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1. RESUMO

O Metapneumovirus aviario (aMPV) pertence a familia Paramyxoviridae,
subfamilia Pneumovirinae, género Metapneumovirus. O virus, relatado pela
primeira vez no Brasil em 1995, € o agente etiolégico da Rinotraqueite em perus
(TRT) e esta associado também a Sindrome da Cabeca Inchada (SHS) em
frangos e poedeiras comerciais.

O presente estudo foi dividido em trés partes. Na primeira foi avaliada a
suscetibilidades de oito sistemas celulares para a propagagao de amostras virais
do aMPV subtipos A e B. As células chicken embryo related (CER), Vero e baby
hamster kidney cells (BHK-21) demonstraram ser as mais apropriadas para a
multiplicagdo de ambos os subtipos. Além disso, cultivo de anel de traquéia (TOC)
e cultivo primario de embrido de galinha (CEF) foram permissiveis a infeccéo por
aMPV apods terem sido isolados e propagados em CER. As curvas da cinética viral
foram realizadas nas trés linhagens celulares e ambos os subtipos tiveram titulos
mais altos em CER durante as primeiras 30 horas apds a infecgdo. Nao foram
observadas diferengas significativas entre os titulos obtidos em células CER e
Vero, demonstrando que as células CER s&o tdo adequadas a propagagao do
aMPV quanto as células Vero.

A segunda parte do trabalho consistiu em analisar a viruléncia de uma amostra de
aMPV subtipo B apés sofrer passagens seriadas em células CER. Cinco variantes
provenientes das passagens em CER foram inoculadas em galinhas e a excregao
viral foi analisada. Os resultados obtidos com as amostras de traquéia
demonstram que a viruléncia do aMPV diminui gradualmente enquanto o titulo
viral aumenta com o numero de passagens. Em contrapartida, nas amostras de
seio nasal foi observado aumento da carga viral, demonstrando que n&o houve
diminuicdo no fitness viral para este 6rgao. As sequéncias do gene G das
amostras utilizadas para desafio foram obtidas, porém este gene parece nao ser
afetado pela propagagao em células CER.

Na terceira e ultima parte deste estudo, foi avaliada a protegao viral conferida por

uma vacina comercial contra isolados brasileiros do aMPV subtipos A e B em
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frangos de corte. Para tanto, uma amostra de cada subtipo foi avaliada quanto a
sua viruléncia. O isolado do subtipo B foi detectado em um periodo mais longo e
em maiores quantidades quando comparado ao subtipo A. Os resultados da
analise da protecdo demonstram que algumas aves imunizadas receberam
protecao viral completa contra o virus virulento heterélogo. Porém, a mesma
vacina forneceu protegéo viral parcial quando as aves foram desafiadas com o

virus virulento homologo ao vacinal.
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ABSTRACT

“EXPERIMENTAL STUDIES WITH ISOLATED AVIAN METAPNEUMOVIRUS
(aMPV) SUBTYPES A AND B IN BROILER CHICKENS”

Avian metapneumovirus (aMPV) belongs to the Paramyxoviridae family,
Pneumovirinae subfamily, within the genus Metapneumovirus. The virus, first
described in Brazil in 1995, is responsible for an acute rhinotracheitis in turkeys
(TRT) and is associated with swollen head syndrome in broiler chickens and layer
hens.

The present study is divided in three parts. In the first part, eight cell culture
systems were evaluate for the propagation of aMPV subtypes A and B. The
chicken embryo related (CER) cells, Vero and baby hamster kidney cells (BHK-21)
cells were shown to be the most appropriate for propagation of both subtypes of
aMPV. In addition, propagation of aMPV in chicken embryo fibroblasts (CEF) and
tracheal organ culture (TOC) remained efficient after the primary isolation and
several passages of viruses in the CER cell line. The growth curves were created
using CER, Vero and BHK-21 cell lines. Compared with growth, both yielded
higher titres in CER cells during the first 30 hours after infection, but no significant
difference was observed in the results obtained from CER and Vero cells. This
data show that CER cell are adequate for aMPV propagation, giving similar results
to Vero cells.

The second part of this study was conducted to analyze the virulence of an aMPV
subtype B strain after serial passage in CER cells. To accomplish this, chickens
were infected with 5 different variants derived from serial passage and the amount
of viral shedding was determined. The results of tracheal samples showed that the
virulence decreases gradually with passage, while in vitro viral titre increases.
However, an increase in viral shedding was observed in sinusal samples,
demonstrating no decrease in fithess for this organ. The G gene sequences of
challenge samples were analyzed, however this gene appears to not be affected

when aMPV is propagated in CER cells.

12



Finally, the last part of this study aimed to examine a commercially available
vaccine in broiler chickens in terms of it ability to provide virological protection
against aMPV subtypes A and B. To accomplish this, the virulence of each virulent
strain was analyzed. The results demonstrate that the subtype B virulent strain
could be observed longer and in larger quantities compared to subtype A. A
complete heterologous virological protection was provided by the subtype B
vaccine; however, a lack of complete homologous virological protection was

observed when chickens were challenged with the homologous subtype B strain.
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2.0 INTRODUCAO GERAL
21 aMPV

O aMPV (do inglés avian metapneumovirus), relatado pela primeira vez no
fim dos anos de 1970 (Buys & du Pereez, 1980) e no Brasil em 1995 (Arns &
Hafez) , € o agente etioldgico da Rinotraqueite em perus (TRT) e esta associado
também a Sindrome da Cabega Inchada (SHS) em frangos e poedeiras
comerciais (Gough & Jones, 2008). O aMPV pertence a familia Paramyxoviridae,
subfamilia Pneumovirinae, género Metapneumovirus (Bayon-Auboyer et al., 2000;
Munir & Kaur et al.,, 2006) e é causador de uma doenca aguda e altamente
contagiosa do trato respiratorio em aves comerciais e populagdes de aves
silvestres na maior parte do mundo (Jones, 2009). Inicialmente, somente dois
subtipos eram reconhecidos, A e B, diferenciados pela analise da sequéncia de
nucleotideos de uma das glicoproteinas de superficie, a proteina G (Juhasz
&Easton, 1994). Em 1996 um terceiro subtipo bastante diverso dos dois primeiros,
nomeado subtipo C, foi identificado nos EUA em perus (Seal, 1998). Finalmente
um quarto subtipo, chamado subtipo D, mais préximo dos subtipos A e B foi
descrito na Frangca (Bayon-Auboyer et al., 2000), onde também foi identificada

uma variante do subtipo C em patos (Toquin et al., 2006).

2.2 Genoma viral

O aMPV, que era classificado no género Pneumovirus, foi recentemente
designado como um Metapneumovirus aviario dentro do género Metapneumovirus
(Collins et al., 2001). Estes virus apresentam o genoma RNA, fita simples,
negativa e contém oito genes organizados de forma diferente dos 10 genes dos
pneumovirus (Easton et al., 2004). No genoma dos pneumovirus, o fragmento
genbmico F-M2 situa-se entre os genes G e L, enquanto que, nos
metapneumovirus, esse mesmo fragmento apresenta-se em translocacao e se
localiza entre os genes M e SH (Collins,et al., 2001; Randhawa, et al., 1997;
Pringle, 1998). Os metapneumovirus sao virus envelopados, com um genoma
RNA de sentido negativo, com aproximadamente 13 Kb em extensao (Ling, et al.,
1992; Fenner, Gibbs et al., 1993).
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O genoma do aMPV é constituido por oito genes virais dispostos na seguinte
ordem: Nucleocapsideo - Fosfoproteina- Matriz - Fus&o- Segunda Matriz-
Pequena hidrofébica - glicoproteina- grande polimerase (3°-M-P-M-F-M2-SH-G-L-
5.), flanqueado pelas sequéncias leader e trailer nas posigdes 3’ e 5,
respectivamente (Easton et al., 2004).

O RNA genbémico esta associado com as proteinas N, L e P, que formam o
complexo da RNA-polimerase. Este complexo é necessario para a replicagdo e
transcrigdo viral (Barik, 2004a; Easton et al., 2004). A proteina L é o principal
componente deste complexo e se liga na porcédo 3" das sequéncias “leaders’ e
promotoras do RNA gendmico. Entretanto, a proteina L é incapaz de iniciar a
transcricdo ou replicacdo na auséncia da proteina P, que oferece para a proteina L
o prolongamento necessario para promover sua liberagdo e producdo de
transcritos inteiros (Dupuy et al., 1999). A proteina N esta intimamente associada
com o RNA gendmico, que oferece resisténcia a acdo das RNAses (Barik, 2004) e
induz a formagdo de uma estrutura helicoidal para o genoma viral. Ela é
sintetizada em grandes quantidades, uma vez sintetizadas, estas se ligam aos
RNAs gendmicos virais recentemente transcritos. No fim do ciclo de vida viral
intracelular, os genomas de fita negativa encapsidados junto com outras proteinas
estruturais, sdo empacotados dentro de particulas virais (Easton et al., 2004). A
proteina M nos virus de RNA fita simples negativa (NNR) possui duas fungdes:
inibir a transcrigao viral durante a montagem pela associagdo com a proteina N e
mediar a associagao da proteina N com o envelope nascente. A proteina M dos
metapneumovirus parece apresentar estas fungdes, ou, talvez, estas funcgdes
sejam divididas entre as proteinas M e M2 (Collins et al., 1996). A particula viral
apresenta duas principais glicoproteinas de superficie na membrana viral: a
proteina G, que promove a ligagao do virus com o receptor celular (Levine et al.,
1987), e a proteina F, essencial para a fusdo da membrana viral e celular (Walsh
& Hruska, 1983). A proteina F é sintetizada primeiramente em FO, que se torna
ativa por uma clivagem em F1 e F2 assim que a proteina chega ao complexo de
Golgi (Collins et al., 1984; Gonzalez-Reyes et al., 2001). Portanto, a clivagem de
FO é determinante para a infectividade e patogenicidade viral. A terceira proteina
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de superficie, SH, com funcdo desconhecida, é altamente expressa na superficie
das células infectadas, mas € incorporada em pequenas quantidades na particula
viral (Olmsted & Collins, 1989).

2.3 \Variabilidade

O aMPV é classificado em quatro subtipos A, B, C e D baseado na analise de
sequéncias de nucleotideos e aminoacidos. Inicialmente, acreditava-se que havia
apenas um sorotipo de aMPV, contendo dois subtipos A e B diferenciados pela
analise da sequéncia de nucleotideos da glicoproteina ou utilizando anticorpos
monoclonais (Collins et al., 1993, Juhasz & Easton, 1994). Apds quase 20 anos do
primeiro isolamento de aMPV, o subtipo C foi descrito em perus nos Estados
Unidos pelo sequenciamento dos genes das proteinas M (Seal, 1998), F (Seal et
al., 2000; Tarpey et al., 2001), N e P (Dar et al., 2001). Finalmente um subtipo D,
geneticamente distinto dos subtipos A, B e C, foi descrito na Franga (Bayon-
Auboyer et al., 2000), onde também foi identificada uma variante do subtipo C em
patos (Toquin et al., 2006). No Brasil, as amostras de aMPV isoladas e
caracterizadas até 2005 s&o descritas como subtipo A (Dani et al., 1999; D’Arce et
al., 2005) e apresentaram identidade de 95,8 a 99% com as sequéncias de
nucleotideos de outras amostras disponiveis no GenBank para este mesmo
subtipo (Ferreira, 2007). Em 2007 isolados brasileiros caracterizados como subtipo
B foram descritos em aves comerciais pela primeira vez, apresentando identidade
de 95,1-96,1% entre as sequencias de aminoacidos das amostras brasileiras e
outras do subtipo B dispoiveis no GenBank (Chacén et al., 2007).

A Proteina G, responsavel pela adesao celular e o principal determinante
antigénico do aMPV, tem até 99% de identidade entre as sequencias de
nucleotideos dentro de um mesmo subtipo. Em contraste, quando subtipos
diferentes sdo comparados, as sequencias de nucleotideos tém identidade de
33.2- 38% e a de aminoacidos de 56-61% (Bayon-Auboyer et al., 2000). Um
estudo filogenético dos subtipos A, B e C revela que os subtipos A e B tém uma
relagdo mais estreita entre si do que a relagdo que ambos os subtipos tém com o

subtipo C. A seqUéncia de aminoacidos da proteina F do subtipo C tem
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aproximadamente 78% de identidade com as sequéncias dos subtipos A e B,
identidade esta inferior aquela encontrada entre os subtipos A e B (83-89%,
Njenga, 2003). A analise filogenética das sequéncias de aminoacidos das
proteinas G, SH e L do subtipo C demonstra que este subtipo esta mais préoximo
de isolados do metapneumovirus humano (hMPV) do que dos outros subtipos de
aMPV (Toquin et al., 2003).

2.4 Historico e Distribuicao geografica

No fim dos anos de 1970 uma infeccdo aparentemente nova e bastante
grave foi descrita pela primeira vez na Africa do Sul (Buys & Du Preez, 1980). A
doenca, caracterizada por sintomas clinicos respiratérios, foi nomeada
Rinotraqueite dos perus (TRT) e provocou um efeito devastador na industria Sul
Africana de perus sem aparente recuperacao (Cook, 2009).

Alguns anos mais tarde, uma doenga com sinais clinicos similares foi
relatada na Franga (Giraud et al., 1986) e logo apés na Inglaterra onde o agente
causador foi isolado (McDougall & Cook, 1986; Wyeth et al., 1986) e caracterizado
como um pneumovirus (Cavanagh & Barrett, 1988). Inicialmente denominado TRT,
0 virus passou a ser conhecido mais tarde como APV e mais recentemente
tornou-se o aMPV.

Pouco tempo depois dos relatos na Franga e Inglaterra, o aMPV foi descrito
em aves comerciais de outras partes da Europa como Alemanha, Holanda e
Espanha (Hafez, 2000; Diaz De Espada & Perona, 1984; Goren, 1985) e em Israel
(Perelman, et al., 1988). Na América do Sul foi descrita sorologia positiva para o
aMPV no Chile e América Central (Jones, 1996; Toro et al., 1998), no Zimbabwe
em avestruzes (Cadman et al., 1994) e no mar Baltico em gaivotas (Heffels-
Redmann et al., 1998). No Brasil o aMPV foi isolado pela primeira vez a partir de
material proveniente de matrizes antes da introdu¢do da vacina no pais (Arns &
Hafez, 1995). Em um estudo epidemioldgico realizado no estado de Sao Paulo
entre os anos de 2007 e 2009 com 168 amostras de traquéia e seios nasais
provenientes de galinhas comerciais foram encontradas 38 amostras (22,61%)

positivas para o Virus da Bronquite Infecciosa (IBV), 5 (2,97%) para aMPV subtipo
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A e 11 (6,54%) para aMPV subtipo B, sendo encontrados também 7 (4,16%)
casos de co-infeccdo de aMPV e IBV, o que comprova a associagéo ja descrita
entre esses virus (Martini, 2009; Morley & Thomson, 1984). Os ultimos relatos da
doenga provocada pelos subtipos A e B sdo de 2008 na China e Nigéria em
frangos e perus (Owoade et al., 2008). O aMPV subtipo A identificado nestes
paises € essencialmente idéntico aos encontrados no Brasil e Reino Unido, dando
margem a hipotese destes virus terem uma origem comum. Nos EUA, as
primeiras confirmagdes de surtos por estes virus em perus ocorreram no Estado
do Colorado (Cook et al., 1999), e logo depois em Minnesota (Goyal et al., 2000).
Este ultimo Estado € o unico exemplo de erradicagcdo da doencga, onde nenhum
caso clinico ou isolamento do virus é feito ha mais de cinco anos (Jones, 2009).
Atualmente, Australia e Canada sdo provavelmente as duas unicas regides do
mundo onde a doencga nunca foi identificada (Cook, 2009).

A disseminagcao do aMPV tem sido motivo de grande discussdo. Como o virus
alcancou a Europa e outras partes do mundo ainda mais distantes da Africa do Sul
nao se sabe. Uma hipotese tem sido a transmissédo a longa distancia por aves
migratorias (Jones, 1996), embora n&o haja indicios de infecgdgo em aves
migratorias européias. O mais questionavel é o fato de que o subtipo C,
encontrado nos EUA, e os subtipos A e B, na América do Sul e Central, ndo sao
encontrados simultaneamente nestas regides apesar do trajeto migratério de aves
aquaticas selvagens entre o norte e sul. Foram encontradas evidencias de
infecgdo em aves selvagens nos EUA (Shin et al., 2002; Turpin et al., 2008),
porém nao se sabe se estas aves sao realmente capazes de transmitir a doenca
para aves domésticas. No Brasil, o aMPV subtipos A e B foram detectados em
aves exoéticas, sinantrépicas e selvagens. Todas as amostras tém similaridade de
até 100% com as amostras vacinais dos subtipos A e B utilizadas no Brasil

(Felippe et al., in prep).
2.5 Sinais Clinicos

O primeiro relato da doenga causada pelo aMPV, caracterizada por sinais

clinicos respiratorios graves, foi nomeada TRT. A replicagdo do virus ocorre nos
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tecidos nasais e sinusais, na traquéia e pulmbes, porém ela € mais limitada ao
trato respiratério superior, onde as particulas virais podem ser detectadas mais
facilmente até dez dias apos a infeccédo (Cook, 2000; Van De Zande et al., 1999).

Em perus jovens a enfermidade € caracterizada por espirros, corrimento
nasal, estertores traqueais, edema dos seios infraorbital, nasal e muitas vezes
frontal, com descarga ocular. O corrimento nasal pode se tornar mucopurulento se
houver infeccdo bacteriana secundaria. Algumas variagdes sdo observadas na
descrigao dos sinais clinicos, isto € atribuido a condigdes precarias de manejo ou
a presenga de outros agentes infecciosos que frequentemente estdo associados
ao aMPV na TRT provocando o agravamento do quadro clinico, além do aumento
da morbidade e da mortalidade (Cook et al., 1991; Gough, 2008).

Observagdes experimentais e de campo sugerem que o AMPV pode facilitar
a infecgdo pelo Ornithobacterium rhinotracheale e exacerbar infecgdes pelo
Mycoplasma gallisepticum (Hafez, 1988; Naylor & Jones, 1993). O aparecimento
dos sinais clinicos é rapido e a infeccdo pode disseminar em 24 horas (Stuart,
1989).

Em poedeiras e matrizes de perus, a infecgdo pelo AMPV provoca queda de
mais de 70% na produgao dos ovos associado a ma qualidade da casca do ovo e
peritonite (Jones et al., 1988; Stuart, 1989; Cook et al., 1996). Tosse, envolvendo
comprometimento do trato respiratério superior, pode levar a prolapso de utero em
matrizes. Quando a doenga é diagnosticada, a morbidade em aves de todas as
idades é normalmente de 100%. A mortalidade varia 0,4% a 50%, particularmente
em aves jovens susceptiveis. Em infecgbes pouco complicadas, a recuperagao
ocorre normalmente em 10 a 14 dias (Gough, 2008). Em poedeiras, a queda na
producéo de ovos pode exceder os 70% acompanhada de ma qualidade da casca
do ovo e peritonite (Jones et al., 1988).

Apesar ser sabido que o aMPV é capaz de infectar galinhas e induzir
resposta sorologica especifica (Wyeth et al., 1987), alguns autores ainda relatam
dificuldade em estabelecer uma firme conexao entre o virus e a enfermidade em
galinhas (Cook, 2000). O aMPYV ja foi isolado de frangos e poedeiras em todas as

idades (Picault et al., 1987; Buys et al., 1989b) e infecgbes experimentais tém sido
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realizadas nestas aves (Jones et al., 1987; Majo et al., 1995; Catelli et al., 1998).
Isolados dos subtipos A e B do aMPV podem provocar lesao em trato respiratorio,
acompanhando de inchago dos sinus infraorbitarios em frangos de corte,
sugerindo o papel do aMPV como patdégeno primario da doenca (Aung et al,
2008). Por isso, 0 aMPV também é freqiientemente associado a SHS em galinhas,
além de estar certamente associado a outros agentes (Cook, 2000), como o IBV
(Morley & Thomson, 1984) e a bactéria Escherichia coli (Droual & Woolcock,
1994).

A SHS em galinhas é caracterizada pelos seguintes sinais clinicos: apatia,
edema de face e seios infraorbitais. Desorientagcéo cerebral, torcicolo e opistétono
frequentemente s&o relatados com a progresséo da doenga (O’Brien, 1985; Hafez,
1993). Normalmente menos de 4% do lote é afetado, embora sinais respiratérios
generalizados sejam observados. A mortalidade raramente excede 2% e em
matrizes a producao de ovos de matrizes é frequentemente afetada. Em poedeiras
comerciais a infeccdo por aMPV também interfere na qualidade dos ovos (Cook,
2000; Gough, 2008). Em frangos de corte a distribuicdo do virus nos tecidos e
seus sitios de replicagao sao muito similares a infeccado em perus. Isolamento viral
e técnicas imunohistoquimicas demonstraram a presenca do virus apenas em
tecidos do trato respiratorio superior, particularmente nos turbinados nasais e por

um curto periodo de tempo apds inoculagdes experimentais (Catelli et al., 1998).

2.6 Diagnéstico
A) CLINICO

O diagnéstico baseado nos sinais clinicos pode ser realizado em perus
(Stuart, 1989). Em galinhas ndo é recomendado, pois 0 aMPV esta associado a
SHS. Desta forma é extremamente dificil estabelecer uma boa conexao entre o
agente viral e a enfermidade em frangos e galinhas, ja que a enfermidade é
multifatorial (Cook, 2000).

B) ISOLAMENTO VIRAL
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O aMPV pode ser isolado do trato respiratério superior e pulmbes de aves
infectadas, porém a fonte mais rica de virus € sem duvidas a secregdo nasal ou o
raspado sinusal. E importante coletar as amostras o mais rapido possivel apds a
infeccao ja que na maioria dos casos 0s virus permanecem nos cornetos nasais e
sinus infraorbitarios por apenas seis a sete dias (Jones, 1996). O isolamento viral
de amostras de aves com sinais clinicos graves raramente € bem sucedido; o
agravamento do quadro clinico normalmente € decorrente de infecgado bacteriana
secundaria em aves predispostas por infeccido viral primaria. Isto provavelmente
explica as falhas na tentativa de isolamento do virus em amostras de galinhas com
SHS (Gough, 2008). Se os sinais clinicos forem muito evidentes recomenda-se
que as aves sem sintomatologia clinica presentes no mesmo lote das aves
doentes sejam selecionadas (Cook, 2000).

A metodologia comumente utilizada para o isolamento primario de aMPV em
amostras de campo inclui inoculagcdo em ovos embrionados (Naylor & Jones,
1994; Panigrahy et al, 2000; Cook & Ellis, 1990) ou em cultivo de anel de
traquéia (TOCs) (Mcdougall & Cook, 1986; Wyeth et al., 1986). O isolamento
direto do aMPV em cultivo de células é raro, embora cultivos primarios de células
de embrido de galinha (CEF; Picault et al., 1987) tenham sido utilizados com
sucesso para o isolamento do subtipo C (Goyal et al., 2000) e cultivos de linhagem
de células CER para os subtipos A e B (Hafez & Weiland 1990; Arns & Hafez,
1995).

Os TOCs foram utilizados por muitos anos para o isolamento desses virus.
Este tipo de cultivo pode ser preparado a partir de embrides de galinhas ou perus
pouco antes do nascimento ou pintos de um a dois dias de vida. Apods a
inoculagdo do material suspeito, a cultura pode ser mantida por varias semanas
para a observacdo de ciliostase (Gough, 2008). Acreditava-se que todos os
subtipos de aMPV fossem ciliostaticos. De fato, as estirpes dos subtipos A e B
podem demorar até 10 dias para apresentar ciliostase, embora o pico dos titulos
virais ocorra em 3-5 dias (Cook et al., 1991). Entretanto, o subtipo C n&o provoca
ciliostase (Cook et al., 1999), sendo considerado impréprio o uso de TOCs para o

isolamento de aMPV nos EUA.
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Os embrides de galinha ou peru com 6 a 8 dias de idade podem ser utilizados
para o isolamento do aMPV. A amostra € inoculada no saco da gema e apéds 8
dias o liquido alantdide e a membrana do saco da gema séo coletados para nova
passagem. Normalmente sdo necessarias algumas passagens para a observagao
de hemorragias e mortalidade do embrido (Cook, 2000). Este € um método caro e
laborioso, porém capaz de detectar todos os subtipos do aMPV.

O cultivo de células ndo € comumente utilizado para o isolamento primario do
aMPV. Entretanto, uma vez isolados, podem ser inoculados em cultivos de
linhagens celulares para a propagacgao viral e aumento do titulo. As células
Chicken Embryo-Related (CER) sao utilizadas com sucesso para a propagacgao
dos subtipos A e B (Hafez & Weiland 1990; Arns & Hafez, 1995). O subtipo C pode
crescer em diferentes cultivos celulares como “baby grivet monkey kidney” (BGM),
kidney (MA-104), Quail Tumor (QT) 35, BHK-21, cultivo primario de células de
cornetos nasais e rins de perus ou cultivo primario de células de rins de galinha
(Kong et al., 2006, Patnayak et al., 2005; Tiwari et al., 2006). As células Vero sédo
permissiveis para a propagagao tanto dos subtipos A e B quanto do subtipo C
(Goyal et al., 2000; Cook, 2000).

O material inoculado em cultivos celulares pode apresentar efeito citopatico
(ECP) caracterizado por areas dispersas com arredondamento celular e formagéo
de sincicio apdés poucas passagens (Buys et al., 1989a; Cook et al, 1999). A
identificacdo do AMPV pode ser confirmada por microscopia eletrénica (Giraud et
al., 1986; Mcdougall & Cook, 1986; Buys et al., 1989a) ou através de métodos

imuno-quimicos (Baxter-dJones et al., 1986; Jones et al., 1988; Catelli et al., 1998).

C) DETECCAO VIRAL

A RT-PCR (transcricdo reversa-reagao em cadeia da polimerase) tem sido
amplamente utilizada para o diagnostico das infec¢gées por AMPV. Ela oferece
resultados mais rapidos que o isolamento viral (Mase et al.,, 1996; Naylor et al.,
1997; Bayon-Auboyer et al., 1999; Dani et al., 1999). Além disso, ela é importante
para a caracterizagao de isolados virais e para realizagao de estudos moleculares

e epidemioldgicos (Jing et al., 1993). O significado de um resultado positivo pela
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RT-PCR para a deteccdo de uma infecgao ativa ainda deve ser estabelecido, pois
a técnica detecta o RNA viral e ndo o aMPV viavel (Cook, 2000).

A RT-PCR convencional € muito conveniente para estudos epidemiologicos
em grande escala, e nao fornece qualquer indicagdo da quantidade de RNA viral
presente na amostra, a ndo ser quando utilizada uma técnica semi quantitativa
baseada na diluicdo do RNA ou cDNA (Cavanagh et al., 1999). A RRT-PCR (real-
time transcricdo reversa-reacdo em cadeia da polimerase) também passa a ser
utilizada como método rapido de detecgdo, promovendo, além disso, a
quantificacdo do RNA viral. A RRT-PCR pode fazer distingdo entre RNAs
mensageiros com sequéncias muito parecidas e requer menor quantidade de
moldes de RNA do que outros métodos de analise de expressédo génica (Guionie
et al., 2007).

D) SOROLOGIA

O diagnodstico das infecgdes provocadas pelo AMPV também pode ser
realizado por sorologia. O teste da soroneutralizagdo (SN) pode ser realizado em
uma variedade de sistemas, como cultivos de TOC, FEG, CEL ou VERO. Os
testes de SN e ELISA demonstram sensibilidades similares, mas o teste de ELISA
€ 0 mais comumente utilizado (Grant et al., 1987; Chettle & Wyeth, 1988; Baxter-
Jones et al., 1989; O’loan et al., 1989; Eterradossi et al., 1995). Diversos kits de
ELISA comerciais para o diagndstico sorolégico estao disponiveis, tanto em perus,
quanto em galinhas. No entanto, a sensibilidade entre eles pode variar bastante
(Mekkes & De Wit, 1998). Além disso, os kits comerciais de ELISA n&o s&o
capazes de detectar anticorpos especificos para os isolados do subtipo C (Cook et
al., 1999).

2.7 Controle

Boas praticas de manejo e biosseguridade sdo importantes para ajudar a
prevenir a infeccao pelo aMPV e minimizar seus efeitos. Porém rapidamente
tornou-se claro que estas medidas por si s6 ndo controlam a infecgdo pelo virus

indicando que uma intervengdo urgente para controlar a doengca em aves
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comerciais era necessaria. A imunidade maternal ndo confere protecdo contra o
virus, nem interfere no sucesso da vacinagao (Naylor et al., 1997). A erradicagao
da doenga normalmente ndo €& possivel, provavelmente devido ao tamanho e
complexidade da industria avicola na maioria das areas afetadas. Apesar disso,
existe um exemplo de erradicagdo da doenga no Estado de Minessota-EUA, onde
nenhum caso clinico ou isolamento do virus é feito ha mais de quatro anos (Jones
et al., 2009). Curiosamente, enquanto na Europa considerava-se essencial vacinar
100% do lote, nos EUA resultados satisfatérios foram obtidos em lotes onde
apenas duas aves em um grupo de 1000 receberam a vacina (Gulati et al., 2001).
Além disso, em Minessota apenas as areas ou granjas afetadas pela doencga
foram vacinadas e a administracdo da vacina foi cancelada assim que os surtos
foram controlados. Aparentemente, em regides onde a densidade nos lotes €&
baixa, a infeccdo por aMPV pode ser erradicada com a aplicagdo da vacina
seguida de monitoramento cuidadoso e estrita atengcdo a bioseguridade (Cook,
2009; Jones, 2009).

2.8 Protecao vacinal

O principal método de controle da infeccdo pelo aMPV é a utilizagao de
vacinas vivas atenuadas através de passagens seriadas em culturas de células ou
de vacinas inativadas. Estas vacinas, se administradas cuidadosa e corretamente,
demonstraram conferir excelente protecdo de aves comerciais contra o aMPV
(Cook, 2009). Uma unica vacinagao pode oferecer protecao aos perus durante
toda a vida. Entretanto, pode ocorrer re-infeccdo na fase tardia da vida. Por isso,
em alguns casos, os perus sdo revacinados depois de aproximadamente 10-12
semanas (Cook, 2000). Em frangos, a proteg¢ao durante toda a vida também pode
ser obtida com uma unica dose de vacina. Em galinhas, as vacinas vivas contra o
aMPV e o Virus da bronquite infecciosa (IB) devem ser administradas em
momentos diferentes, devido a ocorréncia de interferéncia na protecdo contra
ambas (Cook et al,, 2001), embora a vacinagéo simultdnea contra aMPV e a
doencga de Newcastle nao prejudique a eficacia de nenhuma das duas (Ganapathy
et al., 2005).
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Apos a administracdo da vacina viva, a vacina inativada oferece uma
reducdo dos efeitos da infeccdo pelo aMPV durante o periodo de postura. Desta
forma, o programa completo de vacinagdo composto por uma dose de vacina viva
seguida de uma vacina inativada é necessario para uma protegcdo completa de
aves adultas (Cook, Orthel et al., 1996).

No Brasil estdo disponiveis vacinas dos subtipos A e B do aMPV. As vacinas
contra os subtipos A e B tém sido utilizadas com sucesso na maioria dos paises
afetados pela doenca e oferecem boa protecao cruzada entre os dois subtipos
(Cook et al., 1995; Eterradossi et al., 1995; Toquin et al., 1996; Van de Zande et
al., 2000). Estas vacinas também oferecem protegado contra o isolado Colorado,
subtipo C, porém nao vice-e-versa (Cook et al., 1999). Apesar disso, varios relatos
sugerem que uma maior atengao deve ser dada ao desenvolvimento e método de
administracdo das vacinas contra aMPV. Por exemplo, em perus, algumas
semanas apo0s a vacinagao contra o aMPV, observou-se a ocorréncia de doencga
respiratéria diagnosticada como TRT. Segundo Catelli et al. (2006) este fendmeno
acontece devido a recirculagdo do virus vacinal entre as aves que nao receberam
ou receberam uma dose inadequada da vacina, levando a reversao de sua
viruléncia. Um estudo epidemioldgico longitudinal feito em Israel revela que tanto
amostras vacinais quanto amostras de campo do aMPV dos subtipos A e B podem
ser detectados simultaneamente em perus (Banet-Noach et al., 2009). No Brasil
(Villarreal et al., 2009) e Italia (Cecchinato et al., 2009) evidencias a campo
sugerem que as vacinas existentes no mercado podem nao oferecer protegao
completa contra novas amostras circulantes do virus. E finalmente, na Italia o
desafio de aves vacinadas com uma amostra viral recente demonstrou que a
protecao € inferior a conferida para uma amostra viral antiga (isolado de 1987). Os
autores sugerem que tenha havido mudangas em regides antigénicas
fundamentais do virus permitindo que este se replique e cause doengca em animais
vacinados (Catelli et al., 2010).

As falhas no desempenho vacinal podem ser atribuidas a uma série de
fatores, incluindo: Atenuacédo exacerbada da amostra vacinal (a baixa replicagao

implica em incapacidade de induzir resposta imune protetora), atenuagéo
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insuficiente (com possivel reversdo da viruléncia do virus vacinal), administracao
vacinal inadequada (ocorréncia de falha na protecdo ou reagcdo severa) e em
alguns casos divergéncia genética entre as amostras vacinal e de campo (Cook,
2009; Catelli et al., 2010).

De fato, apesar de a vacinagao prevenir a doenga e suas consequéncias
econdmicas, ndo garante que a circulagéo viral seja suprimida (mesmo que em
pequenas quantidades). O virus respiratério sincicial bovino (BRSV), virus de
mesma familia do aMPV e género proximo, € capaz de se replicar em animais
com niveis detectaveis de anticorpos especificos (Beem, 1987; Van der Poel et al.,
1993). Além disso, a imunizacdo prévia de animais contra o BRSV através de
infeccdo ou vacinagdo nao elimina completamente a circulagao viral (Piazza, F.
M., 1993; Schrijver, R. S. et al., 1998). Dadas as altas taxas de mutacdo dos virus
RNA (Domingo & Holland, 1997) n&o seria surpresa se uma imunizagao
estimulada, que previna a doenca clinica, mas n&o elimine a circulagao viral,
induzisse a selegédo de novas variantes (Larsen et al., 2000; Valarcher et al., 2000;
Schat et al., 2007; Mckinley et al., 2008).

Embora vacinas vivas e atenuadas sejam eficazes quando administradas
com precisao, esforcos tém sido feitos para formular novas vacinas que nao
revertam sua viruléncia. O gene da proteina F do aMPV expresso num vetor de
poxvirus (Qingzong et al., 1994) e uma vacina de DNA que expressa o gene F ou
N (Kapczynski & Sellers, 2003), foram testadas experimentalmente e
demonstraram protecdo parcial. Outro estudo envolvendo sistema de reversao
genética para produzir um clone infeccioso de aMPV parece ser um ramo
promissor no desenvolvimento de novas vacinas (Naylor et al., 2004; Ling et al.,
2008). E finalmente a vacinagao in ovo tem demonstrado ser um maneira pratica e
efetiva de administracdo vacinal para a protegcdo de perus e galinhas contra a
infecgao pelo aMPV (Worthington et al., 2003; Tarpey & Huggins, 2007).

Em sintese, existe um pequeno numero de subtipos de aMPV, A, B, Ce D. O
subtipo D é raro (somente um relato na Franga), o C parece ser importante
somente nos EUA, porém cada vez menos. Os subtipos A e B sdo os mais

disseminados e importantes. As vacinas em circulagcdo sao eficazes se
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administradas corretamente, mas problemas relacionados a reversao de viruléncia
podem surgir e ha evidencias de possivel evolugdo do virus. Neste contexto o

desenvolvimento de novas vacinas mais seguras esta sendo estudado.
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3.0 Obijetivos
3.1 Objetivos Gerais
Estudos experimentais com isolados do aMPV subtipos A e B em frangos de

corte.

3.20bjetivos especificos

e Determinagao das linhagens celulares mais adequadas a propagacao do
aMPV subtipos A e B por meio de passagens seriadas do virus em
diferentes cultivos celulares e analise das curvas de crescimento;

¢ Investigacdo de modelo experimental para desafio de frangos de corte com
o0 aMPV por avaliagdo da excregao viral.

e |Investigacdo da protecado conferida por uma vacina do subtipo B contra
isolados do aMPV subtipos A e B em frangos de corte pelas técnicas de

RT-PCR em tempo real e titulagdo viral,
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Avian metapneumaovins
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CER

Primary isolation of avian metapneumovirus {aMPV) is carried out using tracheal organ culture (TOC)
or chicken embryonated eggs with subsequent adaptation in chicken embryo fibroblasts {CEF) or Vero
cultures. This study was conducted to evaluate six different cell lines and two avian culture systems for
the propagation of aMPV subtypes A and B. The chicken embryo related { CER) cells were used successfully
for primary isolation. In addition to Vero and baby hamster kidney { BHK-21) cells, CER cells were also
shown to be the most appropriate for propagation of aMPV considering high titres. Propagation of A and
B subtypes in CEF and TOC remained efficient after the primary isolation and several passages of viruses
in the CER cell line. The growth curves were created using CER, Vero and BHK-21 cell lines. Compared
with growth, both vielded higher titres in CER cells during the first 30 h after infection. but no significant

difference was observed in the results obtained from CER and Vero cells. This data show that CER cells
are adequate for aMPV subtypes A and B propagation, giving similar results to Vero cells.

i 2010 Published by Elsevier BV.

1. Introduction

Avian metapneumovirus (aMPV) is classified as a member of
the Metapneumovirus genus within the paramyxoviridae family of
viruses (Pringle, 1998). The virus causes upper respiratory tract
infection in turkeys and chickens of all ages and is present in a wide
range of countries {jones, 1996; Cook, 2000). aMPV has been classi-
fied into four subtypes A, B, Cand D based on antigenic and genetic
characterization (Toguin et al., 2000; Dar et al., 2001; Alvarez et
al, 2003). The virus was first described in South Africa in 1978
{Buys and Du Preez, 1980) and was reported thereafter in Europe
{Hafez et al., 2000), the United States {Cook et al., 1999), the Mid-
dle East, Asia and Africa (Njenga and Seal, 2003; Owoade et al.,
2008), Brazil (Arns and Hafez, 1992; D'Arce et al., 2005) and other
parts of the world (Buys et al., 1989ab: Cook, 2002). aMPV infec-
tions can be detected by serology and molecular methods; however
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they do not provide a sample of live virus. If such a sample is
required, virus isolation is to be performed {Goyal et al., 2000; Shin
et al., 2000). The methods of choice for primary isolation of aMPV
are either the use of embryonated eggs (Maylor and jones, 1994;
Panigrahy et al., 2000) or chicken tracheal organ cultures (TOCs)
(McDougall and Cook, 1986} Once the virus has been isolated in
one of these two systems, it can be adapted to growth in cell cul-
tures (Grant and Wilding, 1987; Buys et al. 1989a; Williams et
al, 1991). Primary isolation of subtype C aMPV was achieved by
seven blind passages of the feld sample in chicken embryo fibrob-
lasts {CEF) (Goyal et al., 2000} followed by adaptation of the isolate
in Vero cells. The chick embryo related (CER) cell line, classified
as a mixture of CEF and baby hamster kidney (BHE21) cells, was
described for the first time in Japan as being capable of support-
ing rabies virus replication (Smith et al,, 1977). Thereafter CER cells
were reported as a successful method for aMPV preliminary isola-
tion as well as for the propagation of aMPV from turkey flocks in
Germany and chicken flocks in Brazil (Hafez and Weiland, 1990;
Arns and Hafez, 1992). CER cells have also been used to propa-
gare infectious bursal disease virus, infectious bronchitis virus and
bovine respiratory syncytial virus {Cardoso et al., 2000; Ferreira et
al., 2003; 5pilki et al., 2005). To produce large quantities of aMPV
strains for characterization and vaccination purposes, it is impor-
tant that the virus grows to high titers in vitro in cell culture. In this
study, aMPV subtypes A and B isolation are compared to a number



Table 1
Cell culture systems.

Name of cell Cell type Species of origen Source

CER Chick embryo related Chicken/Hamster F.LE, Berlin, Beclin, Germany
Vero Kidney African green monkey ATCC OCL-81

BHK-21 Baby hamster kidney Hamster ATCC OCL-10

HEP-2 Laryngeal carcinoma Human ATCC-COL 23

MDBK Bovine Kidney Bovine ATOC OCL-22

ED Equine dermis Equine ATCC-CRL-6288

{EF Chicken embryo fibroblast Chicken Primary culture

of avian cell substrates to determine those most suitable for virus
propagation.

2. Materials and methods
21, Cells

The basis of this study was CER cells which were described firstly
by Smithetal. (1977 ). BHK-21 {baby hamster kidney), Vero (African
green monkey kidney cells), MDBK (Madin-Darby bovine kidney
cells), HEp-2 (human laryngeal carcinoma), ED (equine dermis),
and a primary culture of chicken embryo fibroblasts (Laboratory of
Virology, Institute of Biology, State University of Campinas, Brazil)
were also used as shown in Table 1. The cells were grown inflasks of
25cm? at 37 “C_ using an initial concentration of 1.5 x 105 cells/mL
in Eagle's minimal essential medium {E-MEM) free of antibiotics
and supplemented with 10% fetal calf serum (FCS). For virus pro-
duction, monolayers were grown to 85% of the cell confluence and
the cells were then inoculated with 100 TCIDg, (50% tissue culture
infective dose ) of each viral isolate. Adsorption was allowed for Th
at 37 “C. Subsequently, the medium was replaced and the flasks
were incubated at 37 =C. The cells were monitored daily for the
development of the viral cytopathic effect {CPE) using an inverted
microscope (Axiovert 100, Carl Zeiss, Oberkochen, Germany}. Cells
and supernatants containing viruses were harvested following the
development of the CPE or 5 days after inoculation if there was no
appreciable CPE.

2.2, Viruses and virus titration

Twao strains of aMPV were used for these experiments.

The first was a Brazilian strain designated as SH5-BR-121 (Ams
and Hafez, 1995; Dam and Arns, 1999), which was isolated from
broiler after 11 passagesin CER and confirmed to belong to subtype
A using PCR. 5econd, a German strain designated as STG-5H5-1439,
isolated in 1990 from a broiler breeder flock with typical signs of
5HS, in CER cells after 7 passages (Hafez, 1993) and confirmed to
be subtype B using PCR {Hafez et al., 2000}

The strains were propagated in different cells and after 5 pas-
sages in each cell line, aliquots were titrated in the same cells as
well as in CER cells following standard procedures. Titres were cal-
culated by the Reed and Muench method (1938) and expressed as
the log 10 tissue culture infective dose per mL ( TCIDsp/mL).

2.3, Permissibility of TOC and CEF to both subtypes A and B aMPV
primarily isolated in CER cells

Once isolated in CER cells, the viruses were adapted to grow
in TOC or CEF cultures. The aMPV subtypes A and B samples were
passaged in TOC, examined daily for ciliary activity (Wilding et al.,
1986) and in CEF cultures (Panigrafty et al., 2000) examined for
appearance of the CPE. The presence of virus was confirmed by
indirect immunofluorescent assay (IFA) according to Baxter-Jones
and Grant (1986 method.

2.4. Analysis of replication kinetics of subtypes A and B aMPVY in
CER, BHK-21 and Vero cell lines

Growth curves were assessed following infection of preformed
CER, BHK-21 or Vero cell monolayers. The infection was achieved
within each viral isolate and the adsorption was allowed for 1h at
37 °C. subsequently, the medium was replaced and the flasks were
incubated at 37 =C for different time intervals (0, 6, 12, 18, 24, 30,
36, 42, 48, 52, 58 and 60h post-infection, p.i.}. After incubation,
the supernatants were harvested and assayed for the presence of
the virus. All experiments were performed in friplicates. Infectious
virus titres were calculated by the Reed and Muench method( 1938)
and expressed as the log 10 tissue culture infective dose per mL
(TCID5p/mL).

2.5, Sratistical analysis

Statistical analysis was performed using the unpaired T-rest
(GraphPad Prism 5.0 software). Results are given as mean values
(+5E) and p values less than 0.05 were considered relevant.

3. Results
3.1. Susceptibility of different cells to aMPV subtypes A and B

Viruses grown in different cells were titrated in the same cells
as well as in CER cells. The titres obtained are present in Table 2.
CER, BHK-21, Vero, MDEK and HEp-2 were susceptible to infection
with subtypes A and B aMPV, in contrast to ED cells, which did not
produce a detectable CPE after 5 passages. The difference between
titres obtained in CER and homologous cells for the subtype A
strainwas not statistically significant. For the subtype B strain there
was a statistically significant difference (p = 0.03) between titres
obtained in BHKE-21, Vero and CER cells.

3.2, Permissibility of TOC and CEF to both aMPV subtypes A and B
primarily isolated in CER cells

Both culture systems are permissible to infection with aMPVY
subtypes A and B after primary isolation and several passages in
CER cells. In TOCs, the subtypes A and B took 3 passages and up
to 7 days to cause ciliostasis. In CEF cells, free cells were observed

Tahle 2
Titees of infectious. virus recovered after 5 passages of aMPV in different cell lines.

Celllines  fog 10TCIDS0/mL

SHS-BR-121 STG-5HS-1439

Homologous cells  CERcells  Homologous cells  CER cells
CER - 7.5 -4 a0
Vero 6.0 65 55 58
BHE-21 55 58 50 53
HEP-2 45 5.0 41 49
MDBE T 1.8 13 1.5
ED ir —a A R

* Significant minor at p< 0,05,
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Fig. 1. Comparison of subtype A aMPV strain growth characteristics in CER, BHE-
21 and Vero cell lines. Data consises of mean ditre of three infected wells with the
respective standard deviation bars, at diferent time intervals { hours after infection),

STG-3H5-1430

log 10TEID g fmL
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Fig. 2. Comparison of subtype B aMPV strain growth characteristics in CER, BHK-
21 and Vero cell lines. Data consists of mean Htre of three infected wells with the
respective standard deviation bars, at diferent time intervals { hours after infection ),

floating on the surface of the cultures with both viruses within 2
passages. Complete CPE was observed on the third passage within
24 h for CEF cells inoculated with subtype A and within 48 h with
subtype B. Using IFA analysis, the viruses were detected during the
first passage.

3.3. Analysis of replication kinetics of aMPV subtypes A and B in
CER, BHK-21 and Vero cell lines

Growth curves of subtype A revealed statistically significant dif-
ferences in titres obtained with CER and BHK-21 cells (p< 0.05) after
6,12, 18, 24, 30 and 60 h of infection (Fig. 1A). The same difference
was observed for subtype B after 12, 18, 24, 30 and 36 h of infection
(Figs. 1 and 2}. Both viruses grew to higher titres in CER than in
BHK-21 cells. CER and Vero cells revealed no relevant differences
considering titres for both viruses.

4. Discussion

Primary isolation of aMPV from field samples is carried out using
chicken or turkey TOC or in chicken embryonated eggs (McDougall
and Cook, 1986; Naylor and Jones, 1994; Panigrahy et al., 2000).
Once the virus has been isolated in one of these two systems, it
can be adapted easily to grow in CEF, chicken embryo liver (CEL)
or Vero cultures (Grant and Wilding, 1987; Buys et al., 1989a;
Williams et al.. 1991). After primary isolation, aMPV subtype C
has been reported to grow in other cell systems such as baby
grivet monkey kidney (BGM), kidney [MA-104), quail tumor {QT)
35, BHK-21 and both primary turkey turbinate and kidney cells
or chicken kidney primary cells (Kong et al,, 2006; Patnayak and
Gayal, 2005; Tiwari et al., 2006). Primary isolation using cell cul-

tures is generally rare, although it has been reported for aMPV
in CEF cells and QT-35 cell substrates in the US (Goyal et al.,
2000).

The purpose of this study was to find soitable cell substrates for
the propagation of aMPV subtypes A and B to achieve high titres.
Both subtypes, isolated primarily in CER cells, yielded higher titres
in CER, Vero and BHE-21 cells than in MDBK and HEp-2 cells. Mo
detectable infectious virus was produced in ED cells. When subtype
A and subtype B strains propagated in different cells were titrated
in the same cells, the titres were lower than those observed by
titration in CER cells, probably because the viruses were originally
isolated in CER cells. Nevertheless, only the difference (p <= 0.03)
obtained from titres of BHK-21, Vero and CER cells for the subtype B
strain was of statistically significant relevance. These findings arein
agreement with results of Patnayak and Goyal (2005)who reported
that vaccine strains adapted to grow in Vero cells produced higher
titres in this cefl than in other cells.

Considering that cell culture passage leads guickly to attenua-
tion of the virus (Williams et al.. 1991) and the most characteristics
of CER cells are acquired from the parental hamster cells {Urmanova
and Tsareva, 1996ab.c), the multiplication of both strains was
assayed using two different avian culture systems such as CEF and
TOC culture systems. Only subtle differences in the number of pas-
sages necessary for CEP or ciliostasis appearance could be observed
and it was concluded that the primary isolation using the CER cell
line does not interfere with the permissibility of CEF and TOC to
infection with subtypes A or B strains. Other avian primary cells
has been reported previously to be permissive for aMPV subtype C
production when the virus was adapted for propagation in Vero
cells (Kong et al.,, 2006). The CER cells, which is susceptible to
viral infection with a wide spectrum of different pathogens like
the rabies virus and other avian and mammal viruses { El Karamany
et al.,, 1979; Sinibaldi et al., 1990; S5imoni et al., 1999; Cardoso et al.,
2000, 2004; Spilki et al., 2005}, has also been reported as a suCcess-
ful method for aMPV preliminary isclation and propagation (Hafez
and Weiland, 1990; Arns and Hafez, 1995), but does not appear to
have been used widely {Cook, 2002 ). Such cell culture may easily
be maintained and has been used successfully for the primary iso-
lation and propagation of aMPV subtypes A and B {D'Arce et al.,
20057; this may also be an alternative for detection of other avian

The growth curves of the subtypes A and B sfrains were pro-
duced using the cell cultures that yielded higher titres in the fArst
experiment described here, i.e. CER, Vero and BHK-21 cells. The
biggest statistically significant differences among titres obtained
from CER and BHK-21 cells were observed during the first 30 h after
infection for both viruses, with higher titres in the CER cells. Despite
the original virus adaptation in CER cells, no significant difference
was observed in the results obtained from CER and Vero cells up to
60 h after infection, confirming that these cells are equally permis-
sive to aMPV infection.

The overall results of this study indicate that CER cells can be
used for primary isolation of aMPV. In addition to Vero cells, BHK-
21 and CER cells can also be used to propagate subtypes A and B
aMPV to high titres. Future research should be done to determine
whether Vero and BHK-21 cells could be used for primary isolation
of aMPV from field samples.
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Abstract

Respiratory disease caused by avian metapneumovirus (aMPV) has a strong
negative impact on the economy of the poultry industry in many countries. Since
aMPV infection cannot be properly treated, preventive control measures including
live attenuated vaccines have been developed against subtypes A, B and C by
serial passage of the virulent virus in cell cultures, and experimental trials have
been done with these vaccines. The objective of this study was to analyze the
infectivity of an aMPV subtype B strain after serial passage in CER cells. To
accomplish this, chickens were infected with 5 different passages and the amount
of viral shedding determined. The results of tracheal samples showed that the viral
infectivity decreases gradually with passage, while in vitro replication rate increase.
The G gene sequences of virus passages derived from serial passage were

analyzed, however no amino acid changes were found.
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1. Introduction

The Avian metapneumovirus (aMPV), classified as a member of the
metapneumovirus genus within the paramyxoviridae family of viruses (Pringle
1998), is responsible for an acute rhinotracheitis in turkeys (TRT) and swollen head
syndrome (SHS) in chickens. In turkey and chicken breeder flocks, aMPV can also
affect the reproductive tract resulting in loss of egg production and quality (Jirjis et
al., 2002; Gough and Jones, 2008).

First described in 1970 in South Africa, aMPV have been, based on nucleotide
sequence variability, classified into four subtypes A through to D (Juhasz and
Easton, 1994; Toquin et al., 1999; Bayon-Auboyer et al., 2000). Since the early
1990s, the great majority of aMPV detected have been of subtypes A and B
(Juhasz & Easton, 1994; Naylor et al., 1997; Toquin et al., 2000; D’arce et.al.,
2005; Njenga et al., 2003, Owoade et al., 2008; Banet-Noach, et al., 2009).
Subtype C was first identified in the United States (Seal et al., 1998) and
subsequently the subtype D was described in France (Bayon-Auboyer et al., 1999).
The gene G of aMPV is the major antigenic variant for determining the subtypes of
aMPV (Lwamba et al., 2005). Since G protein is responsible for viral attachment to
the cell membrane and subsequent entry as was demonstrated for respiratory
syncytial virus (RSV) which is in same subfamily of aMPV (Levine et al,1987), it
may has a key function in the virus life cycle and may be an important determinant
of virulence.

Primary isolation of aMPV from field samples is carried out using chicken or turkey
TOC or in chicken embryonated eggs (McDougall and Cook 1986; Naylor and
Jones 1994; Panigrahy 2000). Once the virus has been isolated in one of these
two systems, it can be adapted easily to growth in CEF, chicken embryo liver
(CEL), chick embryo related (CER), baby hamster kidney (BHK-21) or Vero
cultures (Grant and Wilding, 1987; Buys et al., 1989a; Williams et al., 1991; Coswig
et al., 2010). Live attenuated vaccines have been developed against subtypes A, B
and C by serial passage of the virulent virus in cell cultures, and experimental trials
must be done with these vaccines (Williams et al., 1991; Cook et al., 1995;
Patnayak et al., 2002, Ganapathy and Jones, 2007; Catelli et. al., 2010). However,
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in contrast to disease in turkey, uncomplicated infection in chicken is frequently so
mild that it may go unnoticed unless perhaps SHS develops (Jones, 1996).
Moreover, experimental infections are typically less severe then those observed
under field conditions (Catelli and Cook, 1998), making it difficult to develop a
consistent challenge model for aMPV in chickens.

This study was conducted to determine the influence of serial passage in CER
cells on the virulence of an aMPV strain, defined as viral shedding of challenged

susceptible chickens.

2. Material and methods

2.1 Virus and Serial Passage of the Virus in Cell Cultures. An aMPV strain
named STG-SHS-1439, isolated from a broiler breeder flock with typical signs of
SHS (Hafez, 1993) and confirmed to be subtype B using PCR (Hafez and Hess.,
2000) was utilised for these experiments. Serial passage of the virus was carried
out in CER cells. The cells were grown at 37°C under an atmosphere of 5% CO, in
eagle’s minimal essential medium (E-MEM) free of antibiotics and supplemented
with 10% fetal calf serum (FCS). For serial passage, inoculated cells were
disrupted by three freeze and thaw cycles and 1 mL of supernatant was inoculated
onto freshly prepared CER cell monolayers. After incubation for 1 hour at 37°C and
5% CO2, the medium was replaced and the flasks were incubated at the same
conditions. The monolayers were monitored daily for the development of the viral
cytopathic effect (CPE) and virus suspension after 48 hours of incubation was
defined as one passage. The procedure was repeated 5 times. The virus passage
representing each challenge passage were named 3P, 4P, 5P, 6P and 7P to be
used in the in vivo experiment. Infectious virus titres were calculated by the Reed
and Muench method (1938) and expressed as the log10 tissue culture infective
dose per mL (TCIDsg/mL).

2.2 Experimental design. At two weeks of age, five groups of five birds were

inoculated by oculonasal route with 0.20 ml of each aMPV virus passage. A non-

challenged control group was included in the experiment. At 5 days post infection
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(d.p.i.) all birds were euthanized, by dislocation of cervical vertebrae, for the
tracheal and sinusal sample collection. The sinusal swab and tissue scraped from
trachea were collected individually and suspended in 1 ml of E-MEM containing

enrofloxacin (1mg/ml) and stored at -80°C until used.

2.3 Analysis of viral shedding by real-time RT-PCR and virus isolation. RNA
was extracted from each sample using QlAamp viral RNA extraction kit (Qiagen)
followed by the generation of cDNA with Superscript Il reverse transcriptase
enzyme (Invitrogen, Brazil). The real-time RT-PCR (qRT-PCR) for aMPV subtype
B was developed in an Applied Biosystems 7500 real time PCR cycler (Applied
Biosystems, Foster City, USA). The primers and TagMan probe for the F (fusion)
gene were based on the sequence of the prototype British isolate UK/8/94
(GenBank accession number Y14294.1). The sequences were as follows: forward
primer, 5'-CAGCAACAAAGTCGGGATCA-3" reverse primer, 5'-
GTGTTGTCTATAGTTATTGTGTCTGCCTCATT-3'; and TagMan probe, 5-FAM-
CAACTCAACAAAGGATGCACACACATACCC-TAMRA-3". Each 25 pL reaction
volume included 1 pL of cDNA and 24 pL of Quantitec Probe PCR kit (Qiagen,
Hilden, Germany) with final concentrations of 500 nM of each primer and 200 nM
of the Tagman probe. The F gene results were compared with a G gene-specific
primer and probe set designed for detection of aMPV subtype B previously
described (Gionie et al, 2007). Ultra-pure water was used as the negative template
control (NTC) and PCR products for F and G gene containing the target sequence
was used as DNA standard (Bustin and Muller, 2000). After an initial reverse
transcription step and an initial denaturation step at 95°C for 15min, 50 cycles
(95°C 15 sec — 60°C 1 min) were performed with fluorescence detection at the end
of the annealing-extension step. Threshold cycle values (Ct) were used, as Ct
indicates the PCR cycle number at which the amount of amplified target reaches a
fixed threshold. In order to convert threshold cycles in copy numbers, an external
standard curve was created using serial dilutions (from 102 to 10® copies) of known

copy numbers of G and F gene of aMPV. Copy number was calculated using the
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following formula: molecules/uL = g/uL DNA/(PCR product length in base pairs x
660) x 6.022x1023].

The correlation coefficients between the two qRP-PCR methods were calculated
by a computer program in Excel software (the “correl” function returns the
correlation coefficient for two data sets).

Individual samples were further used to inoculate CER cells. When viral cytopathic
effect (CPE) was obtained, the original samples were titrated in CER cells following
standard procedures. Titres were calculated by the Reed and Muench method

(1938) and expressed as the log tissue culture infective dose per 50 ul (TCID50/50
ul).

2.4 Sequence analysis of G gene. PCR amplification was performed with a G
gene-specific primer sets designed for detection of aMPV subtype B previously
described (Guionie et al, 2007). The PCR products with nucleotide sequence size
of 1249 bp were gel-purified using a Gel extraction Kit (Qiagen), ligated into the
pGEM-T vector and transformed into JM109 competent cells (Promega). The
plasmid was extracted with QlAprep Spin Miniprep kit (Qiagen) and sequenced
with the T7 forward and SP6 reverse primers.

3. Results

3.1 Serial Passage. Fig. 1 shows the replication curve of the aMPV strain based
on viral titre of each passage in CER cells. After 3 cell culture passages, the virus
showed typical signs of adaptation, as reflected by increases in virus titre and
proportion of infected cells. The CPE consisted of round refringent cells with

subsequent detachment from the monolayer and clusters of small syncytia.
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Figure 1. Mean aMPV titre on each passage numbers in CER cells. These same

passages were used to challenge the birds.
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3.2 Analysis of viral shedding. Viral RNA was detected by both F and G-based
gRT-PCR methods in sinusal swab and tissue scraped from trachea from all birds
in all five challenged groups (fig. 2). The Ct number obtained from sinus samples
declined as higher was the passage level inoculated in chickens, following the
growth of viral titre with the serial passages in CER cells, except for the 7P.
However, when testing tracheal samples, the Ct number increased as higher was
the passage level inoculated in chickens, except for the 3P. The amount of viral
shedding detected in trachea shows the gradual decrease in infectivity of the virus
with serial passage, while in vitro replication rate increase. The lowest Ct number
was obtained in sinusal samples of group challenged with 5P (Ct: 31.43) and in
tracheal samples of group challenged with 4P (Ct: 27.92). No virus was detected
from the control group.

There was general agreement (correlation= 0.98 to 0.99) between the two qRT-
PCR methods used.
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Figure 2. Mean amount of viral shedding (in Ct number) from groups challenged
with each virulent passage number determined using F and G-based RRT-RT-
PCR.
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Infectious virus was recovered from the trachea and sinus of all the birds in all
challenged groups. The highest virus titre was obtained in group challenged with
P4 for tracheal samples (2.2 logio TCIDs0/50 pl) and PS5 for sinusal samples (3.1

log1o TCIDs50/50 pl). No virus was isolated from the control group.

Table 1. Mean titres of virus in sinus or trachea from chickens challenged with

different passages of virulent aMPV.

Passage Virus Titre (log10 TCID50/mL)
Trachea Sinus

3p 2.1 1.7

4p 22 29

5p 1.7 3.1

6p 1.9 2.8

7p 1.6 3.0
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3.3 Analysis of G gene. Three sequences were obtained from serial passages of
the virus in CER cells, the P1, P5 and P10 representing the first, fifth and tenth
passages. Only one nucleotide change in the gene that did not result in amino acid
substitution was detected. The nucleotide and deduced nucleotide similarity is of
99%.

4. Discussion

In agreement with observations made by others authors (Williams et al., 1991;
Cook and Ellis, 1990; Kong et al., 2008), serial passage of the aMPV subtype B
strain in CER cells resulted in decrease of viral infectivity. In spite of increasing
viral titre with CER passage level, the results of qRT-PCR for tracheal samples
showed that the viral fithess in chickens decreased with the passage level.
However, investigating sinusal samples the Ct number did not increase as fast as
those observed in tracheal samples and a signal of decrease in fitness appeared in
the last passage only. A high correlation was observed between the two gRT-PCR
methods used in this study indicating that F-based qRT-PCR is as sensitive as the
previously reported G-based qRT-PCR (Gionie et al., 2007). When using cell
based viral titration, a decrease in viral titres was also observed in the tracheal
samples collected from birds challenged with the three last passages, however no
signal of decrease in viral titre was observed in sinusal samples. In fact, it is
remarkable that, as observed on aMPV isolation and titration assays from samples
recovered during the bird experiments, the levels on infectious titres excreted at
the upper respiratory tract of birds increases after serial CER passages, while
tracheal virus shedding decreases. This may be an effect of selective adaption to a
certain group of receptors in vitro. The gRT-PCR and viral titration data also reveal
that the best source of aMPV for virus detection and isolation are the nasal
secretion. Consistent with Domingo and Holland (1997) observations, these finds
show that aMPV, as many other RNA viruses, uses well known evolutionary
strategies to ensure its multiplication and stability in cell culture. It can also be
supported by a previous report which showed that the aMPV subtype C virulence

was enhanced by in vivo passages (Tiwari et al. 2006), unlike in vitro passage.
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It is well established that viruses utilize co-receptors and alternative receptors for
their entry into cells, and this is an important determinant of virulence (Domingo
and Holland, 1997). The G protein gene of aMPV is responsible for cell attachment
(Levine et al., 1987) and it is the major antigenic variant for determining the
subtypes of this virus (Juhasz and Easton, 1994; Lwamba et al., 2005). Deletions
in this gene were detected in early passage when a subtype C strain of aMPV was
propagated in a mammalian cell line (Kong et al., 2008). Taking into account the
key function of G gene for the viral life cycle, three sequences of aMPV derived
from serial passage were obtained in order to investigate possible RNA
modifications. Surprisingly, only one nucleotide alteration resulting in no amino acid
substitution was detected. It appeared that G gene was not affected when aMPV
was propagated in CER cells, but other alternative glycoproteins could play more
functional roles such as the F protein. A previous study showed that although an
aMPV subtype A vaccine strain attenuated in Vero cells have retained the
complete genome without any deletions, two amino acid substitutions were
detected in F gene and none in the SH-G genes (Catelli et al., 2006). Moreover,
recombinant mutants of aMPV subtype A demonstrated that the SH and G proteins
were dispensable for virus propagation in cell culture (Naylor et al., 2004), however
none of naturally deleted mutant genes have been reported to date.

The results of this study indicate that serial passage of the aMPV subtype B strain
in CER cells quickly leads to decrease of viral infectivity with no mutation in G
gene. Knowledge of the types of hosts and cell types in which viral replication may
lead to decreases in viral fitness in the authentic host may help in the design of
live-attenuated vaccines. Furthermore this kind of study can help to improve on a

challenge model in chickens for aMPV subtype B.
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Abstract

Avian metapneumovirus (aMPV) is a respiratory pathogen associated with the
swollen head syndrome (SHS) in chickens and includes four subtypes, which are
differentially distributed worldwide. In Brazil, subtypes A and B are circulating in the
same area and in the last years the majority of the detected aMPV belongs to
subtype B. This study was conducted to compare the virulence of recently isolated
aMPV subtypes A and B from Brazilian chicken flocks and analyze the virological
protection afforded to chickens inoculated with an established subtype B vaccine.
The results demonstrate that the subtype B virulent strain could be observed
longer and in larger quantities using real time RT-PCR compared to a parallel
group challenged with a subtype A. A complete heterologous virological protection
was provided by an established subtype B vaccine; however, a lack of complete
homologous virological protection was observed when chickens were challenged

with a virulent subtype B of aMPV.
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1. Introduction

The avian metapneumovirus (aMPV) is classified as a member of the
Metapneumovirus genus within the Paramyxoviridae family (Pringle, 1998). This
virus is able to replicate in the respiratory tract, especially the upper tissues,
resulting in an acute respiratory disease in turkeys and chickens with significant
economic losses, especially if the viral infection is associated with secondary
pathogens (Jirjis et al., 2002; Gough & Jones, 2008). In broiler chickens, aMPV is,
among other agents, involved in the swollen head syndrome (SHS) (Cook, 2000).
Based on molecular analysis of the genome, aMPV can be classified into four
subtypes, A, B, C and D, (Juhasz & Easton, 1994; Toquin et al., 2000; Dar et al.,
2001; Alvarez et al., 2003) and is present in many countries. Subtypes A and B are
more widespread in the world, whereas subtype C is only found in the United
States and subtype D was once reported in France (Cook, 2000; Njenga et al.,
2003). In Brazil, where a high density of poultry farms exists, studies on diseased
chicken and turkey flocks prove a high prevalence of aMPV subtypes A and B
(D’Arce et al., 2005; Chacon et al., 2007). Recent surveys indicate that in Brazil the
majority of the detected aMPV in the last years belongs to subtype B. Furthermore,
they reveal the circulation of at least two subpopulations of this subtype in Brazil
(Chacon et al., 2009; Villarreal et al., 2009).

Once aMPV infection was diagnosed in Europe, live vaccines became available
(Cook et al., 1989ab; Williams et al., 1991ab) improoving the welfare and reducing
economic effects of aMPV infections in turkey flocks (Cook, 2009). In Brazil, after
the first detection of aMPV in 1995, mass vaccination in commercial flocks was
established. However, disease in vaccinated birds has still been found in regions
with high poultry density (Cecchinato et al., 2009; Chacon et al., 2009; Banet-
Noach et al., 2009; Catelli et al., 2010). Despite the evidence of excellent cross
protection between the A and B subtypes (Cook et al., 1995; Eterradossi et al.,
1995), in some cases disease may have been caused by infection with the subtype
not included in the vaccine (Banet-Noach et al., 2005, 2009; Cook, 2009). In other
cases it could have been caused by genetic variations between the field and

vaccine strains (Banet-Noach et al., 2009; Catelli et al., 2010) or by poor vaccine
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administration leading to reversion to virulence (Catelli et al., 2006; Ricchizzi et al.,
2009).

The first aim of this study was to examine a commercially available subtype B
vaccine in broiler chickens in terms of its ability to provide virological protection
against aMPV subtypes A and B. To accomplish this, two recently isolated

subtypes A and B aMPV strains from Brazilian chicken flocks were analyzed.

2. Materials and methods

2.1 Collection of field samples and aMPV subtyping by nested RT-PCR

From December 2006 to December 2008, sinusal swab and tissue scraped from
trachea were collected from respiratory diseased chickens of vaccinated and non-
vaccinated flocks against aMPV. The field samples were suspended in 1 mL of E-
MEM containing 1 mg/mL enrofloxacin and, after shaking, centrifuged for 5 minutes
at 3500 g to sediment the cellular debris. The supernatants were harvested and
stored at -80°C until used. A subtype specific RT-nested PCR, based on G gene
sequence able to differentiate A and B subtypes, was used to detect and classify
aMPV. RNA was extracted from pools of birds from the same flock and cDNA
prepared, followed by nested PCR using the method described by Naylor et al.
(1997).

2.2 Virus isolation

Virus isolation was performed on positive samples by RT-nested PCR. The
samples were serially passaged in Chicken Embryo Related (CER) cells until the
development of the viral cytopathic effect (CPE) and a new RT-nested PCR was
used to confirm virus presence. The strains Chicken/A/BR/775/06 and
Chicken/B/BR/877/08 were titrated in CER cells and end points were calculated by
the method of Reed and Muench (1938). For experimental inoculation, both strains
were used at a dose of 3,0 log10TCIDso/50uL per bird.
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2.3 Vaccine
The chickens were inoculated with a commercial aMPV subtype B vaccine, at a
dose of 2,5 1og10TCIDs¢/50uL, by the oculonasal route at the dose recommended

by the manufacturer.

2.4 Experimental design

2.4.1 Analysis of challenge viruses: experimental pilot study

At two weeks of age, two groups of 25 birds were divided and inoculated by the
oculonasal route with 0.20 ml of subtype A or B strains. A non-challenged control
group was included in the experiment. At 3, 5, 7, 10 and 14 d.p.i. five birds from
each group were euthanized followed by dislocation of cervical vertebrae. Sinusal
swab and tissue scraped from trachea were collected individually and suspended
in 1 ml of E-MEM containing 1 mg/mL enrofloxacin. After shaking, the samples
were centrifuged for 5 minutes at 3500 g to sediment the cellular debris. The

supernatants were harvested and stored at -80°C until used.

2.4.2 Protection study

Fifty-one birds were used in total. Two groups were equally divided in 21 birds and
vaccine was applied to the one-day-old broiler chickens in one of the groups. At 21
days of age 18 birds of each group were subdivided in two groups and challenged
with 0.20 ml of virulent subtypes A or B strains by the oculonasal route. Samples of
the three remaining birds of each group (vaccinated and non-vaccinated), before
the virological exposure, were collected to determine whether vaccine virus could
be detected 21 days after vaccination, these birds were then euthanized. A non-
challenged control group was included in the experiment. At 3, 5 and 7 d.p.i. three
birds from each group were euthanized. The sinusal and tissue tracheal samples
were collected individually for virological examination and processed as the first

experiment.

2.5 Virus titration
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Individual samples of the experimental pilot study were further used to inoculate
CER cells. When viral cytopathic effect (CPE) was obtained, the original samples
were titrated in CER cells following standard procedures. Titres were calculated by
the Reed and Muench method (1938) and expressed as the logqo tissue culture
infective dose per 50 pl (TCID50/50 pl).

2.6 Analysis of viral shedding by real-time RT-PCR and virus titration

The sinusal swab and tissue scraped from trachea were collected individually from
both in vivo experiments. RNA was extracted from each sample and cDNA
prepared, followed by real time RT-PCR based on amplification of the F (fusion)
protein gene of aMPV subtype A (Ferreira et al., 2009) or B (Santos et al., in prep).
Threshold cycle values (Ct) were used, as Ct indicates the PCR cycle number at
which the amount of amplified target reaches a fixed threshold. In order to convert
threshold cycles in copy numbers, an external standard curve was created using
serial dilutions of known copy numbers of F gene of aMPV. The samples were
further analyzed by virus titration in CER cells. Serial 10-fold dilutions were
inoculated on CER 96-well plates following standard procedures. Titres were
calculated by the Reed and Muench method (1938) and expressed as the logqo

tissue culture infective dose per 50 pL (TCIDs0/50 pL).

2.7 Serum neutralization test
At the initial inoculation of the vaccine and at weekly intervals up to tree weeks,
blood samples were collected from ten birds. The sera were assayed for the

presence of antibodies by the serum neutralization (SN) test.

3. Results
3.1 aMPV subtyping
From the 101 analyzed biological samples, 20 were aMPV-positive. Nine samples

belonged to subtype A and 11 were characterized as subtype B. In seven cases,
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an aMPV and Infectious bronchitis virus (IBV) co-infection was detected. In the last

years of this survey, the majority of the detected aMPVs belonged to subtype B.

3.2 Analysis of challenge viruses: experimental pilot study

3.2.1 Analysis of viral shedding

In the pilot study, chickens in groups infected with aMPV subtype A or B showed
different viral shedding; subtype B virulent strain could be observed longer and in
larger quantities using real time RT-PCR compared to subtype A strain. Subtype A
RNA was detected at 3, 5 and 7 d.p.i. while subtype B virus was detected at all five
time points. The highest RNA detection for subtype A was obtained in sinus at 5
d.p.i. (Ct: 33.21) and for subtype B at 3 d.p.i. (Ct: 27.18). When mean Ct number of
sinusal and tracheal samples were compared, those at 3, 5, and 7 d.p.i. in the
subtype B challenged group were significantly higher than those in the subtype A
challenged group. Fig. 1 shows the recovery of virus from the birds infected with

virulent aMPV subtype A and B.

3.2.2 Virus titration

Infectious virus was recovered from the trachea and sinus at all d.p.i. for subtype B
challenged group. The highest virus titre was obtained in tracheal samples at
7d.p.i. (1.0 log1o TCIDs¢/50 pl) and in sinusal samples at 3 and 5 d.p.i. (1.4 log1o
TCIDs5¢/50 pl). Subtype A viruses were detected only in sinusal samples at 5 d.p.i.

with titre mean of 0.6 logip TCID5s¢/50 pl. No virus was isolated from the control

group.
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Table 1: Mean titres in trachea and sinus from

chickens inoculated with virulent aMPV subtype B

Virus titre (log10 TCID50/50uL)

Days post Trachea Sinus
challenge
3 0,4* 1,4
5 0,5 1,4
7 1,0 0,4
10 0,6 0,4
14 0,4 0,4

Titres are expressed in log10 TCID50/50uL
* Values are mean of five birds

Figure 1. RNA virus detection by real time RT-PCR from trachea and sinus of
challenged birds with virulent subtype A or B aMPV at 3, 5, 7, 10 and 14 d.p.i.
Asterisk (*) means Ct number of the subtype B challenged group (B) is significantly
(P<0.05) higher than the corresponding value of the subtype A challenged group
(A).
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3.3 Protection study

3.3.1 Serological analyses
All pre-vaccination sera were negative for aMPV antibodies in the SN test. After

initial inoculation with vaccine strain the titres of neutralizing antibodies reached

their maximal level after three weeks. The maximum mean titre was 8 log (Fig. 1)

Figure 2. Mean serum neutralization titres of chickens after vaccination with

subtype B aMPV. Asterisk (*) means SN titre are significantly (P<0.05) different.

7 14 21

days post-vaccination

3.3.2 Analysis of viral shedding
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For the protection study, the mean viral detection by real-time RT-PCR or virus
titration for the vaccinated and unvaccinated groups is reported graphically in fig. 5.
Virus was detected by both real time RT-PCR and viral titration in all chickens
which had not been vaccinated, but challenged at 21 days of age with virulent
subtype B strain (group -/B), except for the tracheal samples collected at 7 d.p.i. in
which no infectious virus was detected. In unvaccinated chickens challenged with
subtype A strain (group -/A), viral RNA was detected at 3 and 5 d.p.i.; infectious
virus was recovered from the trachea and sinus of all birds at 5 d.p.i. and in sinusal
samples only at 3 d.p.i. The highest virus titre and Ct number was obtained in
sinusal samples of group -/A at 3 d.p.i. (1,5 1og10TCIDs0/50uL; Ct: 31.43) and at 5
d.p.i. for group -/B (2,7 log10TCIDs¢/50uL; Ct: 27.92).

In chickens that had been vaccinated at one day of age and then challenged with
homologous virus at 21 days of age (group B/B), viral RNA was detected in 4/9
birds after 3, 5 and 7 d.p.i. Only one bird in group B/B yielded infectious virus (1,2
and 1,5 log10TCIDs¢/50uL in sinusal and tracheal samples respectively). In
Chickens previously vaccinated and then challenged with heterologous subtype A
virus at 21 days old (group B/A), no virus was detected by both real time RT-PCR
and viral titration. No virus was detected by real time RT-PCR or virus titration in
vaccinated chickens not challenged and in chickens which had been neither
vaccinated at one day old nor challenged. Table 1 shows the recovery of virus from

the challenged birds which were initially vaccinated or not.
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Figure 3. Results of protection study. Groups of 9 one day old chickens were
vaccinated with commercial subtype B aMPV vaccine. After 21 days they were
challenged with either homologous (group B/B) or heterologous virulent virus
(group B/A). Unvaccinated chickens were challenged with one or the other virus
(groups -/B and -/A). The figure shows the percentage of detected positive birds for

aMPV by real time RT-PCR or virus titration in each group at the given time in d.p.i.

B Viral detection
1 None viral detection

-IA -/B B/A B/B

Proortion of viral detection in chickens (%)
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Table 2: Mean titres in trachea and sinus from chickens inoculated with virulent aMPV

subtypes A and B

Sinus
3dpi 5dpi 7dpi
vaccine  Challenge ., Ct Titre Ct Titre Ct

B A - - - - - -

B B S22 31.41 ; - ; /539
None A <1* 38.64 15 31.43 ; ;
None B 12 33.07 2.7 27.92 1.1 38.79

Trachea
3dpi 5dpi 7dpi
vaccine . Challenge L o ct Titre Ct Titre Ct

B A - ; ; ; - ;

B B -1-15 1>30/29.45 - 539 - 1-129.98
None A - 11539 12 36.77 ; ;

None B 14 31.91 17 30.67 - 32.56

Titres are expressed in log10 TCID50/50uL
* Values are means of tree birds, except when only some of the samples yielded virus, in which
case all the values are shown (**)

4. Discussion

After the first detection of aMPV in Brazil (Arns and Hafez, 1995) massive
vaccination was established in commercial flocks. However, recent studies show
that aMPV subtypes A and B are still highly spread in Brazil affecting broilers,
breeders, laying hens and turkeys (D’Arce et al., 2005; Chacon et al., 2007;
Chacon et al., 2009). To analyze a commercial aMPV subtype B vaccine found in
Brazil, a protection study was performed in order to examine the virological
protection afforded to broiler chicken by inoculating them with the vaccine and

Brazilian virulent aMPV subtypes A and B strains.
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The results of this study demonstrate, under experimental conditions, a lack of
complete homologous Vvirological protection of immunized and subtype B
challenged birds. Surprisingly, a complete heterologous virological protection was
provided by the same subtype B vaccine, i.e., neither virus shedding nor viral RNA
could be detected in tracheal or sinusal samples of immunized and subtype A
challenged birds. Similar to the study of Naylor et al. (1997), heterologous clinical
protection was observed after turkeys, inoculated initially with subtype B, were
challenged with virulent subtype A strain. However, clear nasal exudate was
observed in part of the birds inoculated initially with subtype B and challenged with
virulent homologous strain, although no infectious virus was detected. In this study,
full cross-protection did not occur when the birds were inoculated initially with
subtype A. In contrast, Van de Zande (2000) showed that turkeys were afforded an
homologous and heterologous clinical and virological protection for at least 11
weeks after they had been inoculated with either a virulent subtype A and B strains
of aMPV; the cross-protection diminished after a given period.

Although the results lead to the conclusion that the heterologous protection was
more efficient than homologous protection provided by the same subtype B
vaccine, the virulence difference between the subtype A and B challenge strains
should be taken into account. In the first part of this study, the virulence of both
challenge viruses were analyzed and subtype B could be observed longer and in
significantly larger quantities compared with subtype A virulent strain. Moreover,
Catelli et al. (2010) suggest that protection levels able to resist virulent
experimental challenge can be insufficient on farms where less ideal conditions
prevail. Indeed protection between A and B subtypes in experimental conditions is
generally good (Van de Zande et al., 2000) but in the field, a lack of heterologous
protection has been seen (Naylor et al., 1997; Van de Zande et al., 1998; Catelli,
2006). Since these observations are based on the results of vaccine protection
provided against a single subtype A or B challenge, it should be interpreted with
caution.

In this survey, four out of nine broiler chickens immunized with the subtype B

vaccine, then challenged with the virulent homologous strain, were found to receive
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incomplete protection. However, infectious virus was recovered from one bird at 3
d.p.i. only. Lack of complete protection after homologous vaccination was also
seen previously in two recent field studies carried out in Israel and Italy. In both
studies the sequence analysis detected nucleotide differences between the
vaccine and field strains in the SH and G genes, with predominance of non-
synonymous amino acid alterations, suggesting that the field virus was able to
overcome immunity induced by the vaccine (Banet-Noach et al., 2009; Catelli et
al., 2010). Since the G protein is believed to be antigenically important, changes on
it may provide an opportunity for the virus to potentially scape from previously
established immunity, as already shown for BRSV and HRSV (Sullender et al.,
1999; Valarcher et al., 2000). Indeed the reason for the failure of the commercial
vaccine used in this survey to protect part of the birds from subtype B Brazilian
strain may be the existence of a genetic divergence between the European vaccine
and the Brazilian field strains. On the other hand, the lack of complete homologous
protection may be a result of differential immune responses by individual birds, as
the recovery of infectious virus was observed in one bird of B/B group only.

A field protection study carried out on naturaly infected Brazilian layer chickens
showed an efficient protection. However, the subtype B lineage found on naturaly
infected chickens was divergent from other lineages already described, suggesting
that subpopulations of aMPV are present in Brazil. As a consequence of the amino
acids mutations that are accumulating in Brazilian strains of aMPV subtype B,
escape mutants could emerge for which the vaccines that worked before would
provide insufficient protection (Villarreal et. al., 2009). Curiously, the fist results of
this survey show that the majority of the detected aMPVs in Brazil in the last years
belonged to subtype B.

This study confirms the distribution of aMPV subtypes A and B in Brazil and the
contagious nature of these viruses. Continued surveillance is required to detect
any changes in the subtypes A and B or introduction of a new subtype of aMPV.
Moreover, it also reveals a lack of complete protection provided from a commercial

European vaccine to Brazilian broiler chicken flocks. In such situation, viruses may
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be free to replicate in vaccinates and shed to environment, allowing a large number

of generations for mutations to occur.
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5.0 CONCLUSOES GERAIS

5.1 Cultivo do aMPV em diferentes sistemas celulares

O objetivo deste estudo foi encontrar cultivos celulares que permitissem a
propagacao em altos titulos do aMPV subtipos A e B. Ambos os subtipos, isolados
primariamente em células CER, desenvolveram titulos maiores em CER, VERO e
BHK-21. Quando os subtipos A e B, propagados nos diferentes cultivos celulares,
foram titulados na célula homologa, os titulos foram menores do que os
observados na titulagdo em CER. Considerando que passagens seriadas do
aMPV em cultivo celular levam a rapida atenuacdo da amostra viral, a
multiplicacdo de ambos os subtipos foi investigada em TOC e CEF. Apenas
diferengcas sutis quanto ao numero de passagens necessarias para o
aparecimento de ECP ou ciliostase foram observadas, levando a conclusdo de
que o isolamento primario em CER nao interfere na permissibilidade de sistemas
celulares aviarios a infecgcao pelas amostras de subtipo A ou B. Além disso, as
curvas de crescimento das amostras dos subtipos A e B foram analisadas nas
células CER, VERO e BHK-21. Entre as células CER e BHK-21, diferencas
estatisticamente significativa foram observados durante as primeiras 30 horas
apos a infecgdo para ambos os subtipos, com titulos mais altos nas células CER.
Apesar de as amostras terem sido isoladas primariamente em CER, ndo houve
diferenca significativa entre os resultados obtidos em CER e Vero, sugerindo que

estes cultivos celulares sao igualmente permissiveis a infecgdo pelo aMPV.

5.2 Analise da viruléncia do aMPV apds passagens seriadas

Este trabalho consistiu em analisar a viruléncia uma amostra de aMPV subtipo B
apos sofrer passagens seriadas em células CER. Para tanto, frangos de corte
foram desafiados com cinco variaveis provenientes das passagens em CER e
amostras de traquéia e seio nasal foram analisadas quanto a excrecao viral. Os
resultados obtidos por qRT-PCR nas amostras de traquéia demonstram que a
viruléncia do aMPV diminui gradualmente enquanto o titulo viral aumenta com o
numero de passagens em células CER. Quando investigadas as amostras de seio

nasal, o numero de Ct ndo sofreu aumento tdo rapido quanto ao observado nas
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amostras de traquéia, ou seja, o sinal de atenuagdo apareceu somente nas aves
desafiadas com a ultima passagem. Quando as amostras foram analisadas por
titulagao viral, também foi observada uma diminui¢gdo nos titulos das amostras de
traquéia de acordo com o aumento do numero da passagem, porém nenhum sinal
de atenuacao foi observado nas amostras de seio nasal. As seqliéncias do gene G
das amostras utilizadas para desafio foram obtidas, porém este gene parece nao
ser afetado pela propagacdo em CER. Estes resultados sugerem que passagens
seriadas do aMPV subtipo B em células CER podem levar a uma rapida
diminuicdo no fitness viral, observada claramente quando o virus se replica em
traquéia. Em contrapartida, no seio nasal a replicagdo nao se altera tao
rapidamente, reforcando a idéia de que este € o local onde se encontra particulas

viriais em maior abundancia.

5.3 Estudo da protecao vacinal contra o aMPV subtipos A e B

Uma investigacdo molecular em lotes de galinhas com doenga respiratoria
demonstra que aMPV subtipos A e B circulam no Brasil. O primeiro objetivo deste
estudo foi analisar o nivel de protegao viral conferido por uma vacina comercial do
subtipo B contra isolados brasileiros dos subtipos A e B em frangos de corte. Para
tanto, a viruléncia de ambos os subtipos foi analisada baseando-se na quantidade
e duracdo da excrecdo viral. Os resultados desse estudo demonstram que
algumas aves imunizadas receberam protegcdo viral parcial quando desafiadas
com o virus virulento homologo ao vacinal. O RNA viral ou a particula infecciosa
foram detectados em pelo menos um animal aos 3, 5 e 7 dpi. Curiosamente, a
mesma vacina forneceu protegcao viral completa contra o virus virulento
heterélogo. Embora tenha sido feita uma analise comparativa entre a protegéao
vacinal conferida contra os subtipos A e B do aMPV, deve-se levar em
consideragao a diferenca de viruléncia entre os dois isolados. O isolado do subtipo
B foi detectado em um periodo mais longo e em maiores quantidades quando
comparado com o subtipo A. Além disso, niveis de protecdo capazes de resistir a
infeccao pelo virus em condigbes experimentais podem ndo ser suficientes a

campo, onde as condigdes de manejo sdo outras. Talvez a falha na protegao

68



vacinal possa ser atribuida a variagées genéticas entre a amostra vacinal européia

e o isolado brasileiro, como consequéncia do acumulo de mutagdes nas amostras

do subtipo B que estao circulando no Brasil.
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Anexo |

Comparative evaluation of conventional RT-PCR and real-time RT-PCR (RRT-PCR) for
detection of avian metapneumovirus subtype A

Comparacio entre as técnicas de RI-PCR convencional e RT-PCR em tempo real para a detecciio do
metapneumovirus aviarios subtipo A
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ABSTRACT

Avian metapneumovirus (AMPV) belongs io
Metapneumovirus genus of Paramyxeviridae family. Firuz
isolarion, serolegy, and detection of genemic RNA are used as
diagnostic methods for AMPT. The aim of the present study
was fo compars the detection of six subgroup 4 AMPT isolates
(AMPT/4) viral RNA by using different conventional and real
time RI-PCR methods. Two new RI-PCR tests and two real dme
RI-PCR tests, both detecting fusion (F) gene and nucleocapsid
(N} gene were compared with an established test for the
attachment (G} gene. All the RT-PCR tested assays were able fo
derect the AMPT/A. The lower detection limits were observed
using the N-, F- based RRT-PCR and F-based conventional
RI-PCR (107 ta 10" TCID | mL-'). The present study suggesis
that the conventional F-based RI-PCR presented similar
derecrion limit whan compared to N- and F-based RRT-PCR
and they can be successfully used for AMPUV/A detection

Key words: avian metapneumevirus, & F N genes, real fime
RI-PCR, RI-FCR

RESUMO

O metapneumovirus avidrio (AMPT) perience oo
género  Mefapnenmovirus, fomilia Poramyxoviridae.
Isolamento viral, sorelogia ¢ detecgde do ENA gendmice sdo
atualmente as récnicas urlizadas para o diagnostico desse
agente. O objetivo de presente estudo foi comparar a detecgdo
de RNA viral de seis isolados de AMPV, subtipo A (AMPTA4),
ufilizando diferentes métodos de RI-PCR convencional ¢ real
time RI-PCR (RRT-PCR). Duas novas técnicas de RI-PCR
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detecgdo dos gemes da nucleaproteing (N} e da proteina de
fisdo (F), foram comparadas com um RI-PCR previamente
astabelecido para a detecgdo do AMPY fgene da glicoproteia
-Gl Todes esses métodos foram capazes de detectar os isolados
AMPT/4, 4s técmicas RRT-PCR (genes F e N} mostraram os
menores limites de detecgdo (10" to 10' TCID, mL-"). Os
resultados sugerem que as técnicas RT-PCR convencional (gene
E) g as téenicas de RRT-PCR (gene F ¢ N) desenvolvidas no
presente estudo podem ser utilizadas com sucesso para a
detecgdo do AMPT/A. Além disse, o RRT-PCR gera resulfados
rdpides e semsiveis, 0 gque o rorna uma ferramenta alternanva
para o isolamento viral

Palavras-chave: mefapneumovirus aviario, genes G, F, N,
real time RT-PCR, RT-FCR

INTRODUCTION

The avian metapneumovirus (AMPV),
previously called avian pneumovirus (APV) or turkey
rhinotracheitis virus (TRTV), 15 a member of the
Paranyxoviridae fanmuly, Prenmovirinae subfanuly,
within the new genus Metapnenmovirns (FAUQUET
et al., 2005). It contains a non-segmented, negative-
sense RNA genome of approximately 13.000nt length.
The AMPV genome 15 composed by eight viral genes
arranged 1n the following order: nucleocapsid—
phosphoprotein—matrix—fusion—second matrix—small



hydrophobic—glycoprotein—large polymerase ("3-N—
P-M-F-M2-SH-G-1-57) (GOUGH, 2003).

AMPV causes acute rhinotracheitis
characterized by coughing. nasal discharge and
conjunctivitis in turkeys. In chickens, AMPV plays a
role, in association with bacteria, on the development
of swollen head syndrome. AMPV imnfection 1s also
associated to egg drop i turkeys and ducks (GOUGH.
2003). The virus was first described causing climcal
evident disease in South Africa. Nonetheless, major
outbreaks of the disease were later reported in Europe.
United States (US). United Kingdom_ Middle East. Asia_
and in other parts of the world (COOK & CAVANAGH,
2002). AMPV 1s also present in Brazilian flocks since at
least 1992 (ARINS & HAFEZ, 1992).

Diagnosis of AMPV infection can be
achieved by virus 1solation in chicken or turkey tracheal
tissue cultures (TOC). Alternatively, 1t can be obtamed
from cell cultures (" ARCE etal . 2005; GIRAUD etal .
1986). Other methods allow the identification and
characterization of AMPV. such as immumofluorescence
stamning or virus neutralization of the isolate with
polvclonal or monoclonal antibodies (OTSUKI et al .
1996). Among serological methods, the ELISA (GIRAUD
et al, 1986) 1s the most commonly used. However,
serological results are delayed for at least 15 days
needed for seroconversion. Molecular methods, such
as reverse transcriptase- polymerase chain reaction (RT-
PCR). allow the development of rapid. sensitive and
specific detection of AMPV (BAYON-AUBOYER et
al_ 1999: D'ARCE et al, 2005; DANI et al | 1999;
GUIONIE etal , 2007; JUHASZ & EASTON, 1994).
Dhfferent conventional RT-PCR were already developed
by using primers defined either for the detection of all
subgroups (BAYON-AUBOYER et al.. 1999;
CECCHINATO et al.. 2004). or for the specific
identification of each of subgroups A-D (BAYON-
AUBOYER etal . 1999) Inarecent study, sets of primers
targeting attachment (G) gene and small hydrophobic
(SH) gene were designed to identify the four AMPV
subgroups by real time RT-PCR (RRT-PCE.). which also
provides the quantification of mRNAs (GUIONIE et
al.. 2007). Several RRT-PCR assays were also developed
for detection of human metapneumovirus (hMPV)
targeting fusion (F). nucleoprotein (N).
phosphoprotein (P), and polymerase (L) genes
(MAERTZDORF etal., 2004: PABBARAJU etal . 2007).

Different target genes can apparently
alter the sensibility and specificity of virus detection
by conventional (CECCHINATO etal . 2004) and RRT-
PCR assays. Pnimers and probes targeting NS1, NP-1,
and VP1 genes of Human bocavirus (HBoV) showed
similar sensitivity and specificity in RRT-PCR assays

(CHOI et al., 2008). On the other hand, nucleocapsid
target genes were found to be consistently more
sensitive than the polymerase targets of SARS
coronavirus (SARS-CoV) in RRT-PCE tests
(KEIGHTLEY etal . 2005). The amm of the present study
was to compare the sensitrvities and specificities of
two newly defined conventional RT-PCR assays. two
RRT-PCR tests detecting the F and N genes (FERREIRA
etal , 2007), and an established test for the attachment
(G) gene (BAYON-AUBOYER etal . 1999) for detection
of AMPV/A 1solates.

ATATERTALS AND METHODS

Virus strams: in this study, six Brazilian
AMPV viruses were propagated in chicken embryo-
related cell (CER) cultures. These viruses were 1solated
from trachea and nasal exudates in CER cells and they
were named: chicken/A/BR/119/95. chicken/A/BR/121/
95 SHSBE/662/03, SHSBE/668/03. SHSBR/669/03 and
TRIBR/169, previously classified as AMPV/A (D ARCE
etal.2005: DANI etal.. 1999).

RNA extraction and reverse transcription
(RT): Total RNA was extracted from 200uL of infected
cell cultures using High Pure Viral RNA kit (Roche,
Mannheim. Germany), according to manufacturer’s
recommendations A SUL ENA sample was used for the
generation of cDNA usmg 60ng of a hexamer pnimer
{Invitrogen, Carlsbad. CA, USA) and Superscript IIT
reverse transcriptase enzyme (Invitrogen. Carlsbad,

A TTC AN rrrathh Fanl sralians AF W07 nasmedise +a

Conventional RT-PCR: two different pairs
of AMPV-specific primers targeting the N_F genes were
designed based on the conserved regions of the
nucleotide sequences available for the F and N genes
of ANMPV/A to perform the conventional RT-PCR (Table
1). Also. AMPV-specific primers targeting the G gene
previous described by BAYON-AUBOYER etal (1999)
were used to compare the AMPV detection {Table 1).
PCR reaction of N and F genes was performed using
the Taq DNA Polvmerase Fecombinant (Invitrogen,
Carlsbad, USA), with final concentrations of IX PCR
buffer. 0.3mM of dNTP mixture, 0.125mM of MgCl..
0.2uM of each primer in a total reaction volume of 25uL
contaming 1pL of cDNA Individual PCR amplification
cycle of N or F genes was performed with an 1mitial
denaturation step at 94°C for 3min_ followed by 35 cycles
(94°C for 30s; 53°C for 30s; 72°C for 60s). and finally
with an elongation step at 72°C for 7min. PCR reaction
and amplification cycle of the G gene were performed
as previously described (BAYON-AUBOYER et al..
1999). PCR products (N gene— 698bp: F gene- 698bp; G
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Table 1 - Primers and probes for each amplified AMPWV/A gene by RT-PCR. and RRT-PCE.

Molecular test Gene  Primers or Tagman “probes  Positions* Sequence (3'- 37 Eef.
Nf 215-235 GCAAAACACACCGACTATGAG .
RT-PCR N Nr 892912 TAGACCTCAGATACTTGCCTC this stady
_ AMPUN-+494 494514 CAAAAGCCGTCTGCCTTGGAT
ﬁgﬁ time RI- AMPVN-567 547.567 GAGGCCAACTTGGTGAAAATG m%*
AMPUN+SI6FAMTAMRA 516545  CTCCCGTTATTCTATTATGCATTGGTGCCC -
Ff 3178-3108 AGGGAGCTCAAAACAGTGTCA .
RT-FCR F Fr 3855-3875 CAGTACCACCCTTGATCTTCT this study
AMPVF+3643 3643-3663 ATGCCAACTTCATCAGGACAGA
Real time RT- ¢ AMPVE-3721 3700-3721 TCAATATACCAAACCCCTICCTICT — (FERRERA
PCR : . et al 2007
Sl 553‘“"1 TAMR 33673304  AGTTTGATGTTGAACAATCGTGCCATGGT n
Gal 5044.5064 CCGGGACAAGTATCYMEKATGG (BAYON-
RT-PCR G Gy 6390-6412 TCTCGCTGACAAATTGGTCCTGA ‘:ﬂgqgg

*Nucleotide mumbering based on avian metapneumovirus genome (GenBank accession no. AY640317).

gene- 448bp) were observed in 1% agarose gel
electrophoresis. stained with ethidium bromide. Ultra-
pure water was used as the negative template control
(NTC).

Real time RT-PCR (RRT-PCR)): Real-time PCR
amplification (RRT-PCR) of N and F genes were
performed as previously deseribed (FERREIFA et al .
2007). Primers and Tagman® probes targeting the N
and F mRNAs were used (Table 1). Briefly, the
Quantitec Probe PCR kit (Qiagen. Hilden Germany) was
used with final concentrations of 900nM of each pnmer,
and 300nM of the Tagman® probe 1n a total individual
reaction volume of 25uL contaiming 1pL of cDNA (0.2
to 20ng). An external standard curve was created using
spectrophotometrically determined copv number
standards of purified PCR product for each gene After
an imitial reverse transcription step and an initial
denaturation step at 95°C for 15min. 50 cycles (95°C
15sec —60°C 1min) were performed with fluorescence
detection at the end of the annealing-extension step.
Amplification and fluorescence detection were carmned
out in an Applied Biosystems 7500 real time PCR cvcler
(Applied Biosystems. Foster City. USA). For absolute
quantification, a PCR product containing the target
sequence was used as DNA standard. The expeniments
were repeated three times on different davs from the
same cDINA stocks. Threshold cyele values (Ct) were
used, as Ct mdicates the PCR cycle number at which
the amount of amplified target reaches a fixed threshold.
In order to convert threshold cycles i copy numbers,
an external standard curve was created with known

copy numbers of F gene and N gene of AMPV. Copy
number was calculated using the following formula:

Y molecules pL! = (Xg uL* DNA/ [Length
of PCR product in base pairs x 660]) x 6.022 x 10+).

Detection Limit: In addition, 10-fold serial
dilutions in DMEM of 1solates chicken/A/BR/121/95
and SHSBR/669/03 were also extracted and used to
evaluate the detection limit of each test. The titers from
each 1solate were performed 1 CER cells and calculated
by the Reed-Muench method (REED & MUENCH.
1938) and expressed as median 50% tissue culture
infectious dose (TCID, ) per mL of viral suspension.

Specificity: specificity tests were performed
from stocks of other RN A viruses. including infectious
bronchitis virus (IBV) and respiratory syncytial virus
(hRSV). One strain (STG SHS-1439, AMPV/B) from
Germany was mcluded 1n the analysis. Non-infected
supernatants from CER cells were used as negative
control.

RESULTS

Conventional RT-PCR- all the six 1solates
were detected using conventional G F-, and N-based,
RT-PCR (Figure 1A). The RT-PCR products had the
appropriated size on ethidium bromaide stammed agarose
gels. All negative and blank controls were negative
using conventional RT-PCR (data not shown).

RRT-PCR: the N- and F- based RRT-PCR
assays were also able to detect all 1solates (Table 2). A
standard curve for N gene AMPV quantification was
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Figure 1 - A) Detection of AMPV/A six isolates by conventional ET-PCR for G F and N gene. All RT-PCR. products had the
appropriate size on ethidivm bromide stained agarose gels (G=448bp: F= 698bp and N=698bp). M: Leader 1kb plus;
1: megative control; 2: chicken/A/BR/119/95; 3: chicken/A/BR/121/95; 4: SHSBER/662/03; 5: SHSBR/G68/03; 6:
SHSBR/669/03; 7. TRTBR/169. B) Detection linuts of different conventional RT-PCE. The isolate SHSBR/669/03
was 10-fold seral diluted (10°- fold to 10% fold) and the RT-PCR. method was performed for the G F and N genes
detection. M: Leader 1kb plus; lines 1-6: 10' to 10% fold dilution

i 448D

——— GIEDP

b EOEBD

established using a PCR product containing a target
sequence serially diluted from 8 x10° to 8 x107. The
standard curve showed an efficacy of 98.71%, a slope
of-3.353247_aregression coefficient of 0.993317. and
an intercept of 45 66. For the N- based RRT-PCE. Ct
values ranging from 18.39 +0 434 t0 23.70+0.199. The
standard curve of F gene AMPV quantification was
generated using F target sequence senally diluted from
10°to 10 RRT-PCR efficiency was 99 95%, slope was
-3.3229. aregression coefficient was 0.998116. with an
mtercept of 49.621. For the F-based RRT-PCR. the

tested isolates showed Ct values ranging from
19,690,032 1025 5540 180

Detection limit: 1n order to evaluate the
detection limit, eight serial 10-fold dilutions in DMEM
were prepared from two different isolates (chicken/A/
BR/121/95 and SHSBR/669/03), and RNA was extracted
(Table 3). The chicken/A/BR/121/95 titer ranges 10°°—
10%TCID, mL"!, equivalent to 10*-10"* TCID, per
reaction nux by using N- and F- based RERT-PCR. and F-
based conventional RT-PCR_ The SHSBR/669/03 titer
ranges 10°°-10"TCID, mL" equivalent to 10°°-10°¢

Table 2 - Ct values and standard deviation of real time RT-PCE. (F and I genes) in detecting the AMPV/A isolates.

F gene N gene
Isclate
Ct value Copy mumbers  5td Dewviation Ct value Copy numbers  5td Dewiation

chicken/A/BR/119/95 2402 1.89 x 10e7 =0.039 3349 3.03 5 10e6 0217
chicken/A/BR/121/95 19.69 6.89 x 10e8 +).032 18.39 1.40x 10e8 =0434
SHSBR/662/03 2312 3.65 x 10e7 +0.083 2248 467 = 106 0297
SHSBE/668/03 20.85 1.07 x 10e8 +0.225 21.89 549 x 10e6 =0.013
SHSBR/669/03 1555 638 x 106 =180 2370 323 x10e6 +3.199
TRTBR/169 20,05 3.46x 10e8 =0.200 15.97 1.20x 10e7 =0.298
Negative control Undetermined  Undetermined Undetermmed  Undetermined
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Table 3 - Companison of conventional RT-PCR. (G. F. and N gene) and real time real time RT-PCE (F and N gene) assays and their detection
linits in detecting semally diluted AMPV viral suspensions. Idem 1.

F-based
Gbased RTPCR Fbased RT.PCR Nbased RT.PCR | TPt KR
Virases TCIDsp ml? RRT-PCR
Length (448bp]  Length (698bp) Ct* value Length (698bp) Ctvalue
chicken/A/BR/121/95 g Positive Positive 11.57+0.051 Positive 21.48 +0.123
0% Positive Positive 25.15 0,082 Positive 25.02 £0.075
10+ Positive Positive 274420141 Negative 27.74 £0.105
10 Positive Positive 31.39£0.165 Negative 32.04 £0.273
1044 Positive Positive 34.21+£0.191 Negative 35.79£0.180
108 Negative Positive 3B.12+0.397 Negative 3839 £0.315
0= Negative Negative Undetermined Negative Undetermmed
1922 Negative Negative Undetermined Negative Undetermmed
SHSBE/660/03 108 Positive Positive 19.47 +0.086 Positive 19.39 0,126
1¢# Positive Positive 23.05 £0.168 Positive 22930170
10t Positive Positive 26.77£0.154 Negative 27.18 £0.133
108 Positive Positive 2969 +0.263 Negative 30.26 +0.015
10? Pozitive Positive 32650082 Negative 33.17£0 436
10t Negatve Positive 37.65£0.220 Neganve 3819 £0.616
10° Wegative Negative Undetermined Negative Undetermimed
! - = =
10 Negative Negative DISCUSSION

TCID, per reaction muix by using N- and F-based RRT-
PCE. and F-based conventional RT-PCR. The N-based
conventional RT-PCR presented detection limut of 10°
and 10°° TCID, mL"* from chicken/A/BR/121/95 and
SHSBR/669/03 1solates. respectively (Figure 1 B). The
G-based conventional RT-PCR showed detection limit
of two 1solates rangng to 10 to 10°*TCID,_ mL" The
best detection limits were obtamed by usmg N-, F-
based RRT-PCR and F-based conventional RT-PCR
assays. which could detected detection limits ranging
from 10°*to 10' TCID_ mL" of both 1solates (Table 3).
Qur group was able to recover virus titers up to 10%¥
TCID,, mL" at 5dp1 from oral swabs. after experimental
infection with 10°TCID, mL" AMPV/A and AMPV/B
in chickens (unpublished data). This suggests that
evaluated RT-PCR and RRT-PCR assays could be used
for AMPV detection and quantification in experimental
studies.

Specificity: the specificity of RT-PCR
detection methods was evaluated using different RN A
viruses. The developed methods were found to be
specific for AMPV/A . as no amplifications was detected
for other RNA viruses. No specific band was visualized
by M- and F- based conventional RT-PCR tests and Ct
values were undetermuned by N- and F-based RRT-
PCR assavs). The conventional RT-PCR for the G gene
could detect AMPV/A and AMPV/B.

86

BAYON-AUBOYER etal (1999) described
the ability of the G- based RT-PCE assay to detect
AMPV/A and AMPV/B 1n field samples. Our results
are in agreement with these authors because the G-
based RT-PCE. was able to detect the AMPV subtypes
A and B. The conventional F-based RT-PCR and the
RRT-PCR tested assays could specifically detect
AMPV/A. BAYON-AUBOYER et al. (1999) also
reported that the G-based RT-PCE. method was sensitive
enough to detect AMPV in swabs without requirning
Previous virus propagation.

Interestingly. it 15 important to note that the
detection limit of F-based conventional RT-PCR
sustains comparison with RRET-PCR tested assays
detection limits (detection of 10" to 10' TCID, mL™").
This fact could be explained by the presence of a
pyrimidine residue at their 3° end in primers AMPV-
specific targeting the F gene. This parameter was
suggested to increase the sensifivity in some PCR
primers designed to detect an AMPV/A cloned F gene
(CECCHINATO et al.. 2004). The sensitivity of the N-
and F-based RRT-PCR seemed to be lower than the
recently reported G-based RRT-PCR for AMPV/A
detection (10! 5T'If.:':EDSEI mL!: GUIONIE et al._ 2007).
Nonetheless. a previous study also described that the

Ciencia Roral. .39, n.5, ago. 20009,



N-based RT-PCR. was more sensitive than other tests
targeting different genes (MAERTZDORF etal . 2004).
We could expect this due to the polanity exhibited during
the transcription process. The genes closer to the
promoter (3 end of the negative-strand genome) are
most abundantly transcribed 1n non-segmented
negative-strand RNA viruses (BARIK. 1992). The N
gene 1s the promoter closest gene. thus, the
transcription process produces more N mRNA than G
genes. Surpnisingly, conventional N-based RT-PCR had
the highest detection limit when compared with
conventional F- and G- based RT-PCR assavs for AMPV
detection. The absence of a pyrimidine residue at their
3"1n the pnimers AMPV-specific targeting the N gene
can play on the sensitivity of conventional RT-PCR
assays. On the other hand. the primers of tested RRT-
PCR assays do not contain this parameter and no
difference in the sensitivity was observed when
compared N- and F- based RRT-PCR. The impact of
pyvrimidine residue at their 37 in the primers for RRT-
PCR assays should be further investigated.

In addition, some positive signals can be
detected due to non-specific amplification and/or probe
disruption at the end of the amplification process in
absence of target cDNA (LOISY et al. 2005). We
considered thus that C wvalues higher than 39 may
indicate either a problematic sample. or RNA
vurification or RRT-PCR reaction.

CONCLUSION

The present study shows that the
conventional F-based RT-PCR presented similar
sensitivity when compared to M- and F-based RET-
PCR and they can be successfully used for AMPV/A
detection. Nonetheless, they should be used 1n
association with conventional G-based RT-PCR for
AMPYVY diagnosis, because it also detects N and D
AMPV subgroups. The conventional F-based RT-PCR
could also provide further nucleotide sequencing,
which allows phylogenetic studies on the detected
1solates. On the other hand. RRT-PCE assays can offer
targeted mRNA detection, generating quantitative data.
Although the RRT-PCR assays remains to be evaluated
with field samples and 1t would be useful to virus
shedding quantification i vaccine studies.
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