable efficacy of B1 and La Sota
strains [13,15—17]. Many commercial vaccines are extremely
thermolabile. All conventioenal live vaccines have the disad-
vantage of needing to be kept at low temperatures to maintain
their efficacy (the vaccine antigens are kept in appropriate
conditions to maintain the integrity antigenic, which is of
fundamental importance to have an appropriate immnune
response). This is not a problem for intensive poultry
production in an industrial setting; however, the cold chain
maintenance during distribution can be very difficult in trop-
ical countries, particularly where there is high ambient
temperature [18]. The Malaysian thermostable variant of V4
lost less than 1 logp unit for 1 h at 50 °C and less than 3 log,
units after 6 h [19]. The V4 vaccine was stable in freeze-dried
form for 3 months at 18—22 °C and lost only about 1 log; o on
storage for three months further [20]. The 12 vaccine freeze-
dried lost about 1 log,  of infectivity when stored for six days
at 26—32°C [21]; when reconstituted, after storage for 24
days at 30—35 °C, it still produced substantial protection in
vaccinated chickens. Thermostability is defined as the ability
of a substance to retain its activity at a particular level after
treatment at a defined temperature for a specified time [22], for
example, a virus is exposed to a constant temperature of 56 °C
and samples are taken at given time intervals. The infectivity
of the virus is then measured and considered thermostable if
the decrease in the infectivity titre is less than 1 logg,
following exposure for 1 h [23]. The vaccine stability is then
defined by the length of time the vaccine will retain an
infectivity titre sufficient to induce a protective immune
response, at a particular temperature [24,25]. In their study
about thermostability of Newcastle disease life vaccine, Simi
et al. [25] noted that the vaccines kept at a temperature of
37 °C for seven days showed equal conservation at tempera-
tures between 2 and 8 °C for two years. There are several
methods to measure the vaccine efficacy, varying from
sophistication to cost effectiveness. Chickens successfully
vaccinated with ND wvaccines produce antibodies that are
present in the plasma and that will react specifically with
Newecastle disease virus, using the hemagglutination inhibition
test-HI and immunoenzymatic assays (ELISA, circulating
antibody) or artificial challenge protocol for avian vaccines,
usually including a challenge procedure in which vaccinated
and unvaccinated hosts receive a defined dose of virulent
challenge organism by injection.
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Brazil has become the biggest broiler chicken exporter and
the third producer in the world. Considering that Newcastle
disease is one of the most serious poultry diseases in devel-
oping countries, it has become a worldwide poultry pathogen
of significant economic importance. The ND prophylaxis in
broiler chickens in Brazil is focused on the active immuni-
zation by using live lentogenic wvaccines. There is much
information about the results achieved by using the FA
method, while the information on the TS method results is
rather sparse.

The purpose of this study is to assess the ability of the TS
method after manufacturing to be used as a substitute for the
FA method 24 months after manufacturing, which was
confirmed by the vaccine’s protection test study.

2. Materials and methods
2.1. Facilities

The experiment was conducted by the Committee of
Poultry Sanity of Lanagro/SP. The efficiency test using chal-
lenge with pathogenic virus was conducted in the biosecurity
area, level 3.

2.2. Vaccine viruses

The ten commercial lyophilized vaccines were prepared
using the strains B1, La Sota, Ulster 2C, VG-GA, from four
main producers (Table 1), manufactured in Brazil or imported.

2.3. Thermostability titration (TS)

The titration was performed as described by [25]. Three
vials of vaccine in each test were maintained at 37 °C for
seven days. Vial contents were reconstituted as recommended
by the manufacturers, diluted log 10 until 10*? before interval
of 1077 with dilutions 10~*7 107>*, 107*" and 107%* and
inoculated into the allanteic cavity of 9—11-day-cld embrye-
nated fowl eggs, using seven eggs in each dilution. The
embryos found dead until 24 h were discarded and the others
were sampled and submitted to hemagglutination assay soon
after the end of the observation period. The EIDs, calculation
was performed in accordance standard methods [26].

2.4. Fresh air titration (FA)

The titration was performed until 10777 with interval of

10797, with the dilutions 1077, 107%%, 107! and 10~ 7%, and

inoculated into the allantoic cavity of 9—11-day-old

Table 1

Identification of the vaccine strains used in laboratories experiments.

Laboratories I I 1 v

Codes A B C D E F G H 1 J

Strains Bl La Ulster Bl La VG-GA Bl La Bl La
Sota Sota Sota Sota
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embryonated fowl eggs, using seven eggs in each dilution. The
eggs were incubated during six days at 37 °C, and observed
daily by candle. The embryos found dead until 24 h were
discarded and the other samples were submitted to hemag-
glutination assay soon after the end of the observation period.
The EIDs, calculation was performed in accordance with the
methodology by [26].

2.5. Chickens

Two hundred-fifteen-day-old unsexed chickens used in the
experiments were from specific-pathogen-free (SPF) eggs
{Granja Rezende, Brazil), flocks known to be free of anti-
bodies against NDV. The chickens were housed in ten isolation
units — twenty in each unit — operated under negative pressure
with intake and exhausted air. Isolation units were placed on
the high containment facility in the biosecurity area of
LANAGRO/SP, a level 3 biosafety facility. In addition, ten
one-day-old chickens using the same condition above were
maintained by control. Five one-day-old chickens were used as
source of sera to confirm the negative NDV serological status
of the chickens at the beginning of the experiment.

2.6. Experimental design

2.6.1. Planning the experiments

The ten vaccine titres were obtained using the TS and FA
methods within the month after manufacturing, and the same
vaccines were conserved in refrigerators and again their titres
were obtained by FA within periods of 4, 8, 12, 16, 20, and 24
months after manufacturing, using three vials for each titra-
tion. There were five consecutive batches for each vaccine
selected as soon as they arrived in lab for the official test, with
the exception of A, B and E with four batches.

2.6.2. Statistical analysis

The profile’s FA ftitres were studied by the repeated
measures analysis [30] under split-plot design. The vaccine
was the principal effect and the period considered the
secondary. The regression analysis was used to study the
period’s trend. Considering the FA loss of titre in 24 month
(D =FA ericd 0 — FApesioa 24) and it difference between TS in
period O after manufacturing (D = FAcriod 24 — TSperiod o), the
null hypothesis Hy: D = 0 was tested using Student’s #-test for
paired samples: (d/sa)+/n, where d is the mean of
difference/loss, s4 the standard deviation of the difference/loss
and s the number of pair of observed samples. The hypothesis
was not significantly to the level of p =0.05if r > r (n — 1, p/2).

2.6.3. Protection test

Two hundred chickens in 10 isolation units were vaccinated
only once by eye-drop administration of different vaccines at 7
days of age. Ten chickens in one unit remained as unvacci-
nated controls. The lyophilized vaccine at the end of validity
was reconstituted using PBS, pH 7.2 in the proportion of
30 mL/1000 dose vaccine, a dose vaccination eye drop as
methodology used by [27,28]. On day 21, after vaccination, all
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groups (vaccinated and unvaccinated) were challenged by
intramuscular injection (IM), with one pathogenic strain ol
Newcastle disease virus ““SAo Jodo do Meriti’” [29]. The titre
was determined by the same technique described for the fresh
air titration. Hundred milliliters of suspension of NDV with
the titre 10%° ELDs, were administered by intramuscular
technique described in [8]. After the challenge, the birds were
observed daily for 10 days, to record clinical signs and
mortality. The resistance to the challenge was expressed as
percentage of total protection and refers to the absence ol
clinical signs {(morbidity)} and death in 90% of vaccinated and
challenged birds, and the presence of symptoms and/or
mortality in less than 90% of the group challenged testimony.

3. Resulis

The laboratories were designed from I to IV, and the
identification of the vaccine strains La Sota, B1, Ulster; VG-
GA is shown in Table 1.

The mean FA titre profile at seven observed intervals of
timie up to twenty-four months (two years) of maintenance in
refrigerator of ten vaccines is shown in Fig. 1. The H—F
conditions were not satisfied {(p =0.0284) and we used the
multivariate analysis of variance that showed that the profiles
are parallel (Pperiod = vaccines — 0.8708) and coincident
(Puaceines = 0.1439), that is, we could consider that vaccine

Vaccine's titre

FE N
(e=]

12 16 20 24

n 42 42 42 42 42 42 42
min 593 593 5.43 5.43 5.53 543 5.13
LL 6.78 6.58 6.29 6.36 6.26 6.17 6.10
FA mean 6.90 6.73 6.43 6.49 6.35 6.30 6.23
uL 7.01 6.87 6.56 6.63 6.44 6.43 6.35
max 7.63 7.63 7.43 7.63 A3 7.43 7.43

Legend:

n=number of observations

min =minimum value of vaccine's FA titre

max=maximum value of vaccine's FA titre

LL=lower limit of 95% confidence interval for true FA mean
UL=upper limit of 95% confidence interval for true FA mean

Vaccines against Newcastle disease:
—A —C
—E F ——G

——]

—D
——H

——B

—

Fig. 1. Kinetic of the mean FA titre profile of ten vaccines against Newcastle
disease utilized in four Brazilian laboratories — number of observations (#)
minimum and maximum values, lower and upper limits of 95% confidence
interval. Source: National Agricultural Laboratory — Lanagro/SP — Campinas
— SP, Brazil.
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Table 2

The relationship between FA periods’ titre mean.

Parameter Estimate ¢ Value Prob(|¢|>>0) Standard error of estimate
Intercept 7.10 7245 0.0001 0.10

Period —123 —4.09  0.0001 0.06

Period” 0.02 227 0.0241 0.01

profiles are similar and the differences in vaccines titres do not
change with respect to periods. Whereas the profiles were
parallel and coincident and the difference in the mean FA titre
of the 10 vaccines was not significant, we represent them with
the mean FA titre within 0, 12 and 24 months of maintenance
in refrigerator 10%7°, 10%% and 10%%°, respectively. Further-
more, the difference between periods was significant
(Pperiod = 0.0001), as well as the linear (p =0.0001) and
quadratic (p=0.0167) relationship, suggesting by its
descending aspect (Table 2) that there were losses of titres
during the periods. Those vaccines at 12 months of mainte-
nance in refrigerator showed a significant mean loss of titre of
0.40 log, o (with 95% confidence limits between 0.27 and 0.54,
data not shown).

The description of the mean loss of FA titre of ten vaccines
during twenty-four months of maintenance in refrigerator is
shown in Fig. 2. The vaccine titre within 24 months of
maintenance in refrigerator showed a significant mean loss of
titre of 0.66 log,, (with 95% confidence limits between 0.50
and 0.81) corresponding to 9.71% of the initial titre. There was
a maximum loss of 2.10 and minimum of —0.30. The vaccines
B, C, D, E, G and H had losses significant.

The values of the titres obtained by TS method are drawn in
Fig. 3. The mean was 6.08 of log,y (with limits of 95% of
confidence between 6.00 and 6.18). There was a maximum of
6.63 and minimum of 5.43.

It is shown in Fig. 4 the description of the difference
between the FA titre within 24 months of maintenance in
refrigerator (FA periody) and TS within 0 month after
manufacturing (IS periodp). The mean difference of 10
vaccines 0.13 log, (with 95% confidence limits close to 0.03
and 0.24) was significant. For each vaccine, the titre difference
between FA and TS was not significant, with exception of the
vaccine J.

In summary, considering the level demanded for
respecting the legislation, the TS titre mean within 0 month
was less than the FA titre within 24 months — and those titres
were positively correlated (r=0.49, p=0.0003) — these
results indicate the TS method within the month after
manufacturing test to anticipate the behavior of the vaccine
against Newcastle Disease within 24 months of maintenance
in refrigerator.

The challenge results of each vaccine at the end of the
validity period are shown in Table 3. Clinical signs of transient
reaction vaccine were not observed at the clinical examination
of vaccinated birds. The challenge results of pathogenic
viruses of Newcastle Disease in the 28th day of age of the
experimental SPF birds showed satisfactory result of
efficiency for all vaccines.

The experimental data show protection varying between 90
and 100%; therefore, the vaccines were protected from

240

1.80
o
£ 120
=
o
w
2 060 I
P |

"
0.00 I
Vaccines against Newcastle disease
-0.60
A B c D E F J Allvaccines

Values Loss of titre (FA period 0 - FA period24)

minimum 010 020 060 050 010  0.10 080 017 -030 -020 -0.30
LL95%  -040 046 052 025 004 -0.09 0.81 024 -053 -022 0.50
+ mean 030 058 088 108 068 058 110 088 036 012 0.66
ULes% 071 100 123 191 132 125 138 151 125 046 0.81
maximum 067 110 110 210 130 150 150 157 150 040 210
standard error  0.13  0.15 011 030 023 024 010 023 032 o012 0.08
::s;:z‘:“‘ °f 8421 5770 2534 6242 7527 9237 2132 5856 198,96 23124 8042

n 4 5 5 5 5 5 5 5 5 5 49

Legend:
LL95%=

lower limit of 95% confidence interval for the mean loss of titre

UL 95%= upper limit of 95% confidence interval for the mean loss of titre

n=number of observations
* Significant loss, p-value=0.05

Fig. 2. The mean FA loss of titre of ten vaccines during twenfy-four months of maintenance in refrigerator, limits of 95% confidence interval, standard error,
coefficient of variation and nmumber of observations (). Source: National Agricultural Laboratory — Lanagro/SP — Campinas — SP, Brazil.
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7,00
6,50
£ +
=
» 6,00 1
o i
| o +
5,50 Lot ¢
Vaccines against Newcastle disease
5,00
A B C D E = G H I J  allvaccines
TS's titre
+ minimum 620 543 583 6593 583 553 570 560 593 5890 543
x  LLO95% 6,26 543 578 575 586 534 573 554 5903 585 6,00
+  mean 644 5,78 6,11 615 622 571 607 609 623 611 6,08
© UL95% 662 613 643 655 658 608 641 664 653 636 6,18
= maximum 653 613 633 663 663 623 643 653 653 640 6,63
standard error 006 013 010 014 013 013 012 020 011 009 0,05
coefficient of variation 4,34 898 219 633 513 126 306 373 827 348 5,38
n 5 5 4 53 -] 5 5 5 53 5 48

legend:

LL95% =lower limit of 85% confidence interval for the mean
UL95% =upper limit of 95% confidence interval for the mean
n=number of observation

Fig. 3. The mean TS of tifre of ten vaccines after manufacturing, limits of 95% confidence interval, standard error, coefficient of variation, number of observations
(7). Source: National Agricultural Laboratory — Lanagro/SP — Campinas — SP, Brazil.

challenge and negative SPF chickens developed clinical signs
of ND. The death and/or clinical signs of ND appeared on the
3rd day after challenge in birds that were not protected (the
protection was 0%).

4. Discussion

The product quality control standard used in biological

poultry of Requirements of the Brazilian Ministry of Agricultare

1.20 .
e
0.90 -
] i
& 0.60 :
£ 2
B0
o @ 030 S5 -
O = -
5% -
— +
g 0.00 H + B
T & %
-0.30 o=
+ . + :
- + i
-0.60 + +
Vaccines against Newcastle disease
A B [®; D E F G H | J 5
Values Difference between titres FA period 24 - TS periodg vaccines
+ minimum -0,30 0,10 -0,40 -0,40 -0,60 -0,40 -0,50 -0,20 0,00 0,20 -0,60
© LL95% -0,32 -0,03 -0,33 -0,44 -0,51 -0,30 -0,25 -0,19 -0,26 0,11 0,03
+ mean -0,02 0,29 -0,06 -0,14 0,05 0,36 0,00 0,08 0,22 0,50 0,13
% UL 95% 0,28 0,61 0,21 0,16 0,61 1,02 0,42 0,34 0,70 0,20 0,24
= maximum 0,10 0,73 0,20 0,20 0,60 1,00 0,33 0,33 0,90 1,03 1,03
standard error 0,10 0,12 0,10 0,11 0,20 0,24 0,15 0,09 0,17 0,14 0,05
n 4 5 5 5 5 5 5 5 5 5 49
Legend:

LL 95%= lower limit of 95% confidence interval for the mean difference between titres

UL 85% upper limit of 95% confidence interval for the mean difference between titres
=number of observations

* Significant difference . p-value =0.05

Fig. 4. The differences between the vaccine’s FA ftifre in twenty-four months of maintenance in refrigerator and the vaccine’s TS titre 0 month after manufacturing,
limits of 95% confidence interval, standard error and number of observations (#). Source: National Agricultural Laboratory — Lanagro/SP — Campinas — SP,

Brazil.
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Table 3
Resulis of challenge with pathogenic strains of ND, from SPF birds, 28th day
of live, vaccine at 7 day.

Laboratories Code  Vaccine  Vaccination N MM Protection”
strains methods %o

1 A B1 Eye drop 20 020 100%
B La Sota  Eye drop 20 2/20 90%
C Ulster Eye drop 20 0720 100%

I D B1 Eye drop 20 1/20 95%
E La Sota  Eye drop 20 1/20 95%
F VG-GA  Eye drop 20 020 100%

m G B1 Eye drop 20 020 100%
H La Sota  Eye drop 20 0/20  100%

v 1 B1 Eye drop 20 020 100%
J La Sota  Eye drop 20 020 100%

Control — — — 10 10/10 0%

* Mortality and morbidity — number of birds displaying clinical signs or
death of NDV.
® Percentage of surviving hirds that did not display clinical signs of disease.

(Regulation # 186/97) [31] consign that the minimum viral titre
accepted at the time of manufacturing of ND vaccines is 107
EIDsg and the minimuam viral titre in the final term of validity is
1053 EIDsg. In this study, it was observed that, overall vaccines,
the mean viral titre obtained by the FA method in the two-year-
period was 10%23, with a significant average loss of 0.66 log 10,
corresponding to 9.71% of the initial titre, though the loss has
been significant { p <2 0.05) for each vaccine, except for vaccines
A, E, H, I and J. For that reason, these results changed the
minimum viral titre in the beginning of the validity test to 10%2°
EIDsg in the new regulation # 07/06 [8]. Furthermore, it was
shown the significant correlation between the titres obtained by
the FA method at the end of the validity peried and by the TS
method in the beginning; there was no significant difference
between their means, since their results were similar to that
found by [25]. Accelerated degradation studies on the interna-
tional reference preparation (IRP) for Newcastle disease vaccine
live are reported by [32], showing that the virus content is stable
when stored at 4 °C for two years, with data similar to ours.
Therefore, within the month after manufacturing, the thermo-
stability test indicates the live vaccine efficiency against New-
castle disease, anticipates its performance during 24 months of
storage at a temperature between 2 and 8 °C, and can be used as
substitute of the FA method 24 months after manufacturing.
All vaccines researched showed efficacious, facing the
challenge as the pathogenic virus of Newcastle disease at the
end of its validity period. The results of the challenge with
pathogenic viruses of Newcastle Disease in the 28th day of age
of the SPF experimental birds showed satisfactory efficiency of
all vaccines or results equal to or above the minimum required
by the Brazilian legislation. As proof of efficacy, the data
showed that 100% of the non-vaccinated control birds died.
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Newcastle Disease Virus Vaccine Strains:
Immunogenicity is not Influenced by ICPI

ABSTRACT

Intracerebral pathogenicity index (ICP and mean death time (MDT)
were determined using commercial Ive vaccines against Newcastle
disease available in Brazil The ICPI profiles obtained for B1 vaccine
strains were nonvirulent and varied from 0 to 0.19, and their MDT was
104-116 hours. The LaSota strains had an ICPI varying between 0.02
and 0.37 and MDT from 92 to 116 hours, ICPI and MDT for the Clone
30 were 0.11 and 104 hours, respectively. For Uster vaccines, ICPl and
MDOT were 0 and > 150 hours; for VG-GA was 0.03 and 140 hours; and
for C2, 0.04 and >144 hours. Eye drop vaccination and IM challenge, at
the 1# week and the 4% weelk, respectively, resulted in highest protection
for B1(95-100%) and La%ota (90-100%:) strains. The variability in vaccine
ICPI did not interfere with immune response and all vaccines provided
similar protection. All vaccines were considerad non virulent and were
classified as lentogenic according to the immuncbiokegical product
stand ards.,

INTRODUCTION

The Newcastle disease virus (MDW) or avian paramyxowvirus serotype
1 (APMV-1) & a RNA virus belonging to the genus Avulavirus of the
family Parampoundae (Mayo MA. 2002a Mayo MA 2002b). It & an
important pathogen that can affect commercial poultry producers
worldwide by producing outbreaks, and resulting in trade barriers
tAlexander et &/, 1997). The disease 5 economically important, since it
causes high morbidity and mortality, reduces egg produ ction, deteriorates
egg quality, and impairs lve performance.

The importance and impact of a NDV solate i directly related to its
virulence, Laboratory tests were developed by Hanson and Brandly
(1955) proposed the clasification of MDV isolates upon allantoic
ingculation using mean dead time (MDT) as *velogenic®, *mesagenic”®,
and *lentogenic®, based on chicken embryo mortality at <60 hours,
60-90 hours, or =90 hours, respectively. Other tests designed to
differentiate strains directly assess clinical signs or death in infected
birds, calculating a pathogenidty index. The most widely used test is
the intracerebral pathogenicity indesx {IC Pl {Hanson, 1980). NDV infection
is currently defined as a notifiable disease if the wirus has an ICP1 of 0.7
in day-old chicks (Gallus galus damesticus) (OIE, 2000b). An APMNV-1
virus that does not meet the OIE definition for causing MD is referred to
as a low-virulence APMV-1 or NDV,

Efforts for ND prophylaxis in broiler chickens in Brazil are focused on
the active immunization by the use of live lentagenic vacdnes. The virus
strains most commaonly used in vaccines are the La Sota (Goldhaft, 1980)
and the B1 strains (Hitchner & Johnson, 1948), as well as viruses from
the asymptomatic entenic pathotype, which are usually based on the
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W4, VG-GA or Uister 2C viruses, These viruses are
selected by manufacturers in order to improve vaccine
immunogenicity or to enable their use by a particular
method of application (Alexander et af,, 2004). Some
lentagenic vaccines have been cloned (Clone 30),
selecting a virus which produces less vaccine reactions
than a La Sota-like virus, with superior immunogenicity
as compared to HB1-like viruses {Alexander et al.,
2004),

In Brazil, as well as in the European Union, legislation
defines the pathogenicity of viruses allowed to be used
in vaccines, The virus seed from live vaccines must be
tested, and their ICPI must have values lower than 0.4,
while the seed of the inactivated virus used in vaccines
must have an KCP1 value lower than 0.7 (CEC, 1993). In
Brazil, only lentogenic strains with ICPl <0.4 are allowed
in commercial vaccines. A similar legislation was
adopted by the Organization for Animal Health (O,
2004} and also in Brazil, as described in Regulation #
0706 (BRAZIL, 2006). Brazilian law reguires that
vaccines used to immunize poultry against ND are
produced from strains with low pathogenicity. The
quality antigen of the viruses used in vaccines is of
paramount importance to provide adeguate immune
response against MOV,

This study was camried out to determine if the profile
of the Brazilian vaccines i in accordance with that
described by the Organization for Animal Health - OIE
{2004), and if there & a comelation between different
IC PIMDT and protection conferred by the same strains,

MATERIALS AND METHODS

Facilities. The experiment was carried out at the
Poultry Health Sector of Lanagro/SP. The efficiency
test, using pathogenic virus challenge, was conducted
at biosatety level 3.

Virus vaccines, The commercial lyophilized
vaccines, manufactured in Brazil or imported, were
prepared with the strains (B 1, La Sota, Ukter 2C, Clone
30, VG-GA, and C2). The titer was determined using
the technigue described for thermostability titration
(Simi etal, 1970; Orsi et al,, 2009, in press), and varied
between 105.50 and 106.70. The vaccine vials were
reconstituted in proper dilution, as recommended by
the manufacturers, and strains were propagated in
embryonated 5PF chicken eggs.

Vaccine virus propagation in embryonated SPF
chideen eggs. The vaccine and reference strains were
replicated by inoculating embryonated S5PF eggs (9-11
days old), via allantoic cavity. Embryos that died within

MNewcastle Disease Virus Vaccine Stmins: immunogenicity
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24 hours were discarded, and the remaining were
tested for hemagglutination (HA) activity in the allantoic
fluid, according to the technigue described in Regulation
# 07/06 (Brazil, 2006). The fluids containing HA activity
were pooled, and stored at -B0°C until use.

Birds. One hundred and seventy-five unzexed day-
old chickens derived from specific pathogen-free (SPF)
eggs (Granja Rezende, Brazil), from flocks known to
be free from antibodies against MDV were used in the
experiments. Birds were housed in nine solation units
(20 per unit), operated under negative pressure with
filtered air intake and exhausted air. ol ation units were
placed in a high containment facility (biosafety level 3)
of Lanagro/SP. In addition, ten one-day-old chickens,
housed under similar conditions, were maintained as
controk. Five one-day-gld chickens were used as serum
source to confimm the negative NDV serclogical status
of the chidkens at the beginning of the experiment.

Experimental design. Tests were caried out with
the most commaon MDY strains used by the poultry
industry (La Sota and B1), produced by four different
manufacturers, One hundred sixty chickens were
ditributed into eight groups according to vaccine
manufacturer and vaccine strain, housed in solation
units, and vaccinated once at seven days of age via
eye drop. Each group (n=20) was vaccinated with one
given commercial vaccine. Four vaccnes were
manufactured with La Sota strain and four with B1
strains by 8 different manufacturers,

One unit with ten birds was kept as
unvaccinated control. The kophilized vaccine was
reconstituted using PBS at pH 7.2 in the proportion of
30 mLA0M dose vaccine, and administered via eye
drop dose, according to the methodeology of Paulille
(1984, 19849). Twenty-one days after vaccination, all
groups (vaccinated and unvaccinated) weere challenged
by intramuscular injection {IM), After the challenge,
birds were observed for clinical signs and daily mortality
for 10 days, Resistance to challenge was expressed as
percentage of total protection, and refers to the
absence of dinical signs (morbidity) and death in 90%
of the vaccinated and challenged birds, and to the
presence of clinical signs andéor mortality in less than
90% of the challenged group.

Challenge study. Three weeks after vaccination,
each bird {28 days of age) was challenged with the
pathogenic of Mewcastle disease virus strain * Sao Joao
do Meriti®, ICPI=1.75, WPI=2.33, and MDT=48 hours
(Donette Jonior, 2003 ). The titer was determined using
the technigue desaibed for fresh air titration (Qrsi at
al., in press), One hundred milliliters of NDV suspension
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containing EID50 was administered by
intramuscular injection (Brazl, 2006).

Biological characterization: Intracerebral
pathogenicity index (ICP1). ICPl was obtained using
the in vivo test desaibed in Regulation # 182594 (Brazil,
1994), The World Organzation for Animal Health (JIE,
2004) defines pathogenic Mewcastle disease wirus
strains as those presenting an IPIC 20.70, and
Mewcastle disease & an infection of birds caused by
the avian paramyxovirus serotype 1 (APMY-1) that
meets the following virulence criterion; it has an ICPI =
0.70 in day-old chicks (Gallus galius).

Mean death time (MDT). Fresh, infective bacteria
free allantoic fluids were used for this test, which was
assessed as described by Hanson & Brandly (1955),
Alexander (1988), and Brazil {1994, 2006).

1080

RESLILTS

Pathogenicity test of the ND vaccine strains.
Seven B1 strain vaccines, six La Sota strain vaccines,
and the strains Ulster, VG-GA, Clone 30, and C2 were
tested.

The biological characterization of the lve vaccine
strains showed that the ICP1 of B1 strains ranged from
0.0 to0 0.19 and its MDT, between 104 and 116 h {Table
1). The ICPl of the La Sota strain ranged from 0.02 to
0.37, and MDT varned between 92 and116 h (Table 2).
The ICPI and the MDT were 0.11 and 104h for the
Clone 30 strain, respectively; @ and > 150h for the Ulster
strain,0.03 and 140h for the VG-GA strain, and 0.04
and =144h for the C2 strain (Table 3).

Mewcastle Dissase Virus Vaccine Strains: mmunogenicity
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ranged from 0.0 to 0.37, characterizing the vaccine
virus are lowly virukent or as nonpathogenic strains.

Table 2 - Fathogencty mdex vauss obtanad for commancia
MO La Sota vacone strams,

Labor story 1A= MDT** References
1 [ ar k]
I oa7 a6 L
3 .10 114 Ll
4 aaz 116 i
3 037 104 i
2] a3z 116 i
Standards 041 103 FEER

ICH, intracerelral pathogeniciy index in dayald chicks, ***Present
sudy. = BDT, mean desth tme fhaws) of chick embrpe infected
with ane minimum lethal dose. ****Allan @l &), 1978, Alexander &
Mlan, 1974

Table 3 - Fathogencty mdex vauss obtanad for commancia
SO vacome strans.

Laboratory Strains Lo MDT**  References
1 s ser a =150 i
z WG-GA 003 140 re
4 Clane 30 aii 104 L]
4 o] 004 =144 i
Standards Ul ter a =150 e

* ICA, ntracerebinal pathogenicity index in day-ald chides, == Present
study. =+ MDT, mean desth tme hous) of chick embrypos infeced
with ane minmuarm lethal dase. ===~ Allan el &, 1978, Alesander &
Allen, 1974

Protective efficacy of the different ND vacine
strains. The B1 vacdne strain groups had higher numbers
of survivors and, independently from manufacturer, the
protective efficacy varied between 95 and 100 %.
Regarding the La Sota vaccine strains, the protective
efficacy varied from 90 to 100 % (Table 4).

Table 1 - Fathogenoty mdex valuss obtaned for commernca
MOV BT wacome strama.

Laboratory o MDT=* References

1 003 102

2 Q.13 104 ik

3 a 114 il

4 an 114 il

3 19 114 ¥

6 19 116 Fik

7 09 104
Srandards Q.20 120

* IR, imtracenebral pes Sogenicityindex in day-ald dhides. *** Present

study  ** MDT, mean death time fious) af chick embirgs infected
with ane mivirmum lethel dese. o Allan et &l 1978, Alexander &
Allan, 1974

The binlogical characterization of the WD vaccine
strains includes ICPl and MDT determinations. All
vaccine viruses were classified as lentogenic strains,
according to their MDT wvalues, and the embryos
remained alive for more than 90 hours. ICPI values

Table 4 - Chalengs resulfts for MOV “540 Jodo do Manp®*
strain of SFF bords vacomated at 7 7 days of a 28th days olddays,
use of eye drop by vacomaton methods.

Laboratories Waccine H° of chickens % Protective
Straing  Immunized MM**  Efficacy**

L1 B1 0 a 100

L2 B1 0 1 a5

L3 B1 20 a 100

L4 B1 0 a 100

L1 La Sota 20 2 aa

L2 La Sota 0 1 a5

L3 L& Zata 20 i 100

L4 La Sota 0 a 100

Cantral e 10 10 a

T Blewcasile diseais vine stan "L laka da Mesti® | KCP=1.75,
WP=Z2 33, MDTadl hous, **MA- Mortality and marbidity: Mumber
af birds displaying NODW chinical signs ar death. ***Percentage af
suriding birds that did not daplay chinical sigre of diesse Calculsted
a5 1-in ot sHected chickers + n. ol dead chickers . ol immurnized
chickens X100

Considering that their protection ranged from 90
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to 100 %, all vaccines protected against the challenge,
Unvaccinated SPF chickens developed clinical MD
clinical signs and/or death, , and 0% protection against
MD appeared by the 3rd day after challenge

Relationship between efficacy testand ICPI. The
relationship between the efficacy test and the
intracerebral pathogenic test {ICP of two vaccine
strains {La Sota and B1) showed that B1 vaccine strains
had an ICPI vanying from O to 0.19 and its protective
efficacy varied between 95 and 100%. La Sota vaccine
strains presented an ICPl between 0.02 and 0.37 and
protective efficacy from 90 to 100% (Table 5).

Table 5 - Frotectve efficacy and WOF! of differant vacome strans.

Labaratories Vaccine Protective [La,]
straing Efficacy
L1 EX 100 a03
L2 B1 a5 013
L3 &1 100 i
L4 81 100 a1
L1 La Sata a0 023
L2 La Sata a5 a3z
L3 La Sata 100 @10
L4 La Sata 100 anz

DISCUSSI0ON

There is litthe information on the typical bickgical
characteristics (IC Pl and MTD) of vaccines used in Brazil,
According to Munes et al. (2002), who performed a
comparative morphometric analysis of vaccine virulen ce
of NDV lentogenic strains {La Sota, Ulster, and VG-
GA), La Sota and Ukter presented the same virulence
on the third day after vaccination, and both caused
higher swelling of tracheal mucosa than the VG-GA
strain. The results cbtained with chickens vacacinated
with La Sota strains in the present study are consistent
with a previous experiment guantifying tracheal
swelling (Jorge et al., 1998). Mewcastle disease is
defined by the QIE (OIE, 2000a, 2004) as an avian
infection caused by the avian paramyxovirus serotype
1 (APMV-1), which meets the following criterion for
virulence: intracerebral pathogenicity index (ICPl) of 0.7
or greater in day-old S5PF chicks (Gallius gallus
domesticus).

The use of vaccines in the European Community is
allowed when the seed vaccine to be tested shows an
ICP =04 (1PEID,, / bird), or <0.5 (108EID,, fbird).

The OIE Standard Committee recommends that a
vaccine must have an ICPl 0.7 in order to meet the
estimated interlaboratory variability. & safety margin
i allowed, and the seed strains used for vaccination

Newcastle Disease Virus Vaccine Strains: immunogenicity
is not Influenced by KCPI

must have an ICPl < 0.4 (CEC, 1993). These guidelines
were adopted by OIE (2000b0). The ICPI results for all
vaaoines used in Brazl, as cbserved in the present study,
complied with the OIE requirernants {(ICPl = 0.37)
relative to0 nonpathogenic strains.

The main goal of live vaccines i to establish an
infection status in a flock, preferably in each bird at
the time of application. Individual bird treatments, such
as intranasal instillation, eye drop, and beak dipping,
are often used with lentogenic vaccines.

The vaccine administration method via eyve drop s
probably the most effective for live lentogenic
vacines. It ensures that the vaccine reaches individual
birds and, consequently, the obtained titers are usually
uniform threughout the flock,

The results obtained with the pathogenic MDV strain
in 28-day-old SPF birds in the present experiment
showed that the challenge was efficient, with results
equal to or above the minimum reguired by the Brazilian
legislation {Brazil, 20:06).

This study confirms that all live vaccine strains used
in Brazil are lentogenic, based on chicken embryo
mortality at = 90 hours {Hanson and Brandly, 1955).

In conclusion, it was confirmed that the vaccine
strain B1 {(ICPI between 0 and 0.13} and the vaccine
strain La Sota (ICP| between 0.02 and 0. 37) ame efficient
up to their validity pericd of 24 months, producing
results egual to or above the minimum required by the
Brazilian legislation.

The results obtained in the present study showed
that the intracerebral pathogenicity index differences
ameong Mewcastle disease virus strains do not interfere
with the immune response in Galius galius domesticus.

CONCLUSION

All vaccines used in Brazil were considered
nonvirulent, and were classified as lentogenic
according to the standards established for
immunebiclogical products. The differences in
intracerebral pathogenicity index among Mewcastle
disease virus strains do not interfere with the immune
response in Gallus gallus domesticus.
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ABSTRACT

2

This study was carried out during 2002/2003, aiming to determine the prevalence ol virulent Newcastle
disease virus strains (NDV) in Brazilian commercial poultry farms. Clinical samples were obtained from
the Southeastern, Southern and Central-Western regions, which comprise the main area of the Brazilian
poultry production. Serum samples and tracheal and cloacal swabs of 23.745 broiler chickens from 1,583
flocks, including both vaccinated chickens and those with no vaccination information, were tested for
NDV using a diagnostic ELISA kit. The seropositivity was 39.1%, and the isolation percentage by flock
varied from 1.0 to 7.6%., and by region from 6.5 to 58.4%. Higher isolation rates (74.3-83.3%) were
obtained after three passages in embryonated chicken eggs. All isolates preliminarily identified as NDV
were characlerized as nonpathogenic strains, as their Intracerebral Pathogenicity Index (ICPI) was below

0.7. Based on results of this study, Brazil can claim a virulent NDV-free status for commercial flocks.

Key words: Newcastle Disease Virus, NDV-free status, pathogenicity, broiler chickens, biological

characterization.

INTRODUCTION enteric infections, among others. Therefore, the etiopathogenic

diagnosis should be conventionally based on isolation and

Avian paramyxovirus-1 (APMV-1). the causative agent of
the Newecastle Disease (NDV), is classified as a member of
genus Avilavirus in the family Paramyxoviridae (14, 15).
Newcastle disease (ND), one of the most important viral
diseases in industrial aviculture (3). affects domestic poultry
and wild birds and may cause acute mortality marked by

hemorrhagic lesions, respiratory and apparent or unapparent

biological characterization of field samples (29).

NDV detection and pathotyping of avian isolates are
extremely important because the appearance of virulent virus
has significant economic consequences related to vaccination
and eradication, impairing the ability of a given geographic
region to export poultry products (24).

The widespread presence of lentogenic strains in feral

#*Corresponding Author. Mailing address: Laboratory of Virology, Institute of Biology, State University of Campinas, CP 6109, 13083-970, Campinas, SP,
Brazil.; Tel.: +55 19 35216267 Fax: +55 19 35216185.; E-mail: arns@ unicamp. br
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birds and the use of such viruses as live vaccines mean that
isolation of NDV is not enough to confirm a disease diagnosis
and compliance with statutory requirements that may be in
place (8). Viral characterization using the pathogenicity test or
nucleotide sequencing are also required, as the importance and
impact of a given NDV isolate are directly related to its
virulence. Once analysis of a given field disease solely may be
an unreliable

measurement of pathogenicity due to the

possibility of concurrent infections and bad technical
management, laboratory assessments of the virus pathogenicity
are necessary. For this purpose, currently three “in vivo™ tests
which determination of [ICPI

IVPI

are available, include

(Intracerebral  Pathogenicity  Index), (Intravenous
Pathogenicity Index) and MDT (Mean Death Time) (3).

The World Organisation for Animal Health (OIE) is
recognized by the World Trade Organization for
standardization of matters related to animal health that may
aflect international trade. NDV infection is defined as a
notifiable disease if the virus in day-old chick (Gallus gallus)
has ICPI of 0.7 or above, or contains certain multiple basic
amino acids at the fusion (F) prolein cleavage site (19).
APMV-1 that does not meet the OIE definition for causing ND
is referred (o as a low-virulence APMV-1 or NDV,

The first description of this disease in Brazil occurred in
Belém and Macapd in 1953, (22). The outbreak was a
consequence of the importation of NDV-contaminated frozen
chicken carcasses from the United States (28). The first NDV
isolation in Brazil was accomplished by Cunha and Silva (10).
This NDV strain has been designated as M33 and its biological
characterization was performed by Oliveira et al. (20). After
the first impact in the 1950°s decade, the Newcastle disease,
although endemic, has been seen only sporadically, attacking
breeding stocks of small economic expression. Outbreaks have
been quickly controlled by vaccination and complementary
prophylactic measures.

Poultry is the Brazilian leading export product in the meat
sector. The performance of this sector in 2006 consolidated

Brazil in the first-position, conquered in 2004, as the world’s

NDV in broiler chickens in Brazil

biggest exporter both in volume and revenue. Behind the
soybean complex, poultry ranks second in the Brazilian
agribusiness exporting rank (2).

The broiler chicken production in the country is
concentrated in the Southern and Southeastern regions (1),
where the main producers and exporters of genetic material
from chickens are located. Lately the Central-Western region
has also experienced a significant expansion.

The nationwide poullry

y production efficiency makes
Brazil a competitive nation in international markets, even in the
ahsence of economic subsidies. Aiming to guarantee better
conditions o Brazilian avian

sanitary products, an

epidemiological project, in agreement with the National
Program for Poultry Sanity (PNSA), was implemented for the
control of Newcastle Disease in the country.

This study evaluated the prevalence of Newcastle Disease
in commercial birds in poultry producing areas in Brazil and
the occurrence of the virus in this aviary segment. When
pathogenic viruses are absent, the country can be declared free

of virulent Newcastle Discase.

MATERIALS AND METHODS

Sample calculation and source

Samples were collected weekly from apparently healthy
birds in by official service, in slaughterhouses located in
selected areas of nine states of the Southeastern, Southern and
Central-Western states. Blood serum of 15 birds per flock and
pools of eight cloacal swabs and eight trachea swabs were
placed separately in a buffered saline solution (PBS). with
antibiotics (10,000 U/ml penicillin, 10 mg/ml streptomycin,
0.25 mg/ml gentamicin and 5,000 IU/ml nystatin), adjusted to
pH 7.0-7.4, and cold-stored .

Collected samples were sent to a screening centre in each
state to ensure analysis viability, and insertion of data into a
computerized information system. The material was sealed up
and sent in the thermal ice boxes to the National Agricultural

Laboratory (Lanagro/SP) in Campinas, Sdo Paulo, Brazil.
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The calculation of the number of samples for the study
was based on the total population of birds in each lederative
state, from a total of 410,729,182 birds in the country,
estimated by the Brazilian Ministry of’ Agriculture. Federative
states were selected based on their importance for the Brazilian
poultry industry, and comprised three regions: Southeaslern
(Minas Gerais and Sao Paulo states) Southern (Parana, Santa
Catarina and Rio Grande do Sul states) and Central Western
(Goias, Distrito Federal, Mato Grosso and Mato Grosso do Sul
states).

Assuming a prevalence of at least 1% and a sensitivity of
99% for the detection of at least one infected flock, a minimum
of 485 flocks were planned to be analyzed per region. The
determination of the number of birds to be sampled by flock
took into account the 95% sensitivity of the diagnostic test
(ELISA). with an expected minimum prevalence of 30% of
infected flocks, with confidence degree of 99%, resulting in 15
chickens per flock.

The number of samples in each region was calculated using
the following formula:
[1-(1-C) 1/ (D*SENS)|* [M- (/2 D*SENS-1)], where:

C= reliability degree

M = n. of units (animal/flocks) at risk

D =n. of ill/infected units

SENS = sensitivity test

The calculated number of samples was 23,745 broiler
chickens (1,583 flocks) being 8,880 birds from 592 farms of
the Southeastern region, 7,530 birds from 502 farms in the
Southern region and 7,335 birds from 489 farms in the Central-
Western region. This project was carried out during 2002/2003,
and the period of sample receipt was April 10™ to December
30" 2002.

An epidemiological enquiry was performed in all regions
where the viral isolation was made, including the identification
of counties and their properties. An epidemiological survey
was conducted in each positive case to determine the possible

sources of NDV isolates.

NDV in broiler chickens in Brazil

Detection of NDV antibodies

Chicken serum samples were diluted 1:500 and examined
for NDV antibodies by indirect enzyme-linked immunosorbent
assay (ELISA), wusing a commercial ELISA test kit
(Flockscreen - Guildhay Laboratories Inc.. Guilford, England).
run in 96-well microtiter plates containing NDV antigen. The
ELISA test was performed according to the manufacturer’s
recommendations. When at least one bird from a flock was

ELISA positive, the whole flock was considered positive.

Virus isolation

Cloacal and tracheal swabs from all ELISA seropositive
birds and from 2.5% of the seronegative flocks were submitted
isolation. The swabs,

to wviral stored in transport media

composed ol  phosphate-buffered  saline  solution (PBS)
containing antibiotics, were sent to the National Agricultural
Laboratory (Lanagro/SP), Campinas, Sao Paulo within 48 hrs
after collection, in a refrigerated container (2-8°C). In the
laboratory the samples were stored at -80°C until analyzed. The
swabs were pooled and inoculated into five specific-
pathogen-free embryonated chicken eggs (9-11 days old), and
processed according to standard NDV isolation procedures
described by the Regulation #182/94 of the Brazilian Ministry
of Agriculture (5). The samples were submitted to three trials
in embryonated chicken eggs, before considered negative.
Haemagglunation (HA) and haemagglutination inhibition
(HI) tests were carried out according to the technique described
in the Regulation # 182/94 of the Brazilian Miniswy of

Agriculture (5).

Viral identification

NDV was determined using reference antisera APMV-1 to
APMV9 by haemagglutination inhibition (HI) test, carried out
according to Allan et al (4) and Regulation # 182/94 of the
Brazilian Ministry of Agriculture (5). As APMV-5 does not
produce haemagglutination, this antiserum was not used in the
analyses. The antisera were produced and kindly provided by
the Veterinary VLA, located in

Laboratory Agency -

Weighbridge, Surrey, United Kingdom.
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Biological characterization

The pathogenicity of the NDV isolates was determined by
measurement of the Intracerebral Pathogenicity Index (ICPI),
as described in the Regulation # 182/94 (5). According to the
World Organisation for Animal Health (OIE), an IPIC = 0.70

indicates that NDV is pathogenic.

Statistical analysis
Statistical analysis was performed using the Chi-square
test or Fisher’s exact test (11,23), Differences were considered

statistically significant when p= 0.05.

RESULTS

The highest prevalence of seropositive samples occurred
in Southeastern region (66.4%), followed by Central Western
(23.3%) and Southern (22.3%) regions. In the country, the
prevalence was 39.1%. The seropositivity and frequency of

virus isolation results are shown in Table 1. There was a
significant difference in the percentage of seropositive samples

in the three regions (p= 0.0001). The average percenlage ol

Table 1. Relationship between seropositivity and NDV isolation

NDV in broiler chickens in Brazil

isolation per flock was 4.9%, being 7.6% in the Southeastern
region, 5.4% in the Southern region and 1.0% in the Central-
Western region. The Southeastern region presented the highest
percentage when compared to the other regions. Considering
the total number of isolates, 58.4% of the flocks were from the
Southeastern region, followed by 35.1% in Southern region and
6.5% in the Central-Weslern region.

The number of passages in embryonated eggs required for
isolation of NDV is shown in Tables 2 and 3. The isolation
percentage in each passage in relation o the total samples is
summarized in Table 2, showing that 14.3% of the samples

. . G AU d
were positive in the 1 passage, 6.5% in the 2™ passage and
79.2% in the 3™ passage. The isolation percentage in each

passage of vaccinated birds in relation to total isolates is

-

presented in Table 3, showing 9.5% positivity in 1® passage,

7.1% in 2™ passage and 83.3% in 34 passage. The isolation
percentages from flocks with no information on vaccinal status,
in relation to total isolates, were as follows: 20% positivity in
1 passage, 5.7% in 2™ passage and 74.3% in 3™ passage.
There was no significant difference in the percentage of

isolation by vaccinal status (p=0.4793).

Region Flocks ELISA Seropositive®* ]Sl?llg(t‘i?sn Region
(n) flocks % (n) o po
i /O
Southeastern 592 393 (66.4)* 45 7.6 58.4
Southern 502 112 (22.3) 27 5.4 35.1
Central-Western 489 114 (23.3) 05 1.0 6.5
TOTAL 1.583 619 (39.1) 77 4.9 100.0

* The percentage of seropositive flocks in the Southeastern region was significantly higher than that in the two other regions

Table 2. NDV isolates in each passage in embryonated chicken eggs (SPF) in relation to the total number of samples

NDYV Isolates

Passage
N %
T 11 14.3
ond 05 6.5
3rd 61 79.2
Positive 77 100.0
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Table 3. NDV isolates by passages in embryonated chicken eggs, according to vaccination

Passages NDV isolates (n)* Isolation / Total
Vaccinated Not informed % vaccinated % Not
informed
1 4 7 9.5 20.0
ond 3 2 7.1 5.7
30 35 26 83.3 74.3
Total 42 35 100.0 100.0

“There was no significant difference in the percentage of isolation by vaccinal status (p=0.4793).

The state with highest viral isolation percenlage per flock
was Sio Paulo (8.8%), followed by Parana (7.9%), Minas
Gerais (5.3%), Santa Catarina (4.7%), Rio Grande do Sul
(2.8%)., Mato Grosso do Sul (1.8%) and Malo Grosso (1.0%).
Among isolales, 44.2% were from Sao Paulo state, 19.5% from

Parand, 14.3% from Minas Gerais state, 10.4% from Santa

Catarina, 5.2% from Rio Grande do Sul and Mato Grosso do

Sul, and 1.3% from Mato Grosso. As shown in Table 6, no

virus isolation was obtained in the Federal District and state of

Goids. Figure 1 shows the isolation of NDV by geographic
region.

In the pathogenicity characterization of NDV isolates
(Table 4), the ICPI ranged between 0 and 0.66. In 41.5% of the
NDV isolates, ICPI varied from 0 to 0.10,

2

from O.11 to 0.3

3y

in 35.1% varied

0, in 18.2% varied from 0.31 to 0.50 and in

5.2% varied from 0.51 to 0.66. These data indicate that none of

the isolates was pathogenic, as their ICPI was lower than 0.70.
The correlation between ICPI and samples region was not
significant (p=0.6792), nor was significant the correlation

Table 4. Biological characterization of NDV

between [CPI and birds vaccination slatus.

The grouping of the viruses by ICPI and region is shown
in the Table 5. ICPI of vaccine strains are also shown in this
table, for comparison. The 1% group, with 41.5% isolales,
presented [CPI between O and 0.10, similar to vaccinal strains
Ulster, VG-GA and V4. The isolates in the 1% group were
mainly in the Southeastern regions (68.7%), followed by the

-
3%

Southern (25%) and Central-Weslern (6.3%) regions. The P
group, represented by B1 vaccinal strain (ICPI from 0.11 to
0.30), comprised 35.1% of NDV isolates, being 46.1% in the
Southeastern region, 44.4% in the Southern region and 7.4% in
the Central-Western region. In the 3t group, represented by the
La Sota and Clone 30 vaccinal strains. comprised 18.2% of
(ICPI 0.31 0.50). 50% the

Southeastern region, 42.9% in the Southern region and 7.1% in

isolates from to being in
; ‘ h . .
the Central-Western region. The 4% eroup, with no vaccine
strain used in Brazil, comprised 5.2% of isolates (ICPI from
0.51  0.66), being 75% in the Southeastern region and 25% in

the Southern region.

Region Vaccination Number of Range of ICPI
status isolates
Southeastern + 20 0-0.1
+ 12 0.11-0.30
+ 07 0.31-0.50
+ 03 0.51-0.66
Southeastern - 02 0-0.1
- 01 0.11-0.30
Southern - 08 0-0.1
- 12 0.11-0.30
- 06 0.31-0.50
- 01 0.51-0.66
Central-Weslern - 02 0-0.1
- 02 0.11-0.30
- 01 031-050
Total 77

71



Orsi, MLAL et al.

Table 5. Grouping of NDV isolales and vaccine strains by [CPI and region

NDV in broiler chickens in Brazil

Group Range of ICPI

NDYV isolates

N Y%

Region %

Vaccine strains

(1) 0.00 to 0.10

(2) 0.11 to 0.30

(3) 0.31 to 0.50

4) 0.51 to 0.66

32 41.5

27 35.1

14 18.2

04 5.2

68.7 ST
250 §
6.3 CW
46.1 ST
444 §
74 CW
50.0 ST
429 §
7.1 CW
75.0 ST
250 S

Ulster, VG-GA, V4, C2

B,

La Sota, Clone 30

Other virus

ST= Southeastern S= Southern CW= Central-Western

Table 6. Percentage of NDV isolates by state

State

Number of flocks

NDV/flock %

NDYV isolates

surveyed n %
Minas Gerais 206 5.3 11 14.3
Sao Paulo 386 8.8 34 442
Parana 190 7.9 15 19.5
Santa Catarina 171 4.7 08 10.4
Rio Grande do Sul 141 2.8 04 5.2
Mato Grosso do Sul 226 1.8 04 5,2
Mato Grosso 98 1.0 01 1.3
Goiis 108 0 0 0
Distrito Federal 57 0 0 0
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DISCUSSION

The main objective of the present study was Lo invesligate
the presence of NDV in commercial healthy birds in the most
important geographic areas for Brazilian poullry production
and export. Birds vaccination efficacy can be monitored by
means of serological tests (18) and a number of serological
techniques can be used to detect specific antibodies to NDV.
The haemagglutination inhibition (HI) test is the method of
choice, but in recent years, several enzyme-linked
immunosorbent assays (ELISA) were developed (16,30). Many
studies on the sensitivity, specificity and correlation between
HI test and ELISA may not
(9,17.28). Commercially available NDV antibody ELISA Kits

than the HI

indicate that results agree

are more sensilive test and, for diagnostic
laboratories, the major advantages of ELISA kits are the assay
standardization, the enhanced effectiveness due to semi-
automation, and the speed for rapid screening for multiples
agents (26).

The percentages of positive samples detected by ELISA
were 66.4%, 23.3% and 22.3% in Southeastern, Central-
Weslern and Southern regions, respectively. These results
confirm that poultry in the Southeastern region is vaccinated
and that in Minas Gerais and Sao Paulo states and the northern
region of Parand state all categories of commercial birds are
vaccinated against Newcastle disease, including broiler
chickens, explaining the large number of sample serology
reagents of this disease in these states. In addition, these results
suggest virus movement from one region to others where no
information on vaccination is available. This movement may
be a consequence of the high density of birds in some regions,
proximity to other species of birds, and also the coexistence of
subsistence farms, side-by-side o well developed poultry
husbandry.

ND vaccination in broiler chicken is not a practice in the
states of Rio Grande do Sul, Santa Catarina, Mato Grosso,
Mato Grosso do Sul, Goids and the Federal District. However,
in these states, birds for such as

long life purposes,

reproduction or egg production, are vaccinated. The vaccine
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selling maps available in the vaccine producing laboratories
(data not shown)., and the amount of vaccines sold for
veterinary stores during the sampling period suggest that
vaccination ol broiler chickens was done, including non-
industrial husbandry exploration and subsistence birds.

In this study, the frequency ol NDV in healthy birds varied
from 1.0 to 7.6% per flocks, varying from 6.5% to 58.4%
according to the geographic region. The isolation was higher in
regions where vaccination is widely used, confirming results
reported by Alexander (3), who observed that vaccine protects
birds from clinical disease where virus replication and
excretion may occur, even though in low levels. Kapcyznski et
al., (12), studying exotic Newcastle disease (END) viruses that
caused a major outbreak among commercial and backyard
poultry in California (USA), observed that vaccines protected
chickens against morbidity and mortality and significantly
reduced the incidence and viral titers shed from chickens in
comparison with sham controls, but did not prevent infection
and virus shedding. Vaccinated commercial broilers exhibited
66% mortality and shed significantly more virus than broiler
breeders.

A serological study was also conducted in Benin-Africa, in
three different regions (Southern, Central and Northern
regions), and 56%, 75% and 69% of the chickens were
seropositive, respectively, (6, 7). The African results were
similar to those obtained in this work. The presence of virus
already in the first week of life of the birds, observed in the
most regions due to litter reuse, led to the stimulation of the
immune system

The highest virus isolation was observed in Southeastern
region, followed by Southern and Central-Western regions.
This is the first report indicating presence of NDV in regions
where vaccinal status is not informed. Results also indicated a
higher virus circulation in Southern region than in Central-
Western region. The high number of vaccination reported in
the Southeastern region certainly correlates with the high
number of isolates in the area. Similar prevalence, between 5
and 29%, was found in one small chicken flock and purebred

poultry flocks In Switzerland (25).
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Seroposilivity and virus isolation in states with no
vaccination against ND in broiler chickens can be explained by
the high density of birds in some regions, the proximity with
distinct categories of birds, and the coexistence of subsistence
and low-technology farms along with highly technified poultry
farms.

A betler viral isolation was reached when samples were
submitted 1o three passages in  embryonated eggs.
Contradictorily, Kouwenhoven (13) observed that 85% of the
positive samples were positive in the 1* passage and that only
10% needed a second blind passage. In exceptional cases, three
blind passages were needed. The nature of the sample plays an
important role in these tests. The two main sites of NDV
replication in infected poultry appear to be the respiratory and
intestinal tracts; therefore, specimens should always include
cloacal and tracheal swabs (3). As pools from both tracheal and
cloacal samples were taken from healthy birds with no sign of
the disease, it is possible that some harvests occurred during a
period of very small elimination of the virus. This may be
observed by the low number of isolations in the first and
second passages. In most samples, the embryos were not killed
in the initial two passages and no lesions were observed, which
could be due to low virus content of the inoculum. Therefore, a
third passage seems (0 be necessary for virus adaptation to
embryonated eggs.

In 94.8% of the isolates, the ICPI varied from 0.0 to 0.50,
which is the range where the Ulster 2 C, V4 Queensland, Bl
and La Sota vaccine strains are located (4). This explained by
the fact that the most frequently used vaccines in Brazil are La
Sota and B1 (21). Based on these results, the isolated NDV
strains can be classified as avirulent (lentogenic), although the
virus genome has not been sequenced yelt.

The isolation of virus with ICPI varying from 0.51 to 0.66
indicates the circulation of non-virulent/apathogenic strains in
regions where vaceination status was not informed.

Yongolo (31) found similar results as the author also
isolated lentogenic strains from healthy carrier birds.

The results in the present study show that the industrial

poultry produced in the nine studied Brazilian states is free of

NDV in broiler chickens in Brazil

Newcastle disease, which is in accordance to requirements of

the International Animal Health Code.
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ABSTRACT

In 2003, Brazil was recognized as a pathogenic Newcastle Disease Virus (NDV) strain-free country for

commercial poultry. This research was conducted in Brazil between December 2003 and March 2005 to

verily the maintenance of this virulent NDV -free status. Serum samples from 5.455 flocks for commercial

poultry farms were collected, comprising 81,825 broiler chickens. The farms were located in nine states of

the country, grouped in three geographic regions. Serological evidence of NDV infection was detected in

28.8% of the surveyed farms. However, all fifteen viruses isolated and identified as Newcastle Disease

Virus (NDV) were characterized as nonpathogenic strains. based on the Intracerebral Pathogenicity Index.

These results showed that Brazil preserves the virulent NDV -free status for commercial flocks.

Key words: Newcastle Disease Virus, pathogenicity, poultry, biological characterization.

INTRODUCTION

Newcastle disease virus (NDV) is a negative-stranded

RNA  virus of the Awvulavirus genus within  the
Paramyxoviridae family of the Mononegavirales order (17.18).
NDV is also referred to as avian paramyxovirus-1 (APMV-1),
one of the nine identified paramyxovirus serotypes known to
infect birds, representing one of the most important threats to
the poultry industry. Infection in birds can be acute, chronic or

asymptomatic and may affect wild and domestic birds, a

significant source of protein in developing countries (14).
(ND) is

devastating losses in poultry production. Spradbrow (23)

Newcastle Disease frequently responsible for
estimated that in Nepal 90% ol poultry dies cach year as a
result of this disease. NDV infection in poultry ranges from
unapparent to rapidly fatal, depending on the virus pathotype
(6). Therefore, the ethiopathogenic diagnosis should be based
on isolation and biological characterization of field samples
(26). Nowadays, the disease has a worldwide distribution with

a large rank of hosts. Alexander (3) reported that natural or

#*Corresponding Author. Mailing address: Laboratory of Virology, Institute of Biology, UNICAMP, CP 6109, 13083-970, Campinas, SP, Brazil.; Tel: +55 19

35216267 Fax: +55 19 35216276.; E-mail address: arns@unicamp.br
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experimental infection comprises over 250 different bird
species, although many existing species have never yet been
diagnosed. The widespread presence of lentogenic strains in
feral birds and the use of such viruses as live vaccines mean
that the isolation of NDV is not enough to confirm a disease
diagnosis. For confirmation the virus needs to be characterized
tests or nucleotide The

by pathogenicity sequencing.

importance and impact of a given NDV isolate are directly
related to the virulence of the viral strain. As field investigation

of the disease can be an unreliable measure, laboratory

assessment of the virus pathogenicity by the determination of

the Intracerebral Pathogenicity Index (ICPI) in day-old chicks
Gallus gallus should be done. The World Organization for
Animal Health-OIE (30) defines ND as a notifiable disease
when the virus has an ICPI of 0.7 or above or presents multiple
basic amino acids al the F protein cleavage site. An APMV-1
virus which does not meet the OIE definition for causing ND is
referred to as a low-virulence APMV-1 or NDV.

In 2003,
pathogenic NDV strains in commercial poultry (19, 31).
However, despite the rigorous biosecurity measures adopted by
the poultry industry, the risk of reintroduction of viruses into
domestic poultry is always present. The present work was
conducted to verify whether Brazil maintains the non-virulent

Newcastle disease status for commercial flocks.

MATERIALS AND METHODS

Sample calculations and sources

Samples were collected weekly during seven consecutive
production cyeles of birds in slaughterhouses located in
selected areas of nine states of the Southeastern, Southern and
Central Western regions of Brazil, corresponding to those
where the Brazilian poultry industry is concentrated. Blood
serum of 15 birds per flock and pools of eight tracheas and
eight cloacae swabs were placed separately in a buffered saline
solution (PBS) with antibiotics (10,000 U/ml penicillin, 10
mg/ml streptomycin, 0.25 mg/ml gentamicin and 5,000 IU/ml

nyslatin), adjusted to pH 7.0-7.4, and cold-stored.

Brazil was recognized as a country f[ree of

Virulent NDV-free area maintenance in Brazil

Collected samples were sent to a screening centre in each
state to ensure analysis viability, and insertion of data into an
compulterized information system. The material was sealed up
and sent in the thermal ice boxes to the National Agricultural
Laboratory (Lanagro/SP) in Campinas, Sdo Paulo, Brazil.

The calculation of the number of samples for the study
was based on the total population of birds in each federative
state, from a total of 410,729,182 birds in the country,
according to the Brazilian Ministry of Agriculture. Federative
states were selected based on their importance for the Brazilian
poultry industry, and comprised three regions: Southeastern
(Minas Gerais and Sdo Paulo states) Southern (Parand, Santa
Catarina and Rio Grande do Sul states) and Central Western
(Goiéas, Distrito Federal, Mato Grosso and Mato Grosso do Sul
states).

The number of samples in each region was calculated
using the following formula:

[1- (1-C) 1/(D*SENS)]* [M- (/2 D*SENS-1)], where:
C= Reliable degree

M = n. of units (animal/flocks) at risk

D =n. of ill/finfected units

SENS = Sensitivity test

The calculated number of samples was 81,825 broiler
chickens, being 27,165 birds in 1,811 farms of the Southeastern
region, 28,905 birds of 1,927 farms in the Southern region and

25.755 birds of 1,717 farms in the Central Western region.

Detection of NDV antibodies

Chicken serum samples were diluted 1:500 and examined
for NDV antibodies by indirect enzyme-linked immunosorbent
(ELISA), ELISA

(Flockscreen - Guildhay Laboratories Inc.. Guilford, England),

assay using a commercial test kit
run in 96-well microtiter plates containing NDV antigen. The
ELISA test was performed according to the manufacturer’s
recommendations. When at least one bird from a flock was

ELISA positive, the whole flock was considered positive.

Virus isolation

Cloacal and tracheal swabs from all ELISA seropositive
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hirds and from 30.3% of ELISA seronegative birds were
submitted to isolation of virus. The swabs, stored in transport
media composed of phosphate-buffered saline solution (PBS)
containing antibiotics, were sent to the National Agricultural
Laboratory (Lanagro/SP), Campinas, Sdo Paulo within 48 hrs
after collection, in a refrigerated container (2-8°C). In the
laboratory the samples were stored at -80°C until analyzed. The
swabs were pooled and inoculated into five specific-
pathogen-free embryonated chicken eggs (9-11 days old), and
processed according (o standard NDV isolation procedures
described by Alexander er al. (4) and by the Regulation
#182/94 of the Brazilian Ministry of Agriculture (13). The
samples were submitted to three trials in embryonated chicken

eggs, before considered negative.

Virus identification

NDV was identified using reference antisera APMV-1 to
APMV-9 by the haemagglutination inhibition (HI) test, carried
out according o Alexander (2) and Regulation # 182/94 of the
Brazilian Ministry of Agriculture (13). APMV-5 was not used
in the analyses as it does not produce haemagglutination.
Antisera were produced by the Veterinary Laboratory Agency
(VLA) in Weybridge, Surrey, United Kingdom.

Biological pathotyping of the NDV

Patholyping was based on measurement of  the

Intracerebral Pathogenicity Index (ICPI) in one day-old chicks

Virulent NDV-free area maintenance in Brazil

day for eight days. The birds are scored at each observation: 0-
if normal, 1- if sick and 2- if dead. The ICPI is the mean score
per bird per observation over the eight-day period. According
to the World Organization for Animal Health-OIE (30) an
isolate with an ICPI= 0.70 should be classified as pathogenic,
and the ICPI for live vaccines should not exceed 0.4 (14).
These guidelines have also been adopted by OIE (27). ICPI
was determined of the World

following procedures

2

Organization for Animal Health (30) and the Regulation

182/94 of the Brazilian Ministry ol Agriculture (13).

Statistical analysis
Statistical analysis was performed using the Chi-Square or

Fisher's Exact test (25). Differences were considered

statistically significant when p= 0.05.

RESULTS

The serology and virus isolation results are shown in Table 1.
The highest prevalence of seropositive samples occurred in
Southeastern region (44.8%). followed by Southern (23%) and
Central Western regions (18.3%). In the country, the
prevalence was 28.8%. The average percentage of isolation per
flock was 0.27%, being 0.44% in the Southeastern region,
0.23% 1in the Central Western region and 0.15% in the
Southern region. There was a significant difference in the

percentage of seropositive samples in the three regions (p<

from specific-pathogen-free (SPF) parents. In the ICPI test, 0.0001). The Southeastern region presented the highest
birds are inoculated intracerebrally and then examined every  percentage when compared to the other regions.
Table 1. Relationship between NDV-seropositivity and NDV isolation
. ELISA NDV isolation
Region l"l((i;:]ks B(IIII(J]S seropositive ( ELISA Flocks Region
flocks % W positive % % %
2 7 (44.8)% / QA
Southeastern 1,811 27,165 812 (44.8) 08 10 0.44 53.3
(4] 78 ¢ 44 (23 3 2
Southern 1,927 28,905 444 (23,0) 03 04 0.15 20.0
2 (18.3 23 2
Central Western 1,717 25,755 315 (18.3) 04 0.9 0.23 26.7
. 2 (2 2
TOTAL 5,455 81,825 1.571(28.8) 15 0.8 0.27 100.0

*The percentage of seropositive flocks in the Southeastern region was significantly higher than that in the other two regions (p< 0.05).
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In the characterization of pathogenic WDV isolatzs (Table
31, the ICPI ranged betwzen 0.0 and 0.47. In 33.3% of the
MDYV isolatzs, ICPT varied from O to 0,10, and in 26.6% variad
from 0.11 to 030, In 20% of the isolates, the ICFI values
varied from 0.31 to 047, Thase data indicate that nong of the
isolates was pathogenic, as their ICPI was lowear than 0.70.

The grouping of the virusas by ICPI and region is shown
in the Table 4. The ICPI of vaccinal strains is also shown in
Table 4 for comparison. The 1% group, with 53.3% of the
izolatez, presented ICPT 0.0 to 0,10, similar to vaccinal strains

Table 3. Intracerzbral pathogenicity index (ICPI) of NDV isolaes

Virulent NDYW -free ares maintenance in Brazil

Ulster, ViG-GA, V4 and C2. The isolates in the 1™ group were
mainly from  Southeastem and Central Western m=gions
(37.5%) followed by Southern region (23%). The ™ group,
represantad by Bl strain (ICPI from .11 to 0.30). comprisad
26.6% of the NDW izolat2s — 75% in the Southeasizrn and 25%
in the Central Westzrn regions. The 3 group representad by La
Sota and Clong 30 strains, comprised 20% of isolares (ICPI-
.31 to 0.47) — 66.6% in the Southeastern and 33.4% in the

Southem regions.

Region Vaccination Number of isolates Range of [CPL
Southeastam - 03 0-0.1
+ 0z 011 - 0.30
+ ol .47
- ol 015
Southeasiern
- ol .42
- 0z 0-0.1
Southern
- ol 0.36
- 03 0-0.1
Central West
- ol .14
Total 15
Table 4. Grouping of the ND'V isolates and Vaccinal Strains by ICFI
- . . Number of e o . I
Group Range of ICPI isolates NDV % Region % Vaccinal Strain
I3T558T .
(1 .00 to 0. 10 E 53.3 A OW UIWE'MG_’GA'
- W4, 2
258
73 5T
(2} 11 to .30 4 16.6 25 CW By
(3} 031 to0.47 3 200 66.65T Lz Sota, Clone 30
3345

S1= Soulhesstem, 5= Souther: CW= Ceniral Weslar
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DISCUSSION

The present study confirms results of a previous report
indicating that poultry in the Southeastern region of Brazil is
vaccinated against NDV (19), although there are flocks of this
region with no information about vaccination. In addition, in
the Morthern part of state of Parand, all categories of
commercial poultry were vaccinated against Newcastle disease,
leading to a large number of serology positive samples in this
state. On the other hand, the present study demonstrated that
NDV was circulating in regions with no information on
vaccination. An important  point to consider s the
“spreadability” of the live vaccines, given their capacity to
immunize individuals other than those individually vaccinated
(11} The risk factors associated with seropositive NDV were
identified by East er al. (16), who demonstrated that age of the
flock, proximity to neighbor poultry farms and location of the
farm (either in increase Sydmey Basin or Eastern Victoria,
Australia) were the most important. Several other risk factors
in the slaughterhouse were postulated: security level, sanitation
of chicken water supply and exclusion of wild and free range
16, 25, The risk of

seropositive NDV may be attributed to the occurrence and

birds from chicken housing (12,

frequency of breaches in security and hygiene rather than to the
adopted levels of biosecurity and hygiene (15).

Results show that wvaccination against ND in broiler
chicken does not occur in the states of Rio Grande do Sul,
Santa Catarina, Mato Grosso, Mato Grosso do Sul and Goids,
nor in the Federal District. However, it is known that in these
states, birds are wvaccinated only when used for long-life
purposes, such as egg production.

In this study, NDV was isolated from healthy birds in a
frequency varying from 0.13% to 0.44% per flock. The
isolation wvaried from 20.0 to 53.3% according to the
peographic region. In a previous study, Orsi er af (19) reported
a higher frequency of 1.0 to 7.6% per flock, varying from 6.5%
to 58.4% according to the geographic region. The isolation was
higher in regions where vaccination was widely used. These

data are in accordance with Alexander and Gough (6}, who

84

Virulent NDV-free area maintenance in Brazil

suggested that the vaccine protects birds from clinical diseases
but replication and virus excretion may still occur, even in
lower levels.

The decrease in the number of NDV isolation is evident
when results are compared (o those reported by Orsi er al (19).
This decrease in positivity may be atiributed to improvements
in biosecurity and prohibiton of transit of people in farms
given the fear/preoccupation caused by avian influenza during
this period. Between 2002 and 2005, several outbreaks of
influenza virus were extensively reported in the world through
the newspapers, TV and OIE communications, leading towards
a change in posture and better control of the Newcastle disease
virus in Brazil.

A serological study was also conducted in Benin, Africa,
in three ecologically different regions (Southern, Central and
Northern regions), and 56%, 75% and 699 of the chickens
were seropositive, respectively (9, 10). The African results
were higher than those obtained in Brazil. Litter reuse observed
in most regions can explain the presence of the virus as early as
the first week of life of the bird, leading to the stimulation of
the immune system.

The

Brazil, followed by the Central Western and Southern re gions,

highest wirus isolation in Southeastern region in

were also reported in a previous study of Orsi er af (19), who
detected more virus circulation in the Central Western region
if compared to the Southern region. The more effective
vaccination in the Southeastern area may correlate with the
high number of isolates in this area. These results are in
accordance with the history of vaccination, as a prevalence
ranging from 5 to 29% was found in one small chicken flock
and pure-bred poultry flocks (220,

Serological evidence and viral isolation in states that do
not use vaccine against Mewcastle Disease in broiler chickens
can be explained by the high amount of birds in some regions,
by the proximity with distinct categories of birds, and the
coexistence low technology farms along with highly technified
pouliry farms.

The virus isolates in this study presented ICPI below 0.47.

This can be attributed to the most frequent use of vaccines Bl
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and La Sota in Brazil, which present ICPI 0.2 and 0.4,
respectively (1.8). The World Organization for Animal Health
{30y recommends that vaccine should have an ICPI below 0.7,
in order to meet the estimated interlaboratory variability and
the required safety margin. Thus, the master seed of live
vaccines should not present ICPI exceeding 0.4 (14).

Orsi er al. (200 verified that the ICPI values for all
vaccines used in Brazil varied from 0 to 0.37. The ICPI values
of the isolates in this study are similar to those obtained for
vaccines.

Yongolo (32), in Tanzania , also isolated lentogenic and
mild virulent NDV from birds with clinical Newcastle disease,
as well as from healthy carrier birds.

The results in the present study indicate that biosecurity
measures associated with vaccination programs as postulated
by the International Animal Health Code are crucial for the
preservation of the virulent NDV-free status for industrial

pouliry in Brazil.
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ABSTRACT

Newcastle disease virus (NDV) surveillance programs have been conducted in Brazilian geographic areas
not involved in chicken meat export. During 2004-2005, clinical samples of 17,265 broiler chickens from
1,151 flocks in the Northern, Northeast, and Southeastern regions were collected. The results showed
84.3% in Northeast, 57.7% in Northern and 41.4% in the Southeastern region. Twelve viruses were found in
biological samples from the Northeast region, and they were preliminarily identified as NDV.
Complementary, they were characterized as nonpathogenic strains by the intracerebral pathogenicity index
(ICPI). These results showed that, at least from samples collected during 2004/2005, Brazil may remain
with the virulent NDV-free status.

Keywords: Newcastle disease virus, isolation, broiler chickens, biological characterization, domestic

commercialization regions

Short title: NDV in commercial birds in domestic commercialization regions in Brazil
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INTRODUCTION

Newcastle disease virus (NDV) is the causative agent of Newcastle disease (ND), being classified in the
Avulavirus genus of the Paramyxoviridae family (13,14). It is also referred to as avian paramyxovirus
type 1 (APMV-1), one of the nine identified serotypes of paramyxoviruses known to infect birds. NDV is
one of the most important etiological agents of poultry diseases in the world, with great economic
importance to the poultry industry (4). It has a wide host range, comprising at least 241 species from 27 of
the 50 orders of birds (2). Domestic fowl, pigeons, quail, turkey, pheasants, and guinea fowl are highly
susceptible to infection. Many species of wild birds are also susceptible. NDV have also been reported to
infect animals other than birds, ranging from reptiles to humans (12).

The increasing disease concern has led to trade restrictions and embargos placed on countries and areas
where there are outbreaks. ND is a highly contagious disease that may result in 100% morbidity and
mortality in chicken flocks (4). The symptoms seen in infected birds vary widely and are dependent on
factors, such as virus pathogenicity, age of the host, coinfection with other organisms, environmental
stress, immune status, host species and virus dose (15). The symptoms may include respiratory and/or
nervous signs, and lesions are usually observed in the respiratory, digestive and nervous systems;
however, sometimes they are seen in other tissues and organs, depending on the tropism of the particular
strain.

Detection of NDV and avian pathotype of isolates is extremely important because the appearance of
virulent virus has significant economic consequences of vaccination, eradication, in addition to affect the
ability of a given geographic region to export poultry products (23).

NDYV infection is defined as a notifiable disease if the virus has an ICPI of 0.7 or greater in day-old chick
(Gallus gallus) or by the presence of certain multiple basic amino acids at the F protein cleavage site by
the Animal Health World Organization-OIE (16). APMV-1 strains, which do not meet the OIE definition
for causing ND, are referred to as a low-virulence APMV-1 or NDV. Brazil is considered free from NDV
infection (18), and serological tests are mainly conducted on commercial poultry flocks in areas which are
intended to support chicken meat export, namely Southern and Southeastern regions. The objective of this
research was to verify which are the pathotypes of NDV circulating in poultry raised in commercialization

areas in Brazil.
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MATERIALS AND METHODS

Sample calculation and sample source

Samples were collected weekly during seven consecutive production cycles of birds in slaughterhouse
located in selected areas of four states of States of the Northern, Northeast and Southeastern regions of
Brazil, which do not bear the main activity of Brazilian poultry industry by official federal meat inspection
service. Blood serum of 15 birds per flocks and pools of eight tracheal and eight cloacal swabs were
placed separately in a buffered saline solution (PBS) with antibiotics, (10,000 U/ml penicillin, 10 mg/ml
streptomycin, 0.25mg/ml gentamicin and 5,000 IU/ml nystatin), adjusted to pH 7.0-7.4, and cold-stored.
Collected samples were sent to a screening center in each state to ensure analysis viability, and insertion of
data into an computerized information system. The material was sealed up and sent in iced thermal boxes to
the National Agricultural Laboratory (Lanagro/SP).

The calculation of the number of samples for the study was based on the total population of birds in each
federative state, from a total of 410,729,182 birds in the country, estimated by the Brazilian Ministry of
Agriculture. Federative states were selected based on their importance for the increase to Brazilian poultry
industry, and comprised in three regions: Northern region (Tocantins-TO), Northeast region (Bahia and
Sergipe), and Southeastern region (Espirito Santo).

Assuming a prevalence of at least 1% and a sensitivity of 99% for the detection of at least one infected
flock, a minimum of flocks were planned to be analyzed per region depend of the size of the local
aviculture.

The determination of the number of birds to be sampled by flock took into account the 95% sensitivity of
the diagnostic test (ELISA), with an expected minimum prevalence of 30% of infected flocks, with
confidence degree of 99%, resulting in 15 chickens per flock.

The number of samples in each region was calculated using the following formula:

[1- (1-C) 1/ (D*SENS)]* [M- (/2 D*SENS-1)], where:

C= reliability degree

M = n. of units (animal/flocks) at risk

D = n. of ill/infected units

SENS = sensitivity test

The calculated number of samples was 17,265 broiler chickens (1,151 flocks), being 390 birds of 26 flocks
in the Northern region (Tocantins-TO), 12,750 birds of 850 flocks in the Northeast region (Bahia and
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Sergipe), and 4,125 birds of 275 flocks in the Southeastern region (Espirito Santo). This project was carried
out during May 21°2004 and January 5" 2005).

An epidemiological enquiry was performed in all regions where the viral isolation was made, including the
identification of counties and their properties. An epidemiological survey was conducted in each positive

case to determine the possible sources of NDV isolates.

Detection of NDV antibodies
Chickens serum samples were diluted 1:500 and examined for NDV antibodies by indirect enzyme-linked
immunosorbent assay (ELISA), using a commercial ELISA test system (Flockscreen-Guildhay
Laboratories Inc. Guilford, England), run in 96-well microtiter plates containing NDV antigen. The
ELISA test was performed according to the manufacturers’ recommendations. When at least one bird

from flocks was ELISA positive, the whole flocks was considered positive

Virus isolation
Tracheal and cloacal swabs from all ELISA seroposive birds were submitted to isolation of virus. The
swabs, stored in transporte media composed of phosphate- buffered saline solution (PBS) with antibiotics,
were sent to the National Agriculture Laboratory (Lanagro/SP),Campinas, Sdo Paulo within 48 hrs after
collection , in a refrigerated container (2-8° C). In the laboratory the samples were stored at -80° C until
analyzed. The swabs were pooled and inoculated into five embryonated specific-pathogen-free chicken
eggs (9-11 days old), and processed according to standard NDV isolation procedures described by
Regulation # 182/94 of the Brazilian Ministry of Agriculture (6), following international standards. The
samples were submitted to three trials in embryonated chickens eggs, before considered negative
Haemagglunation (HA) and haemagglutination (IH) inhibition tests

The HA and HI assays were completed by microtiter methods. The HA assay of allantoic fluids harvested
from inoculation of embryonated eggs was used to identify NDV-positive embryos. The initial
characterization of isolates was performed using the hemagglutination inhibition test with NDV-specific

polyclonal antisera (3, 6).

Viral identification
NDV was identified using reference antisera APMV-1 to APMV-9 by haemagglutination inhibition (HI)
test, carried out according Regulation # 182/94 of Brazilian Ministry of Agriculture (6). Since APMV-5
was not used in the analyses as it does not produce haemagglutination. Antisera were produced by the

Veterinary Laboratory Agency-VLA, located in Weybridge, Surrey, United Kingdom.
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Biological characterization of NDV (“in vivo test”)

For pathotyping, the Intracerebral Pathogenicity Index (ICPI) in one day-old chicks from specific
pathogen free (SPF), parents was measured. In the ICPI test, birds are inoculated intracerebrally and then
examined every day for eight days. The birds are scored at each observation: 0-if normal, 1-if sick and 2-
if dead. The ICPI is the mean score per bird per observation over the eight-day period. According to the
manual of standards by the World Organization for Animal Health (3, 4, 6). The World Organization for
Animal Health (OIE) defines pathogenic Newcastle disease viruses with ICPI> 0.70.

Statistical analysis

Statistical analysis was performed using the Chi-square test (21). Differences were considered statistically
significant when p < 0.05. The estimates of the common relative risk were obtained following Severino,

Richard, 2000 (22).

RESULTS

The serology and virus isolation results are shown in Table 1. The highest prevalence of seropositive
samples occurred in Northeast region (84.3%), followed by Northern (57.7%) and Southeastern region
(41.4%). There was a significant difference of percentage for positivity among regions (p< 0.0001).

The common relative risks were estimated only for two states (Espirito Santo-ES and Sergipe-SE),

which have completed data, are shown in the Table 2. In the ES state the odds ratio of occurring

flocks seropositive in the no vaccined flocks is 3.0 (0.34-26.8) times greater than the vaccined
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Table 1- Relationship between NDV-seropositivity, Vaccinal status and NDV isolation

Region Flocks Number ELISA Status Vaccin: NDYV Isolation
(n) of birds Seropositive
* Flocks Yes No NI N Flocks Region
Northern 26 390 15 (57.7) 0 0 26 0 0 0
Northeast 850 12,750 717(84.3)* 825 4 21 12 1.4 100
Southeastern 275 4,125 114(41.4) 223 4 48 0 0 0
1,151 17,265 1,048 8 95 12 1.0 100

* The percentage of seropositive flocks in the Northeast region was significantly higher than that in the two other regions. Yes —Vaccined, No-

Not vaccined , NI- not informed.

flocks, the relative risk seropositive incidence given the flocks was not vaccined is 1.5 (0.67-3.38) times
of the outcome in the vaccined flocks and the ratio of the incidence of seropositive flocks given the

vaccined flocks is 0.50 (0.13-1.96) times of the outcome in the no vaccined flocks.

In the SE state the odds ratio of occurring flocks seropositive in the vaccined flocks is 2.4 (0.22-25,94)
times greater than the no vaccined flocks, the ratio of the incidence of seropositive flocks given the flocks
was vaccined is 1.24 (0.68-22.45) times of the outcome in the no vaccined flocks. The ratio of the
incidence of seropositive flocks given the vaccined flocks is 0.52 (0.09-3,18) times of the outcome in the
no vaccined flocks.

Every seropositive flock was submitted to viral isolation. Twelve viral isolates from the Northeast region —
only in the State of Bahia — showed 100% of positivity. The percentage of isolates by sampled flocks was
1.4%, and in the whole country was 1.0%.

Table 3 shows virus isolation percentages in regions and states; Bahia was the state which all isolates
showed viruses (100%), and the percentage of NDV by flocks was 1.7%. Three states (Tocantins, Sergipe
and Espirito Santo) did not present any viral isolate. Twelve viruses were isolated from seven municipal
districts of Bahia, as follows: four isolates from one municipal district, three from another one and one from
each of the other districts.

The virus was identified as Newcastle disease virus using the Intracerebral Pathogenicity Index (Table
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Table 2 - Estimates of the Common Relative Risk of Southeastern and Northeast ( Sergipe)

Vaccinal Southeastern (ES) Vaccinal Northeast — Sergipe (*)
status Elisa(+)%  Elisa(-) % Total % status Elisa(+)%  Elisa(-) % Total %
No 3(75.0) 1(25.0) 4(100.0) Yes 85(82.5) 18(17.5) 103(100.0)
Yes 94(49.7) 95(50.3) 189(100.0) No 2(66.7) 1(33.3) 3(100.0)
total 97(50.3) 96(49.7) 193(100.0) Total 87(82.1) 19(17,9) 106(100.0)
Estimates of the 95% Confidence Estimates of the 95% Confidence
Common Bounds Common Bounds
value value
Relative Risk Lower Upper Relative Risk Lower
limit Limit limit Upper Limit
OR 3,00 0,34 26,81 OR 2,36 0,22 25,94
RR1 1,51 0,67 3,38 RR1 1,24 0,68 22,45
RR2 0,50 0,13 1,96 RR2 0,52 0,09 3,18

OR=o0dds ratio
RR1=relative risk seropositive
RR2=relative risk seronegative

4), the ICPI ranged between 0.0 and 0.54. In 91.7% of the NDV isolates, ICPI varied from 0 and 0.40, and
8.3% varied from 0.40 to 0.54. These data indicate that none of the isolates was pathogenic, as their ICPI
was lower than 0.70. The virus was identified as Newecastle disease virus using the Intracerebral

Pathogenicity Index (Table 4), the ICPI ranged between 0.0 and 0.54.

Table 3- Percentage of NDV positive flocks (isolation) according to region and States

Region States Number of Flocks NDV/Flocks%  Isolation Positive
surveyed flocks (%)
Northern Tocantins 26 0 0
Northeast Bahia 723 1.7 100
Sergipe 127 0 0
Southeastern Espirito 275 0
Santo
0
Total 1,151 1.0
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In 91.7% of the NDV isolates, ICPI varied from 0 and 0.40, and 8.3% varied from 0.40 to 0.54. These data

indicate that none of the isolates was pathogenic, as their ICPI was lower than 0.70.

Table 4- Intracerebral pathogenicity index (ICPI) of NDV isolates

Region Vaccination Number of Isolate Range of ICPI

+ 02 0,0-0,10

+ 06 0,11-0,20

Northeast + 02 0,21-0,30
+ 01 0,31-0,40

+ 01 0,41-0,54

+Vaccined
DISCUSSION

The Brazil consolidated the first-position conquered in 2004 as the world’s biggest exporter both in
volume and revenue, and the third-position in production of chicken meat. In Brazilian agribusiness, the

chicken meat also occupies the second place in export ranking, behind soybean complex.

The country has wide arable land, favorable weather conditions and workmanship more accessible than in
other countries. In addition, its technical and management conditions allow the development of the
agricultural activity, making the country the world's biggest producer of broiler chickens, and responsible
for helping to solve the animal protein hunger in the world. Newcastle disease outbreaks usually interrupt
the international trade of poultry meat and byproducts; therefore, Newcastle disease outbreaks may a severe
economic impact on the Brazilian poultry production and the national economy.

In 2003 and March 2005, Brazil was recognized as a country free of pathogenicity NDV strains in
commercial poultry (18, 26). However the level of seropositivity and the presence of Newcastle disease
virus in areas poultry raised in domestic commercialization areas was unknown. The main objective of the
present study was to investigate which are the pathotypes of NDV circulating in poultry raised in domestic
commercialization areas of Brazilian poultry production.

Serological tests for NDV may be used to demonstrate virus infection or for monitoring vaccination (17). A
number of serological techniques used for the detection of antibodies have been applied to NDV. The HI
test is the method of choice; however, in recent years, several enzyme-linked immunosorbent assays
(ELISA) were developed (25). Studies on the sensitivity, specificity and correlation between HI test and
ELISA test produced variable results (9).
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Positive samples were detected by ELISA test, with a percentage of 84.3%, 57.7% and 41.4% in Northeast,
Northern and Southeastern, respectively. Similar results were found by Bell (7, 8), when conducting
serological study in Benin, Africa, and by Orsi et al. (20), when verifying the maintenance of virulent
NDV-free status for commercial poultry farms — the prevalence occurred in Southeastern was similar
(44.8%); however, lower result was observed in the Southern (23%) and 18.3% in the Central Western
regions. Another study (24) reported lower prevalence (between 5 - 29%) in small chicken flocks and pure-
bred poultry flocks; higher prevalence (66.4%) in the Southeastern was obtained in another research (18).
This result confirms that Southeastern poultries were vaccinated, independent of the State (Minas Gerais,
Sao Paulo or Espirito Santo).

The early stimulation of the immune system can be obtained by the bed reuse observed in the regions, and
this may justify virus already present in the first week of life of the birds. This confirms that all categories of
commercial birds were vaccinated against Newcastle disease, justifying a larger number of seropositive
samples. This fact can also be justified by the proximity to other species of birds, and also the existence of
subsistence farms, side by side with well-developed poultry husbandry.

In this study, we isolated NDV in healthy birds with a frequency from 0 to 1.7% for flocks and from 0% to
100% by geographic region; similar results were obtained by Orsi et al (20) with the percentage of isolation
per flocks of 0.44% and 53.3% in the Southeastern region. However, another research by Orsi et al (18)
resulted in 7.6% per flock and 58.4% in the Southeastern region. This study was conducted before the dawn
of the Influenza H5N1 era and biosafety restriction measures related , when was frequent the occurrence of
breaches in security and hygiene rather than the underlying levels of biosecurity and hygiene used (10).

The isolation rate was higher in regions where vaccination is widely used. According to Alexander et al. (4),
vaccination protects birds against clinical disease; however, the virus replication and excretion may still
occur, even though in lower levels. In study conducted by Kapcyznski & King (11) using live and
inactivated vaccines showed that those immunogens may reduce but not prevent infection and spread of
exotic NDV — vaccinated commercial broiler presenting exotic NDV infections exhibited 66% mortality,
and a significant increase in virus shedding may be observed in broiler-breeders.

Viral isolates were identified as Newcastle disease virus and their biological characterization showed
intracerebral index range between 0.0 and 0.54, as shown in Table 3. From the isolates obtained, 91.7%
had ICPI from 0.0 to 0.40, identifying the vaccine strains - Ulster 2 C, V4 Queensland, B1 and La Sota (5),
this result is similar to that obtained by Orsi et al (20). The most frequently used vaccines in Brazil are La
Sota and B1, which present ICPI levels of 0.4 and 0.2, respectively (1, 5). It was observed that 16.7% of
the isolated viruses varied from 0 to 0.10. The higher amount of isolated viruses was found in the range of

ICPI=0.11 to 0.20 (50%), identifying B1 vaccine strains, which indicate reisolation of B1 vaccine strain,
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confirming vaccine history in Bahia. These results showed 25% of reisolation of other types of strains,
with ICPI values from 0.21 to 0.40 , identifying La Sota vaccine strains.

Strains (8.3%) with ICPI range from 0.40 to 0.54 showed that in regions with vaccine history there was
circulation of non-virulent / apathogenic strain with different ICPI. According to a study performed by Orsi
et al. (19) observed that the ICPI profiles obtained for all vaccine strains used in Brazil varied from 0 to
0.37.

The data presented in this study show that none of the 12 isolated samples were pathogenic, with ICPI <
0.70; similar results were obtained by Orsi et al (18, 20). The results obtained in the present study showed
that non-export industrial poultry from the four studied Brazilian federative units nonpathogenic Newcastle

disease virus was found, as established in the standard postulated by the International Animal Health Code.
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Abstract

Isolates of Newcastle disease virus (NDV) obtained during an official surveillance, conducted on
different geographic areas of poultry production were genotyped, as well as NDV live vaccines marketed in
Brazil, Genomic fragments were amplified by reverse transcription polymerase chain reaction (RT-PCR),
followed by partial sequencing of the fusion protein gene. Deduced amino acid sequences were inferred and
sequences were phylogenetically compared with those from strains previously reported in other geographic
regions. Our results showed that all Brazilian isolates collected during 2002-2005 (n=39) have amino acid
motifs ''* GKQJGRL'7 (11) and "">GRQ|GRL'" (26 conserved, thus belonging to the non-virulent NDV
type.. There were two virus (n=2) (BR-1568, BR-6225) from which a substitution at position 116 — from
arginine (R) to alanine (A) '"G-K-Q|G-A-L'"” — and another one at position 114 — from glutamine(Q) to
threonine (T) ''?G-R-T|G-R-L'"" were observed. Phylogenetic analysis showed that all isolates (39) and
vaccines (11) used in Brazil clustered within I and II genetic groups; thus being classified as avirulent
viruses, according to the amino acid sequence at the fusion protein cleavage site. The main findings include
the absence of virulent NDV circulating in our country and the fact that isolates are highly similar to the
live vaccine strains currently marketed. One may consider the solely circulation of live vaccine strains or

derived strains from either La Sota or Ulster type vaccines.
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1. Introduction

Newcastle disease (ND) caused by Newcastle disease virus (NDV) is one of the most serious
poultry disease causing large economic impact in many developed countries (Leslie, 2000). ND outbreaks
are not only extremely costly, but control measures like vaccination, and have a major negative economic
impact, since they lead to trade restriction of animals and their products (Alexander, 2003) and embargos
on countries and areas where outbreaks occur (Aldous et Alexander, 2001).

NDV is a member of the Paramyxoviridae family and has been placed in the Avulavirus genus
(Mayo, 2002) The viral single-stranded-RNA genome has approximately 15.586 kb in length (Phillips et
al, 1998). Six proteins are produced from RNA genome: hemagglutinin-neuraminidase (HN), fusion (F),
nucleocapsid (N), matrix (M), phosphoprotein (P) and large RNA-directed RNA polymerase (L)
(Alexander, 2003). The primary molecular determinant for NDV pathogenicity is the presence of
multiple basic amino acid residues at the F protein cleavage site; therefore, the sequence analysis of the F
protein cleavage site can aid in pathotype prediction and prediction of viral virulence (Liu et al., 2007).

Various methods used to identify and analyze NDV include examining differences in pathogenicity,
antigenicity, and genome sequences (Liu et al, 2007), but differential monoclonal antibody binding tests
may fail when viruses are closely antigenic similar (Aldous et al, 2003). However, nucleotide sequence
analysis may allow the differentiation of highly related isolates, thus resulting in a promising
epidemiological tool (Alexander et al, 1999).

The Paramyxoviridae fusion protein is mainly secreted as a non-functional precursor (F), which is
post-transcriptionally cleft on the functional subunits F1 and F2 by host proteases, then allowing the virus

particles to penetrate after fusion of the viral envelope with the cell membrane (Glickman et al., 1988).

The World Organisation for Animal Health (OIE) defines the virulence of NDV or Newcastle disease
based on the intracerebral pathogenicity index (>0.70) or presence of multiple basic amino acids at the F
protein cleavage site (OIE, 2006). Virulent strains have a multibasic amino acid, and viruses of low
virulence have a singular amino acid sequence (""?GRQGRL''") at the FO cleavage site (Aldoux et al.,

2003).

Phylogenetic analysis revealed two distinct classes; class I and class II viruses, consisting of at least
nine genotypes (Kim at al, 2007, Liu et al., 2007). The class II viruses have been predominantly isolated
from domestic fowl (Alexander, 1995; Aldous, et al, 2003) and responsible for several major panzootics

of ND in poultry worldwide (Alexander, 1988). The lentogenic viruses from classes I and II isolated
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from waterfowl, live bird markets and shorebirds (Kaleta and Baldauf, 1988; Seal et al, 2005 and Kim et
al, 2007).

Phylogenetic studies point to at least eight genogroups (I-VIII) of NDV that were described
according to the isolation host of, geographical or/and temporal restrictions, and virulence (Lomniczi et
al., 1998; Alexander et al, 1999; Herczeg et al,1999; Yang et al., 1999; Herczeg, 2001; Ke et al., 2001;
Yu et al., 2001, Liang et al.,2002). However, Alexander et al (1997) classified the lineages using the
corresponding monoclonal antibody-binding groups. Recently, the genetic grouping of ND was revised,
and six lineages (1 to 6) were described. The first two genetic groups (I-I) are genetically associated with
the widely used vaccine strains La Sota and Ulster.

Many countries perform vaccination with live and killed vaccines as a prevention practice. The

prophylaxis of Newcastle disease in broiler chickens in Brazil is focused on the surveillance of ND in
domestic and wild birds and active immunization by using live lentogenic vaccines, such as LaSota, B1,
Ulster, Clone 30 , VG-GA and C2 strains, all considered non-virulent and classified as lentogenic (Orsi et
al.,2009a).
The first description of this disease in Brazil was in 1953 (Santos et al., 1954) and the first isolation was
accomplished by Cunha and Silva (1955). A serological and virological survey conducted in samples
collected in 2002 showed that Brazil remains with the virulent NDV-free status for commercial flocks
(World Trade Organization, 2005, Orsi et al, 2010a). From December 2003 to March 2005, the same
condition was observed in a second survey (Orsi et al, 2010b), and similar results were obtained for non-
export geographical regions during the years 2004 and 2005 (Orsi et al, 2010c; in press).

A complete epidemiological analysis of NDV isolates in Brazil has not been conducted and the
genetic relatedness between the Brazilian NDV isolates and the domestic or wild bird isolates in other
countries is unknown so far. In order to define the molecular epidemiology of NDV circulating in Brazil,
NDV isolated from healthy broiler chickens from different geographic regions of export and non-export
areas during 2002 to 2005 were characterized molecularly, and its possible relationship to different types of

live vaccines used is discussed at the present work.

2. Materials and methods

2.1. Virus Isolates

APMV-1 viruses strains used in this research were obtained by the National Agricultural Laboratory

in Campinas (Lanagro/SP), the National Reference Laboratory for Poultry in Brazil. RT/PCR were
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performed and thirty-nine positive samples were selected to be sequenced out of the one-hundred-four
viruses (37.5%), (This virus coming from three surveyed programs was conducted in Brazil in order to
determine the prevalence of virulent Newcastle disease virus strains (NDV) in commercial poultry farms.
The 1% was realized in 2002/2003, samples of 23,745 broiler chickens from 1,583 flocks was used and
taken from the Southeastern, Southern and Central-Western regions, 39.1% of seropositivity was detected
and were isolated 77 viruses, identified as NDV with intracerebral pathogenicity index (ICPI) varying
between 0.0 and 0.66 by Orsi et al, 2010a. The 2™ was conducted between Dec 2003 and March 2005 the
samples from 5,455 flocks were collected, comprising 81,825 broiler to verify the maintenance of virulent
NDV-free status for same states and regions of the 1* surveyed, Serological evidence of NDV infection was
found in 28.8% of the farms surveyed and fifteen viruses were isolated and identified as NDV and ICPI
showing the index 0.0 and 0.47 by Orsi et al, 2010b. The 3"¥ NDV surveillance programs have been
conducted 2004-2005, and samples of 17,265 broiler chickens from 1,151 flocks in the Northern,
Northeastern, and Southeastern regions were collected, in Brazilian geographic areas not involved in
chicken meat export, the results showed 73.3% of seropositivity on overall poultry flocks. Twelve viruses
were found and ICPI varying between 0.0 and 0.54 by Orsi et al., 2010c (in press). These viruses presented
different ICPI (ranging from 0 to 0.66), and represented all the different states and regions sampled where
the viruses were isolated. The details of Newcastle disease virus isolates in broiler chickens used in this

study were shown in table 1.
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Table 1. Details of Newcastle disease virus isolates in Broiler chickens used in this study.

NDV strain* Region of Brazil ICPI Vaccine used
BR-728 Southeastern 0.05 Bl
BR-730, BR-732 Southeastern 0 Bl
BR-733 Southeastern 0.06 Bl
BR-734 Southeastern 0 Bl
BR-766 Central-Western 0 WI
BR-941 Southern 0.22 WI
BR-942 Southern 0 WI
BR-943 Southern 0.30 WI
BR-944 Southern 0.12 WI
BR-945 Southern 0.66 WI
BR-982 Central-Western 0.08 WI
BR-1035 Southeastern 0.14 Bl
BR-1052 Southeastern 0.58 Bl
BR-1103 Southern 0.48 WI
BR-1220, BR-1223 Southeastern 0.50, 0.48 +
BR-1321 Southeastern 0.48 Bl
BR-1374 Southern 0.14 WI
BR-1524 Southeastern 0.61 Bl
BR-1545 Southeastern 0.10 Bl
BR-1547 Southeastern 0.48 Bl
BR-1568 Southeastern 0.15 Bl
BR-1582 Southeastern 0.60 Bl
BR-1612 Southern 0.15 WI
BR-4961 Southeastern 0 Bl
BR-4980 Central-Western 0.10 -
BR-5070 Southeastern 0.15 -
BR-5100 Southeastern 0.02 WI
BR-5818 Southern 0.04 -
BR-6424 Southern 0.36 WI
BR-6425 Southeastern 0.47 Bl
BR-7538, BR-7549 Northeast 0.20,0.25 Bl
BR-7540 Northeast 0.06 Bl
BR-7550 Northeast 0.37 Bl
BR-7958, BR-8486 Northeast 0.14,0.11 Bl
BR-8487 Northeast 0.21 Bl

Orsi et al., 2010 a, b; Orsi et al., ¢ (in press)
Strains =B1, - not vaccined; WI- without information; + vaccined
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The original infective allantoic fluids were diluted 10™" to 107 and passed once again in embryonated eggs

in this laboratory, before they were used in molecular studies.

2.2. Virus vaccines

Eleven commercial lyophilized vaccines, manufactured in Brazil or imported, prepared with strains
(B1, La Sota, Ulster 2C, Clone 30, VG-GA and C2) were used. The titre was determined by the same
technique described for thermostability titration (Simi et al, 1970; Orsi et al., 2009b) and varied from
10 to 10%7°, following manufacture information. Vaccine vials were reconstituted according to the

manufacturer’s instructions and strains were propagated in SPF embryonated chicken eggs.

2.3. Vaccine virus propagation in SPF embryonated chicken eggs

Vaccine strains were replicated by inoculation of SPF embryonated eggs (9-11 days old) via allantoic
cavity. Embryos dead until 24 hours were discarded and the others sampled and submitted to
hemagglutination assay (HA) soon after the end of the observation period was carried out, according to the
technique described in Regulation # 07/06 (Brazil, 2006). The virus containing fluids were pooled and

conserved at — 80°C until use.

2.4. Viral RNA extraction and RT-PCR

For RNA preparation, 200 ul of infected allantoic fluids were used and viral RNA was extracted
using a high pure viral nucleic extraction kit™ (Roche Diagnostic™, Manheim, Germany), as the
manufacturer's recommendations. c¢cDNA was synthesized using the high-capacity cDNA kit (Applied
Biosystenms'™™, Foster City, USA), according to the manufacturer’s instructions. NDV viral genomic
fragments were amplified using primers (MSF1: 5-GACCGCTGACCACGAGGTTA-3’, 2: 5'-
AGTCGGAGGATGTTGGC AGC- 3) reported by Aldous et al (2003) for the amplification of 723 pb
fragment F protein gene. The RT-PCR reaction mixture was prepared and contained 1X reaction buffer, 0.2
mM each of dATP, dCTP, dGTP, dTTP, 5 pmol of sense and antisense primer, ImM of MgSO4, 1U
(5U/pl) of reverse transcriptase. The RT-PCR was performed with uninterrupted thermal cycling, using a
Gene Amp PCR system 9700 (Applied Biosystems, USA), with the following program: 94°C for 2 min, (35
cycles of 94°C for 30 seconds, 58°C for 30 seconds, 72°C for 1 minute), and a final extension at 72°C for 7
minutes. Two microliters of RNA from each sample were used for RT-PCR amplification. The PCR
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products were analyzed by electrophoresis on a 1% agarose gel stained with ethidium bromide and viewed

under UV light. .

2.5. Sequencing of PCR products

PCR products were sequenced three times each, both on forward and reverse direction, using ABI
PRISM Big Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems™, Foster City,
USA). The selection was made by different ICPI and represented all the different states, regions, and time
in which the viruses were isolated. Thirty-nine virus sequences were obtained with enough quality for

further analysis.

2.6. Phylogenetic relationship

Phylogenetic analyses of NDV isolates characterized in this study, showing in table 1 nucleotide
sequences from NDV strain F gene reference, were retrieved from the GenBank database
(http://www.ncbi.nlm.n/ih.gov/genbank/ index.html), including sequences obtained from viruses circulating
in the USA (AF309418), Taiwan/China (AY372142, AY372141, AY372143), China (DQ195265),
Slovakia (EF364036, EF035485), Barbados (EF110539), Russia (AY972103, AY972102, AY972101), N.
Ireland (AY562991), (Argentina (AY734535, AY734536), United Kingdom (AY471835), Italy
(AJ880277), Hungary (AY471834), China (EF589137, DQ417113, AY635814), South Africa (EF030959,
EF030960, EF030961) in table2.

Bioedit package, version 7.0.5.2 (Hall, 1999), was used to manipulate nucleotide and amino acid
retrieved sequences. Sequence alignments were performed using the Clustal W software, version 1.83
(Thompson et al., 1994).

The evolutionary history was inferred using the neighbor-joining method (Saitou & Nei, 1987). The
optimal tree with the sum of branch length = 1.75758047 is shown. The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test (500 replicates) is shown next to the
branches (Felsenstein, 1985). Evolutionary distances were computed using the Kimura 2-parameter method
(Kimura, 1980), and are in the units of the number of base substitutions per site. All positions containing
gaps and missing data were eliminated from the dataset (complete deletion option). There were a total of

206 positions in the final dataset. Phylogenetic analyses were conducted in MEGA4 (Tamura et al., 2007).
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3. Results

3.1. Proteolytic cleavage site of F, protein

RT-PCR using primers (Aldous et al, 2003) resulted in amplification of 723 bp products (figure 1).
Nucleotide sequences were available in GenBank with the accession numbers (table 2). The 723 bp
fragment between nucleotides of the fusion gene was amplified, including the fusion protein cleavage site,
and the sequence was analyzed (fig. 1). Nucleotide similarities of 723 bp and predicted amino acid
sequence of residues of Brazilian isolates were compared with corresponding sequences of representative
strains.

Cleavage site motifs of 39 NDV strains are listed in table 3. The cleavage site of Brazilian viruses
showed motifs "GKQJGRL!'"" "*GKQVGAL'"", "> GRQVGRL'7 and '? GRTVGRL'7. Among
cleavage-site motifs of low virulence and avirulent strains, twenty-six showed ">GRQVGRL'", eleven
showed "?GKQVGRL'"" one showed ">GKQVGAL'” and "' GRTYGRL'".The results showed that low-
virulence and avirulent NDV strains exhibit sequence motif ''* GR (K)-Q(T)-GR(A)/L'"". Among genotype
IT viruses, two viruses in their cleavage sites 26KQL GAL" "2GRTVGRL' were different. The motif '

GRQVGRL'"7 was present in most isolates.

3.2. Alignment of the deduced amino acid sequences

Genomic regions coding for the F protein cleavage site were amplified by RT-PCR to confirm NDV
identity and to achieve molecular characterization analysis. The amplification products of 723 bp for the F
protein cleavage site and a nuclear localization signal were obtained (fig. 1). The deduced aa sequence at
the F protein cleavage site was characteristic of non-virulent viruses (table 3). Twenty-nine isolates showed
the amino acid sequence ''*G-R-Q-G-R-L'"” at the C-terminus of the F2 protein and ten isolates 112G-K-Q-
G-R-L'"7. The Brazilian-1568 isolate had substitution at position ''° from arginine (R) to alanine (A)
"2G-K-Q-G-A-L'", the other Brazilian-6425 isolate ''>G-R-T-G-R-L'"” had substitution at position '"*

from glutanine (Q) to threonine (T); these amino acids are equivalent to basic amino acids.
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Fig.1. Analysis of RT-PCR products of different NDV isolates by gel electrophoresis
M-Mol. Weight marker; (1) 728, (2) 732, (3) 733, (4) 734, (5) 766, (6) 941, (7) 943, (8) 944, (9) 945, (10)
Liq. Allantoic (Neg), (11) 982, (12) 1052, (13) 1103, (14) 1220, (15) 1321, (16) 1374, (17) 1524, (18) 1612,
(19) 4961, (20) Whitel, (21) 4980, (22) 5100, (23) 5818, (24) 5958, (25) 6424, (26) 7550, (27) 8486, (28)
8487, (29) Lig. Allantoic (Neg), (30) CER, (31) CER,, (32)-White, (33)-45/Vaccine Clone 30, (34) Standard
Ulster, (35) 47/06Vaccine La Sota, (36) 61/Vaccine C2, (37) 65/Vaccine B1, (38) 71/Vaccine VG-GA.

3.3. Phylogenetic Analyses

The region of F genes between nucleotides 112 and 117 was compared by phylogenetic analysis. The
39 NDV isolates collected in Brazil from 2002 to 2005 were classified into two clusters, based on the tree
topology, and they belonged to two (I and II) of the six known genotypes (fig.2, table 3). Phylogenetic
analysis of isolated genotype showed that the sequence obtained in the present study falls into two clusters,
namely I and II, which co-circulate during the period analyzed.

Among these, 28 belong to APMV-1 genotype II or La Sota Like (fig .2), and 11 belong to APMV-1
genotype 1. Most NDVs isolated in Brazil before 2002 corresponded to genotype 11 (71.8%),
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Table 2. Reference NDV strains from GenBank used in the phylogenetic analysis of F gene

Gen Bank Isolates Species Country Year | Reference
Accession n°
AF309418 Bl USA 2000 | Unpublished
AY372142 P95-2-17 Pigeon Taiwan/ China | 1996 é%t(') 4)M1°r°b1°1' 104 (1-2),  19-30
DQ195265 LaSota China 2004 | Zhongguo Jiagin 26, 11-14 (2004)
EF364036 3154/1981 Domestic fowl Slovakia 2005 | Virology Submitted (Jan/2007)
EF110539 |- Blue-winged teal | D2r02rdos 2004 | Avian Dis. 51 (3), 781-787 (2007)
EF035485 28/2003 Domestic fowl Slovakia 1og1 | Virology
AY972103 | 2687/2001 Duck Russia 2001 | Molecular  Genetic  Submitted
mar/2005

. Molecular Genetic/ Submitted
AY972102 3638/2002 Duck Russia 2002 |\ 00

. Molecular  Genetic Submitted
AY972101 3652/2002 Anas Russia - Mar/2005
AY562991 | Ulster/67 Chicken N. Ireland 2004 | Unpublished
AY734535 Tigre 6/99 Pigeon Argentina 1999 | Unpublished
AY372141 P84-1-5 Pigeon Taiwan/ China | 1996 é%t(') 4)Mlcr°b1°1' 104 (1-2), 19-30
AY372143 P95-3-22 Pigeon Taiwan/ China | 1996 é‘(’)t(') 4)M‘°r°b‘°1' 104 (1-2), 19-30
AY734536 Capital 3/97 Pigeon Argentina 1997 Unpublished

. United .
AY471835 PUKPI94401 Pigeon i 1994 | Avian Pathol. 33 (2), 258-269 (2004)
ingdom

AJ880277 | IT-227/82 Pigeon Ttaly logp | Virus Genes 32 (1), 49-57 (2006)
AY471834 PHUPI84357 Pigeon Hungary 1984 Avian Pathol. 33 (2), 258-269 (2004)
EF589137 Guizhou Pigeon China -- Unpublished
DQ417113 | STP96 Pigeon China - Direct Submission
EF030960 DOZAO6N621 Dove South Africa - Direct Submission
AY635814 Gxp22 Pigeon China -- Unpublished
EF030961 DOZA06UP470 |Dove South Africa - Direct Submission
EF030959 DOZAO6N591 Dove South Africa -- Direct Submission
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Brazilian isolates belonging to one cluster (II) (genotype II) closed virus (AY372142) of pigeon from
Taiwan/China, virus (DQ192565) isolate in chickens from China and virus (EF364036) isolate of domestic
fowl from Slovakia. Brazilian isolates belonging to another cluster (I) (genotype I) closed only virus isolate
of chickens from N. Ireland, which was designed as Ulster/67.

The results are shown in fig. 2. The viruses BR-733, BR-982, BR-728, BR-944, BR-766, BR-734,
BR-942, BR-730, BR-1545, BR-732, BR-4961 one separate cluster (77% bootstrap) are closely related to
viruses of genotype I or Lineage 1- Ulster-like (81% bootstrap).

The viruses BR-5100, BR-943, BR-7540, BR-6424, BR-1582, BR-1374, BR-5070, BR-7958, BR-
7538, BR-1612, BR- 8487, BR-941,BR-1052, BR-7550, BR-1220, BR-4980, BR-945, BR-1547, BR-1223,
BR-1103, BR-1321,BR-7549, BR-8486, BR-5818, BR-1035, BR-1524 and BR-1568 constituted a separate
cluster (75% bootstrap) and are closely related to viruses of genotype II or Lineage 2- Lasota - like (89%
bootstrap). The BR-1524 was closed with isolate AY372142 from pigeon or Taiwan China.

The isolate BR-6425 was closely related to virus La Sota — like and different La Sota live vaccine
strains used in Brazil (74/06, 77/06, 47/06,017/06, 67/06 and 015/06) (98% bootstrap), and 47-La Sota and
other strains used 61-C2 , 65-B1 and 45-Clone 30 with 75% bootstrap. BR-1568 closed isolates
(DQ195265,) strains La Sota from China and the virus EF364036 isolate of domestic fowl in Slovakia (75%
of bootstrap). From pathotype prediction based on the fusion protein cleavage site, thirty-nine strains were
placed in the avirulent/nonpathogenic group; among them, twenty-six had '""GRQGR/L"” sequence and
eleven had "GKQGR/L'"” sequence. One had "“GKQGAL ' and another '*GRTGRL'"" sequences.

These changes did not alter their structure.
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Table 3. Cleavage site and Genotype of NDV isolates in Brazil

NDV strain Cleavage site Genotype
BR-728 GKQVGRL I
BR-730 GKQVGRL i
BR-732 GKQVGRL I
BR-733 GKQVGRL i
BR-734 GKQVGRL i
BR-766 GKQVGRL i
BR-941 GRQIGRL il
BR-942 GKQIGRL I
BR-943 GRQIGRL il
BR-944 GKQVGRL i
BR-945 GRQIGRL il
BR-982 GKQVGRL I
BR-1035 GRQIGRL II
BR-1052 GRQIGRL il
BR-1103 GRQIGRL II
BR-1220 GRQIGRL il
BR-1223 GRQIGRL II
BR-1321 GRQIGRL il
BR-1374 GRQIGRL II
BR-1524 GRQIGRL il
BR-1545 GKQVGRL I
BR-1547 GRQIGRL il
BR-1568 GKQVGAL II
BR-1582 GRQIGRL il
BR-1612 GRQIGRL II
BR-4961 GKQIGRL I
BR-4980 GRQIGRL II
BR-5070 GRQIGRL il
BR-5100 GRQIGRL II
BR-5818 GRQIGRL il
BR-6424 GRQJIGRL Ir
BR-6425 GRT{GRL Il
BR-7538 GRQIGRL I
BR-7540 GRQIGRL 1l
BR-7549 GRQIGRL il
BR-7550 GRQIGRL 1l
BR-7958 GRQIGRL I
BR-8486 GRQIGRL 1l
BR-8487 GRQIGRL il
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Fig. 2. Phylogenetic tree prepared with the partial F protein gene nucleotide sequences of Brazilian isolates of genotypes I (I) and isolates of
genotypes Il (II) and worldwide distributed strains of NDV. For the parameters used to measures genetic relationship please refer to the text.
GenBank accession numbers are related on table 2. The isolates characterized in the present work are assigned with a green lozenge; the tree was
rooted using a NDV sequence.
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4. Discussion

Brazil is the biggest exporter and the 3™ producer of broiler chickens in the world. In 2003, Brazil
was declared free of virulent NDV for commercial flock areas (Orsi et al., 2010a; World Trade
Organization, 2005). Between December 2003 and March 2005, Orsi et al. (2010b) verified the
maintenance of virulent NDV-free status for the same areas. The surveillance programs were conducted by
Orsi et al. (2010c-in press), during 2004/2005, in geographic areas not involved in chicken meat export in
Brazil, remaining with the virulent NDV-free status. The conventional diagnosis methods were used in the
researches above cited.

Intracerebral pathogenicity index was determined by Orsi et al. (2009a), using the commercial live
vaccines against Newcastle disease used in Brazil, showing that the ICPI varied from 0 to 0.37. There were
viruses with ICPI above 0.37 from field isolates; therefore, there was circulation of non-
virulent/apathogenic strain with different ICPI of vaccine strains. Respecting the results obtained only by
biological characterization (ICPI), it could be interpreted that these isolates were of low virulence or
apathogenic.

Until recently, any attention was given if non-pathogenic field isolates from chickens were direct
derivatives of vaccine seeds of natural route (Wehmann et al, 1999). In order to solve this question, it was
necessary to use a method to specifically identify the isolate type (Seal et al., 2005).

As described in the OIE diagnostic manual, determination of the nucleotide sequence (and the
deduced amino acid sequence) of specific regions of genomes of these viruses allows an estimation of their
pathogenicity; basically, any virus that has two basic residues at positions 115 and 116 should be
considered at high risk, and the one which has a phenylalanine at position 117 should be considered a high
risk virus. The virus which has both should be considered virulent. The virus that has leucine at position
117, and a single basic residue at 116 proceeded by any other non-basic residue is considered avirulent.

The partial F gene sequence analysis of Brazilian NDV isolates showed to be a powerful tool to
elucidate the diversity of NDV strains circulating in the poultry industry.

The F cleavage activation sites of the viruses isolates were GKQYGR, GRQVYGR, GKQJGA and
GRTVGR, lacking dibasic amino acids at positions 112 and 115 along with an L rather than F at residue
117, indicating that all broiler chickens isolates were avirulent or of low-virulence, according to OIE
standards (Alexander, 2003).

Phylogenic analysis revealed that all isolated viruses used in this study and two of the six genetic

lineages proposed by Aldous et al (2003) belonged to class II. Among them, 71.8% to APMV-1 genotype II
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or La Sota —Like (28) and 28.2% belonged to genotype I or Ulster-like (11). However, while the study by
Whemann et al. (1999), showed that the viruses collected in Hungary were only La Sota—type, the Canadian
collection predominantly included B-1. Conversely, in accordance with the results obtained by Whenmann
et al, (1999), the present study also showed that field isolates in different regions are clone derivatives of
vaccine strains used in mass vaccinations. This fact was also reinforced by Alexander et al. (1997), who
reported that 18% of all isolates received by the reference laboratory of Newcastle disease from OIE in
England (Weybridge) were identified as La Sota or B1.

In this study, only non-pathogenic viruses of genotype II were isolated; however, Miller et al (2009)
cited that there are representatives of low-virulence viruses (IloNDV) and virulent viruses (vNDV) in this
genotype (II) — 75.5% (n=59) and 24.5% (n=19), respectively.

Lomniczi et al. (1998) proposed that three different genotypes (II, IIT and IV) were responsible for
epizootics during the first panzootic (before 60s). Our data show that 71.8% of the isolates belong to
genotype II; therefore, most NDV are isolated in Brazil. Apathogenic NDV strains have been isolated from
chicken with previous vaccination history or not (Lancaster & Alexander, 1975). The data obtained in this
research confirm data of previous studies, adding the fact that viruses were isolated in health broiler
chickens.

Contrarily, Perozo et al (2008), in molecular studies of viruses isolated in Mexico, found only
virulent viruses belonging to genotype V; Liu et al (2008, China), isolated pathogenic viruses from
genotypes VIId and III from outbreaks of infected chicken flocks. The result obtained by Snoeck et al
(2009), in their study about Newcastle disease in West Africa, was in part similar to ours — the sequences
clustered with representative viruses of genotypes 1, 2, 3, 4 and 5. Conversely, Lien et al (2007, Taiwan)
showed that the viruses isolated in their country belonged to genotype VIId; however, since they were
postulated as genotype 2, emerged in genotype VIId.

The results obtained using amino acid sequences of fusion protein cleavage site region in pathotyping
of NDV showed similar results to those obtained by conventional diagnosis results, as data shown by Orsi
et al (2010 a, b, ¢) (in press); however, Tan et al (2008) found different results from biological and
molecular characterization.

Avian flocks are inoculated regularly with attenuated vaccines (avirulent) to control this disease in
Brazil, and the strains most used are La Sota, B1, Clone 30, Ulster VG-GA, C2, and V4.

This finding also confirmed the presence and circulation of ND viruses with the same genotype, but
different pathogenicity index of vaccines used in Brazil (Orsi et al, 2009a), showing that both vaccinated

and unvaccinated birds can suffer nonpathogenic virus replication similar to vaccine virus.
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Although this study has presented one reasonable number of NDV sequences, it was shown that there
were only two changes in NDV circulating in these geographic regions. However, these substitutions did
alter yet the virus structure, since they did not change protein. The fusion peptide sequence in F was highly
conserved among NDV isolates.

Two nucleotide changes can result in an emergent virulent form of NDV from a low virulence, but
this occurrence is not documented (Miller et al, 2009). Evidence suggesting that low virulence can become
highly pathogenic and this type of mutation were documented in Australia, by Gould et al (2001), and in
Ireland, by Alexander et al (1992).

Most genomic changes in nonsegmented RNA viruses are result of recombination or intrinsic error
rate of polymerase (it generates a big number of genetic variants called quasispecies). The presence of
section pressures at specific amino acids within proteins is recognized as adaptive evolutions (Miller et al.,
2009).

Recombination infrequently reports nonsegmented negative strand RNA viruses (Spann et al, 2003).
The events of recombination identified in Gen Bank are questioned by some researchers regarding the role
of recombination in NDV evolution (Afonso, 2008).

The phylogenetic analysis in the present study evidenced that during 2002-2005, in Brazil, isolated
viruses were low-virulent; therefore, there was not virulent virus in commercial birds during the study
periods and isolated viruses were genetically identical or similar to commercial vaccines used in Brazil;
differently, Seal et al (2005) found low-virulent NDV isolate not related to commonly utilized commercial
vaccine strains in North America.

Genetic variability is a strong indicator of virus evolution, and the ability of a genotype to persist in a
given population was shown as a phenomenon for other members of the Paramyxovidae family (Ludewick
et al., 2005), which is of the same family of NDV. Further studies, including a larger sample size and more
nucleotide sequences, should be conducted to determine the significance of the few amino acid substitutions

reported in this study.
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ABSTRACT

This study reports the isolation of NDV in migratory birds, investigating 4,487 birds combined into 202
pools, collected from different migratory routes points during 2003—2008 in Brazil. The results of this
investigation showed 23 NDYV isolates, of which 13 were categorized as pathogenic (pathogenicity indexes
ranging from 1.68 and 1.82) and 10 as non-pathogenic. The pathogenic NDV isolates showed that
migratory birds were obtained from four Calidris pusilla, three of the family Hirundinidae, two from
Arenaria interpres, and one each of Sterna hirundo, Tringa melanoleuca, Sunda and Haematopus Minutillo
Calidris. No virus circulation was detected in the states of Amapa, Pard or Alagoas. The nonpathogenic
viruses were isolated in the states of Tocantins, Pernambuco and Rio Grande do Sul. Pathogenic viruses
were isolated in the states of Amazonas, Maranhdo and Rio Grande do Norte. In Bahia, there were both
pathogenic and nonpathogenic viruses. In regard to the types of birds involved, 78.3% of the NDV isolates
were obtained from the order Charadriiformes, 13% from the order Passeriformes, and 4.3% each from the
orders Anseriformes and Columbiformes. The complementary surveillance investigations, involving the
sampling done from migratory, resident-wild and domestic poultry birds in the same and nearby areas
showed the isolation of 19 ND viruses (pathogenic and non-pathogenic). As the first report of the presence
of NDV in migratory birds, this study should raise concerns in regard to role of these birds as reservoirs and

transmitters of NDV in Brazil.

Keywords: biological characterization, isolation, migratory birds, Newcastle disease virus, pathogenicity.
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INTRODUCTION

Newcastle disease virus (NDV), a member of the Paramyxoviridae family and designated avian
paramyxovirus serotype 1 (APMV-1), is the causative agent of one of the most serious poultry diseases
worldwide. There has been increased concern and vigilance in regard to the potential for certain pathogenic
microorganisms to be transported and disseminated by migratory birds, particularly in light of the
occurrence and unprecedented spread of West Nile virus, since 1999, in North America, where free-living
birds have played a significant role (Rappole and Hubalek, 2000; Male, 2003).

Migratory birds could be involved in the spread of microbial pathogens, playing a role as biological or
mechanical vectors or carrying infected hematophagous ectoparasites (Hubalek, 2004). There is a long
history of NDV isolated from wildlife (Rosenberger et al., 1975; King, 1996; Zanetti et al., 2005; Douglas
et al.,, 2007), and it has been frequently isolated from migratory feral waterfowl and other aquatic birds
(Alexander et al., 1979; Stallknecht et al., 1991, Bannerjee et al., 1994). The introduction of NDV in flocks
of commercial birds by migratory birds and wild birds has been documented. Wild birds, especially
migratory waterfowl, are therefore often regarded as a reservoir of NDV infection, and are considered a
potential risk for the introduction of NDV into NDV-free countries (Kouwnhoven, 1993; Muller et al.,
1999). Alexander et al. (1998a), reported the epidemiology of Newcastle disease outbreaks in Great Britain
during 1997, suggesting that migratory birds may have been responsible for the primary introduction of the
disease.

The potentially virulent strains of NDV are maintained in migratory waterfowl populations in nature, and
some of these may be transmitted to domestic poultry and acquire pathogenicity after serial passages in the
chicken population (Takakuwa et al.,1998). The majority of NDVs isolated from wild birds, especially
waterfowl, are lentogenic, and do not cause apparent clinical disease; however, recent genetic comparisons
between NDVs in domestic poultry and feral waterfowl have suggested that velogenic viruses may arise
from avirulent strains originated from wild birds. Considering that it was not clear whether the acquisition
of virulence took place in feral bird populations, with subsequent introduction of the virulent mutant into
poultry, or whether an avirulent virus was transmitted to chickens and then became virulent, Shengqing et
al. (2002) made in vivo passages in chickens of an avirulent strain isolated from wild goose. After passages
by air-sac inoculation, followed by passages in chick brain, the virus became highly virulent in chickens,
demonstrating velogenic properties in pathogenicity tests (MDT > 120 hrs—56 hrs; ICPI 0.00—1.88; IVPI
0—2.67). The original isolate showed the typical avirulent type, which progressed incrementally to a

typical virulent type during repeated passages in chickens. These results clearly demonstrate that avirulent
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viruses, maintained in wild waterfowl in nature, have the potential to become velogenic after transmission
and circulation in chicken populations. Brazil is regularly visited by thousands of migratory birds that arrive
from the Arctic region to South America with the proximity of the boreal winter. These birds reside in
Brazil from September through May, during hot or mild temperature months, which include spring, summer
and the first two months of autumn often stopping or wintering in or at the shores of bodies of water. This
condition facilitates the transmission of NDV by fecal-oral route, since the virus can be passed from
migratory birds through untreated water and soil to the same migratory birds or to domestic fowls.

The northern portion of Brazil is the gateway to northern migrants in the country
(Figure 1). Thus, the Amazon and coastal region north and northeast are
sites with many records of migratory species in the northern hemisphere. These birds arrive in the country

between August and October and return to their breeding between March and May (Nunes et al., 2006).

Figure 1: Key migratory routes that pass through Amazon. Coastal routes follow the coastline, while inland routes follow major
Amazonian rivers (Nunes et.al, 2006)

In 2003 Brazil was declared free of Newcastle disease in industrial poultry flocks by the World Trade
Organization (WTO, 2005), in agreement with a recent study which found areas in Brazil free of the disease
(Orsi et al., 2010). However, despite the rigorous biosecurity measures adopted by the poultry industry,

there is always the risk of reintroduction of viruses into domestic poultry.
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In the present study, samples from migratory birds were sent to the National Agropecuary Laboratory
(Lanagro/SP), Campinas, Sao Paulo, Brazil. From 2003 through January 2008, were analyzed by
virological methods to determine whether APMV-1 was present in this population, in order to verify

whether the birds play a role as a potential reservoir of Newcastle disease in Brazil.

MATERIALS AND METHODS

Sample collection

1. Migratory Birds

Tracheal/cloacal swabs and organs of dead migratory birds were collected on 21 occasions in different
locations throughout Brazil (the states of Amazonas/AM, Amapa/PA, Alagoas/AL, Bahia/BA,
Maranhdo/MA, Para/PA, Pernambuco/PE, Tocantins/TO, Rio Grande do Norte/RN and Rio Grande do
Sul/RS). The samples (swabs and organs of 4,487 birds) were grouped and analyzed into 202 pools (Table
1). Location and places for sampling were chosen on the basis of previous observations that constitute
points of stopping/wintering and intermediary points along the migration route of birds or places where

migratory birds died (Figure 2).

2. Complementary Surveillance

After the above-described sample collection in various places throughout Brazil, those same areas as well
as nearby areas were submitted to an active complementary surveillance in regard to migratory, resident-
wild and domestic poultry birds. In this surveillance, tracheal and cloacal swabs were collected on 16

occasions.

Virus Isolation

Swabs and organ tissues were stored in transport media composed of phosphate-buffered saline solution
(PBS) containing antibiotics (10,000 U/ml penicillin, 10 mg/ml streptomycin, 0.25 mg/ml gentamicin and
5000 U/ml mycostatin), adjusted to pH 7.0-7.4. Following collection, the samples were placed into a

refrigerated container (2-8° C) and sent to the diagnostic laboratory, where they were received within 48
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hours post-sampling and stored at —80°C until being analyzed. The analyses were performed at the National
Agropecuary Laboratory (Lanagro/SP), Campinas, Sdo Paulo, Brazil. Pools samples were inoculated into 5
embryonated specific pathogen free chicken eggs (9—11 days old). The virus isolation was carried out
according to the standard procedure established by Regulation #182/94 of the Brazilian Ministry of
Agriculture. The samples were submitted to three trials by passage in embryonated chicken eggs, before

considered negative.

Hemagglutination (HA) and Hemagglunation Inhibition (HI) Assays

The HA and HI assays were carried out by microtiter methods. The HA assay of allantoic fluids harvested
from inoculated embryonating eggs was used to identify NDV-positive embryos. The initial
characterization of isolates was performed using the hemagglutination inhibition test with NDV-specific

polyclonal antisera (Alexander, 1998 b); Regulation #182/94 of the Brazilian Ministry of Agriculture.

Biological Characterization (in vivo test)

Pathotyping was performed using standard procedures to determine the intracerebral pathogenicity index
(ICPI) of day-old chickens, according to the manual of standards by the World Organization for Animal
Health (Alexander, 1998; Alexander, 2004) and Regulation #182/94 (Brazilian Ministry of Agriculture).
The World Organization for Animal Health (OIE) defines as pathogenic Newcastle disease viruses with
ICPI > 0.70.

RESULTS

A total of 23 isolates were obtained from the samples taken from the 4,487 migratory birds (Table 1). The
breakdown by pools and regions was: 16 isolates from the Northeast region, from 1,958 birds combined
into 94 pools; 3 from the North region, from 2,164 birds combined into 84 pools; and 3 from the Southern
region, from 365 birds combined into 24 pools. The states of Amapa, Para and Alagoas did not show any
viral isolates.

Isolated viruses were identified as Newcastle disease virus and then characterized using the ICPI, according
to the World Organization for Animal Health standard (Anonymous, 2008), which defines virulent viruses
as those with an ICPI of > 0.70.

Thirteen isolates were considered pathogenic and 10 non-pathogenic. Of the 13 pathogenic isolates 10 were
from the Northeast region and 3 from the North region (there being no pathogenic isolates from the South

region). Of the 10 non-pathogenic virus isolates, 6 were from the Northeast region, 1 was from the North
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region and 3 were from the South region. Thirteen pathogenic isolates had ICPIs in the range from 1.68 and
1.82, while the 10 non-pathogenic isolates had ICPI values ranging between 0.0 and 0.50 (Table 1).

The breakdown by bird species shows there were 9 NDV isolates from Calidris ssp (these being 6 from
Calidris pusilla and 1 each from Calidris minutilla, Calidris alba, Calidris fuscicollis), 3 from Arenaria
interpres, 3 from the family Hirundinidae, 2 from Charadrius semipalmatus, and 1 each from Tringa
melanoleuca, Haematopus palliatus, Sterna hirundo, Larus dominicanus, Columba livia and the family
Anatidae (Table 2).

Considering only the pathogenic NDV isolates, 4 were obtained from Calidris pusilla, 3 from the
Hirundinidae family, 2 from Arenaria interpres, and 1 each from Sterna hirundo, Tringa melanoleuca,
Haematopus palliatus and Calidris minutilla (Table 2 and Figure 3).

From the non-pathogenic NDV isolates, 2 were obtained from Calidris pusilla, 2 from Charadrius
semipalmatus, and 1 each from Larus dominicanus, Calidris fuscicollis, Calidris alba, Arenaria interpres,
Columba livia and the family Anatidae.

The breakdown by taxonomic order was: 78.3% from birds of the Charadriiformes order, 13% from birds of
the Passeriformes order, while 4.3% each were from birds of the Anseriformes and Columbiformes orders.
Of the ND viruses isolated from the order Charadriiformes, 55.5% were pathogenic and 44.5% were

nonpathogenic.
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Table 1. Number of NDV isolates APMV serotype and ICPI range from migratory birds by Brazilian

regions/states, during 2003 to 2007.

Regions States Isolation Sample types Number of Number of Number of Virus serotype ICPI
years birds samples isolates (n) Range
(pools)
TO 2003 S 405 27 0 - .
AM 2003 S 297 8 0 --- ---
North AM 2004 S 203 7 3 APMV-I1 (3) 1.76-1.77
AP 2005 C 316 8 0 - -
PA 2006 S,0 942 33 0 - -
TO 2006 (0] 1 1 1 APMV-1 0.50
Subtotal 2,164 84 4
RN 2003 C 388 22 5 APMV-I1 (5) 1.68-1.72
PE 2003 C 41 4 0 S .
PE 2003 S 85 7 0 . .
Northeast MA 2004 C 475 21 3 APMV-I1 (3) 1.75-1.82
PE 2005 C 32 5 0 - I
PE 2005 C 15 6 0 - I
AL 2006 (¢] 02 1 0 - I
AL 2006 (¢] 01 1 0 - I
BA 2006 C 814 14 4 APMV-1 (4) 0.0-0.12; 1.75-1.77
PE 2006 C 71 6 4 APMV-1 (4) 0.04;0.06;0.09;0.42
PE 2006 (6] 01 1 0 S .
PE 2007 S 33 6 0 R R
Subtotal 1,958 94 16
RS 2004 C 196 9 0 S I
South RS 2006 149 14 2 APMV-1 (2) 0.0-0.15
RS 2006 20 1 1 APMV-I (1) 0.0
Subtotal 365 24 3 - -
Total 4,487 202 23

C= only cloacal swabs; S= cloacal and tracheal swabs; O= organs

APMV: Avian paramyxovirus
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Figure 2. Locations and corresponding Federal State of Brazil that constitute stopping/wintering and intermediary points along the
migratory route of birds.

With the exception of Larus dominicanus, which comes from the Southern Hemisphere, all the other
species are migratory birds coming from the Northern Hemisphere.

The results of the complementary surveillance, involving the collections made from migratory, resident-
wild and domestic poultry birds on 16 occasions after the initial sampling, in the same areas and in nearby
areas. These collections yielded 19 ND viruses (Table 3). The samples from the North Region
(Manaus/AM) yielded 15 ND viruses (14 pathogenic and 1 non-pathogenic), all from domestic birds. Of the
14 pathogenic viruses, the breakdown by species was 7 from ducks (Anas platyrhynchos), with ICPI values
ranging from 1.27 to 1.88 and 7 from chickens (Gallus gallus), and with ICPI values ranging from 1.59 to
1.79. One non-pathogenic virus (ICPI 0.51) was from Gallus gallus. In the Northeast Region, only 3 ND
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viruses were isolated, all non-pathogenic, from migratory birds (Calidris pulsilla, Calidris alba

Arenaria interpres), with ICPI values ranging from 0.01 to 0.09.

Table 2. Locations and names of migratory birds in which NDV was isolated

Cities or NDV/ ICP1 Scientific names/ Migration types Common names
locations/States number of range number of isolates
samples
North Region
Manaus/Amazonas 3/7 1.76 to 1.77 Family Hirundinidae (3) VN, VS swallows
Alvorada/Tocantins 1/1 0.50 Columba livia C pigeon
Northeast Region
Tlha de Campecha/ 3/21 1.75t0 1.82 Calidris pusilla VN semipalmated sandpiper
Maranhio Calidris minutilla VN least sandpiper
Tringa melanoleuca VN greater yellowlegs
Galinhos/ 5/22 1.68 to 1.72 Calidris pusilla (3) VN semipalmated sandpiper
Rio Grande do Norte Arenaria interpres (2) VN ruddy turnstone
Mangue Seco/ 4/14 0.0t00.12 Calidris pusilla VN semipalmated sandpiper
Bahia Charadrius semipalmatus Haematopus VN semipalmated plover
1.75t0 1.77 palliatus VN american oystercatcher
Sterna hirundo VN common tern
Coroa do Avido/ 4/6 0.04 to 0.42 Calidris pusilla VN semipalmated sandpiper
Pernambuco Calidris alba VN sanderling
Arenaria interpres VN ruddy turnstone
Charadrius semipalmatus VN semipalmated plover
South Region
Lagoa do Peixe/ 2/14 0.01t0 0.15 Calidris fuscicollis white-rumped sandpiper
Rio Grande do Sul Larus dominicanus VN Vs kelp gull
Lagoa do Peixe/ 1/1 0.0 Family Anatidae VN, VS teal
Rio Grande do Sul

VS=Seasonal visiting from the southern hemisphere;
VN=Seasonal visiting from the northern hemisphere;
R=Resident (evidence of reproduction in the available country);

C=Cosmopolitan

p://www.cbro.org.br/CBRO/pdf/avesbrasil_jul2006.pdf
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Table 3. NDV isolates from the active complementary surveillance in regard to migratory, resident- wild
and domestic poultry birds from different Brazilian Regions in the period from 2003 to 2007.

Sample NDV/ n. ICPI Scientific names/ Common
Cities/States Year Bird types (n) P of number of isolates
types Range names
samples (n)
North Region
Manaus/Amazonas 2005 ducks S 0/6 --- -—- -
Manaus/Amazonas chicken, duck
2006 parrot, widgeon S 1/44 1.88 Anas platyrhynchos Duck
pheasant
Manaus/Amazonas . 1.27-1.82  Anas platyrhynchos (6) Duck
2006 Chﬂ‘ii’n’ i‘;;;‘ S 14/58 1.59-1.79  Gallus gallus (7) Chicken
quatl, & 0.51  Gallus gallus (1) Chicken
Manaus/Amazonas
2006 duck, chicken S 0/8 --- - ---
Northeast Region
Galinhos/ 2003 chicken, duck, S 0/13 . . .
Rio Grande do Norte pigeon, goose
Galinhos/ chicken, duck
Rio Grande do Norte 2004 widgeon, pigeon S /14 - - -
Barra do Cunhat/ .
Rio Grande do Norte 2004 chicken S 0/10 - - -
Jandaira, Vera Cruz,
Itubera, Prado, Porto 2006 backyard S 0/48 - - -—-
Seguro/Bahia
Jandaira/Bahia 2006 chicken S 0/20 - - -—-
Galinhos/ chicken, duck,
Rio Grande do Norte 2006 turkey, guinea hen 014 o - -
Galinhos/ 0/3
Rio Grande do Norte 2006 backyard S - - -
Nova Vicosa/Bahia 2006 duck, chicken S 0/20
Recife/Pernambuco 2006 backyard S 0/34 - - -
0.025 Calidris alba .
migrato 0.09 Calidris pusilla Sanderling
Coroa do Avido/Pernambuco 2007 sratory, S 3/4 : P Semipalmated sandpiper
subsistence birds
o Ruddy turnstone
0.015 Arenaria interpres
South Region
Lagoa do Peixe/ migratory birds .
Rio Grande do Sul 2006 S 1/8 0.06 Larus domenicanus Kelp gull
Lagoa do Peixe/ 2006 migratory birds S 0/8 . . -

Rio Grande do Sul

S=cloacal and tracheal swabs
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In the South Region, only 1 ND virus (non-pathogenic) was isolated, from a pool of migratory birds (Larus
domenicanus), with an ICPI value of 0.06. All these ND viruses isolated from migratory birds were obtained from

birds of the Charadriiformes order.

R

Caidris minutilla (n=1) Calidris pusilla (n=4) Tringa melanoleuca (n=1)

Arenaria interpres (n=2) Sterna hirundo (n=1) Haematopus palliatus (n=1)

Swallows (n=3) Family
Hirundinidae

Figure 3. Migratory birds (n=13) isolated with pathogenic NDV strains.

DISCUSSION

The data obtained here represent the first isolation and biological characterization of NDV from migratory
birds in Brazil. According to the literature, the majority of NDVs isolated from migratory birds and wild
birds, especially waterfowl, are nonvirulent. Conversely, in the present study, over half (56.5%) of the
viruses isolated were pathogenic. Recent genetic comparisons between NDV in domestic poultry and feral
waterfowl have suggested that viruses circulating among various wild species could cause ND outbreaks in
poultry. Mutation and host selection may play a crucial role because, apparently, the main prerequisite that
determines the virulence of strains is the presence of two aa substitutions at the F cleavage motif and the
presence of a phenylalanine at position 117. However, the mechanisms involved are still unknown (Zanetti
et al., 2005).
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In the present study, 13 pathogenic ND viruses were obtained and characterized. One NDV strain isolated
from Sterna hirundo presented an ICPI value of 1.77, similarly to the results obtained by Usachev et al.
(2006), from a specimen collected at the Volga River Delta in 2001, where the sequence of this virus
indicated that it was velogenic.

In the present study, 1 nonpathogenic ND virus was isolated from a pigeon population. The pigeon
paramyxovirus serotype 1 (PPMV-1) affects doves and pigeons, being known to infect poultry (Capua et
al., 2002; Kommer et al., 2002), and the virulence of this virus has been reported as variable (Meulemans et
al., 2002). The increased pathogenicity index after serial passage in chickens or embryonated eggs indicates
that the viruses that circulate among pigeon populations could lead to ND outbreaks (Kommers et al., 2003;
Kim et al., 2008).

Eight nonpathogenic NDVs were isolated, similarly to what was obtained by Zanetti et al. (2005), in a study
with wild healthy birds in Argentina. These results are cause for concern, since there are several reports
suggesting that velogenic viruses arise from lentogenic ones in nature (Gould et al., 2001). The changes of
virulence from wild to domestic transmission and from lentogenic to velogenic waterfowl isolates after
passages in chickens were demonstrated by Shengqing et al. (2002).

Considering the ICPI results, our findings are in agreement with those obtained by Liu et al. (2008), in
China; however, the same situation was not found by Lee et al. (2009), who reported the isolation, in Korea,
of 13 nonpathogenic viruses and 1 pathogenic NDV.

Duck species produce few clinical symptoms of disease after infection, even after infection with NDV
strains, which are highly virulent in chickens, as shown by the in vivo test of the present study. Concerning
the percent of NDV isolated from birds belonging to the Charadriiformes order, the present findings are in
agreement with those obtained by Hanson et al. (2008) concerning avian influenza.

By showing the presence of pathogenic and nonpathogenic NDV in migratory birds, as well as in resident-
wild birds and domestic fowls close to the relevant migration areas, the present study shows that migratory
birds are viable NDV carriers and a reservoir of the virus in regard to its spread to domestic fowls. The
isolation of NDV from domestic chickens with a pathogenicity index (ICPI) similar to that of NDV from
migratory birds was especially significant in this regard, since in the places where the samples were
obtained there were no large-scale poultry farms, suggesting that the virus was being spread by migratory

birds.
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4.1- Estudos da estabilidade térmica e protecao conferida pelas vacinas comerciais vivas da Doenca

de Newcastle usadas no Brasil

O titulo viral minimo aceito na data de fabricagdo e o titulo minimo ao final do periodo de
validade da vacina da DN sdo de 10%° DIOEs, e 10>° DIOEs, respectivamente, segundo normas para o
controle de qualidade dos produtos biologicos usados na avicultura (Portaria n ° 186/97-MAPA). As
vacinas em geral apresentavam o titulo viral médio pelo método “a fresco” (AF) no final de validade de
dois anos de 10%* DIOEs), com uma significativa perda média de titulo de 0,66 logl0, correspondente a
9,71% da faixa inicial. Com base nos resultados obtidos neste estudo foi possivel mudar o titulo minimo
exigido no inicio do teste de validade para 106’2°DIOE50 na nova Portaria n® 07/06 (Brasil, 2006).

Houve uma correlagdo significativa entre os titulos obtidos pelo método AF e aqueles observados
no final do periodo de validade e pelo método de “estabilidade térmica” (ET) no inicio, ndo houve
diferenca significativa entre eles, com resultados foram semelhantes aos encontrados por Simi et al.
(1970). Estudos de degradacao acelerada de preparagdo de referéncia para a vacina viva da DN no
mercado internacional foram relatados em um passado distante por Frerichs & Herbert, (1974), mostrando
que o conteudo de virus ¢ estavel quando armazenado a 4°C por 2 anos, com dados semelhantes ao nosso.
Portanto, dentro do més apos a fabricagdo, o teste ET antecipa o desempenho da vacina durante 24 meses
de armazenamento a uma temperatura entre 2 a 8°C, e este teste pode ser usado como substitui¢do do
método AF 24 meses apos a fabricacdo. Todas as vacinas pesquisadas mostraram-se eficazes, frente ao
desafio com o virus patogénico da DN ao final do seu periodo de validade com resultados iguais ou

superiores ao exigido pela legislacdo brasileira.

4.2- Estirpes Vacinais da DN: Imunogenicidade nao € influenciada pelo IPIC

Ha pouca informagao sobre as caracteristicas biologicas de vacinas utilizadas no Brasil, medidas
por metodologias cléssicas (indice de patogenicidade intracerebral-IPIC e tempo médio de mortalidade
embrionaria-MTD). Até o momento somente uma andlise comparativa morfométrica da viruléncia das
estirpes vacinais contra a doenga de Newcastle (La Sota, Ulster ¢ VG-GA) foi realizada (Nunes et al.,
2002), onde as estirpes La Sota e Ulster apresentaram a mesma viruléncia no 3° dia ap6s a vacinagao,
levando a maior inchago da mucosa traqueal que a da estirpe VG-GA. Os resultados obtidos a partir de
aves vacinadas com a estirpe La Sota sdo consistentes com um experimento prévio que quantificava o
inchaco traqueal (Jorge et al., 1998). A DN ¢ definida pela OIE segundo critérios para a viruléncia

especificos, (OIE, 2000a, 2004) listados a seguir: (IPIC) de 0,7 ou mais, em pintinhos SPF de 1 dia de
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idade (Galllus gallus domesticus). O uso de vacinas na Comunidade Européia ¢ permitido quando a
semente vacinal a ser testada tem um IPIC <0,4 (107DIOE50/ave), ou <0,5 (108DIOE50/ave). O comité de
Padrdes da OIE recomenda que a vacina deva ter um IPIC <0,7, a fim de atender a variabilidade
interlaboratorial. Uma margem de seguranga ¢ permitida e as sementes das estirpes utilizadas para a
vacinagao devem ter um IPIC < 0,4 (CEC, 1993), adotadas pela OIE (2000b). Os resultados IPIC para
todas as vacinas utilizadas no Brasil determinados no presente estudo cumprem as exigéncias da OIE
(IPIC < 0,37).

O objetivo principal de vacinas vivas € o de estabelecer um estado de infec¢do controlada por uma cepa
atenuada em um lote no momento da aplicagdo. Na formulacdo de tais imundgenos, ha um ténue balango
entre a capacidade de replicagao do agente vacinal (e consequente manutengdo de uma viruléncia residual)
e o grau de protecdo conferida por esta vacina. O método de administragdo da vacina por via ocular ¢ mais
eficaz para vacinas vivas lentogénicas, garantindo que a vacina atinja aves individuais e,
conseqiientemente, os titulos obtidos sdo geralmente uniformes em todo o lote. Os resultados de desafio
aqui realizados demonstraram eficacia satisfatoria (Brasil, 2006). Este estudo confirma que todas as
estirpes de vacinas vivas utilizadas no Brasil sdo lentogénicas, com base no tempo médio de mortalidade
embrionaria (MDT) superior a 90 horas (Hanson e Brandly, 1955). Os resultados obtidos no presente
estudo mostram que diferencas nos indices de patogenicidade intracerebral entre as estirpes do VDN mais

usadas em vacinas, independente do grau de viruléncia residual, ndo interferem com a resposta imune.

4.3. Prevaléncia do virus da Doenca de Newcaslte em frangos de corte (Gallus gallus) no Brasil

O principal objetivo do presente estudo foi investigar a prevaléncia do VDN em aves comerciais
nas areas geograficas mais importantes para a produ¢do e exportacdo avicola brasileira. A eficacia da
vacinacdo em aves pode ser monitorada no plantel por meio de exames sorolégicos (OIE 2007), tendo
destaque a inibi¢ao da hemaglutinagao (HI), sendo este o método de escolha, ainda que nos ultimos anos
varios ensaios imunoenzimdtico do tipo ELISA tenham sido descritos (Miers et al.,1983; Wilson, et al.,
1984). A soropositividade foi de 66,4%, 23,3% e 22,3% no Sudeste, Centro-Oeste e Sul, respectivamente.
Os anticorpos encontrados na regido Sudeste sdo provavelmente oriundos de imunizacao ativa, ja que esta
pratica ¢ comum nesta regido. A vacina¢do da DN em frangos de corte ndo ¢ uma pratica nos estados do
RS, SC, MT, MS, GO e DF. No entanto, nesses estados, as aves de vida longa (reprodu¢ao ou produgao de
ovos) sdo vacinadas. Neste estudo, a freqiiéncia do VDN em aves saudaveis variou de 1,0 a 7,6% por

lotes, e variando de 6,5% para 58,4% dos plantéis pesquisados, de acordo com a regido geografica. O
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isolamento foi maior nas regides onde a vacinacdo ¢ amplamente utilizada, em semelhanca aos resultados
relatados por Alexander & Gough (2003), que observaram que a vacina protege as aves da doenga clinica,
porém a replicagdo do virus e excre¢ao pode ocorrer. Kapcyznski & King (2005), estudando o VDN em
aves exoticas observaram que vacinas protegiam os frangos de corte contra morbidade e mortalidade e
reduziu significativamente a excregao viral em comparagdo ao grupo controle, mas nao impediu a infec¢ao
e disseminagdo do virus. Um estudo sorologico foi realizado também em Benin-Africa, em trés diferentes
regides (Sul, Central e Norte), e 56%, 75% e 69% dos frangos foram soropositivos, respectivamente,
(Bell, 1991; Bell, 1992), com resultados semelhantes aos obtidos neste trabalho. A presenga do virus, ja
na primeira semana de vida das aves observada na maioria das regides, devido a reutilizacdo de cama,
levou a estimulacao do sistema imunoldgico. A maior taxa de isolamento do virus foi observada na regido
Sudeste, seguido pelo Sul e Centro-Oeste. Este ¢ o primeiro relato indicando a presenga de VDN em
regides onde o “status vacinal” ndo ¢ informado. Os resultados também indicaram uma maior circulagio
do virus vacinal na regido Sul do que na regido Centro-Oeste. O elevado niimero de vacinagdo relatados
na regido Sudeste, certamente se correlaciona com o alto nimero de isolados na area. Prevaléncias
semelhantes, entre 5 e 29%, foram encontradas em um pequeno lote de frango e de lotes de reprodutoras
na Suica (Schelling et al., 1999).

Soropositividade e isolamento do virus em estados sem vacinagdo contra a DN em frangos de corte podem
ser explicados pela elevada densidade de aves em algumas regides, a proximidade com categorias distintas
de aves, e a coexisténcia de exploracdes agricolas de subsisténcia e de baixa tecnologia. O melhor
resultado do isolamento viral foi alcancado quando as amostras foram submetidas a trés passagens em
ovos embrionados. Contraditoriamente, Kouwenhoven (1993) observaram que 85% das amostras positivas
foram positivas ja na 1* passagem e que apenas 10% necessitaram de uma segunda passagem. Em casos
excepcionais, trés passagens foram necessarias. A natureza da amostra desempenha um papel importante
nestes testes. Os dois principais locais de replicagdo do VDN parecem ser as vias respiratorias e intestinais
de aves, portanto, as amostras devem incluir sempre amostras de suabes cloacal e traqueal (Alexander ¢
Gough, 2003).

”Pools” tanto da traquéia e cloaca foram colhidas de aves saudaveis sem qualquer sinal da doenca, ¢
possivel que algumas colheitas ocorressem durante um periodo de eliminagdo muito pequena de virus.
Isso pode ser observado pelo baixo nimero de isolamentos nas 1* passagens e 2 passagem. Portanto, uma
3% passagem parece ser necessaria para a adaptagdo do virus aos ovos embrionados. Em 94,8% dos
isolados, o IPIC variou de 0,00 para 0,50; que ¢ o intervalo onde as estirpes vacinas Ulster 2 C, V4
Queensland, B1 e La Sota estdo caracterizadas (Allan et al., 1978). Estes achados podem ser explicados

pelo fato das vacinas mais utilizadas no Brasil serem baseadas em La Sota e B1, e o que foi isolado
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provavelmente ¢ virus vacinal (Orsi et al., 2001). Com base nestes resultados, todas as cepas de VDN aqui
isoladas podem ser classificadas como avirulentas (lentogénicas). O isolamento de virus com IPIC
variando de 0,51 a 0,66 indica a circulagdo de cepas ndo patogénicas/apatogé€nicas em regides onde
também a vacinacdo ndo foi informada, mas presume-se que deva ter sido realizada. Yongolo (1996)
encontrou resultados semelhantes, ou seja, o isolamento de estirpes lentogénicas a partir de aves
saudaveis. Os resultados deste estudo mostram que as aves industriais produzidas nos nove estados
brasileiros estudados estdo livres de amostras virulentas da Doenc¢a de Newcastle, em conformidade com o

disposto no Cddigo Internacional de Satide Animal.

4.4. Levantamento para a manutencio de area livre de virus virulento da doenca de Newcastle em

areas de producao de frango no Brasil

Este estudo confirma os resultados do trabalho anterior, indicando que frangos de corte na regiao
Sudeste do Brasil foram vacinados contra a DN (Orsi et al.,, 2010a). O presente estudo demonstrou
também que o VDN estava circulando em regides com nenhuma informacao sobre vacinagdo. Um ponto
importante a considerar ¢ a difusdo do virus em consequéncia das vacinas vivas (Bell, 2001).

Os fatores de risco associados a soropositividade da DN foram identificados por East et al. (2006), que
demonstraram que a idade dos lotes, na proximidade de granjas de aves vizinhas e localizagdo da granja
foram as mais importantes. Varios outros fatores de risco no matadouro foram postulados: o nivel de
seguranga, saneamento do abastecimento de agua de frango e de exclusdo de aves selvagens e vida livre
(Bojeson et al., 2003; Gibbens et al., 2001; Tablante et al., 2002). O risco de aves soropositivas ao VDN
pode ser atribuido a ocorréncia e brechas na seguranga e higiene mais do que os niveis de biosseguranga
(East et al., 2006). Os resultados mostram que a vacinacdo contra a DN em frangos de corte ndo ocorre
nos estados do RS, SC, MT, MS e GO, nem no DF. Mas sabe-se que nestes estados as aves sdo vacinadas
apenas quando utilizados para fins de longa-vida, como a producdo de ovos. Neste estudo, VDN foi
isolado em uma freqiiéncia que varia de 0,15 para 0,44% no lote e de 20,0 a 53,3% de acordo com a regido
geografica. Em um estudo anterior, Orsi et al, 2010a relataram uma maior freqiiéncia de 1,0 a 7,6% por
lote, e de 6,5% para 58,4%, na regido geografica. O isolamento foi maior nas regides onde a vacinagao era
amplamente utilizada. Estes dados estdo de acordo com Alexander ¢ Gough (2003), que sugeriram que a
vacina protege as aves de doencgas clinicas, mas a replicagdo e excrecao do virus pode ainda ocorrer,
mesmo em niveis mais baixos.

A diminui¢do no numero de isolamento do VDN ¢ evidente quando os resultados sdo comparados com

aqueles relatados por Orsi et al (2010a). Esta redugdo na positividade pode ser atribuida a melhoria da
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biosseguranca e proibicdo do transito de pessoas nas granjas dado o medo e preocupacdo causada pela
gripe aviaria durante este periodo. Entre 2002 e 2005, varios surtos de virus da gripe foram amplamente
divulgados em todo o mundo através dos jornais, televisdo e comunicagdes OIE, e que provavelmente
conduziu a uma mudanga de postura e melhor controle do virus da doenga de Newcastle no Brasil. Os
resultados Africanos foram superiores aos obtidos no Brasil. Reutilizagdo de cama observadas na maioria
das regides pode explicar a presenca do virus logo na 1* semana de vida da ave, levando a estimulagdo do
sistema imunoldgico. O maior numero de isolamento do virus na regido Sudeste do Brasil, seguido pelo
Centro-Oeste e Sul, também foram relatados em um estudo prévio de Orsi et al (2010a), que detectou
maior circulagdo do virus na regido Sul comparado a regido Centro Oeste. A vacinagdo mais eficaz na
regido Sudeste pode estar correlacionada com o elevado numero de isolados nesta area. Evidéncia
sorologica e isolamento viral em estados que ndo usam a vacina contra a doenca de Newcastle em frangos
de corte pode ser explicada pela grande quantidade de aves em algumas regides, pela proximidade com
categorias distintas de aves, e a coexisténcia granjas de baixa tecnologia de produ¢do. Os virus isolados no
presente estudo apresentaram IPIC abaixo de 0,47. Isto pode ser atribuido ao uso mais freqiiente de
vacinas Bl e La Sota no Brasil, que apresentam IPIC 0,2 e 0,4, respectivamente (Alexander & Allan,
1974; Allan et al., 1978). A Organizacdo Mundial de Satde Animal (WOAH, 2008) recomenda que a
vacina deva ter um IPIC inferior a 0,7, a fim de satisfazer a variabilidade interlaboratorial estimado a
margem de seguranca exigido. Assim, as sementes das vacinas vivas ndo devem apresentar IPIC superior
a 0,4 (Council of the European Communities, 1993). Orsi et al. (2009) verificaram que os valores IPIC
para todas as vacinas utilizadas no Brasil variavam de 0,0 a 0,37. Os valores IPIC dos isolados neste
estudo sdo semelhantes aos obtidos para as vacinas comerciais. Os resultados deste estudo indicam que as
medidas de biosseguranga associadas aos programas de vacinagdo como postulado pelo Codigo
Zoossanitario Internacional sdo cruciais para a preservacdo do status de livre do VDN virulento para

avicultura industrial no Brasil.

4.5. Auséncia de virus altamente patogénico da Doenca de Newcastle em regides avicolas nao
exportadoras no Brasil

Em 2003 e margo de 2005, o Brasil foi reconhecido como um pais livre do VDN patogénico em
aves comerciais (Orsi et al., 2010a; WTO, 2005). A manutenc¢do do status de livre em areas exportadoras
foi mantida conforme relatado por Orsi et al. (2010b). Contudo, o nivel de soropositividade e presenga de
VDN em areas nao relacionadas com a exportagao de frango de corte eram completamente desconhecidos.
O principal objetivo deste estudo foi investigar a presenga de DN em aves comerciais em areas nao ligadas

a exportacao avicola brasileira.
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Os testes sorologicos para VDN podem ser utilizados para demonstrar a infeccdo por virus ou por
acompanhamento de vacinagdo (OIE, 2007). O teste de HI ¢ o método de escolha, no entanto, nos ultimos
anos, varias ensaios imunoenzimaticos (ELISA) foram desenvolvidos (Wilson et al., 1984), a correlagao
entre HI e teste ELISA produziu resultados variaveis (Cvelic-Cabrilo et al., 1992). Neste estudo as
amostras soropositivas foram detectadas pelo teste ELISA, com uma percentagem de 84,3%, 57,7% e
41,4% no Nordeste, Norte e Sudeste, respectivamente. Resultados semelhantes foram encontrados por
Bell (1991, 1992), na realizagdo de estudos sorologicos em Benin, na Africa, e por Orsi et al. (2010b) ao
verificar a manutengao do status livre para VDN virulento nas
exploragdes avicolas. Este resultado confirma que aves do Sudeste foram vacinadas, independentes do
Estado (MG, SP ou ES). A estimulagdo precoce do sistema imunologico pode ser obtida pela reutilizacao
de cama observadas nas regides, e isso pode justificar a presenca do virus ja na primeira semana de vida
das aves. Isto confirma que todas as categorias de aves comerciais foram vacinadas contra a doenga de
Newecastle, justificando um maior nimero de amostras soropositivas. Neste estudo, foram isoladas estirpes
vacinais VDN em aves saudaveis com um frequéncias entre 0 e 1,7% para lotes e de 0% a 100% por
regido geografica; resultados semelhantes foram obtidos por Orsi et al, 2010b com o percentual de
isolamento por lotes de 0,44% e 53,3% na regido Sudeste. Vale a pena ressaltar que este estudo foi
realizado antes do aparecimento da Influenza H5N1, quando foi frequente a ocorréncia de falhas na
seguranga e higiene, mais que nos niveis de biosseguranca e de higiene utilizadas (East et al., 2006). A
taxa de isolamento foi maior nas regides onde a vacinagdo ¢ muito utilizada. De acordo com Alexander et
al. (2003), a vacinagdo protege as aves contra a doen¢a clinica, no entanto, a replicacdo do virus e
excre¢do ainda pode ocorrer embora em niveis mais baixos. Em estudo realizado por Kapcyznski & King
(2005) com vacinas vivas e inativadas mostrou que os imunodgenos podem reduzir, mas ndo impedir a
infec¢do e disseminacdo do VDN exoticos.

Os isolados virais foram identificados como o VDN e sua caracterizagdo bioldgica mostrou que
indice de patogenicidade intracerebral variava de 0,0 a 0,54.

Os resultados obtidos neste estudo mostraram que somente virus nao patogénicos foram detectados

nas amostras estudadas conforme postulado pelo Codigo Zoossanitario Internacional.

4.6. Caracterizacdo molecular de isolados de campo de virus da DNe e das estirpes das vacinais
usadas no Brasil do VDN

Brasil ¢ o maior exportador ¢ o 3° maior produtor de frangos de corte do mundo. Em estudo

realizado no periodo 2002 a 2005 no Brasil por Orsi et al. (2010 a, b e d) em areas produtoras e

152



exportadoras e ndo ligadas a exportacdo mostraram que somente virus de baixa patogenicidade foram
detectados através de métodos convencionais de diagnostico. Orsi et al. (2009), utilizando as vacinas
comerciais vivas da DN utilizados no Brasil, mostrando que o IPIC variou de 0,0 a 0,37. Havia virus com
IPIC acima de 0,37 de isolados de campo e, portanto, havia circulacdo de VDN ndo virulento /apatogenico
com IPIC diferentes cepas vacinais. Com os resultados obtidos pela caracterizagdo biologica (IPIC),
interpretamos que esses isolados eram de baixa viruléncia ou apatogénica. Até recentemente, nenhuma
atengdo era dada se um isolado de campo era ndo-patogénico e provavel derivados da vacinagcdo com
vacinas vivas atenuadas (Wehmann et al., 1999). A fim de resolver esta questdo, foi necessario usar um
método para identificar especificamente o tipo do isolado, conforme descrito anteriormente (Seal et al.,
2005). Por determinagdo da OIE (2005), a seqiiéncia de nucleotideos de regides especificas do genoma
permite uma estimativa da sua patogenicidade. Ou seja, qualquer virus da DN que tem dois residuos de
base nas posigdes 115 e 116 deve ser considerado de alto risco, e a tinica que tem uma fenilalanina na
posi¢do 117 deve ser considerado um virus de alto risco. O virus que possuem ambos deve ser
considerado virulento. O virus que tem leucina na posi¢ao 117, e um residuo de base unica de 116 seguida
por qualquer outro residuo de base ¢ considerado avirulento. A andlise da seqiiéncia parcial do gene F dos
VDN isolados no Brasil mostrou ser uma ferramenta poderosa para elucidar a diversidade de VDN que
circulam na industria avicola. Os sitios de clivagem de ativa¢do da proteina dos virus isolados estavam
faltando aminoécidos dibésico nas posi¢des 112 e 115, juntamente com um L ao invés de F no residuo
117. Este resultado indica que todos os isolados eram avirulentos ou de baixa viruléncia, de acordo com as
normas da OIE (Alexander, 2003). Analise filogenética revelou que todos os virus isolados utilizados
neste estudo pertencem a duas das seis linhagens genéticas proposto por Aldous et al. (2003) pertenciam a
classe II. Entre eles, 71,8% eram APMV-1 geno6tipo 11 ou La Sota-Like e 28,2% pertenciam ao genotipo I
ou Ulster-like. Por outro lado, de acordo com os resultados obtidos por Whenmann et al. (1999), o
presente estudo também mostrou que isolados de campo em diferentes regides sdo clones derivados de
cepas de vacinas utilizadas nas vacina¢des em massa. Este fato também foi reforgado por Alexander et al.
(1997), que relataram que 18% de todos os isolamentos recebidos pelo laboratério de referéncia da DN, na
Inglaterra (OIE-Weybridge) foram identificados como Bl ou La Sota. Neste estudo, apenas os virus
apatogénicos do gendtipo II foram isolados, no entanto, Miller et al. (2009) citou que existem
representantes de virus de baixa viruléncia (loNDV) e virus virulento (VNDV) neste genoétipo (I1I) 75,5 %
(n=159) e 24,5% (n = 19), respectivamente. Nossos dados mostram que 71,8% dos isolados pertencem ao
gendtipo II, portanto, os mais isolados no Brasil. VDN apatogénica foram isoladas de frango com
historico de vacinagdo anterior ou nao (Lancaster & Alexander, 1975). Contrariamente, Perozo et al.

(2008), em estudos moleculares de virus isolados no México, encontraram apenas os virus virulentos
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pertencentes ao gendtipo V; Liu et al. (2008, na China), isolaram virus patogénicos de gen6tipos VIId e 111
a partir de surto de lote de aves infectadas. Os resultados obtidos por Snoeck et al. (2009), em seu estudo
sobre a doenga de Newcastle na Africa Ocidental foi em parte semelhante a nossa. Inversamente, Lien et
al. (2007, Taiwan) mostraram que o virus isolado em seu pais pertencia ao gendtipo VIId, no entanto, uma
vez que foram postuladas como gendtipo 2, surgiu no gendtipo VIId. Os resultados obtidos
molecularmente através da andlise das seqiiéncias de aminoacidos de proteina de fusdo (sitio de
clivagem) do VDN mostraram resultados semelhantes aos obtidos pelos diagndsticos convencionais
aliados a caracterizacdo bioldgica, conforme dados apresentados por Orsi et al. (2010 a, b, d). Porém, Tan
et al. (2008) encontraram resultados diferentes na caracterizagao bioldgica e molecular. Lotes de aves sdo
inoculados regularmente com vacinas vivas atenuadas (avirulenta) para controlar esta doenca no Brasil, e
as cepas mais utilizadas sdo La Sota, B1, Clone 30, Ulster VG-GA, C2 ¢ V4. Este achado também
confirmou a presenca e circulacdo dos virus da DN com o mesmo gendtipo, mas indice de patogenicidade
diferente de vacinas utilizadas no Brasil (Orsi et al., 2009¢), mostrando aves vacinadas e ndo vacinadas
podem replicar virus apatogénico, similar ao virus da vacina. Embora este estudo apresentasse um niimero
razoavel de seqiiéncias do VDN, demonstrou-se que havia apenas duas mudancas nos virus que circulam
nestas regioes geograficas. A seqiiéncia de peptideo de fusdo em F foi altamente conservada entre VDN.
Duas mudancas de nucleotideos podem resultar em uma forma virulenta de VDN emergente de uma baixa
viruléncia, mas esta ocorréncia nao estd documentada (Miller et al., 2009). Evidéncias que sugerem que
virus de baixa viruléncia possa se tornar altamente patogénica, e este tipo de mutacdo foram
documentados na Australia por Gould et al (2001) e na Irlanda por Alexander et al. (1992).

A analise filogenética do presente estudo evidenciou que no periodo 2002 a 2005, no Brasil, foram
isolados virus de baixa viruléncia e, portanto, ndo havia virus virulento em aves comerciais durante os
periodos de estudo e virus isolados eram geneticamente idénticas ou semelhantes as vacinas comerciais
utilizados no Brasil. Estes achados foram diferentes de Seal et al. (2005) que encontraram VDN de baixa
viruléncia e ndo relacionados com cepas vacinais utilizados na América do Norte. Outros estudos,
incluindo um tamanho de amostra maior e mais seqiiéncias de nucleotideos devem ser realizados para

determinar o significado das poucas substitui¢des de aminoacidos relatados neste estudo.

4.7 Isolamento e caracterizacio bioldgica dos virus da Doenca de Newcastle em aves migratdrias no

Brasil.

Os dados obtidos representam o primeiro isolamento e caracterizagdo biologica do VDN em aves

migratorias no Brasil. Segundo a literatura, a maioria dos VDN isoladas de aves migratdrias e aves
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selvagens, especialmente aves aquaticas, sdo nao virulentos. No presente estudo, mais da metade (56,5%)
dos virus isolados foram patogénicos. Recentes comparagdes genéticas entre VDN em aves domésticas e
aves aquaticas silvestres t€ém sugerido que os virus que circulam entre varias espécies selvagens podem
causar surtos em galinhas. Mutacao e sele¢ao do hospedeiro podem desempenhar um papel crucial, pois,
aparentemente, o pré-requisito principal que determina a viruléncia das cepas é a presenca de
substitui¢des de dois aa no sitio de clivagem da proteina F e a presenca de um aminoacido fenilalanina na
posicdo 117. No entanto, os mecanismos envolvidos ainda sdo desconhecidos (Zanetti, et al., 2005). No
presente estudo, 13 estirpes patogénicas da DN foram obtidas e caracterizadas. Uma amostra isolada de
Sterna hirundo apresentou IPIC com o valor de 1,77, semelhante aos resultados obtidos por Usachev et al.
(2006) a partir de um espécime coletado no rio Volga Delta em 2001, onde a sequéncia deste virus
indicara que era velogénica.

No presente estudo, uma amostra do VDN apatogénica foi isolada de uma populagdao de pombos.
O paramixovirus sorotipo 1 (APMV-1 ) afeta pombos, sendo conhecido também por infectar aves (Capua
et al., 2002; Kommer et al., 2002) e a viruléncia destes virus tem sido relatada como variavel (Meulemans
et al., 2002). O indice de patogenicidade aumenta apds passagens cegas em galinhas ou ovos embrionados,
indicando que os virus que circulam entre as populacdes de pombos podem levar a surtos da DN
(Kommers et al., 2003; Kim et al., 2008). Oito estirpes VDN ndo patogénicos foram isolados, semelhante
ao obtido por Zanetti et al. (2005) em um estudo com aves silvestres sauddveis na Argentina. Estes
resultados sao motivos de preocupagdo, pois ha varios relatos sugerindo que amostras velogénicas surgem
a partir de lentogénicas na natureza Gould et al., 2001). As alteragdes de viruléncia na transmissao de aves
silvestres para domésticas e de isolados lentogénicos para velogénicos apds passagem em galinha foram
demonstrados por Shengqing et al. (2002). Considerando os IPIC encontrados, os resultados estdo de
acordo com aqueles obtidos por Liu et al. (2008), na China. No entanto, a mesma situacdo nao foi
encontrado por Lee et al. (2009), que relataram o isolamento na Coréia de 13 virus ndo patogénicos e 1
patogénico. Espécies de patos produziram poucos sinais clinicos da doenga apds a infecgdo experimental,
mesmo apos a infeccdo com cepas do VDN que sdo altamente virulentas para galinhas, como mostrada
pelo ensaio in vivo do presente estudo. No que diz respeito a porcentagem do VDN isolados de aves
pertencentes a ordem dos Charadriiformes, os resultados estdo de acordo com aqueles obtidos por Hanson
et al. (2008), relativa a gripe aviaria. Ao mostrar a presenga do VDN patogénicos € ndo patogénicos em
aves migratorias, silvestres residentes e domeésticas, o presente estudo mostrou que as aves migratorias sao
portadoras viaveis do VDN e provavel reservatorio e potencial propagador as aves domésticas. O
isolamento do VDN em aves domésticas com um indice de patogenicidade (IPIC) semelhante ao VDN

encontrado em aves migratorias foi especialmente significativo. As amostras virais foram obtidas de
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regides onde ndo havia exploracdes avicolas em larga escala, sugerindo que os virus estejam sendo
transmitidos por aves migratdrias ou silvestres autdctones. Estudos complementares deverdo ser

explorados para melhor entender estes aspectos.
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5. CONCLUSOES GERAIS

5.1. Estudo da estabilidade térmica e protecio conferida pelas vacinas comerciais vivas da Doenca de

Newcastle usadas no Brasil:

O presente estudo mostrou que o teste de termo estabilidade antecipa o seu desempenho
durante 24 meses de armazenamento a uma temperatura entre 2 ¢ 8° C e pode ser usado
como substituicdo do método “A Fresco” com 24 meses, apos a fabricacdo;

Os resultados do desafio com virus patogénico da doenca de Newcastle mostraram que
todas as vacinas apresentavam eficiéncia satisfatoria;

Resultados obtido deram suporte cientifico para mudanca de titulo minimo aceito pos

fabricagdo de 10%° para 10%2.

5.2. Estirpes vacinais da Doenca de Newcastle versus imunogenicidade:

Os resultados obtidos neste trabalho mostraram que a diferenga no indice de patogenicidade
intracerebral nao interfere com a resposta imune em Gallus gallus domestico.
As vacinas vivas usadas no pais foram consideradas ndo virulentas e classificadas como

lentogénicas de acordo com o padrio estabelecido para produtos imunobiologicos;

5.3. Prevaléncia do virus da DN em frango de corte no Brasil:

Trata-se do primeiro estudo para determinar a soroprevaléncia do VDN nas principais areas
de producido avicola brasileira foi de 39,1%;

Foram isolados e caracterizados 77 virus da doenca de Newcastle em ovos embrionados
SPF provenientes de 23.745 aves pertencentes a 1.583 lotes, com IPIC variando de 0,0 a
0,66;

O isolamento viral por lote apresentou o percentual de 1,0 a 7,6% e por regido de 6,5-
58,4%;

As maiores taxas de isolamento (74,3-83,3%) foram obtidas apos trés passagens em ovos
embrionados de galinha (SPF);

Todos os isolados foram identificados como VDN e caracterizadas como cepas nao

patogénicas (ICPI< 0,7);
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e O resultado deste trabalho levou o Brasil reivindicar o status “livre do VDN virulento em

aves comerciais” e facilitar o comércio internacional.

54- Um levantamento para a manutencao de area livre de virus virulento da Doenca de

Newcastle em areas de producao de frango no Brasil:

e A soroprevaléncia da infeccdo VDN foi detectada em 28,8% dos lotes pesquisados;
e Foram isolados e caracterizados, por meio do IPIC (0,0 a 0,47), 15 estirpes de VDN
provenientes de 81.825 aves pertencentes a 5.455 lotes, com base em tais dados, o Brasil

mantém o status “livre do VDN virulento nas aves comerciais”.

5.5. Auséncia de virus altamente patogénico da Doenca de Newcastle em regides avicolas nao

exportadoras no Brasil:

e Somente VDN de baixa patogenicidade circula nas regides avicolas ndo exportadoras.

e Foram isoladas 12 amostras VDN em amostras bioldgicas da regido Nordeste, proveniente
de 17.265 aves e pertencentes a 1.151 lotes; os VDN identificados foram caracterizados
como cepas ndo patogénicas através do IPIC e apresentou valores de 0,0 a 0,54. Os estudos
sorologicos revelaram, 84,3% de soropositividade nos lotes avaliados na regido nordeste,

57,7% na regido norte e 41,4% na regido sudeste;

5.6. Caracterizacio molecular de isolados de campo do virus da doenca de Newcastle

e das estirpes das vacinas usadas no Brasil:

e Os VDN isolados no periodo de 2002 a 2005 foram caracterizados como estirpes nao
patogénicas em aves comerciais;

e A andlise filogenética mostrou que os isolados e vacinas utilizadas foram classificados nos
gendtipos I e II, sendo que 71,8% pertencem ao gendtipo II, ou La Sota, e 28,2% ao
genotipo I, ou Ulster—like;

e Em dois virus isolados foram observadas modificacdes na sequencia de aa, sendo estas

sindnimas sem potenciais para modificacdes nos produtos peptidicos. Sao eles: BR1568 —

160



mudanga de nucleotideo (nt) 116 - Argenina (R ) — Alanina (A), mudanga de aa. BR6425
— nt 114 - Glutamina (Q) —Treonina (T);

e Por meio do sequenciamento parcial do gene F ficou demonstrado que estas amostras virais
sdo geneticamente idénticas ou semelhantes as estirpes vacinais utilizadas no Brasil,
havendo circulagdo apenas de estirpes vacinais ou cepas derivadas de vacinas La Sota ou

vacinas tipo Ulster.

5.7 Isolamento e caracterizacio bioldgica dos virus da doenca de Newcastle em aves

Migratdrias no Brasil:

e Foram isolados e caracterizados 23 VDN, sendo 13 patogénicas e 10 ndo patogénicas, com
indice de patogenicidade intracerebral (IPIC) variando de 0,0 a 1,82;

e Nao foi detectado o virus nos estados do AP, PA ¢ AL;

e Virus ndo-patogénicos foram isolados nos estados de TO, PE e RS;

e Virus patogénicos foram isolados no AM, MA e RN;

e Na BA, houve isolamento tanto de virus patogénico como ndo patogénico;

o 78,3% dos VDN isolados foram obtidos a partir de aves da ordem Charadriiformes, 13% da
ordem Passeriformes, € 4,3% de cada uma das ordens Anseriformes ¢ Columbiformes;

e Na vigilancia complementar 07 amostras do VDN patogénicos foram isoladas em patos e
galinhas, 01 amostra ndo patogénica em galinhas ¢ 03 ndo patogénicas em aves migratorias

da ordem Charadriiformes, com IPIC similar ao obtido anteriormente nas aves migratorias.
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CERTIFICADO

Certificamos que o Protocolo n® 2059-1, sobre "Estudo dos virus e das estirpes

vacinais da doenca de Newcastle no Brasil", sob a responsabilidade de Profa.
Dra. Clarice Weis Amns / Maria Angela Orsi, esta de acordo com os Principios
Eticos na Experimentagdo Animal adotados pelo Colégio Brasileiro de

Experimentacdo Animal (COBEA), tendo sido aprovado pela Comissao de Etica
no Uso de Animais — CEUA/Unicamp em 08 de fevereiro 2010.

CERTIFICATE

We certify that the protocol n® 2059-1, entitled "Study of virus and vacinal
strains of Newcastle disease", is in agreement with the Ethical Principles for
Animal Research established by the Brazilian College for Animal Experimentation
(COBEA). This project was approved by the institutional Committee for Ethics in

Animal Research (State University of Campinas - Unicamp) on February 8, 2010.
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']

|

- : Jxmfdf- -
Profa. Dra. Aria Maria A. Guaraldo Fatima Alonso
Presidente Secretaria Executiva

179



