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1. RESUMAGO

(O Viras Respiratdrio Sincicial Bovine (BRSV) ¢ uma causa importante de doenga
respiratéria em bovinos. O BRSY € um membro da familia Paramyxoviridae, subfamilia
Preumovirinae, pertencendo ao género Preumovirus. Nos tliimos guinze anos, evidéncias
soroldgicas ¢ de isolamento do virus revelaram que o BRSV estd circulando no Brasil,
causando doenca clinicamente evidente ou formas subelinicas da infeccio,

Na primeira parte do presente trabalho, seis diferentes linhagens celulares foram
examinadas quanto a sua susceptibilidade & infecglio pelo BRSVY, levando em conia a
variabilidade entre diferentes isolados e caracteristicas de crescimento do virus. Chicken
embryo related cells (CER), ¢ ¢élulas CRIB (MDBK-resistentes & infecgfo pelo Virus da
Diarréia Viral Bovina, BVDV) foram as mais apropriadas & multiplicag@io do virus. Ambas
as linhagens permitiram o cultivo do virus em titulos de até 10> DICCsy (Doses
Infectantes para 30% dos Cultives Celulares por 100 pL).

Na segunda parte do trabatho ¢ objetivo foi analisar a variagfio genética dos isolados
de BRSV circulantes no Brasil, comparando as seqiiéncias previamente obtidas do gene que
codifica para a sua proteina G com seqiiéncias parciais ¢ completas do gene obtidas de
isolados de outros paises. A andlise filogenética realizada permitiu classificar os isolados
brasileiros de BRSV como pertencentes ao subgrupo B, o qual nio foi relatado no resto do
roundo desde a década de 1970. Uma das amostras brasileiras (BRSV-25-BR) apresentou
uma importante substituiglo de émjm}écidos entre os residuos 173 e 178 da proteina, na
regifio hidrofobica central da mesma, modificando duas cisteinas constituintes do né de
cisteinas que se forma nesta regific. A modelagem computacional por homologia da

possivel estrutura desse dominio da proteina G, com base na estrutura obtida por outros
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pesquisadores através de ressondncia magnética nuclear, foi conduzida com vistas a
determinar possiveis alteragdes induzidas na conformagio da proteina.

Na terceira parte, as relaghes genéticagl‘ entre os isolados de BRSV foram
construidas com base em segiiéneias do gene F, incluindo trés isolados brasileiros. A
modelagem da proteina F de BRSV foi feita, como uma tentativa de entender melhor as
pressies seletivas sobre essa glicoproteina e ainda para determinar um modelo provavel da
gstrutura terciéria da proteina. Alguns pontos de seleglio positiva puderam ser observados
entre nos nucleotideos 279 ¢ 351 do gene, quando analisamos amostras do grupo genético 1,
onde se incluem os isolados brasileiros. O modelo de estrutura obtido para a forma néo-
clivada da proteina conserva os caracteres observados em proteinas de fusdio de membros
da familia Paramyxoviridae.

Na quarta parte da tese, é descrita a tentativa de estabelecer um modelo de estudo
em camundongos para o estudo de aspectos da patologia e imunologia da nfeccho por
BRSYV. O estudo foi conduzido com base no uso de trds diferentes linhagens de
camundongos (Balk/C, A/ and C57BL6G), detentoras de distintos genomas, sendo as
mesmas lestadas quanto & sua susceptibilidade a infecclio pelo BRSV. Os animais das
linhagens A/J and C57BL6 revelaram-se mais sensiveis que agueles da linhagem Balb/C.

A quinta parte do trabalho trata da influéneia de diferentes adjuvantes na produgio
de anticorpos da classe IgQ anti-BRSV em carnundongos. Dentre os adjuvantes testados
{emulsc de agua-em-Sleo, Quil A, hidroxido de aluminio) os methores resultados foram

obtidos com a emulsio de leo em dgua, seguidos pela preparacio feita com Quil A.
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PHYLOGENETIC ANALYSIS OF AUTHOCHTONOUS BOVINE RESPIRATORY
SYNCYTIAL VIRUS ISOLATES AND IMPROVEMENT OF AN EXPERIMENTAL

MODEL OF INFECTION IN MICE

ABSTRACT

Bovine respiratory syncytial virus (BRSV) is a major cause of respiratory disease in young
cattle. The virus is a member of _the Paramyxoviridae family, Preumoviringe subfamily,
belonging to the Preumovirus genus. During the last fifieen years, serological evidence and
isolation of the virus revealed that BRSV 1s circulating in Brazil, causing clinically evident
respiratory disease or subclhinical forms of the mfection.

In the first part of the present work, susceptbility of six different cell lines to BRSY
infection in regard 1o viral isolate variability and growth charactenistics of the virus were
examined. Chicken embryvo related cells (CER), and bovine CRIB cells (a bovine viral
diarrhea virus-resistant clone of MDBK cells) showed to be the most appropriate for virus
multiplication. Both cells provided infectious virus titres of up to 10> TCIDso (50% tissue
culture infective doses per 100 ul).

The second part of the thesis aims to analyze the genetic variation of BRSV cireulating in
Brazil, comparing previously obtained sequences from the G protein gene of such strains
with other partial and complete gene sequences from other countries. The phylogenetic
analysis eonducted here allowed us to allocate Brazilian strains within the subgroup B,
which was no longer found in the world since the 1970s. One of the Brazilian strains
(BRSV-25-BR) has a major mutation between amino acid residues 173 and 178, within the
central hydrophobic conserved region, exactly on the site of two of the four cysteine-noose
forming cysteine residues. Homology modeling with the previously Setcnnined NMR
structure of this protein domain was made 1o check whether these mutations altered the

conformation of the protein.



On the third part, genetic relationships between BRSV isolates based on F gene, including
tree Brazibian isolates, and comparative modeling of BRSV fusion protein were conducted,
as an attempt to better understand the selective pressures exerted on this glycoprotein and to
determine the putative tertiary structure of the protein. Some positively selected sites
between gene positions 279 1o 351 were found, analyzing isolates of genetic group I, were
Brazilian isolates are located. The modeled structire of FO presents the same structural
constraints described for homolog proteins previously described on others members of the
Poramywoviridoe family.

On the fourth section of the thesis, it Is described an attempt to establish a mice model that
could be used further for preliminary studies of pathological and immunological aspects of
BRAV infection, three mice inbred lineages (Balb/C, A/J and C57BL6), possessing
different genetic backgrounds, were tested about its susceptibility to the inoculation with
BRSV, Animals were inoculated through the nasal and ocular routes and were observed
after inoculation, A/J and C57BL6 showed to be more susceptible than Balb/C mice.

The fifth part of the present work deals with the influence of different adjuvants on the
production of specific anti-Bovine respiratory syncvtial virus IgG antibodies in mice. From
the adjuvants tested (water-in-oil emulsion, Quil A, Aluminium-hydroxide), the best results
were obtained using water-in-oil emulsion adjuvant, followed by Quil A 'a;djavamed

VACCHIES.
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2. INTRODUCAO GERAL

2.1, Introducio

() Virus Respiratério Sincicial Boving (BRSV) foi isolado pela primeira vez em
1967 (Paccaud & Jacquier, 1970). O BRSV tem distribuicio mundial ¢ causa severa doenga
respiratéria em bovinos jovens, caracterizada por bronquiolite ¢ pneumonia intersticial
(Larsen, 2000), de forma similar 4 enfermidade decorrente da infecgic pelo Virus
Respiratério Sincicial Humano (HRSV) em criancas (Van der Poel et al, 1994).

() BRSV pertence ao género Presmovirus, da familia Paramyxeviridae, ordem
Mononegavirales (Pringle, 1999). Essa ordem compreende virus dotados de genoma
composto de RNA de fita simples (“mono”) com sentido negativo (“nega”, nsKNA}
{Rodhain, 1995). O BRSV estd intimamente relacionado ao HRS’V {Van der Poel ef al.,
1994), bem como aos virus respiratérios sinciciais ovino e capring {ORSY e CRSV)
(Larsen, 2000; Valentova, 2003). O BRSV possui inimeras similaridades com ¢ HRSV,
especialmente no que tange a4 orgamizacio genbmica, estrufura viral e anfigenicidade
(Baker, 1991; Van der Poel et al., 1994; Kovarcik, 1997},

BRSY e HRSV sio virus pleomdrficos, envelopados, de tamanho variavel: as
particulas esféricas medem entre 80 e 350 nm de didmetro; as particulas filamentosas

medem entre 60 ¢ 100 nm de difmetro com aproximadamente 1 um de comnprimenio

(Baker et al., 1997; Larsen, 2000).



2.2. GGepoma viral

Conforme mencionado anteriormente, as particulas inffé:cciosas do BRSV contém
um genoma de RNA fita simples, nio segmentado, de pdlazidadée negativa, envolto por um
complexo de nucleoproteina que protege o genoma da agio de RléNAses {Larsen, 2000},

¢ gepoma do BRSV, com aproximadamente 15,{}(}{} énucleeﬁdeos, codifica 10
RNAs mensageiros (nRNA) subgenbmicos (Zamora & Samal, 1992; Buchholz et al,
1999}. Cada wn destes contém uma tinica fase aberta de leitura (éopen reading frame, ORF),
a exeecdo do gene M2, que contém as ORFs M2-1 e M2-2 (Bucizimlz et al., 1999). O RNA
genomico € unfilizado na sintese de mRNAs, que por sua ‘sé"ez sfio subseqiientemente
traduzidos em novas proteinas virais; por outro lade chrre a siéntese de anti-genomas que
ird0 servir como moldes na sintese de novo RNA genbmico. O RNA viral & transerito em
10 mRNAs por uma RNA polimerase RNA-dependente, sende gque cada mRNA codifica
para a traduglio de uma proteina diferente. A quantidade de cada mRNA esta relacionada
com a posiglio- do gene no sentido 3°-5°, havendo um maior acs,é’mmlo dos mRNAs quanto
mais proximos os mesmos se encontram da extrermidade 3° (Lézrsen, 2000).. As proteinag
s#c nomeadas c@ﬁfonne a ordem de aparecimento e _disténcéia da extremidade 3 na
seqiifncia nucleotidica: NS1 (antes chamada 1C), NS2 (aﬁtes deﬁéﬁminada 1By, N, P. M, SH
(1A}, G, F, M2 ¢ L. {(Buchholz et al., 1999; .Yunus et al., 2001 1. 'I‘;:;c{os 08 mRNAs formados
sic dotados de um sitio CAP em sua extremidade 5° ¢ paizadenﬂadcs na sua extremidade
3, sendo essas modzﬁcaq,oes finais do mRNA formado pmcessafias pela polimerase viral.
Cada um dos genes tern uma seqiiéncia de iniclagio de 10 nucleotideos, altarnente
conservada e termina com segiiéneias de 12 a 13 nucieéatiéeos que induzem a

poliadenilacio ¢ liberacfio do mRNA viral completo (Zamora & Samal, 1992). Regibes



intergénicas estio presenies entre 08 genes 4 exce¢lio da junclio entre os genes M2 e L, que

se sobrepde em 36 nucleotideos (Zamora & Samal, 1992).

2.3, Proteinas virais

A proteina de fusdo viral F é wma glicoproteina transmembrana inserida no envelope
viral, sendo responsdvel pela penetracio viral ¢ formagio de sincicios in viro e in vivo
{Pastey & Samal, 1993), A exemplo da proteina F de cutros paramixovirus, estima-se que a
proteina F de BRSY forme trimeros (Joshi et al,, 1998; Dutch et al., 1999; Mathews ¢f al.,
2000; Cranci et al., 2004). A mesma ¢ sintetizada no reticulo endoplasmadtico rugoso como
um precursor inativo {FO), formado por 574 residuos de aminodeidos que, posteriormente €
clivado por proteases celulares na rede trans-Golgi, dando ongem ao heterodimero FZ-F1,
que consiste nas subunidades protéicas ligadas por pontes dissulfeto (Dutch et al,, 1999;
Cianci et al, 2005). Essa clivagem Hbera o denominado peptidec de fusio
{;5:iKKRKRR 3), um fragmento hidrofébico localizado na regifo amino-terminal da
subunidade F1, o gual esta diretamente envolvido na insergfio da protelna na membrana
cefular (Ellis et al, 1992; Earp et al., 2004; Ruiz-Arguello et al., 2004; Schickll et al.,
2005). A proteina de fusdo constitui o principal alvo do sistema imune do hospedeiro,
sendo que apenas anficorpos direcionados contra a proteing F e a proteina de adesio G sdo
capazes de neutralizar o BRSV (Munoz et al., 1991; Ellis et al, 1995; Ellis et al., 1995;
Pastey & Samal, 1998). A subunidade F2 € o determinante de especificidade nas infecgBes
por virus respiratorios sinciciais (Schlender et al.,, 2003). Em virus com delegdo induzida da
proteina de adesio G, a protefna F ¢é capaz de mediar 2 adeso da particula viral a

membrana celular {Ka_rger et at., 2001).
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A proteina G € responsdvel pela adesfio dos wn{ms 4 membrana celular do
hospedeiro, j4 gue na subfamilia Presmoviringe, ao conirério déos membros da subfamilia
Paramyxovirinae, nfio estio presentes as proteinas 'hemaglutiniméx ¢ neuraminidase (Larsen,
2000). A proteina G € uma gheoproteina transmembrana do tip() I, }4 que sua regifio N-
terminal tende a expor-se para o citoplasma, enquanto seu fté‘agmemo (C-terminal deve
permanecer no Mmen do compartimento intermno 3 membranaé {Doreleijers et al., 1996;
Langedijk et al., 1997; Langedijk et al, 1997; Langedijk et ai, 1998). O mRNA que
codifica a protefna (G possui aproximadamente 838 nncieotideoés de extensio, exclundo a
cauda de poli-A, & o mesmo codifica para um polipeptideo foz%mada de 257 residuos de
aminoacidos (Valentova, 2003}, A massa molecular esumadae de 28,6 kba; todavia, a
mesma apresenta-se varidvel quando avaliada quanto A migragio em géis de poliacrilamida,
dada a intensa glicosilaglio, semethante 3 mucing, existente nas regifes amino ¢ carboxi-
terminal da proteina, o que se teoriza seja urna matr;eim de facilétar a penetracdo do virion
através do muco para atingir o epitélio respiratério (Mallipeddi & Samal, 1993; Pastey &
Samal, 1997). Tais regides flanqueiam wn dominio central, 0 qual é formado por 32
residuns de aminecdcidos, que apresenta uma estrutura _demméiriada de nd de cisteinas,
induzida pela presenca de duas pontes dissulfeto famladas entre as quatro cisteinas
presentes {Langedilk et al., 1998). O nd de cisteinas paréce ser éimpertante- na indugﬁor de
eosinofilla pulmonar nas infecgdes por HRSV em modelos ex;é:ueﬁmemais (Sparer et al,,
1998, Oumouna et al., 2003}, A proteina G ndo € essencial a repélicag;z“io viral in vitro, mas
desempenha um importante papel na infecgio in vivo (Karger et ai 2001}

A proteing SH (do inglés small hyd}ofobic), € uma proteéina integral de membrana
mserida no envelope viral, cuja funclo é ainda desconhecida (‘Samai & Zamora, 19913 A

mesma associa-se em olighmeros que se acumulam nas membranas do Complexo de Golgi
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que se associam posteriormente a regides de permeabilidade alterada na membrana, ricas
em lipideos, os “lipid-rafts”, ¢ sua expressiio em sistemas heterdlogos altera a
permeatilidade sugerindo gue a proteina SH forme canals de membrana (Rixon et al.,
2004},

A proteina de matriz M € uma proteina nﬁ_mglicasiiada, interna & particula viral, A
proteing M ¢ composta por 256 aminoacidos, com uwna massa molecular de 28,7 kDa
{Samal & Zamora, 1991). A mesma media a associacdo do nucleocapsideo viral ao
envelope da particula {Larsen, 2000}, A proteina ¢ dotada de um dominio hidrofobico na
extremidade C-terminal (residuos 188-204), responsdvel pela interag@io da mesma com
membranas, A proteina M também interage com a proteina ndo-estrutural NS1 (Evans et
al., 1996; Hengst & Kiefer, 2000}

As proteinas N, P e L podem ser purificadas juntas de suspensSes virais na forma de
nucleocapsideos (Krishnamurthy & Samal, 1998; Khattar et al., 2001}, A nucleoproteina N
se liga fortemente aos RNAs genfmicos ¢ anti-gendmicos na formaggo do nucleocapsideo
resistente as RNAses. A proteina N € formada por 391 aminodcidos, sendo que seu peso
molecutar & de 43 kDa (Krishnamurthy & Samal, 1998). A mesma apresenta altos niveis de
identidade entre os isolados de BRSV e destes com outros paramixovinus, sendo altamente
conservada (Krishnamurthy & Samal, 1998).

A fosfoproteina P atua como uma chaperonina para a forma soluvel da proteina N
(Mallipeddi & Samal, 1992; Shadomy et al., 1997; Khattar et al., 2000; Khattar et al,,
2001}, A proteina P ainda sexrve como um co-fator para a polimerase viral (L), apds a sua
fosforilacio (Yunus et al., 1998; Khattar et al,, 2001). A fosforilagiio da proteina P se deve
a0 alto contendo de residuos de serina e trepnina, que constituem aproximadamente 17 %

dos 241 amincdcidos da mesma (Khattar et al, 2001). Na auséncia de fosforilagiio da



)

proteina P, a polimerase produz apenas uma série de eiigiémucleotidecs. ‘a partir da
extremidade 3° do genoma, © gue sugere que wma ?reteina P ié'tmcionai € necessiria para
converter a polimerase viral nascente em um complexo estavel (’éYunus et al., 1998; Khattar
et al., 2001 :

A polimerase viral L € a fragﬁo:rﬁais importante do céomplexo RNA polimerase
RNA-dependente. Ao longo dos 2161 aminodcidos constimintées da proteina, podem ser
encontrados quatro motivos conservados comuns a todas as RNA polimerases.

As proteinas N, P e L s8o responsaveis ¢ suficientés paraéa replicagdio do RNA viral.
Associada 3 replicacio do RNA pode ser ainda arrolada a proteina M2, cujo gene
correspondents M2 apresenta duas ORFs (Taylor et al., 1997; Ymms et al., 2001). Sabe-se
gue o polipeptideo de 186 aminoacidos codificado pela ORF! (Mzmi) funciona conferindo
ao complexo RNA polimerase RNA-dependente wm nivel adeqéuada de processividade ao
mmpedir a terminagio abrupta da sintese dos mRNAs virais, A praéoteim. M2-2/(95 aa} regula
também a sintese de RNA, ja que virus dotados de -ﬁeiégﬁes alé'tificialmeme induzidas da
proteina M2-2 apresentam taxas de transcrigiio aumentadas e bﬁlxas taxas de replicagio
{Yunus et al., 1998). |

Ao contrario de outros membros da familia Pwﬁmyxo.vzé’rfdae, os virus do género
FPreumovirus apresentam ainda outros dois genes gue ccdiécam para proteinas nio
estruturais (NS1 e N82Z) {(Evans et al, 1996; Schlender et al., 2000; Bessert and
Conzelmann, 2002). As proteinas NS1 ¢ NS2 inibem a sintese e achio de interferons (IFN)
alfa ¢ beta pela célula hospedeira, através da bloqueio da ativagéﬁﬁ do fator 3:do IFN e da
inibicio da expressfio de Stat?, diminuindo a responsividade da célula & aclio dos IFNs

{Pastey & Samal, 1995; Bossert et al., 2003; Valarcher et al., 20@?).



2.4. Replicacio viral

A adesdo dos pneumovirus & coflula ¢ mediada pela ligagio da proteina G a
recepiores celulares, 0s quais ainda nfo foram determinados; todavia, supbe-se que estes
receptores sejam glicosaminoglicanos (GAGs) encontrados na matriz extracelular (Krusat
& Streckert, 1997; Hallak et al., 2000; Movlett et al., 2000; Karger et al,, 2001; Teng et al.,
2001; Teng & Colling, 2002; Schlender et al.,, 2003; Shields et al., 2003}, Essa etapa ¢
provavelmente completada por uma segunda ligaclio da proteina F ¢ talver ainda da
proteina SH a proteinas de superficie da membrana celular. Conforme mencionado
anferiormente, uma amostra de HRSV recombinanie com delecdo dos genes G ¢ SH pode
multiplicar-se de forma eficiente in vitro, 0 que sugere que a proteina F pode mediar
sozinha a ligachio do virus 4 célula hospedeira (Karger et al., 2001). Ap0s a adesdo, o BRSV
adentra a cébula por fusio do envelope viral & membrana celular, mecanismo mediado pela
proteina F (Kovarcik, 1997; Larsen, 2000). U processo tern como resultado a entrada do
nucleocapsideo viral no citoplasma, dominio celular no qual irfio se suceder todos os
proximos passos da replicagio do BRSV.

A replicagfio intracelular inicia com a transcrighio do genoma viral em mRNAs por
agdo do complexo RNA polimerase RNA-dependente. A RNA polimerase viral inicia a
. gintese de RNA ma extremidade 37 do genoma ¢ os genes sdo franscritos de maneira
seqiiencial terminando ¢ reiniciando a cada uma das juncBes intergénicas (Zamora &
Samal, 1992; Buchholz et al., 1999; Yunus et al,, 2001). Tdo logo sucede uma regido
intergénica nfo transcrita, segue-se uma regifio inicial de um gene que determina a adigio
de um sitio 5°-CAP ¢ g iniciagio da transcrigio do mRNA. Ocasionalmente, o complexo
RNA polimerase RNA-dependente fatha em reiniciar a franscrigio em genes localizados

mais proximos 4 extremidade 57 do genoma, © gue resulia em um gradiente de actmule dos
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mRBNAs mais proximos ao micio do geﬁoma (37). A sintese de anti-genomas (5-3%), que
servirio de molde na sintese de novos genomas virais de:- pelaridiade negativa, inicla apenas
apos a tradugio dos primeiros transcritos prumdrios em pmtéina.és virais, A sintese dos.anti-
genomas € mediada pela mesma polimerase viral; t@dawa, na sintese destas copias
complementares a0 genoma viral, o complexo enzimatico ignoréca todas as jungdes génicas
{Buchholz et al., 1999). Os anti~gem}mas' sfo de 10 a 20 vezeés menos abundantes que o
genoma viral em uma célula infectada; ainda assim pOd&ﬂéﬁl ser encontrados virions
empacotando essas moléculas intermediarias na sintese de n.oveés genomas virais, pois ndo
hé um sinal especifico de encapsidacio (Buchholz et al., 1999; Ywms et al., 1999, Yunus et
al., 2001). Acredita-se que, de modo genérico para os paramiémvfms, a concentragio de
proteina N no meio celular determine a mudanga do estado de tréanscris;éo. para a replicagdo
do RNA viral (Krishnamurthy & Samal, 1998; Valarcher et al., 2{)0{})

A montagem: dos nucleocapsideos se da no citoplasma e acredita-se que a mesma
ocorra em passos distintos. Primeiramente, a proteina N Hvre sée_asscc.ia A0S, EENOINAS. 0U
anti-genomas, formando um complexo ribonucleoproteina (RN}’) de simetria helicoidal. Na
segunda etapa, as proteinas P e L se associam a RNP fcnnéando ¢ nucleocapsideo. A
proteina M direciona os nucleocapsideos as regifes da mc%mbrana celular, ricas em
proteinas de superficie viral ¢ mais apropriadas ao brotameénto da partionla viral. A
maturagio da partfeula viral se da na superficie da célulaé hospedeira ¢ os virions
permanecem firmemente adéridos 3 membrana ceiulaf, o quc explica por gue pama a
completa liberacfio destes in vifro faz-se ﬁecesséria a inc_éugﬁa de agitaclio mecénica sobre

os cultivos {Wechsler et al., 1985).



1.5. Variabilidade em amostras do BRSY

As diferencas antigénicas entre isolados de BRSV levaram 4 classificagéo
antigénica dessas amostras em diferentes subgrupes, denominados A, AB (ou
Intermedidrio} ¢ B (Furze et al., 1994; Furze et al., 1997; Stine et al,, 1997). A andlise de
diferentes isolados ¢ amostras de fragmentos de pulmio infectadas cothidas a campo, de
antmais sadios, wtilizando anticorpos moncclonais conira a proteina G, demonstram a
divisdo das amostras de BRSV em trés grandes subgrupos antigenicamente distintos
denominados A, AB ¢ B, occorrendo ainda isolados que nfo se enquadram nesta
classificacio (Schrijver et al., 1996; Schrijver, 1998; Schrijver et al., 1998). As implicagdes
praticas dessa diversidade quanto & patogenicidade e imunoprofilaxia ainda no foram
devidamente estudadas (Baker & Velicer, 1991; Duncan & Potgieter, 1993).

Em termos gendmicos, essa mesma classificagdo pode se confirmar, conforme ¢
tipo de andlise filogenética utilizado ¢ a seqﬁéncia‘ gi%ﬁica utilizada na comparagio (Prozzi
et al., 1997; Valentova, 2003; Kovarcik & Valentova, 2004; Valentova et al., 2005}
todavia, trabalhos mais recentes demonstram a existdneia de seis grupos gendmicos
distintos, dada a presenca de quatro genogrupos dentre as amostras do subgrupo antigénico
AB (Valarcher et al., 2000; Yaegashi et al., 2005).

O isolamento de determinados subgrupos parece estar associado a quesiﬁes
temporais € de distribuigiio geografica, sendo o subgrupo antigénico A encontrado nos
Estados Unidos, Japfio, Reino Unido e alguns paises da Europa continental (Stine et al.,
1997; Larsen et al., 1998; Larsen et al., 2000; Nettleton et al, 2003; Yaegashi et al., 2005).
O subgrupo AB esté presente na Europa continental ¢ Japo {Larsen et al., 1998; Larsen ¢t
al., 2000; Kovarcik & Valentova, 2004; Yaegashi et al,, 2005); j4 o subgrupo B teve

circulagio Thimitada no Reino Unide e Estados Unidos em meados da década de 1970
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(Mallipeddi & Samal, 1993; Valarcher et al., 2000; Neitleton et al., 2003), sendo isolado
posteriormente apenas no Brasil, sendo que dentre as pﬁucaés amosiras isoladas at€ o
presente momento neste pais, todas foram classificadas no subg;mpi} B {(Arns et al,, 2003;

Almeida et al,, 2003).

1.6, Epidemiologia

A transmissfc do BRSV provavelmente ocorre por via aérea-ou contato direto enire
animais (Larsen, 2000}, A infecgio priméria pelo BRSV induzé severa doenca respiraiéna
do trato inferior em bovinos suscetivels, tanfo jovens quanto ad;éi‘éos; todavia, a majoria das
infecefes deve transcorrer de forma assintomatica (De Jong et al,, 1996; Larsen, 20000, Em
4reas endémicas, a doenga clinica € mais ag}arente nos animais jévens, 4 semethanga do que
ovorre em criancas infectadas pelo HRSV (Van der Poel et al, 1994y, Apds infecgho
natural pelo BRSV,.a proteclio contra reinfecedes € de curta duémgﬁo £ as-reinfecgbes sio
comuns {Collins-et al., 1988; Van der cha.l et al., 1997). Em humanas, a severidade-da
enfermidade decresce apds reinfecedes consecutivas; cm;bm.fimés, sinais clinicos evidentes
normalmente s6 s8o observados na primeira infecglio (Van der Pé}el et al., 1994).

Mo Brasil, ¢ BRSV foi detectado pela primeira vez em 1992 pela téenica de
 imunofluorescéneia em corte de tecido congelado de bovinos (é(}oncalves etal., 1993} O
BRSV fol posteriormente isolado e caracterizado em 1995, a partir da secre¢io naso-
traqueal de bezerros com sintomas reapiratérios procedentes do Rm Grande do Sul (Ams et
al., 2003). A doenca parece vir ocorrendo Sistematicammte na re%:giﬁ@ Sul do Brastl desde a
década de 1980 {Fiores et al., 2000) e ja foram relatados casos nas regifes Sudeste e Norte

do pais {Driemeier et al., 1997; Peixoto et al., 2000).
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2.7. Patogenia e sinais clinicos

Os sinais clinicos apds uma infecgio natural pelo BRSV incluem pirexia (>39,5°C),
descargas nasals, tosse, taquipnéla, respiracfo bucal ¢ abdominal, enflsema pulmonar e
subcutneo ¢ morte (Van der Poel et al., 1994; Peixoto et al., 2000; Larsen et al., 2001;
Tjomehoj et al., 2003). Infeccdes bacterianas secunddrias, especialmente por Pasteurella
multocida e Moammheimia {Pastewrella) hoemolytica, sfo achades comuns em surtos de
BRSV, bem como ¢ isolamento concomifante de outros virus, no gue constifii no
hemisfério norte no chamado Complexo das Doengas Respiratdrias dos Bovinos (CDRB}
(Larsen et al., 1999, Larsen, 2000; Larsen et al., 2001). Diarrdia também pode ser
observada (Driemeier et al., 1997}

Os achados de necropsia incluem pneumonia intersticial multifocal, enfisema
alveolar disseminado com focos de atelectasia, sendo notavel um aspecto ondulado claro
irregular na superficie da pleura visceral (Driemeier et al, 1997, Ordobazari and
Steinhagen, 2001; Letesson, 2003). Enfiserna intersticial pode estar presente em graus
moderados. Caracteristica marcante é o gspessamento marcado dos septos interlobulares
(Driemeier et al., 1997; Ordobazari & Steinhagen, 2001, Ams et al,, 2003; Letesson, 2603}
Pequenas franjas conjuntivas evidenciam-se nos bordos do pulmdo e dio um aspecto fosco
a estas porcdes. Alguns relatos diio conta de marcada hipertrofia do miocérdio do ventriculo
direito {Driemeier et al., 1997).

No exame histopatolégico ¢ possivel observar células sinciciais em grande
quantidade, localizadas principalmente nos bordos dos lébulos pulmonares, presenies nos
alvéolos, bronguiolos e por vezes em vasos linfticos tal qual observado em casos de
HRSV {Driemeier et al., 1997; Sparer et al., 1998; Larsen et al., 2001; Viuff et al., 2002;

Corbiere ef al., 2003). As células sinciciais apresentam ntmero varidvel de ndcleos
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dispostos centralmente. Ha presenga de enfisema alveolar créné.ico com bordos de septos
alveolares rompidos em forma de clava por vezes intﬁrcaladaé com dreas de atelectasia,
hipertrofia da camada muscular peribronguiolar ¢ focos de meta;éﬁasia escamosa do epitého
bronguial e bronquiclar. S&o notdveis aimnda alterages inﬁamaétérias mononucleares com
areas focais de mnfiltrac8o por gosindfilos (Hussell et al., 1998; Sparer et al., 1998; Larsen,

2000; Peixoto et al., 2000).

2.8. Infeccies experimentais

Tentativas de induzir os sinais clinicos e patoldgicos reiiacionados a infecclio pelo
BRSV em bovinos tém obtido diferentes graus de sucesse,é com base no protocolo
experimental adotado (Schrijver et al., 1998; Heegaard et al., 20(30, Viuff et al,, 2002; Ams
et al., 2003; Grell et al., 2005}, Alternativas com a inoculagfio iméav‘i:raquealf {Almeida et al,,
2005), exposicio dos animais & asrossolizagio lenta em cémara fechada {Tavilor et al.,
1998; Tiomehei et al., 2003} ou pré-imunizacio dos mesmos c:ém vacinas inativadas pela
formalina foram relatados com meios de induzir sinais éiixﬂccsée lesBes pulmonares mais
evidentes em bovinos (Anionis ¢t al., 2(}03;. Soethout et al., 2004}5.

Dado o relative grau de insucesso na inocxﬁagﬁa ex_g%;erimcntai do. BRSY em
bovinos, tanto no estado de diferentes aspectos da imunoisamger;ja da infecclo, bem como
no teste de triagem de vacinas para o combate da infecg:éo; seria de interesse a padronizacio
de um protocolo-de infecglo do BRSV em um modelo ex_perimeréﬁal {Almeida etal., 2003).
Ovinos ja foram uiilizados para tal fim, apresentando bons resulétadas {Masot et al., 1995;
Masot ef al., 2000; Redondo et al., 2003; Meyerholz et al., 205{)4). Com vistas a reduzir
custos 0 uso de antmais de laboratdrio, fais como c;amundongos,é seria bem vinda, trazendo

ainda a vantagem adicional de poder se utilizar linhagens isogénicas conferinde maior
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repetibilidade ¢ uniformidade aos resuitados. Tal estratégia ¢ amplamente wilizada no
estudo das mfecgbes pelo HRSV (Plazza of al.,, 1993; Easton et al., 2004). No enmtanto,
experimenios anteriores utilizando a inoculacio de BRSY em camundongos da linhagem
Balb/C demonstraram nivels modsrados de replicagBio viral (Almeida et al, 2004), na
presenca de pouco ou nephum sinal clinico ou patolégico evidente (Matumoto et al., 1974;
Taylor et al., 1984}, Estes mesmos trabalhos sugeriram a possibilidade do uso de diferentes
amosiras virais on linhagens celulares na preparacfio dos inéculos a serem utilizados nos
experimentos como meio de reproduzir methor as caracteristicas da infec¢lo pelo BRSV

em bovinos (Taylor et al., 1984; Almeida et al.,, 2004}

2.9, Imunidade

A proteina F é considerada a mais imunogémea do B.RS‘J (Baker et al., 1957;
Schrijver et al., 1997; Taylor et al., 1997; Letesson, 2003). A proteina F € superior &
protefna G na induglic de anticorpos neutralizantes e imumidade mediada por células T
citotéxicas {Sharma et al., 1991; Thomas et al., 1996, Werling et al., 2002; Gadduom et al.,
2003). A proteina F ainda induz & formag#o de anticorpos Inibidores da fuséio, relacionados
A protecdio frente & infecgho (Ellis et al, 1992: Ellis et al., 1995; West & Ellis, 1997; Pastey
and Samal, 1998). Anticorpos contra as proteinas P, M e M2 também estio presentes em
infecobes naturais.

Ainda que anticorpos maternos (AMs), majoritanaments direcionados conira as
proteinas F, G e N, estejam comumente presente nos bezerros, estes nfo conferem proteglio
frente & infecgdo pelo BRSV (Bellmap et al, 1991} Por outro fado, a meidéncia e
severidade da doenga ¢ inversamente proporcional ac titulo de AMs. Us AMs causam um

decréscimo na replicagio viral nos pulmdes apds o desafio; a presenga dos AMs suprime
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ainda a resposta irmune humoral local e sistémica 3 infeég:éia (elknap et al, 1991). Deste
modo, a vacinagic de animais jovens pode ser preajudicada.peiéi presenca de AMs (Elhs et
al,, 1996; Hagplund et al,, 2004; Patel, 2004). ;

Estudos em bovinos t8m demonstrado que apds a infeécg:ﬁr:} por BRSV ocorre no
hospedeiro vm intenso direcionamento da resposta imune no ésenﬁdo tinfocito T aoxiBiar
tipo 2. Respostas do tipo Th2 sio caracterizadas pela expressio aumeﬁtada das citocinas [L-
4 e IL-10, as quais provocam incremento na sintese de anticorpé:)g mcluindo a classe IgE, e
estimulam 0 recrutamento de eosindfilos para o parénquima puli-monar. Tal tipo de resposta
¢ semelbante aguela induzida pelas infecgbes helminticas e c%evé explicar em parte 0 quadro
de intensa bronguiolite evidenciado nas infecgdes pelo BRSV (,é,ﬂmtonis et al., 2003; Kalina

et al., 2004; Oumouna et al., 2005).

2,18, Diagnéstico

O diagndstico da infecclo pelo ERSV ¢ baseado na detecclo do antigeno em
amostras clinicas ou na sorclogia dos rebanhos. Os métodos s:ic escolba na detecchio de
antigenos -do-'BRS'-V em amostras de pulmio sfio as técnica% de immmofluorescéneia ¢
Imunoperoxidase. Amostras de secregfo nasal #m sido descritaé.s como alternativas para o
diagndstico no animal vivo, O lavado broncoalveolar (BAL) pade ter mais suc;:sse Gue 08
suabes nasais na detecglo de antigenos ou no isolamento w,raiA fragilidade do virion do
BRSV torna o isolaxﬁcnm do virus em cultivo celular trabalhasé; e muitas vezes infrutffero
(Larsen, 2000). A alternativa de detecclo de fragmentos do genfépma em espécimes clinicos
utilizande a téenica de RT-PCR ¢ hoje amplamente utilizada ((}%Jerst et al., 1993; Vileek et
al., 1994; Almeida et al., 2005; Boxus e:t_ai., 20035; Valentova et al., 2003). A técnica de

ELISA, assim come a soroneutralizacfio, tem sido também muitfcs ntilizadas no diagndstico
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sorplogico das infeceles pelo BRSY (Florent & Wiseman, 1990; Vileek et al, 1994,
{Graham et al., 1998; Graham et al, 1999; Alkan et al., 2000; Schreiber et al,, Z000;

Domngues et al., 2002).

2.11. Cuitive do virus

{3 BRSV pode replicar em uma grande varizdade de células de cultive primério,
preparadas a partir de 6rghos de bovinos ¢ ovinos. O virus pode ainda ser adaptado a
cultivos celulares de crigem humana e de outras espécies {Larsen, 2000). Poucos trabalbos
foram feitos quanto 4 determinacio das caracteristicas de multiplicac8ic viral e titulos virais
alcancados pelo BRSV em diferentes cultivos primérios ¢ de linhagem (Matumoto ot al.,

1574,

2.52. Controle

O desenvolvimento de vacinas contra as infecees por BRSY ou HRSV foi em parte
prejudicado por uwm fato inusitado acontecide na década de 60: o uso de wma vacina
inativada pela formalina contra o HRSV induziu a wm nivel mais grave da enfermidade
induzida pelo HRSV de campo ¢ mortes em um grande ndimero de criangas vacinadas
{Brandenburg et al., 2001; Openshaw et al,, 2001). Tal fato foi relacionade a alteragOes
conformacionais sofridas pelos antigenos vacinais em contato com a formaling tais
alteragbes levariam a formagho de imumocomplexos no hospedeiro ¢ uma conseqliente
reagio de hipersensibilidade de tipo I {Hancock et al., 1996; Waris et al, 1996;
Brandenburg et al., 2001). Em bovinos, imunizagéo contra ¢ BRSV com vacinas Inativadas
em formaling levaram s lesBes pulmonares mais graves em um estudo; todavia, essa

exacerbagio nas lesbes pelo tipo de vacina citado nfio fol encontrado em outros
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experimentos (West et al., 1999; Antonis et al.,, Z003; Kalinaéet al., 2004: Kalina et al.,
20053,

Além destes problemas, a imunidade de curta duragﬁﬂ conferida apos infecglio
natural coloca dovidas sobre a durabiiidade da protecio ;cenferiéda pelas vacinas (Larsen et
al., 2001} Outra exigéneia de difici! resolughio é a ncccssidaczie de que a vacina proteia
conira as diferentes varianies antigénicas encontradas a campo (Duncan & Potgieter, 1993;
Valarcher gt al., 2000; Larsen et al., 2001; Netileton et al,, 2@‘03), pois ainda gue exista
mmunidade soroldgica cruzada, ndo se fem certeza sobre os graus de proteciio cruzada entre
05 subgrupos.

Intwmeras vacinas inativadas ¢ vivas estio d-is:pon;iyeis comercialmente para ¢
controle das infecefes pelo BRSV. Estudos utilizando 0 desaﬁé,o experimental ¢ a campo
tém levado a resultados pouco conclusivos guanto 4 eficdcia da,s vacings {Frankena et al.,
1994; Peinhopf et al., 1996; Schreiber et al., 2000; }‘Jcrsirﬂm etai 2001 Ellsworth et al,,
20033

(O uso de diferentes adjuvantes em vacinas inaﬁvaciaés} buscando uma melhor
resposta rmune humnoral e celular assim como uma apropriada méedulagﬁo dos ramos Thi ¢
ThZ do sistema imune ¥m se revelado uma estratépia p;‘orrzj.sscéra no desenvolvimento de
vacinas mails seguras e eficazes no combate a infecgaes;pela BRSV {Nelson et al., §'§92;
Walravens et al., 1996; Simmons et al,, 2001; Morein et al., 2()(}4, Ellis et al., 2005). Assim,
especificamente no caso do BRSVY, onde um baiam;o. ade:quéadﬁ da resposta imune &
necessa Tio pra proteger o animal dos efeitos climicos da infecéq:éo, fazem-~se necessarias
mais pesquisas sobre diferentes adjuvantes para o uso em vamnas tnativadas.

Vacinas uiilizando outros virus como vetores, 4 exemplo de uma vacing utilizando o

Herpesvirus Bovino (BHV-1) como vetor para a proteina G do BRS‘V diminuiram os sinais
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clinicos ¢ excreco viral apds o desafio por BRSY (Schnijver et al,, 1997; Kulnle et al,,
1998). Outra estratégia no desenvolvimento de novas vacinas contra o BRSV € o uso de
vacinas de DNA, j4 experimentalmente testadas com relative sucesso (Schrijver ef al.,
1997: Schrijver et al., 1998). F necessario levar em conta que resultados adversos também
foram demonstrados quanto 4 imunizacfo de animais com vacinas de DNA contra
infecedes pelo HRSV, na dependéncia do tipo protocolo utilizado na imunizagfio
{Bartholdy et al., 2004; Tree et al., 2004},

As infecgdes pelo BRSY, dadas as suas caracteristicas dnicas em relaglio 2
imunopatogenia da enfermidade e & ubigiiidade da infecglio, representam um desafio ao
desenvolvimento de vacinas eficazes e seguras. De fodo modo, s80 necessdrios esforgos

mais aprofundados visando elucidar a real importéncia desta infecglio no rebanho bovino

brastleiro.
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3. OBIETIVOS

3.1. Objetivos gerais

Contribuir no estude dos  aspectos de ciassiﬂ%;ag:ﬁo, patogenicidade ¢
imunogenicidade de isolados brasileiros és‘: BRSV, atrayés do éaprimoramenm de téonicas
de cultivo do virus in vitro, andlises ﬁieg@éticas, modeiagem éestrutural de glicoproteinas

de superficie e de moculaglio experimental em camundongos de idiferemes linhagens. -

3.2, Objetivos especiiicos

~ Determinar a Hinhagem celular mais adequada ao cultivo do BRSV in vifro, investigando
ps tiudos de virus infecciosos obtidos apés vérias passagens em diferentes ¢élujas e o
estudo das curvas de multiplicaciio viral do mesmo em diferenteé linhagens celulares;

~ Com base em seqiiéneias anteriormente obtidas do gene G de amostras brasileiras de
BESV, realizar estudos sobre 0s aspectos evolutivos e estrtm.ilrais relativos ao gene e &
proteina G desses isolados; :

- Com base em seaiiéncias anteriormente obfidas do gene F de amosiras brasileiras de
BRSV, estudar o5 aspectos evolutivos ¢ estruturais relativos aoégene € & proteina de fusdo
desses isolados; |

- Padronizar um modelo murino de infecclo pelo BRSVY, tendo p()r base o uso de diferentes
linhagens de camundongos isogénicos ¢ isolados virais geneticarénente distintos;

- Avaliar o uso de diferentes adjuvanies quanto a producio de imunoglobulinas G {Ig()

anti-BRSV em camundongos.
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Abstract

The grewth of bovine respiratory syncyitial vitus (BRSV) was evaluated in six different cell lines. Chicken embryo related oells {CRR), a chicken
embryo fibroblast’baby hamster kidney hybrid and bovine CRIB cells {2 bovine viral diarthea virus-resistant clone of MDBK cells) showed to be
the most appropriaze for virus maltiplication. Both cells provided infectious virus tiwes of up to 105° 50% tissoe culture infective doses per 100 ul
{TCH/ 100 1, One-step growth curves revealed no significant differences in the growth of BRSV in these two celt Hnes. Forthermore, they
proved B0 be susceptible to infection with theee different BRSY strains. 1t was concluded that both CER and CRIB cells may be used for laboratory

multipimatmﬂ of BRSV with optimal results.
€ 2003 Elsevier BV, Al rights raserved.

Keywords: BRSY, Bovine respiratory syacytial virus; Cell Hine susceptibility

1. Iniroduction

Bovine respirstory svneytial virus (BREV), 2 member of the
subfamily Prewnovirinae, family Faramyxoviridee, has ofien
been reported as a major cause of respiratory disorders in voung
cattle (Castlentan ef al, 1983; Kimman et al., 1989; Schreiber
et gl,, 2000; Scott et al., 1996; Van der Poel et al., 1994}, Virus

isolation from clinical specimens in cell culture is the gold stan

dard for the diagnosis of infection {Larsen, 2000} However,
dus to the lability of the virus particle, the efficacy of such pro-
vedwre Is critically dependent on the time spent betwesn the
momeni when the clinical samples are taken and the laboratory
attempt $0 isolate the virus (Larsen, 2000). As reported for other
paramyxoviruses (Ferrarl of al, 1981 Lednicky et al, 2004,
Zhang et al., 2002, 2G03), the maintenance of stocks of BREV
strains with appropriate high titers in the laboratories is often
snpaired by the characteristic fragility of the viral particle, as

weil as the production of defective interfering particles, which

may impair efficient viral replication. Such drawbacks are spe-

* Corresponding author, Present address: Universidade Estadual de Campinas
{UNICARP), PO Bow 6109, CEP 1308 1-970 Campinas, 8P Bragl. Tel: 453
15 37REA23E; tav: 55 19 37RBETTG.

E-mat] eddress: amsi@anicarap br i W, Armgh,

D166-0934/% — see Front matier © 2008 Blsevier BV Al rights roserved.
ded: 10 M A4 feiromet 2005 08,002

clatly relevant to vaccine production, and also to a number of
other laboratory procedures that require high virus titres, such as
virus neutralization, antigen production for diagnostic tests and
animal inoculation experiments. In the past, chemical freatments
and other techniques have been tried to enhance vira! infectivity
{Rossi and Kiesel, 1978). An option to circumvent such prob-
fems may be the use of different cell lines in order to increase the
sensitivity of virus isolation and enhance the number of viable
viral particles achieved after virus passage in cell culture. Previ-
ous reports have shown that primary cell cultires devived from
bovine and ovine respitatory tracts, as well as other cell lines,
may be more appropriate for the muliiptication of BRSY in vitro
{Bostandzhieva, 1986; Liebermann and Riebe, 1981; Uzunova,
1968; Uzunova and Atzev, 1968; Uzunova and Gagov, 1968}

In the present study, & set of experiments was camied oot
to compare the susceptibility of different readily available cell
lings to BRSV infection in regard to viral isolate variability and
growth characteristics of the vinus.

2. Materials and meiﬁads
2.1 Susceptibility of &g?wem cells to BRSY infoction

The following cell lines were used: chicken embryo related
cells (CERY, a cell h;ybrid derived from chicken embryvo
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fbroblests and BHK-21 (Baby harster kidney cells, clone 21,
ATCC CCL-14Y, Vero {African green monkey kidney cells);
MDBK (Madin-Drby bovine kiduey cells, ATCC CCL-22)
and CRIB cells, which are derbved from MDBE (Flores and
Dionis, 1995 Flores et al, 1996) Besides, it was also used
Two primary cell coltures of chicken embryo fibroblasts (CEF)
and bovine embryonic fung (BEL). CRIB cells were kindly
provided by Dr. Eduardo K Flores {Universidade Federal de
Santa Maria, RS, Braxzil). All cell lines used in the present stady
were proven fo be free of BVDV by an Imsmunoperoxidase
monokaver assay using monoclonal antibodies agamst BVDY
{Kreutz et al., 2000). Furthermore, attempts fo infect CRIB
cells used in this study with BVDV prototype strain Singer
were unsuccessful {data not shown).

The cells were grown in flasks of 75cm? at 37°C, using
an initial concentration of 1.5% 10%cells/ml in Eagle's
winimal essential medium {E-MEM) free of antibiotics and
supplemented with 10% BRSV-free fetal calf serum (FCS).
Monolayers were grown to 85% of cell confluence and cells
were then inoculated with 100 TCIDsg {50% tissue cuiture
infective dose) of each viral isolate for virus production.
Adsorption was allowed for 1h at 37°C. Subsequently, the

. medivm was replaced and the flasks were incubated at 37°C.
The cells were monitored daily for the development of viral
cytopathic effect {CPE) using an inverted microscope (Axiovert
130, Carl Zeiss, Oberkochen, Germany}. Cells and supernatants
containing viruses were harvested using a cell scraper when
5% CPE was pbserved. The mixtures of cells and supernatants
were vigorously sheken {Wechsler et al., 1985) and stored at
—70°C in small aliquots until analysis. After three passages
in each oell lne, aliquots were fitrated in B6-well piates
following standard procedures. Thers were calculated by the
Spearmann-Karber method and expressed as the logio tissue
cufture infective dose per 30 ut {TCIDso/50 ply,

22, Susceptibility of CER and CRIB vells to different
isofates of BESV

Three different viral strains representing diverse antigenic
subgroups of BRSYV were used in the experiments: sirain
375 {Mallipeddi and Samal, 1993) strain §8 and sirain
BRSY-25-BR {Arns ef al, 2003). The trials were conducted
essentially as described above, The viruses were passaged thres
times in each cell lme. Titration results were confirmed in an
fmmunoperoxidase monolayer assay performed as described
previpusly (Schoijver ot al, 1993), except that the primary
antibody was an anti-BRSV polyclonal sera prepared in our
taboratory by repeated immunizations of rabbits with the isofate
PREV.2S-BR.

2.3 Growth chavacteristios in different cell lines

Growth characteristics of the strain BRSV-2Z3-BR in CER and
CRIB cells were assayed ina multiplication kinetics experiment.
One-step growth curves were assessed following infection of
praformed CER or CRIB cell monolayers at an multiplicity of
infaction of 1, which had been previously determined for both

celis, Adsorption was allowed for 1h at 37°C, the inocalum
was removed and extracellidar viras was inactivated with 1 M
sodium citrate (pH 3.0). The monolayers were then washed with
fresh medium and incubated for different time intervals (0,2, 4,
6, 8,24, 36, 48 and 72 hpost-infection, p.i.). After incubation, the
supernatants were harvested and assayed for the presence of the
virs. All experiments were performed in triplicates. Infections
virs tifres were caleulated according fo the Spearmann-Karber
method and expressed as logis TCIDsw/50 L

2.4. Simistical analvsis

Statistical analysis was performed nsing the Stadent’s #est
and analysis of varignce (ANOVAY; the least significant differ-
ence at p=0.05 was determined. Statistical analysis was per-
formed with Minitab® for Windows Release 11.1 {Minitab Inc.,
Smte College, PA, USA). The ferm “significant” (statistically
significant) in the text means p= 3.05.

3. Resulix

3.1, Susceptibility of different cell lines o infection
with SRSV

Mammalian cell lines (CER, Vero, MUBK, CRIB and BEL]
were snsceptible to infection with BREV, in conirast to avian
cells (CEF), which did nof produce detectable infectious virus
after one passage {Table 1).

3.2, Suyceptibility of CER and CRIB cells to different
straing of BRSY

Both cell lines are permissive to infection with different
strains BRSV, giving rise to efficient replication and increases
in the mfertions virus titres after three passages in each cell
(Tabie 2). The only noticeable difference was that the CPE pre-
dominantly observed in CER was an initial rounding of the cells
followed by formation of syneytia. In both CER and CRIB cells,
BRSV.25-BR caused 75% CPE in the monolayers within 3-4
days post-infection (dpi), whereas strains 375 and §8 maltiplied
slowly, and 75% CPE was observed on cell monclayers only
after 7--10 days.

Table |
Titres of infectious virus recovered after three passages of BRSY in differem
mamtaian and avian ool lines

Cell line Yirus tire
CER. 33
VERD 33
WMDBK 52

CRIB i35

CEF ')

BEL 5.0

“Titres arc expressed in logs TCTD/100 u, There was no detectable viral vield
in CEF cells,
3 Kignificant minoy 5t p<0.03.
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Table 2
Titres of infectious vicus recovered in esch of the three pessages of three anfi-
senicatty distingt BRSY strains in CER and CRIE cells

Viral strain Cell lines huwher of passages
H 2 3
375 CER 175 23 EXY
{RIB 25 40 45
BREV-I5-BR LCER 35 375 4.4
CRIB 375 45 473
23 {ER 10 178 28
CRib 175 pAY 2.8

Titres are expressed iv Jogag TO/A00 |

A LI TR g 00

1§ 24 80 B8 42 48 54 60 88 73
hours after infection

{ 1
g & 12

Pigr 1. Comparison of BREVZS-BR drain prowth charsceristios in CER and
CRIB eell lines. Esch wvalue is the mean tire of thiee infocted wells with
the respective standard deviation bars, af different time intervals (howrs post-
infection).

2.3 Growth characteristivs in CFER and CRIB

Cme-step growth curves of the siraip BRSV-25-BR in CER
antd CRIB revealed no significant differences (p=0.8661) in the
infectivus virus titres from { fo 72 b after infection, evidencing
that these cell ines are equally permissive w BRSY infection
{Fig. 1)

4. Discossion

BRSY multiplied ondy in the marmmalian cell lines that were
tested, The cell line CER, which is suseeptible 1o viral infection

with a wide spectrum of different pathogens, has often been

wsed for multiplication of rabies virus (Cardose et al., 2004;
Sintbaidi et al.,
mammals (E] Karamany et al,, 1979}, as well as a2 number of
avian viruses (Cardoso et al., 2000). Despite of what the name
“chicken embryo related” may tell about the cell line origin,
st characteristics of CER cells are acquired from the parental
hamster cells (Urmanova et al., 198%; Urmanova and Tsareva,
19884k c).

Considering that both CER and CRIB cells were the most

permissive cell lines for multiphication of BREV in the first
experiments described here {Table 1), the multiplication of three
BESY isolates was assaved using such cells, It was not possible

1990; Smith et al., 1977) and other vimses from .
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1o observe significant diﬁ"mnces in BRSY infectious titres from
thess three strains multiplied in either CERor CRIB cells. Bome -

differences conld be observed in the chdrax:;tenstics of the CPE

induced by BRSV in ea:;h cell type, wkuch isin a,greement with

previous descriptions o

f CPE in MDBK. and CER celis (Amns

et al., 2003} or in different bovine cells. (Bmtandzhiem 1986}
One-step growth curves of the strain BRSV-23-BR were
performed using both CER and CRIF cells. No significant dif-
ferenves were- observed between the results ebtameé for each
cell type up to 72h after infection. It was. concladed that b@th :

cell lines may be useful;

as targets for BRSY cultivation, w ith o

adverse effects:on the vmﬂ growth: characteristics in vitro.

CER cells may be gas;iy maintained in the laboratory and-
are susceptible to a wide spectram of different viral mfections.

Therefore, this cell line

may constitute an imeresting alternative

1o the diagnosis of respiratory syncytial virus infection. in cat-
tle, as well 1o the detection of other bovine respiratory viruses.
The suscepiibility of CRIB cells to- BRSY. infection has been.
tested before (Flores et al,, 1996), but this is the first report that,
compares the viral muiupi;catwn of BRSV in both CRIB and
its parental cell line MIDBK snd shows that b{)ﬂa cells are highly.
susceptible to BRSV infection, CRIB cells are not suswpﬁb&f
to infection with BVDY {Flores and Donis, i‘}%) which is'a
major contaminant of celf lines {Bolin et al., 1991; Levings and

Wassman, 1991; Makas,chey et al.,

2!}{}_3 Ross: et s, 198;

Studer ¢t al., 2002; Zabal et al., 2000) Thersfore CR}B cells
may be hiz,hly tecamended for growing BRSY virus stmks 10
be used in animal experimeénts and spacxaily in vaccine pro-
duction, avoiding the tndesirable évents induced by BVDV

contamination {Antonis

et al., 2003).
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Abstract

Bovine respiratory syneytial virus {BRSV) causes lower respiratory fract disease in young cattle. Recently, it was possible to determine the
sequence of the (3 proteln gene, which plays 4 rols In the attachment of BRSY particles to the cells, from three distinet Brazilian isolales, The
phylegeretic analysis conducted here using those sequences compared to other worldwide distributed isolates of BREV allow us to allocate Braziiian
siraing within the subgroup B, which was no longer found in the world since the 1970s. One-of the Brazilian strains has major mutation between
amine zcid residues 173 and 178, within the central hydrophobic conserved region, exactly on the site of two of the four systeine-noose forming
cysieing residucs. Fomology medeling with the previously determined NMR structure of this protein domain was made to check whether these
mstations atiered the three-dimensionsl conformation of this immunodeminant region. Possible consequences on the binlogica] effects tnduced by

such mutation on the G protein are discussed,
£ 2005 Fleevier BV, All righes reserved.

Kepworsls: Bovine respirstory syneytial vins, Arachment ghveoproteins G; BRSY; Brazilian isolates

1. Introduction

Bovine respiratory synevtial virus (BRSV), & member of
the senus Prewnmavirus, from the family Paramnroviridae, is
a major canse of lower respiratory tract iliness in young catle,
a5 the clossly related Fuman respiratory synoytial (HRSV) is a
common threat for young infants {Van der Poel et al,, 1994},

The viral envelope glycoprotein (G protein) is responsible for
binding to the cell receptor in HRS viruses (Levine et al, 1987).
playing an important role in the immune response against BREV
infection (Bastien st al., 1997; Buchholz etal,, 2000, Ellis eral,,
1905 Samal and Pastey, 1997, Schrijver et al, 1997). lt is struc-
turally different from its counterparts present in other pararmyx-
oviruses, like hemagglutinin and nsuraminidase-hemagglutinin
{Langediik et al, 19972). The ectodomain of R8V G protein
tas a moduler srchifecture that comprises a cenfral conserved

* Corcesponding author, Teb: +83 19 37886258, fax +33 19 ITRREETG.
Emaif peddress: armsilunicamp br {CW, Ams),

(168-17037% ~ seo Fomt matter £ 2003 Elsevier BV Al riphts reserved.
doi 10 HASA virusres 2005 0BG

folded region and two bounding regions which are highly gly-
cosilated, polymeric mucin-like regions (Doreleijers et al., 1996;
Langediik etal., 1997b, 1998; Lerch etal,, 1990). The C-terminal
half of the central conserved region is composed of two helices,
connected within by a turn and licked by two disulfide bridges
{Langedijk etal., 1997b). This double linked cystine-noose folds
into a fat disc with a hydrophobic pocket formed by refatively
high conserved residues (Doreleijers et al,, 1996}, corresponding
1o the immunodominant region of BREV G protein (Langedijk
et al., 1997b), as well 25 demonsirated in the HRSV homologous
region {Gorman et al., 2001). '
HRRY isolates have been divided into two subgroups, named
A and B, based on its reactions with monoclonal antibodies
against both fusion protein (F protein) and G protein {Duncan
and Potgieter, 1993; Van der Poel et al., 1994; Woelk and
Holmes, 2001; Zheng et al., 19993, but the major antigenic differ-
ences are reporied in the G protein (Duncan and Potgieter, 1993;
Kao et al., 19%4; Lukic-Grlic et al., 1998; Mbinaric-Galinovi &
al., 1994; Sworch et al, 1991, 1993; Sullender, 2000; Zheng
et al, 1999} Antigenic diversity in HRSV is marked by an
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extensive degree of amino acid heterogeneity, and also phylo-
genetic analyses confirm such distinction in subgroups (Woelk
and Holmes, 2001). BRSV subgroups were also identified (A,
B and AB or Intermediary} based on monocional antibody and
polyclonal sera analyses against F (Schrijver et al., 19964} and
G proteins (Furze et al., 1994, 1997; Lerch et al,, 198%; Prozzi
g al., 1997} however, detailed phylogenetic analyses and com-
parisons with the homologous genes on HRSV revealed that
BRSV has a smatler degree of variation on Iis nucleotide and
amino acid sequences when compared to the variability found
on its human counterpart (Furze ot al,, 1997; Woelk and Holmes,
2001}, forming a contipuwm rather than the three subgroups
defined on antigenic analyses. Valarcher et al. (2000) proposed
that six genetics subgroups may be found on BRSV strains, when
¥, G and nucleoprotein sequences are phyviogenetically analyzed
by maximum-fkelthood algorithms.

A major concern related with the presence of those antigenic
sabgroups in cattle is whether infection or vaccination with a
BRSY strain of one subgroup protects against heterologous rein-
fection or challenge (Duncan and Posgieter, 1993; Schriiver &
al, 1998: Schrijver et al, 1998b; Van der Poel et al, 1894
Woelk and Holmes, 2001; Zheng et al., 1999}, Differing from
the situation found for HRSY, vaccines are already commer
cially available 1o prevent BREV infections. In Furope and the
Ugnited States, vaccination against BREY is corinon practice
{Valarcher et al, 2000} however, in Brazil and South Amer
jea, for practical and economical reasons, vaccinations against
BRIV are not often performed. Thers are reports attributing site
changes on conserved regions of the G protein as a response to
the selective pressure exerted by BRSV vaccination (Valarcher
gt al., 20003, which are similar to those already described for
neutralizing anfibody escape mutants of HRSY (Martinez et ai.,
1997 Melero et al., 1997; Walsh et al., 1998).

A growing number of BRSY infections have been reported
principally on the Southern region of Brazil during the last
decade (Arns et al., 2003; Driemeier et al., 1997; Flores et al,,
2000} but there is also evidence of infection on the Northeast-
ern region (Peixoto et al., 2000} and the virus may be causing
clinically evidenced disease in Bravilian cattle for at Jeast the
fast 20 years (Flores etal,, 2000). The present study aims 1o ana-
tyze the genetic variation of BRS viruses circulating in Brazil,
comparing the partial sequences from the G protein of such
styaing obtained by RT-PCR with the other partial and complete
pene sequences from other eountries, Mﬂi_ecuiar modeling of the
immunodominare region of those viruses was also performed w
better characterize the structural importance on any rmtations
present on the cystine-noose of G protein,

2. Materials and methods
2.1 Beguences

in the Genbank, we identified 106 nucleotide sequences of the
G protein gene for use in this study. They were retrieved search-
ing on the GenBank Dutabase through the Nucleotide sequences
search page (hitpJ/www.ochinlm. nib.govientrez/query.fogi?
db=Nucleotideditovt=toothary. We specified “BRSY™ and

“attachment” as the search words; an additional searc was' per-
formed searching for “BRSV" and “(3”. The sanie’ procedure
was made fo collect the deduced amine acid sequences on the
NCBI Protein Database (http:/Awww.nebinlm.nibi govientrez/
guery.fegi?7db=Protein&itool=toolbar}, and 110 sequences were
collected. Two Brazilian sequences, from the Southern regicn
of the couniry, BRSV-25-BR {Armns et al, 2003} and BRSV-
108-BR. {Almeida et al., 2005), that are under submission {0
the GenBank at the tzme of this search, were also mtraducw
and a third Brazlhan virgs. was incioded (BRSV4- -BR), from
which partial sequence of the gene was achieved from the RT-
PCR products from nasal swabs samples collected in Sao Paulo
state, at the Southeastern region The PCR’ product forms an
amplicon that included the nuclectide positions 333-680. A phy-
logenetic tree was coﬁstructed using 39 representative sequences
and the respective access numbers are shown for gach faxon
accompanted by the pame of the strain in brackets (Fig. 1}, The
nucleotide séquence of the G protein of ovine RSV (Alansari and
Potgieter, 1903} was dnctuded a5 an out-group for phvlogenstic
analysis, :

2.2 Sequence a&a{ﬁi&’

The BioEdit sofm@are, version 7.01 (Hall, 1999}, was used 1o
manipulaied the nucleotide and amino acid retrieved sequences.
The alignment of the sequences was- performed using the
ClustalW software, version 1.83 (Thompson et al., 1994}, using
full alignment and a mamber of 2000 total replications on the
bootstrap, in order t& ensure a highey level of confidence to our
analysis (Efron ef al,, 19%6), '

For nucksotide seguences phylogenstic analyses were peor-
formed using the peighbor-joining algorithm as implemented
in MEGA version 2.1 software package (Kumar et al., 1994),
based on the Kimura two-parameter distance estimation
method of the propomon of differences (p distance). Bootstrap
re-sampling was performed again for each mmalysis (2000
replications). An additional analysis of pon-synonymous and
synonymous nucleotide subsmutacms {those which change
ar do not change 2he amino ac:ci, res;)ectzv&iy} was also
performed on the same computer pr{:gram After that, they
were aiso calonlated and plotted for individual codons with the
help of SNAP program (http:/hiv-web. fanl, gowcomenﬁ?uvﬁ
db/SNAP/WEBSNAF/SNAPhtml).. Estimation of the both
synonymouns (ds) and noa—synonymous (dn} distances was
based on the Nei-ﬁsjoben method (Kumar ¢t al, }994), the
ratios of ncn»synfmymaus to synonymous substitutions {dn!ds‘
were ealeulated. :

2.3, Modeli mg af secpndary and tertigry struciures of the &
profein :

Protein sequences of Brazilian stains and the prototype
subgroup B strain BovX were used to predict secondary
strachire using Garmer—Rnbmsm and Chw»?asmaﬁ pamm
eters, Kyt&l)ool;iﬂe hydrephﬁzcnyg surface pmbabzht} anc
Jameson-Wolf and Antigendc Index (AD) analysis using Pro-
tean 5.0 inside the: DNAStar software package (DNASHar,
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Iney. The MODELLER 7 package (Fiser and Sali, 2003)
was used fo bulld models of G protein sequences with
basis on the availlable NME G protein imsmomodominani
derived struciure code IBRY (Langedijk et al, 1997b) at the
RCSE Protein Databank itp/fwwwresborg/pdb/y. This pro-
gram was used to build 3 model by satisfaction of spatial
restraints, spplying the default mode! boilding routine. To
test the stereochemical evaluation and theoretical validation
of the 3D profile of the models, programs PROCHECK was
used, using the web interface of Parmodel (htipi/laboheme.
dfibilee unesp bricluster/parmodel mpi/} (Uchoa of al, 2004).
These homology modeling analysis were also performed using
SDPMOD web-based feature (Kong et al., 2004) and EsyPrediD
{Lambert et al., 20025 The outputs of MODELLER and the other
cited web based modeling tools were graphically visualized and
preparad using PyMol (mitpy//pymolsourceforge.net; DeLano
Scientific, San Carlos, CA, USA)

2 e UBFLR Dorset)

3. Resulis
3.1, Nucleotide and deduced aming acid sequences

The vhylogenetic relatedness of Brazilian BRS vinuses
according to the sequences taken from the G protein gene is
shown in Figs. 1 and 2. The analysis conducted here, using
Kimura two parameters, allowed us to allocate BRSY strains
in within the six genetic groups proposed by {Valarcher et al.,
2000) and sdditionally to identify those groups in the sub-
groups A (group 11}, AB {intermediary; groups I, IV, ¥ and
VI and B {group 1). It is clear when analvzing the tree, that
Brazitian strains are Jocated on the B lneage (group IT3. Those
Brazifian sequences have also demonstrated the higher degree
of homology (96.7-100%) with strains within the B subgroup
{Table 1}. The nucleotide composition of the G protein gene
sequenced from Brazilian BRSVY strains {(A==38.76-38.96%;
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Fig 1. Phylogenctic
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Fig 2. G protein gene nucleotide sequences (positions 338-599) of Brazitisn snd workdwide distribesed strains of” BRSV MCHI Protein Dats Bank aceession nurnbers
are given for each segoence and the correspondent name of the sirain is shown:in brackess. :

C=382-36.47;, G=12353-12.92%; T=1235-12.62%) was
alse very shmilar to the composition of strains from
fts same genetic group (A=36.6-38.8%; (=332-378;
G=11-12.2%; T=147-1589%), bt no remarkable differ
gnces may be found when comparing to straing belong-
g 1o A (A=37.6-38.9%; C=31.5-385; G=1142-15.7%;
T=12.72-16.81%) and AB subgroups (A =38:64-39.14%;
C=3267-37.96; G=12.56~175%; T=16.72-19.93%). The
parental strains of most copmmonly used vaccines against BRSV
{RB%4; 220-69) were clearly aligned within the AB (interme-
diary} subgroup.

Amino acid composition of the deduced amino sequences
obtained also remained similar 1o those deposited at 'the NCB!
Protein Dain Bank. However, some differences wers observed
at the amino acid level on the immunodominant region of the
strain BREV-25-BR (Fig. 3}, and other remarkable diverzences
were present on the variable mucin-like regions of the sequence
derived from BREV4-BR, which may sxplain the owerall jow
percentages of identity when analyzing BRSV.4-BR amino acid

169 170 180

S T U PUUIE T I SR
391.2 WHVQhT\WFQTLPV?PCSTCEGNLéCLSL”HEE
Bovk R R DR - SR T e
BREV-25-Br .« LEL .. WH, L BAHARR.LPLLSR..D.G
BREV-L0B-BE .......5....Hoeuuunroon P..EP..0.G
BREV-4-BR I S P..5PF.0.G

Fig. 3. Alignment of the region from amino seid residues 138188, which
comprises the cystine-nooss component residues showing the differences when
comparing Brazilian strains with the subgroup A strain 3%1-2 snd prototype
subgroup B swain BovX,

sequence and the other straing analyzed. The two cysteines in
positions 173 and 176 of the amine acid sequence were replaced
by alanine vesidues in BRSV-2Z5-BR; there were also other
substitutions at this site: Ser'™ was replaced by another ala-
nine: Thei™ was substituted by an hystidine and Ghe'?? and
Gily'7® were replaced by lysine and arginine residues, respec- -
tively (Fig. 3). The strain BRSV-4-BR has also 2 mutation within
this region (Leu'8? —s Phe).

Table 1
Homotogy percentages of pairwise distanses betwesn G protein sucleotide and deduced snine ssid seqmrms Braz:lzan straing and selected represemtative prototype
strains of BRSY :

3512 22059 RBo4 BovX BREV-25-3% BREV-108-BR BREV4-BR
3912 - 877 G4.i §43 72 764 7eE
22069 923 - LEAY 6.5 7H &5 Mg
RES4 4.6 9.9 - §2.2 E 80.9 25
Bavk 81 gz.1 92 - 923 100 gi7
BRSV-23-BR. 16 §7 573 478 - 916 §4.0
BRSV-1G8-BR Y 812 874 1 979 - $37
BREV-LBR 837 8.3 892 98B P82 99.6 -

Nucleotide and amino acid valoes s given in normal and ivdic letters, respectivedy.
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3.2 Rates of evolution between Brazilian G protein gene
sequences and genetic groups of BRSV

The ratio of synonymous and non-synonymous substitutions
(dn/ds) between Brazilian G protein gene sequences and its own
genetic group I, as well as genetic group 111, and a set of genetic
groups II, IV, V and IV were calculated. When comparing Brazil-
ian strains with those on the genetic group I, dn/ds gives a mean
number of 1.333 showing that positive selection is underwent
within this group, were the non-synonymous substitutions are
higher; when comparing with strains inside the genetic group III
(subgroup A) the mean values where estimated as 0.656, forming
the far distant group; and for the AB subgroup (genetic groups
I1, IV, V and VI) the mean value of dn/ds ratio was 1.485.

3.3. Molecular modeling of the immunodominant region of
BRSV attachment protein

As mentioned before, we detected mutations in the amino
acid sequences of the Brazilian strain BRSV-25-BR on the con-
served immunodominant region of the G protein. The amino
acid changes (\3CSTCEG!"8 — 12 AAHAKR!78) were exam-
ine for putative structural changes on the central domain of
the protein. Based on the structural coordinates and parame-
ters deposited on the model available at the PDB of Brookhaven
National Laboratory (PDB code 1BRV), we examined the modi-
fication that these mutations may induce at the three-dimensional
level on the structure of the immunodominant region of such
viral strain. As the initial resolution of the structure was made
using the subgroup A strain 391-2 (Langedijk et al., 1997b), we
firstly developed a model of the homologous structure on BovX
strain, which belongs to the same subgroup B as the Brazil-
ian isolates. Despite of the differences between subgroup A and
B (Phe!65 — Ser; Tyr!70 — His; Leu!80 — Pro; Leu!83 — Ser;
Ser!34 — Pro) there are no alterations on the structure of BovX
cysteines-noose, when comparing to the model determined with
basis on the 392-1 strain; the two conserved disulfide bridges
Cys!73—Cys!86 and Cys!7®—Cys!3? are present and the two anti
parallel helices are preserved as well as the whole structure
of the cystine-noose remained stable (Fig. 4). The same may
be observed when the putative structures of BRSV-108-BR
and BRSV-4-BR were resolved; however, on the BRSV-25-BR
derived structure, them was replacement of two of the four cys-
teines by alanine residues, which did not disrupt the first a helix,
where those mutations are located, but destroyed the disulfide
bridges that exist in other strains between cysteines residues

(Fig. 4).
4. Discussion

From the data presented here, it is confirmed that from phy-
logenetic analysis of the G protein gene and its deduced amino
acid sequences, the BRS viruses circulating in Brazil fall within
the previously proposed B subgroup (Nettleton et al., 2003;
Prozzi et al., 1997; Schrijver et al., 1996a; Valarcher et al.,
2000; Yaegashi et al., 2005), as suggested by Almeida et al.
(submitted paper). The virus was firstly referred as a monotypic

genetic group (Mallipeddi and Samal, 1993; Stine et al., 1997).
However, subsequent analysis showed some correlation between
the subgroups determined by monoclonal antibody analysis and
genetic analysis (Prozzi et al., 1997), but in a much lower degree
of genetic variability than is presented by HRSV (Furze et al.,
1997; Prozzi et al., 1997; Valarcher et al., 2000; Woelk and
Holmes, 2001), and BRSV seems to form at least six differ-
ent genetic groups, which are not so diverse from each other
(Valarcher et al., 2000). On the present study, an analysis of the
nucleotide sequences including the Brazilian strains confirms
the last hypothesis, but it seems to be a correlation between the
antigenic subgroups and genetic groups, when using the param-
eters applied on the present study.

The calculated pairwise distances and the relatively ratios
of synonymous and non-synonymous substitutions for codons
position at the G protein gene confirm that Brazilian BRSV
strains are evolving from subgroup B strains, being more distant
from those strains in the subgroup A and B, with local differen-
tiation.

The most striking finding of the phylogenetic analyses of
Brazilian strains is that, belonging to the subgroup B, these
are first strains classified within this subgroup since the 1970s.
Unfortunately, it is not possible to trace the exact source from
where these viruses came to our country and this effort can
only be speculative. This is in agreement with the previous
observations that the circulation of BRSV genetic and anti-
genic groups have a temporal and geographical well defined
distribution (Larsen et al., 1998, 2000; Nettleton et al., 2003;
Schrijver et al., 1996a; Valarcher et al., 2000; Yaegashi et al.,
2005) in an epidemiological situation that is found similar for
HRSV (Lukic-Grlic et al., 1998; Mlinaric-Galinovi et al., 1994;
Sullender, 2000; Van der Poel et al., 1994; Zlateva et al., 2004).

Another interesting finding is that a major substitution
occurred in the cystine-noose coding region of the Brazilian
strain BRSV-25-BR. This is a highly conserved region located
within the central hydrophobic region of the protein, which may
interact with the cellular receptor (Valarcher et al., 2000) and
plays an important role on the induction of antiviral host immu-
nity (Langedijk et al., 1997b). In BRSV, mutations in this region
were firstly described for three French isolates (Valarcher et
al., 2000), where the four cysteines residues that forms disulfide
bonds within the cysteine-noose were replaced by arginines, and
consequently the second o helix of such structure was disrupted.
On the case of BRSV-25-BR, there was a complete substitu-
tion of the amino acid residues between position 173 and 178,
and the cysteines inside this frame were replaced by alanines.
The three-dimensional structure of the cystine-noose remained
similar to that proposed by (Langedijk et al., 1997b), however,
there are no more disulfide bridges to connect with the other
two-mutated cysteines. This region was shown to be the immun-
odominant portion in the G protein (Langedijk et al., 1997b,
1998); others demonstrated that this central conserved region
triggers eosinophilia and augmentation of pulmonary pathology
in a RSV mice model, depending on the genetic background of
the host (Hussell et al., 1998; Sparer et al., 1998).

In the case of French isolates, it was proposed that immune-
driven selection exerted by vaccination with commercial vac-
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B)

Fig. 4. Schematic drawing (A) of the homology modeling deduced conformation of the upper immunodominant region of the prototype subgroup B strain BovX
(left) and the impact of the mutations present on the strain BRSV-25-BR (right). Cysteine residues and dissulfide bridges are shown in red; vellow residucs are the
Ala mutation sites presented on BRSV-25-BR protein. Technical schemes (B) of the amino acid sequence shown in the lower part of the figure, for BovX (lefi) and

BRSV-25-BR (right) strains. The amino acid residue numbers are only illustrative,

cines may have induced these mutations in such strains
(Valarcher et al., 2000). This hypothesis is not applicable to the
specific case of BRSV-25-BR strain, however. Despite the pres-
ence of commercially available vaccines (that may be allocated
within the AB subgroup, until the present moment), vaccination
against BRSV infection is minimally used in our territory, and
this particular strain was isolated from a farm that never has
used immunization to prevent BRSV infections. It may be spec-
ulated that the mutations presented by BRSV-25-BR may have
been induced by the presence of active and passive naturally
acquired immune response against viral infection itself, and the
virus may has been selected by infection in animals possessing
antibodies to the virus, that selects antibody escape mutants, as
demonstrated in vitro for HRSV (Martinez et al., 1997; Melero
et al., 1997).

Despite of these alterations on the central hydrophobic region
of the attachment protein, this virus infects calves efficiently
under experimental conditions, inducing moderate lesions on
the lungs of infected animals (Almeida et al., 2005) and the

pathogenicity of this strain is now being compared by our
group with other BRSV strains in a mouse model. However.
more detailed studies have to be conducted with this partic-
ular strain, in order to evaluate the possible consequences of
viral pathogenicity, induction of immunity and antibody recog-
nition, since this region showed to be involved for both viru-
lence (Sparer et al., 1998) and induction of protective immunity
(Schrijver, 1998) in RSVs; another aspect to be further examined
is whether such mutation may influence the biological effects
induced by the homology of G protein to TNF (Langedijk et al.,
1998) and CX3C chemokine (Tripp et al., 2001).

Another practical concern is whether vaccination using an
immunogen made with a strain of a particular subgroup may
protect against heterologous challenge. It was shown that the
whole virus particles of one given viral subgroup may at least
partially protects against challenge with a strain presenting a
dissimilar G protein sequence (Schrijver et al., 1998). However.
there is also some evidence that this partial protection may gave
rise to the generation of new BRS viral genetic groups (Valarcher
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et al., 2000). Considering that only A and AB subgroup strains
are included in vaccines marketed in Brazil at this moment, and
only B subgroup were found circulating in our courtry so far, we
are eurrently making an effort to test whether these vaccines raay
profects animals apaingt infections with those Prazilian straing
and consequently the need and validity to include autochthonous
isolates in Brazilian vaccines,
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Abstract

Bovine respiratory syncytial virus (BRSV) is a major cause of respiratory disease in young
cattle worldwide. The BRSV fusion protein (F) mediates fusion between viral envelope and
cell membrane, being essential for virus growth. The protein is secreted as an inactive
precursor (FO) and is subsequently cleaved in two subunits, F1 and F2, which are associated
by disulfide bonds. On the present study genetic relationships between BRSYV isolates
based on F gene, including tree new Brazilian isolates, and comparative modeling of the
wnecleaved form of BRSV fusion protein (FO) were conducted, as an attempt to better
understand the selective pressures exerted on this glycoprotein and to determine the
putative tertiary structure of the protein. No positively selected sites were found on F gene
when non-synonymous per synonymous (Ka/Ks) amino acid substitution rations from
different genetic groups were calculated. However, some positively selected sites between
gene positions 279 to 351, between isolates of genetic group 1, were Brazilian isolates are
located. The modeled structure of FO presents the same structural constraints described for

homolog proteins previously described on others members of the Paramyxoviridae family.



1. INTRODUCTION

Bovine respiratory syncytial virus (BRSV) is widely recognizedéas an important cause of
respiratory illness in voung cattle (Van der Poel et al., 1994; La:ésen, 2000). The virus, a
negative-sense single stranded RNA virus, belongs 1o the Pammé;wovirz‘dae family, being
classified in the genus Preumovirus, from the sub-family Pneum%ovz‘rinae (Pringle, 1999) as
its close relative, the human respiratory syncytial virus (HRSV).%T}K‘, viral genome, 15,140
nucleotides long (Buchholz et al., 1999), encodes 10 proteins; théree of those are
glycosylated peptides which are presented on the viral membran%:. Glycoprotein GG, a
mucin-like glycosylated protein, is involved in the attachment of the virion to the ceil
membrane (Langedijk et al., 1997; Langedijk et al.. 1998). G proétein_, as well as the
membrane glycoprotein SH (small hydrophobic) are non—essenﬁe;i for the growth of BRSV
in cell cultures (Karger et al., 2001). Protein G and its coding geréle {G gene) are often used
as a source of information for genetic characterization of BRSV éstrains and studies on the
evolution of the virus (Elvander et al., 1998; Larsen et al., 1998; éValarcher etal., 2000;
Kovarcik and Valentova, 2004; Valentova et al., 2005; Spilki et aéﬂ., 2006) and the structure
of such protein is fairly well known (Langedijk et al., 1997; Lanéedjjk et al., 1998).

The third envelope protein, protein F, mediates the fusion of the v1ral envelope to the cell
membrane (Pastey and Samal, 1993; Pastey and Samal, 1997; Scihrijver et al., 1997; Pastey
and Samal, 1998) being an important target for the immune systeém of cattle infected or
vaccinated with BRSV (Nelson et al., 1992; Ellis et al., 1995: Sc};rijver et al., 1997:
Gaddum et al., 2003; Taylor et al., 2005). Fusion proteins from p:éaramyxoviruses are found
in a homotrimer form. They are secreted as an inactive precursoér (F0), and proteolytical

cleavage of this polypeptide in two subunits (F1 and F2) is requiréed for protein function
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{Gonzalez-Reyes et al., 2001; Zimmer et al., 2001; Zimmer et al., 2002; Rixon et al., 2004
Ruiz-Arguello et al., 2004). F2 subunit determines host specificity of infection for both
bovine and human respiratory syneytial viruses (Schlender et al., 2003) and it is associated
to the anchor F1 subunit by disulphide bonds. The F protein structure of BRSV, like its
HRSV counterpart, must conserve many of the secondary and tertiary features found on
other paramyxoviruses fusion proteins (Walter et al., 2002; Xu et al,, 2004; Yin et al.,
2005). Differences on the F protein structure of BRSV and HRSV and within genetically
divergent BRSV were found (Mallipeddi et al., 1990; Mallipeddi and Samal, 1993; Pastey
and Samal, 1993; Pastey and Samal, 1997; Pastey and Samal, 1997).

BRSV infections do occur worldwide (Van der Poel et al., 1994; Furze et al., 1997; Costa et
al., 2000: Larsen, 2000; Ams et al., 2003; Nettleton et al., 2003; Almeida et al., 2003;
Yaegashi et al., 2003). Different viral antigenic and genetic subgroups were found (Baker et
al., 1992; Duncan and Potgieter, 1993; Pastey and Samal, 1997; Prozzi et al., 1997),
resemnbling the situation for HRSV (Duncan and Potgieter, 1993; Van der Poel et al.. 1994,
Zlateva et al., 2004). Antigenic subgroups were named as A, AB and B (Baker et al., 1992;
Schrijver et al., 1996; Schrijver et al,, 1998). Later, six distinct genomic subgroups were
proposed (Valarcher et al., 2000; Yaegashi et al., 2005) and adopted by other authors
(Yaegashi et al., 2005; Spilki et al., 2006). Phylogenetic studies are often conducted using
the G protein for classification, since it is more variable than F protein {Valentova, 2003).
However, BRSV subtyping is also possible using antigenic methods (Furze et al., 1994;
Pastey and Samal, 1997) and F gene sequences for phylogenetic characterization (Valarcher
et al., 2000). Three BRSV subgroups were identified so far (A, B and AB or Intermediary)
with basis on monoclonal antibody and polyclonal sera analyses against F {Schrijver et al.,

1996) and G proteins (Lerch et al., 1989; Furze et al., 1994; Furze et al., 1997).
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On the present study genetic relationships between BRSV isolatés based on F gene,
including tree new Brazilian isolates, and comparative modelingéof BRSYV fusion protein
were conducted, as an aftempt to better understand the selective pressures exerted on this

glycoprotein and to determine the putative tertiary structure of t}ie protein.

2. MATERIALS AND METHODS

2.1. Nucleotide and amine acid sequences
Thirty-one nucleotide sequences of the F protein gene available éit the Genbank were used
this stady. They were refrieved by search on GenBank Database ét.hmugh the Nucleotide

sequences search page

(http://www.nebinim. nih.eov/entrez/query.fc Q.i?db==Nucieotidei§‘;:itoolrf{oolbar). We
specified “BRSV” and “fusion” or “F” as the search words; ASI‘E}OS F gene was taken from
the full genome available at the same database. Similar pmceduré was made to collect the F
protein deduced amino acid sequences on NCBI Protein Databas;:

uery.fooi 2db=Protein), and 30 sequences were found.

(http://www.nebinimenih. govientrez/

A new Brazilian virus was included (BRSV-4-BR), from which t:ha partial sequence of the
gene was obtained from RT-PCR products {Almeida et al., 2004;? Almeida et al., 2005).

A phylogenetic tree was constructed using gene sequences and tléxe respective access
numbers are shown for each taxon accompanied by the name of the strain in brackets
(Figure 2}. The nucleotide sequence from ovine RSV and HRSV?F proteins were included

on the analyses for comparison.

2.2, Sequence analysis
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The BioEdit software, version 7.0.5.2 (attp://www.mbio.ncsu.edu/BioEdit/bioedit. html)

(Hall, 1999) was used to manipulate the nucleotide and amine acid sequences. Alignment
of the sequences was performed using the ClustalW software, version 1.83 (Thompson et
al., 1994). Two thousand fotal replications were used as the bootstrap value, in order to
ensure a higher level of confidence to the analysis (Efron et al., 1996). The multiple
alignments were checked and corrected through visual inspection and manipulation using
BioEdit 7.0.5.2.

Phylogenetic analyses were performed on the MEGA version 3.1 computer software
{(Kumar et al., 2004). Distance methods were used for determination of phylogenetic
relatedness with Kimura two-parameters distance estimation method of the proportion of
differences, using the neighbor-joining algorithm. Bootstrap re-sampling was performed
again for each analysis (500 replications). An additional analysis of non-synonymous and
synonymous nucleotide substitutions (those which change or do not change the amino acid,
respectively) and evolutionary hypothesis (neutral evolution; positive selection or purifying
selection) were also performed on MEGA 3.1. Estimation of the synonymous (Ks) and non-
synonymous (Ka) cﬁstanccs was based on the Nei-Gojobori method (Kumar et al., 1994)
the ratios of non-synonymous to synonymous substitutions (Ka/Ks) were calculated and
plotted as well as other complementary analyses (rates of transitions and transve;“sions;
identity and similarity) using the SWAAP 1.0.2 software

(http://www.bacteriamuseurn.org/ SWAAP/SwaapPage.htm).

2.3. Comparative modeling of BRSY ¥ protein

Fusion protein amino acid sequences of 391-2, RB-94 and A51908 strains were submatted

1o analysis of transmembrane regions prediction based on the putative secondary structure
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using TMpred (hitp://www.ch.embnet.org/software/ TMPRED fc}nn.ht:ni) (Heckert and

Hofimann, 1993}, Fold recognition was used to generate the putaﬁive three-dimensional

structures using the 3D-PSSM web server

(http://www sbg.bio.ic.ac.uk/~3dpssm/index? himl) (Kelley st al 2000) and its substitute

PHYRE ¢{http://www.shg. bio.ic.ac. ul/~phvre/). A set of analysis éshowed that the structure

with the PDB I[D:12TM at the RCSB Protein Databank ( htm:ffm.rcsb.omfndb/), _
regarding the 3.05 A resolution X-ray diffraction solved st:mcturé: of the human
parainfluenza type 3 fusion protein (Yin et al., 2005) was the tenfélplate that best fits for fold
recognition with the BRSV sequences. The resuited models we:re refined subsequently
(Deliyannis et al., 1998). To test the stereochemical evaluation and theoretical validation of
the 3D profile of the models programs PROCHECK, WHAT_CHECK and Verify3D were
used, using the web interface of Parmodel |

(http:f/iabeheme.d£ibiIce.unesp.brfciustcrfparmodel__mpif)(Ucho%1 et al., 2004).
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3. RESULTS

3.1. Analysis of nucleotide and amino acid sequences

F gene of BRSV, similarly to other genes and whole genomes of Paramyxoviridae family is
A-T rich: A, from 35.13% to 37% of the gene; T, 27.29-28.3%; C, 14.80-17.77%; (5, 17.18-
24.47%. No remarkable differences may be found within different genetic groups of BRSV
for these parameters with the exception of a fower level of 1dentity between groups IV, V
and VI and the other groups considering both nucleotide and amino acid sequences. In
deduced amino acid sequences of full length fusion protein, Serine (10.54 %), Isoleucine
and Leucine (both 9.14 %) are the most abundant amino acid residues found.

Nucleotide and amino acid identity is high among BRSV F genes from the different isolates
analyzed and its products (Table 1). Percentual identities between 96.5 % and 100 % within
BRSV gene sequences and 91.1-100 % of identity were observed for deduced amino acid
sequences. As expected, the level of identity for boﬂ; gene and protein sequences was
higher between BRSV and ORSV derived sequences than the identity that may be found
between those cited and HRSV F sequences (Table 1).

Phylogenetic relationships within BRSV isolates and other mammalian pneumoviruses with
basis on the F gene nucleotide sequences are shown in Figure 1.

Graphical plotting of the identities between both gene and amino acid sequences (Figure 2)
showed that the major mmmbers of differences among BRSV isolates may be found at the
tevel of 3° extremity of the gene and the corresponding F2 region of the protein.

Rates of non-svnonymous (Ka) and synonymous (Ks) substitutions, as well as fransitions
and transversions along the F gene were calculated and plotted (Figure 3). Levels of
positive selection are low for the gene, but analysis using a sliding window revealed that

Ka/Ks ratios are not constant along the F gene. Such analysis showed that the majority of



nucleotide substitutions (mostly synonymous) are located on theéportion of the gene
codifying for F1. Positively selected sites were observed when cbmparing only isolates

within the genetic group I, from nucleotide positions 279 to 351

3.2. Comparative modeling _

The three-dimensional model obtained by fold recognition for ’f.he BRSV fusion protein
may be seen at the Figure 4. The model was divided for inspecti(i)n in three regions (head,
neck and core). The predicted base consisted of an elongated corée, formed by an alpha-
helix. On the lower part of this core, transmembrane regions werée predicted with basis on
the analysis performed in TMPred. This core region was fblioweéd by the neck region that is
on the base of the head region, which may be described as an im%ferted triangular prism
containing four channels, one on the presumably internal face oféthe protein and three
located the external face of the protein. |

At least 83% of the amino acid residues present on these models éwas located in most
favored regions of the Ramachandran plot. It was not possible toé' obtain modeis with higher
tevels of precision due to limitations of the 1ZTM template itsclfé', were many residues also
fall on disallowed regions of the Ramachandran plot. In BRSV FO structures modeled here,
Glu31, Thr37, Asn338, [e410, Ala412, and Asn 454 fall in geneérously allowed and
disallowed regions of the Ramachandran plot. No remarkable digfferences may be seen at
visual inspection among models obtained for F proteins from diféferent genetic groups.
Considering the BRSV F0 model obtained, the protein possesseséthe conserved features

observed for the uncleaved form of fusion proteins of other paraﬁxyxovi.ruses,
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4. DISCUSSION

Genetic differences between BRSV F gene and the corresponding fusion protein were
analvzed. As reported in previous works (Larsen et al., 1998; Valarcher et al., 2000), F
gene is highly conserved between BRSV strains, and a few number of differences are
present when analyzing fusion protein deduced amino acid sequences.

Phylogenetic analysis based BRSV F gene sequences, as conducted on the present work,
results in lower levels of bootstrap and genetic differentiation between strain within cluster
when compared to those often reported for phylogenetic relatedness using G gene (Furze et
al., 1997; Elvander et al., 1998; Valarcher et al., 2000; Yaegashi et al., 2005; Spilki et al.,
2006) similarty to the findings for HRSV (Zlateva et al., 2004) and other pneumoviruses
{Bastien et al., 2003; Ishiguro et al., 2004; van den Hoogen et al., 2004). Characterization
of BRSV in different clusters may be performed with basis on the F gene (Figure 1) and it
was also reported by others (Valarcher et al., 2000). F gene amplification and sequencing
may be also considered for the preliminary characterization of BRIV field isolates;
however, the results obtained using such strategy tends to be poor in terms of separation
between clusters when compared to those obtained using gene sequencing and phylogenetic
analysis of BRSV G gene, as observed on the present work and previously published
studies (Valarcher et al., 2000).

These low levels of differences in F gene and fusion protein sequences when compared to
those observed for G gene and its translation product may be consequent to the essential
role of fusion protein on virus growth (Karger et al., 2001; Zimmer et al., 2001; Schiender
et al., 2003; Zimmer et al., 2005), allowing hittle or no room for strong variation of such
peptide. This phenomenon also may be the cause for the low levels of transversions and

non-synonymous substituiions observed on the present work and by other authors
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(Valarcher et al., 2000). However, the levels of transitions and triansversions and nucleotide
substitutions, as well as the identity between different sequencesé are not equal even along
F gene (Figure 2). The second third fragment of the gene sequenéce is suffering a higher
ratio of evolution than others, accumulating both synonymous s&bstitutions and
transversions (Figure 2). This gene fragment corresponds to an aéntigenic domain located at
the neck region of the protein (Figure 3). Then, it may be :conclu%ied that the selective
pressures exerted by the immune system of cattle are of minor eféfect for the generation of
genetic diversity observed when analyzing the BRSV F gene. Théizs, these silent mutations
are present on the F gene not because it is subjected 1o selective Iésressure by the immune
system, but probably because viruses carrying replacements at th:s domain must be
subjected to negative selection, in an effort to maintain the stmcﬁual constraints of the
protein. These regions also presented most the variability betweeén BRSV F gene
sequences; however, as mentioned before (Valarche;" ctal., 20005, no antigenic sites were
experimentally identified in this region. On the other hand, lookixélg at the Ka/Ks ratios
considering only BRSV B subgroup strains, some n@nnsynonymoéus substitutions may be
found on nucleotide sequence at the beginning of the gene fragmfémt coding for the first
heptad and adjacent regions of the F1 protein domain, at the coreéregion of the FO model
obtained here. Neutralization of the virus by monocional antibodiées binding to amino acid
residues 1 STNKAVVSLS g located in this same region was rei)orted (Langedijk et al.,
1998). At least for the BRSV subgroup B, positive selection due to host’s Imimune response
may be present for the gene F. The same phenomenon was not oﬁsewed for subgroup AB,
and it was not possible to test such assumptions for the subgroup A, since only 2 sequences
from BRSV A (genetic group 1) isolates are available. It is diﬁicélt to explain why positive

selection may be found only on such BRSV subgroup B strains. It is mteresting to observe
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that Brazilian strains were included on the analysis and vaccination of cattle against BRSV
is not widely practiced until now in our couniry, differing from the situation that may be
observed in many of the European countries. Thus, immune responses of caitle in the
absence of vaccination may theoretically induce mutations on BRSV F protein, as
hypothesized before for BRSV G protein (Spilki et al., 2006).

Previous studies have shown that some differences may be found at the structural level
among fusion proteins from antigenically and genetically divergent BRSV strains
(Mallipeddi and Samal, 1993; Pastey and Samal, 1993; Pastey and Samal, 1997, Pastey and
Samal, 1998) and this attributed to different patterns of N-glycosylation (Mallipeddi and
Samal, 1993). Effectively, considering the three-dimensional models obtained by fold
recognition on the present study, where no remarkable differences on the predicted terfiary
structure of FQ peptide may be observed among genetically divergent BRSV isolates. It is
expected that those reported structural differences may be accounted for post-
transcriptional processing and specially glycosylation of such peptides. The models
ohtained here were based on fold recognition, since low degrees of identity were observed
for BRSV F and Hi’BV fusion protein (17 %). The model is based only on the HPI3V
previously reported structure, considering no other experimental support, then one have to
take in account that some of the structural constraints of the protein may be lost.‘ But
preliminary assumptions, such as the extreme structural similarity of the BRSV F0 model
obtained here and th-ose previously described for its homolog in HRSV (Melero et al., 1997, |
Smith et al., 2002; Walter et al., 2002; Xu-et al., 2004) and the fusion protein of other
paramyxoviruses (Joshi et al., 1998; Dutch et al., 1999; Morrison, 2003).

Diagnostic tools and subunit vaccines were developed previously based on the expression

of BRSV fusion protein and its immunogenic properties (Nelson et al., 19923 Schrijver et
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al., 1997; Pastey and Samal, 1998; Gaddum et al., 2003; Taylor téat al., 2005). We believe

analysis of the BRSV F protein structure taken together with ev«jiuﬁonary analysis of this

protein and its gene may shed some light on the further design of safer and more effective

subunit vaccines u'sing BRSV F as immunogen.
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Table 1. Identity percentages of pairwise distances among F protein nu@:leotide (BLOSUM®62) and

deduced amino acid sequences (PAM120) BRSV isolates. GenBank ac{:ession nwmbers are given together

with the name of the strains in brackets. Nucleotide and amino acid values are given in normal and italic

letters, respectively.

BRSV Genetic groups™

IV, V and Vi i I I Untyped
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&73
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AF4BRSEO[L)
AF18BS59{E2
AF188;55{A1)
AF1BOSSA{IY
4% :
AFIBESSAFR) 98.7 99.5 983 | 983 | 987 98.3 87.5 91.1 86.7
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AF188569(V347}
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AFIBE5E6(PT} 99.79
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AF1R8558{C2) C :
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AF1B555(81) : : 987 | 987 | 100 -3-98. 5978 | 4y | 967971
AF1RRSTSH6AS 95.& 96.7 95.6 100 | 7.9 98.7 98.7 90.7 97.5
AVEBZIRBOHEY- ;
25-BR} :
BRSV-100-87 95.6 96.7 5.6 95,6 97.9 98.7 98.6-98.7 | 80.7 97.5
AF18BETHBAYOY .
Moatona81.2) 97.8 98.9 97.5 96.7 97.8 97.9-100 97.9 91.5 97.1
AP TRE5T5{23063) ' -
pricriegdiod
TAD
TAD) o 86.7 97.8 98.7 86.7 856 | 9839 97.9 80.7 95.3
DOLS53{RESL]
AF295S44{AE180E R A
) 85.6 95.6 85.6 98.9 100 | 97.8 98.9 L 89.9 94,7
AFGIAZBAIHREY- ; } '
BY) 77.4 78.4 78.4 76.3 76.3 | 784 79.5 76.3 9.7
AFSSEISHORSY) - 87.0 88.1 89.2 88.1 89.2 | 88.2 89.2 89.2 80.6

* based on Valarcher et al., 2000




Figure captions

Figurel. Phylogenetic tree prepared with the F protein gene nucleotide sequences
{positions 312-609) from different isolates of BRSV. Neighbour-joining using Kimura-2
pararneters were used for phylogenetic reconstruction. GenBank accession numbers are
given in each taxon and the correspondent name of the isolates are shown in brackets. Only
the bootstrap values higher than 60% of 250 replicates are shown. The roman numbers are
related to the genetic groups proposed by Valarcher et al. (2000). The Brazilian strains are
assigned with a triangle; the tree was rooted using HRSVB and ORSV sequences.

Figure 2. Nucleotide (above) and amino acid (below) percentual identities for the F gene
and E0 protein comparing strains of BRSV. A higher level of divergence may me found at

the region corresponding for the F2 fragment of the protein.

Figure 3. Levels of synonymous (Ks) and non-synonymous (Ka) substitutions along the
BRSV F gene (above). Levels of transitions (Ts) and tranversions (Tv) for this same gene

using the plotting resulted from sliding windows caleulation.

Figure 4. Three-dimensional models predicted for the uncleaved form of BRSV fusion

protein. Predicted tertiary structures for monomers from three genetically divergent strains

are showrn,
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Abstract

Bowvine respiratory syncytial virus (BRSY), a member of the subfamily Preumavirinae, family Paramyxoviridae, is a major
cause of respiratory disorders in young cattle. A number of studies were conducted to validate a refiable animal model for the
infection, since BRIY inocufation on the natural host is costly and often unsuccessful. Unfortunately, after inoculation of BRSV
in BalbiC mice, viral replication may be defected; however, evident pathelogical alterations are absent on the experimentally
infected animals. In order to establish a mice mode! that could be used further for prefiminary studies of pathologicat and
immunological aspects of BRSV infection, three mice inbred lineages (Balb/C, Af) and CSTBLG), possessing different genefic
hackgrounds, were tested about its susceptibility to the incculation with BRSV Animals were inocuiated through the nasal and
oeular routes and were ohserved after inoculation. At 7 days post-inoculation {dpi) animals were necropsied and virological
{virus isolation and viral nucleic acid ampfification) as well as histopathological examinations were performed. A and C57BLS
showed interstiial pneumonia, when compared to the Balb/C group. These findings shows that mice may constitute a suiiable
mods! for the study of BRSV infections, depanding on the mice strain used for experimental inoculations.

F£ 2008 Eisevier BV, Al rights reservad.

Keywords: Boving respiratoty syncytial virus; BRSY, Intred mice; Muririe model; Experimental infection; RT-Nested-PGR

1. Introduction

Bovine respiratory syncyfial virus (BRSY) is @

S Camesponding author. Tel.: +55 19 37886258; member of the Paramyxoviridae family classified
fox +55 10 37BBE27E. within the Preumovirus genus, a section of the
£.mall address; spitki@unicamp.br (F.R. Spitki). Eneumovirinae subfamily. All members of such genus

Q57B-113568 — see front matler ## 2006 Eisevier BN, Al rights ressrved
doir10.1016/ vetmic. 2008.07.011
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are invoived in respiratory disease, and BRSVis one of
the major causes of lower respiratory tract ifiness in
young cattie {Larsen, 2000} as well as ifs human
counterpart, Human respiratory  syncytial  virus
{HRSY} remains the principal cause of respiratory
disease in young chitdren (Easton ef al,, 2004).

Animal models are useful tools for the study of
immunology, pathelogy and vaccine development for &
number of reasens. inhuanan diseases, fike HRSV the
study of many aspects following infection by the viru
may he only investigated properly using animals, due tc
obvicus ethical reasons. Thus, for immunepathological
studies, preciinical development of new treaiments and
vaccines for HRSV, animal experiments are required
(Easton et al, 2004}, and 2 number of animal models,
including monkey (Takimoto et al., 2004; Welizinetal.,
19986}, ferrets (Byrd and Prince, 1997; Colasurdo et af |
1698), chinchiila (Doyie and Alper, 2003; Gitibanet al.
2005}, mice {Easton et al, 2004) and other animais
(Byrd and Prince, 1957) were already used for this
pumaose,

For studies of BRSV infection in large animals, other
advantages may be obtained by the use of animal
models: the substitution of cattle for smaller species, a!
jeast on preliminary studies, may be highly cost
effective, since maintaining of bovine under experi-
mental conditions following animal welfare guidelines
i often expensive, requiring appropriate rooms and
trained personnel. Other ruminants, specially sheep,
were used for study of immunopathological aspects
regarding BRSV infecion (Meshan ef al, 1894
Meyerholz et al., 2004; Sharma et al, 1991). Another
fimitation is that both cattle and sheep are not inbred
raised, being difficult fo avoid individual variations
under experimental conditions, BR3V can replicate in a
number of mammalian cell lines and primary cell
euttures including celi lines derived from smail rodents
{Spilki et al., 2008); however, attempis to inoculake
mice with BRSV were unsuccessful on reproduce
efficiently pathological and immunclogical aspeds of
the disease on the original host {Almeida e af, 2004;
Taylor et al, 1484), although virus isolation {Tavior
et al, 1984} and defection .of viral nucleic acids using
RT-nested-PCR was reported {Almeida et al, 2004).
These previous inoculations attempts of BRSV in 2
murine mode! used only Balb/C mice lineage (Almeidz
et al., 2004; Taylor et al,, 1984). For HRSV, there is 2
plethora of published information on different levels of

susceptibifity for different mice strains to the viral
infection (Prince et al., 1979; Stark et al,, 2002).

On the present work, inbred mice from lineages
possessing different haplotypes were used for inocu-
lation of BRSV, as ‘an attempt to develop a better
protocol for the study of such infection in a murine
model. Animals were monitored for clinical signs,
pathological alterations and virus defection, using
virus isolation and viral nucleic acid detection.

2. Materials and m}ethods
2.1. Viruses: and ceIfs

The Brazilian strain BRSV-25-BR {Arns et al., 2003)
and the profotype strain 375 (Stine et al, 1997} were
used on the present study. CRIB celis (Fiores and Donis,
1895), a clone of MDBK cells resistant {0 the infection
with BVDV which is susceptible to the infection with
BRSV {Flores and Donis, 1995; Spitki et al., 2006) were
used throughout. Celis were cultivated in Eagles
minirnal  essential medium {E-MEM) supplemented
with 100% foetal calf serum (FCS), free of anfibiotics,
following routine protocols.

2.2. Production of cﬁaiienge virus

For the production of challenge inoculum used for
mice infection, 150cm? boitles confaining CRIB
monolayers were infected with a mulliplicity of
infection of 1 {1 infecious particle per cell} of one
of the viral strains. Boftles were kept at 37 8C and
microscopicatly monitored untit presence of 60~70% of
the typical oytopathic effect (syneytium formation),
usuaity 72 h after infection. The infected monolayers
were then scrapped and the resulting suspension was
vigorously shaken. Cell debris were centrifuged
(700 X g, 10 min, and:4 °C) and the supernatants siored
at -70°C until use.

2.3. Animal inoculation

Three mice inbred lineages; Balb/C (haplotype: H-
29, Ald (H-2%) and C57BL6 (H-2°), were used on the
experiments. The animals, 8-10-week old specific-
pathogen-free males, were purchased from CEMIB
(Multidisciplinary Centre for Biological Investigation,
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at UNICAMP, Brazil). The animals were kept behind
barriers. At the day of arrival on the isolation units at
the Departamento de Microbiologia e Imunologia,
UNICAMP, the animals were divided in groups, in
separate cages. Each viral strain (BRSV-25-BR or
375) was inoculated in a group containing 6 animals; a
third mock infected group (n = 4) was kept as control
for each mice lineage. Animals were kept for
acclimatizing 12 days before the inoculation and
maintained with food and water ad libitum throughoui
the experiment.

Animals on the inoculated groups were slowly
aerosolized in a closed cage, using a viral suspension
containing 10%° TCIDso/50 pL (50% tissue culture
infective doses per 50 L) added by 5% FCS. Controls
animals were mock infected using CRIB cells
supernatants with 5% FCS. Animals were monitored
twice a day until day 7 post-inoculation (dpi) when
they were deeply anesthetized using a o of xylazine
(Rompun™, Bayer) and ketamine (Vetanarcol™,
Konig), and exsanguinated through the femoral vein.
Necropsy was performed; lung fragments were
collected for histopathological and virological exam-
ination. Animals were killed 7 dpi based on previous
experience of our group for enhanced virus detection
and histopathological findings (Almeida et al., 2004).

Animals’ experiments were ethically conducted
following Brazilian Laws concerning Animal Welfare
(Law 6638, May 8th 1979) and the guidelines for
animal experimentation published by Brazilian Col-
lege for Animal Experimentation (COBEA, http://
www.cobea.org.br/).

2 4. Histopathology

Lung samples were fixed in 4% paraformaidehyde
(Sigma-Aldrich Co., Missouri, USA) for 24 h, washed
in deionized and water left in 70 “GL alcohol until
embedding in paraffin wax. Fragments were cut in
5 mm thick sections, and then mounted on poly-L-lysine
coated microscopic slides. For histopathological
examination, sections were stained with haematoxylin
and eosin (H & E), following standard protocols.

2.5. Virus isolation

Lung fragments (approximately 100 mg) were
macerated in 1 mL of sterile E-MEM supplemented

with 200 U/mL penicillin, 200 mg/mL streptomycin
and 5 mg/mL amphoterycin B. Samples were stored at
-70 °C until processing. These lung homogenates
were submitted to virus isolation in 96-well micro-
plates in 10-fold dilutions of the homogenate super-
natants. Recovered viruses were titrated and its
identity confirmed by an immunoperoxidase mono-
layer assay (IPMA) as described previously (Spilki
et al., 2006). Infectious titres were calculated
according to Spearmann and Karber and expressed
as the log10 tissue culture infective dose per 50 L

(TCIDso/50 pL) of lung tissue homogenate.

2.6. Viral nucleic acid detection

For BRSV nucleic acid detection in mice lung
samples, the RNA was extracted from 200 mL the
same supernatants prepared for virus isolation. RNA
extraction was performed using the High Pure Viral
Nucleic Acid Kit (Roche Diagnostics, Manheim,
Germany) following manufacturer instructions. Posi-
tive controls were processed from the supernatant of
CRIB monolayers infected with BRSV.

The RT-nested-PCR technique was standardized to
amplify a fragment of 449 bp of the G gene of BRSV,
using G1 (5'-CAGCCATTATTTACAT-3") and G2 (5'-
CTCCACAACAAGGCATCC-3') as outer primers
and G3 (5- AAGCCCACATCCAAACCA-3') and
G4 (5'- CCAACCAAGACAACAATC -3') as inner
primers. Different RT-nested-PCR steps were per-
formed in separate laminar flows to avoid contamina-
tion.

For the synthesis of cDNA the SuperScriptlll
FirstStrand Synthesis Super MIX™ (Invitrogen Ltd.,
California, USA) following kit instructions for use
with random hexamers.

PCR reactions were performed as following: for a
final volume of 50 L, 5 L 10X amplification buffer
(200 mM Tris—HCI, pH 8.4; 500 mM KCI); 2L
10 mM dNTP MIX; 2.5uL PCR enhancer; 1L
primer G1; 1 yL primer G2 (both primers 20 pmoles);
0.6 pL Platinum™ Pfx DNA Polymerase (Invitrogen
Ltd., California, USA); 1 uL Mg2S04 (50 mM); 2 mL
cDNA added by 349 pL RNAse/DNAse-free
water (Millipore water system; Millipore Corp.,
Massachu- setts, USA). Mixture was pre-heated for
2 min. at 94 °C for denaturation. Amplifications
were carried out in a thermal cycler PCR System 9700
(Gene Amp,
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Applied Biosystems, Perkin-Elmer, California, USA).
The cycling program consisted of denaturation at
948C for 30s, annealing at 55°C for 30s and
elongation at 72 °C for 1 min. Thirty-five cycles of
amplification were made. The second PCR product
was done using the same reagents and the quantities of
the first step, with first step PCR product as the
template and substitutions of the primers for G3 and
G4. The cycling was performed essentially as
described for the first step; both PCR reactions were
prolonged by a final cycle of elongation 7 min at
72°C.

PCR products were analyzed in 1% agarose gel
added by 0.5 mg ethidium bromide/mL run at 90 V for
45 min. Molecular sizes of the products were

14
n:_'l
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o
>
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2
)

compared with those of a 100 bp DNA ladder
(Invitrogen Ltd., California, USA). Ethidium-bromide
stained bands were visualized under UV light and
photographed in Image Master VDS equipment
(Amershan Biosciences, Buckinghamshire, England).

2.7. Statistical analysis

Statistical analysis was performed using the chi-
square test, with p=0.05 for the presence of
pathological findings between different groups. The
data on viral excretion and serological status was
evaluated by analysis of variance (ANOVA). The leasl
significant difference for p = 0.05 was determined.
Comparisons were made from day to day within the

CS7BUB

Fig. 1. Microscopical lesions in BRSV inoculated mice of lineages A/J, Balb/C and C57BL/6, at 7 days after infection. Interstitial pneumonia,
diffuse oedema and peribronchiolar mononuclear infiltration (arrow heads) was present in different degrees, according to mice lineage and
BRSV strain used (BRSV-25-BR or 375). (Haematoxylin and eosin stained, magnified 40X ).
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groups and between groups. Statistical analysis was
performed with Data Analysis Supplement for Excel™
(Office System 2003 for Windows™, Microsoft Corp.,
Seattle, USA). The term “significant” (statistically
sianificant) in the text means p<0.05.

3. Results

3.1. Clinical signs

Moderate apathy and light dispnoea was observed
on the A/J inoculated mice; those clinical signs were
seen from days 3 to 7 pi. The signs for the strain
BRSV-25-BR were more evident but started later, on
day 4 pi. Animals of the C57BL/6 showed mild signs
of respiratory distress between days 4 and 5 pi; no
noticeable clinical signs were seen in Balb/C mice.
Control mock infected animals remained healthy
throughout the experiment.

3.2. Pathological findings

Few areas of bulbous emphysema and pulmonary
consolidation were found at necropsy in animals of all
lineages (virus strain BRSV-25-BR: A/J, 4 animals in
6: C57BL/6, 4/6; Balb/C, 2/6; virus strain 375: A/J, 4
animals in 6; C57BL/6, 1/6; Balb/C, 1/6).

Different degrees of severity were found for the
lung lesions at microscopical examination, depending
on mice strain used (Fig. 1). Lesions induced by
BRSV-25-BR were slightly more pronounced than
those observed for strain 375. Interstitial pneumonia,
focal pulmonary and perivascular oedema, mono-
nuclear infiltration around bronquioles, mild bronch-
iolitis and thickening of alveolar walls were observed;
in some animals, especially A/J and C57BL/6 mice,
swollen of epithelia covering bronchioles and alveoli
may be found. Eosinophilia was present in very low
levels, in A/J and C57BL/6 mice infected with the
strain 375. No pathological alterations were found on
mock infected mice.

3.3. Virus isolation and nucleic acid detection
Infectious virus was recovered at first

passage from animals of all mice lineages
(virus strain BRSV-25- BR: A/J, 3 animals in

2,57

OBRSV-25-BR
m 375

log., infectious titres

0,57

01— T T ==

C57BL/B AJ Balb/C

Fig. 2. Mean infectious virus titres in lung homogenates from
BRSV experimentally infected mice according to mice lineage
and BRSV virus strain used. Bars are indicating maximal titres.
For information about the number of positive animals for viral
isolations see Section 3.

virus strain 375: A/J, 1 animal in 6; C57BL/6, 0/6;
Balb/C, 1/6). The geometric means of infectious titres
were plotted for each group and the excretion for Balb/
C mice was slightly higher than to other mice lineages
(Fig. 2). These results were confirmed by RT-nested-
PCR gene G amplification; BRSV nucleic acid was
also amplified from one C57BL/6 individual that was
negative for isolation (Fig. 3).

4. Discussion

Small rodents are widely recognized as useful for
the study of HRSV infections (Easton et al., 2004,
Harrod et al., 2003; Klinguer-Hamour et al., 2003,
Piazza et al., 1993; Rosenberg et al., 2005). However,
previous studies from our group (Almeida et al., 2004)
and other researchers (Taylor et al., 1984) found thal
BRSV infections in mice, despite of the recovery of
genetic material or infectious virus, are characterized
by absence of clinical signs and evident pulmonary
pathology. These previous efforts on establishment of
a BRSV infection mice model were made on Balb/C
mice and no other mice strains were tested. On the
present work we tested other H-2 haplotype mice
variants (A/J and C57BL/6) to compare the virological
and pathological findings for these animals in
comparison to Balb/C.

Similarly to what was observed for HRSV (Byrd
and Prince, 1997; Prince et al., 1979; Stark et al,,
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Balb/c

C57BL/6
L - 3 4 5§ 6 M

g 8 10 11 12

4 449 bp

Fig. 3. RT-nested-PCR for the detection of a fragment of the G gene in mice of different lineages infected with BRSV. Lanes 1-6 are showing the
results for animals infected with BRSV-25-BR strain. Lanes 7-12 are showing the results obtained from lungs of animals inoculated with the

strain 375. M is 100 bp molecular weight marker.

2002) on the present work different mice lineages
showed different levels of lung pathology when
inoculated with BRSV, as well as variation in viral
titres recovered from infected animal was observed as
mentioned before (Stark et al., 2002). A/J and C57BL/

6 showed more prominent microscopical pathological
findings than those observed for Balb/C mice. There
were also more animals presenting both gross and
microscopical lesions on these lineages. Paradoxally,
some animals on the Balb/C group presented higher
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titres of infectious virus recovered from lungs, when
compared to mice of sther strains. However, these data
was not statistically significant.

Virus isclation may be important as a marker
during BRSV sxperimental infection since virus
tlearance may be hampered in animals presenting
more lesions induced by BRIV (Meyerholz et al,
2004: Viuff et al., 2002; Woolums ef al.,, 1889). Some
authors reported that BRSV isolation may be difficulty
from tissues of experimentally inoculated mice
{Matumoto ¢ al., 1974, Taylor et al, 1984); howaver,
from the results obtained here, the proper conservation
of the material may be of greal value, and the
confirmation by RTnested-PCR may aiso report more
positive animals in a.group. The titre of virus inocufum
ysed here, at least 10-fold higher than those used in
previous works, probably facilifated infections.

The differences of susceptibility between different
mice linsages may be alfributed to several reasons:
differences in haplotype (and consequent recognition
of viral epitopes by MHC-); patterns of viral
chemokines expressed as well as other factors like
weight and body size at the time of inoculation (Balbt
¢ mice are heavier than C57BL/6 and Al mice at the
age of inoculation); diameter of bronchioles and other
immune system related and anatomical differences
among such mice lineages. In order to investigate in
what extent these differences may be genefically
determined, further studies using cross-bred mice
resulted from the mating among the mice lineages
studied here have to be done. This may be of interest
also to study quantitative frait focus analysis in proes
to determine the genome regions associated with the
susceptibifity for BRSV infection in mice. Afierwards,
this would be useful for identification of bovine
homolog corresponding for these mice chromosomal
regions, then providing a toot for prediction of what
bovine breeds or individuals may be at higher risk for
BRS3V infection.

There were some differences between the virel
sirains used. C57BL/G mice were efficiently infected by
BRSV-25-BR virus sirains; however, despite of some
microscopical findings no infectious virus of viral
nucleic aoid of atrain 375 may be detected on such mice
fineage. The titres of infectious virus recovered from
mice of all lineages infected with the strain BROV-25-
B8R were statisically significant higher than those
chserved for 375 virus strain. Other authors have

hypothesized that some strains of BRSV may be more
feasibie for mice incculation than others (Taylor et ai,
1984), ang it was noted on the present work,

Our resuits demonstrate that it is possible to obiain
a suitable murine model for BRSV using mice
lineages other than Balb/C, a high titre of infectious
virus on the inocuium and it is worthy to test different
virus strains for this purpose. Further work may even
enhance the clinical and pathotogical scores oblained
on such murine modei, by the use of improved
techniques allowing more evident disease reproduc-
tion, such as previpus immunization of mice with
formalin-inactivated BRSV (Antonis et al., 2003
Kalina ef al., 2004, 2005; West et al., 19898) and killing
of inoculated animals at different intervals for
determination of viral load on lung parenchyma,
since inoculation of BRBV in mice may results in &
transient infecion. A possible improvement for the
model may be also the use of daily measurements of
body weight, as a marker for the general health status
of the inoculated animals. This mice mode] will be of
interest for the study of immunopathological aspecis
of BRSV infection, as well as for preliminary tesfs on
the development of new BRSV vaccines.
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Summary

Bovine respiratory syncytial virus (BRSV) causes pneumonia in young cattle,
resembling respiratory disease caused by Human RSV in infants. Modified live virus
(MLV) and inactivated vaccines are currently used for the control of clinical effects of
BRS{YV in cattle. On the present work, we investigated the stimulation of specific anti-BRSV
I¢G class antibodies, through the use of different “classical” adjuvants (Water-in-oil
emulsion, Quil A, Aluminium-hydroxide} in inbred mice (Balb/C and C57BL/6). BRSV
antibodies were measured using an enzyme-linked immunosorbent assay (ELISA) and the
results were compared to the IgG levels induced by immunization of animals using live
BRSV virus. The best results were obtained using water-in-oil emulsion as adjuvant,
followed by Quil A prepared vaccines. Differences were observed on the levels of IgG

antibodies to BRSV induced by Quil A and live virus inoculation in mice from Balb/C and

C37BL/6 hineages.
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Introduction

Bovine respiratory syncytial virus (BRSV) is a membeér of the Paramyxoviridae
family. BRSV is included, together with human respiratoryé syncytial virus {HRSV),
poeumonia virus of mice (PVM) and other pnemnovirusesé from ruminants (Ovine
repisratory syncytial virus and caprine respiratory syncytial viruég), within the Preumovirus
genus of the Preumoviringe subfamily (Larsen, 2000), These *év‘iruses are responsible for
disease of the lower respiratory tract on its respective hosts (V anédcr Poel et al., 1994).

There are a number of BRSV commercially available véaccines {Elis et al., 2001;
Ellis et al,, 1995; Netileton et al., 2003; Valarcher et al., 2000); 11:5 use is controversial since
1ts efficacy and potential enhancement of disease in -vaccinaéted animals are not well
documented under field conditions (Larsen et al., 2001; Leteéson, 2003). Experimental
assays using modified live virus (MLV) or inactivated vaccines tElIis et al., 1995) showed
different degrees of protection against pulmonary pathology inéuced by the challenge as
well as production of neutralizing and non-neutralizing antibodiaés to BRSV, depending on
the type of vaccine and adjuvant used (Ellis et al., 2001; Ellis et ai, 1995; Eliis et al., 2005;
West et al., 1999). |

It was reported that cattle vaccinated using MLV vaiccines may be clinically
protected against BRSV challenge and develop high titres of ViI’élS neutralizing antibodies,
in the presence of low levels of total anti-BRSV specific IgG axétibodies {(Ellsworth et al.,
2003; West et al., 1999). On the other hand, animals Vaccinaxe:éd with inactivated BRSV
virus as immunogen produced high levels of total anti-BRSV iIgG antibodies and lower
titres of BRSV-neutralizing antibodies (Ellis et al., 1995; Ellis et ;al., 2005; Mawhinney and

Burrows, 2005; Patel and Didlick, 2004). Another important issue regarding the use of
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inactivated BRSV wvaccines is the shift of the immune response to the stimulation of T
helper 2 (Th2) immune responses. This was well demonstrated in humans and cattle
vaccinated using formalin-inactivated vaccines (Antonis et al., 2003; Dudas and Karron,
1998: Kalina et al., 2004; Kim et. al.,, 1969; Woolums et al., 2004). However, virus-
inactivated vaccines may be highly efficacious for the control of viral diseases, and are
generally safer than MLV vaccines (Tizard, 1990). The efficacy of inactivated BRSV
vaccines was experimentally assayed in cattle before (Ellis et al., 2001; Ellis et al., 1993;
Ellis et al., 2005; Kerkhofs et al., 2004; Mawhinney and Burrows, 2005). The efficacy of
any virus-inactivated vaccine depends on the use of appropriate methods of inactivation of
the virus and the use of a suitable adjuvant (Cox and Coulter, 1997). The choice of the
adjuvant have to follow determined parameters: i) induction of specific antibodies; i)
stimulation of cettular immune responses, which are often lower using inactivated vaccines,
since poor MHC class I presentation of antigen is observed on the absence of viral
replication); iit) appropriate immunomodulation (Th1/Th2 balance), avoiding side effects
and exacerbation of the disease on post-vaccination challenged animals; iv) tolerability of
the hosts to the components of the adjuvant or adjuvant combinations used.

In the present work, we investigated the stimulation of specific anti-BRSV IgG class
antihodies, through the use of different “classical” adjuvants in inbred mice. BRSV
antibodies were measured using an enzyme-linked immunosorbent assay (ELISA). The
results were compared to the IgG levels induced by immunization of animals using hlive-

BRSV-virus,
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Materials and methods

Viruses and cells

The Brazilian strain BRSV-25-BR (Arns et al., 2003; Sp;ilki et al., 2006) was used
for the preparation of inactivated vaccines and ELISA antige%:. CRIB celis, a clone of
MDBK cells resistant to the infection with BVDV (Flores and Doms 1995; Flores et al.,
1996), which is fully susceptible to the infection with BRSV;(FlomS and Donis, 1995,
Spilki et al., 2006) were used throughout. Cells were cultivated m Fagle’s minimal essential
medium (E-MEM) supplemented with 10 % Foetal calf serum (F C8), free of antibiotics,
following routine protocols (Spilki et al., 2006). Viral titres weére calculated according to
Spearman and Karber and expressed as the tissue culture inié“ectious doses per 50 plL

{TCIDS30/50 pL).
Vaceine production

Twenty-four hours after seeding of the cells in 150 crn2 flasks, the medium was
removed and bottles infected with 10°° TCID;/50 ul of BRSV@—ZS-»BR viral strain, After
one hour left for adsorption at 37 °C, the bottles were replenisﬁed with E-MEM without
foetal calf serum and incubated for 72 hours at 37 °C, when cytopiathic effect was evident in
about 90 % of the monolayers. Bottles were then vigorously si:ézaken fo remove attached
cells and stored at 4°C for 24 hours. The virus-cells mixture was %cent:riﬁ1ged {5000 X g, 10
minutes). The resulting pellet was then discarded and the inig‘ectious titre of the bulk

suspension was determined (10%° TCIDs¢/50 uL). The viral suspexﬁsion was inactivated with
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binary ethylenimine (BEI). BEI was preiaared as a 0.1 mol/L, solution by cyelization of 0.1
mol/L. 2-bromoethylamine hydrobromide (Sigma) in 0.175 mol/L NaOH solution at 37°C
for one hour following the method of Bahnemann (1990). The reaction was controlled by
following the drop in pH due to the formation of BEI The BEI preparation was added o
the virus suspensions at a final concentration of 0.001 mol/L. A control without addition of
BEI was included. Virus suspensions were incubated at 37 °C for 36 h. The residual BEI
was hydrolysed in samples by the addition of 1 mol/L. sterile Sodium-thiosulfate (Merck)
solution at 10% of the volume of the BEI used. The vaccine was prepared from aliquots of
the BE] inactivated virus suspensions, using different adjuvants, namely: water-in-oil type
emulsion (W/0; Biovet, Brazil), Quil A saponin (Biovet, Brazil), Aluminium hydroxide
(AL, {OH)s; Biovet, Brazil), or no adjuvant (N/A). Non-adjuvanted vaccines were also
prepared using live BRSV virus (LV; infectious titre 10 TCIDsy/50 ul) and other animals
were mock vaccinated (C-) using the supernatant of non-infected CRIB cells, collected as

mentioned for virus suspensions.

Animal vaccination

Thirty-six Balb/C (haplotype: H-2d) and 36 C57BL6 (H-2b) mice, which presented
different levels of pulmonary pathology afier BRSV inoculation were used on the present
experiment. The results for inbred mice susceptibility to BRSV will be described
clsewhere. The animals, § week old specific-pathogen-free males, were purchased from
CEMIB (Multidisciplinary Centre for Biological Investigation, at UNICAMP). The animals
were kept behind barriers. At the day of arrival on the isolation units at the Departamento

de Microbiologia e Imunologia — UNICAMP, the animals were divided in six groups (n=06)
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per mice lineage, in separate cages. Animals were kept for accliién_atizing for 12 days before
the moculation and maintained with food and water ad libitum éthmughout the experiment.
Each virus inactivated vaccine, live~-BRSV-virus or moé:k-prepared vaceine  was
administered subcutaneously (100 ul. per animal) on day 0 post-vaccination (DPV),
Animals were re-vaccinated on 30 DPV. Blood samples were i:ollected on days 0, 30, 60
and 90 DPV and after separation and aliquoting of the serum:; thé sera were stored at -20 °C
until vse. At 90 DPV, animals were deeply anesthetized usinég a combination of xylazine
(Rompun, Bayer) and ketamine (Vetanarcol, Konig), and exsanguinateéd through the jugular vein.
Animals’ experiments were ethically conducted foilowingé Brazilian Laws concerning

Animal Welfare (Law 6638, May 8" 1979) and the guidelines for anirflal experimentation published

by Braziian College for Animal Experimentation {COBEA, htp: ffwwéw.cobea.org,brf 3.

Determination of levels of BRSV-specific IgG antibodies

For the preparation of BRSV antigen, the BRSV-25-BR straién was inoculated onto nearly
confluent monolayers of CRIB cells at a multiplicity of infection b;ehween 0.1 and 1, following
standard procedures. When cytopathic effect (CPE) was evident in aﬁuut 90% of the mcmo!ayérs,
cells and supernatants were frozen at - 70 °C, thawed, clarified by Iéow speed centrifugation and
used as virus stocks. Titres obtained were of 10%° TCIDso/50 pl. .

Cell culture flasks (150 cm2) were infected the BRSV-QS-éR virus at a multiplicity of
infection between 0.1 to | and left 1h for adsorption at 37 °C. After ad%sorption, 30 mL E-MEM and
left at 37 °C until CPE was evident in about 60 % of the monolayer, téie medium was removed and
cells overlayed with 0.2% OGP (n-octyl-B-d-glucopyranoside) in phoésphate buffered saline (NaCl
8.5g, NayHPO,.2H,0 1.55g, NaH,PO,.H20 0.23g, distilled water qsp 1000 mL, pH 7.2} forZh

at 4°C. Next. the celis were scraped off the flasks, mixed with the s@pemat_ant and centrifuged at
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1500 x g to remove cell debris. The crude antigen obtained was aliquoted and stored at -70 °C until
use.

The variables within the test were optimized (antigen concentration, serum, secondary
antibody dilutions and reduction of background noise) by testing pooled control positive and
negative mice sera. ELISA plates were coated with an appropriate dilution of the antigen (1:100} in
bicarbonate buffer overnight at 4 °C. After adsorption of the antigen, plates were washed once with
100 yL of PBST-20 (0.5% Tween 20 in PBS), filled with another 100 pl of FBST-20 and left to
stand for 1 b at room temperature. The pooled mice sera from each group were diluted 1.2 in PBST-
20 and added to duplicate wells, Afier 1 b incubation at 37 °C, the plates were washed three fimes
with PBST-20. Following washing, aati-mouse lgG/peroxidase conjugate {Bethyl Laboratories,
Montgomery TX, USA) was added as secondary antibody (diluted 1:1000) and plates incubated for
another hour at 37 °C. After three washings with PBST-20, 100 pL of the substrate 3,3°5.5-
teramethylbenzidine (TMB, Sigma) was added and allowed to react at room temperature for 30
minutes. The reaction was stopped by the addition of 50 uL. of 0.5N H;80,. The optical densities
(OD) were determined at 450 nm in a Labsystem Muitiskan Bichromatic (Titertek) ELISA reader.
ODs were directhy plotted in computer spreadsheet for graphica%lanalysis (Excel™, Office System

2003 for Windows™ Microsoft Corp., Seaitle, USA).

Sratistical analysis

Statistical analyses were performed through the analysis of variance (ANOVA), compared
each group to another group of same mice lineage and the corresponding on to the opposite mice
lineage, and to the mock-vaccinated control values. The least significant difference for p < 0.05 was
determined. Statistical analysis was performed with Data Analysis Supplement for Excel™ (Office
System 2003 for Windows™, Microsoft Corp., Seattle, USA). The term “significant” (statistically

significant) in the text means p< 0.05.
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Resulis

The levels of measured specific anti-BRSV antibodies meas?n*ed by ELISA are shown in
Figure 1. Water-in-0il {W/O) adjuvant gave highest values for botﬁ Balb/C and C57BL/6 mice,
followed by Quil A and Aluminium hydroxide Al,{OH);. .

Statistical analysis showed that levels of BRSV.-specific IgG induced by W/O were
significantly higher (p<0.03) than those obtained for all other'treannehts used, including Live~virus
(LV}. No significant differences were observed for W/Q induced Igé responses between the two
mice Iimeages (p= 0.6362). .

Al(OH); induced moderately good levels of anti-BRSV 1gG aéntibodies in both inbred mice
lincages when compared to N/A and C- treatments; however, there?: was no difference between
AlL{OH ) -adjuvant-BRSV-inactivated vaccine and LV in Balb/C mic;e {(p=0.6624), differing from
the situation for C57BL/6 mice, were no differences between those %reatments may be found (p=
0.002). Despite of this, no differences were found comparing the Alz(éH)g-mSUIts obtained for bath
mice lineages used (p=0.8302) » |

Results for LV were only statistically significant different ﬁ:orn the N/A and C- groups,
considering the samples taken after re-vaccination, at 30 DPV, It was also observed that LV
treatment induced higher levels of BRSV-IgG antibodies in Ba[li)fC than 1 CS7BL/6 mice
{(p=0.0143). |

Non-adjuvanted vaccine treatment showed no statistical differ@ences from mock vaccinated

conirols.
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Discussion

Vaccines been used at least for the last 30 years attempting the control of BRSV infections
{Ellis et al., 2001; Edlis et al., 1995; Ellis et al.,, 2005; Fulton et al., 2004; Kerkhofs et al., 2004).
However, to date, vaccine fallure events are reported both in scientific literature (Larsen, 2000;
Larsen et al, 2001) and by reports from field veterinarians. In order to determine the levels of
BRSV-specific 1gG induced by different commonly used adjuvants m a experimental BRSV-
inactivated vaccine, and to compare those results with those obtained when use live-virus
immunization, we tested such vartables in mice. Mice from Balb/C and C57BL/6 lineages were
used for repetition of the treatments, since we have detected recently that those inbred mice lineages
showed different levels of pulmonary pathology when intranasaily inoculated with virulent BRSV.
These results are beyond the scope of the present article and will be published elsewhere {Spilki et
al., in prep.). This was an attempt to compare the results for BRSV-resistant mice (Balb/C), and the
results for a BRSV-susceptible lineage (C57BL/6).

Water-in-mineral-oil emulsions (W/Q) showed the best resulis when compared to any other
troatments used, and it was included on the present work to serve as a “gold standard” for
comparison with the other treatments. W/O is widely recognized as a potent adjuvant for use in
farm animals (Barnard et al., 2005; Barteling and Vresswijk, 1991; Filgueira et al., 1999; Iyer et al.,
2000). However, W/Q may persist for long periods at the site of mjection, bemng related with
adverse reactions and carcinogenesis (Filgueira et al,, 1999; Gupta and Siber, 1995; Spickler and
Roth, 2003). Therefore, consumer markets may claim for the substitution of W/O for other
adjuvants (Gupta and Siber, 1995; Spickler and Roth, 2003). One have also to consider that despite
of high levels of both nentralizing and non-neutralizing antibodies may be often present when W/O
is used (as measured on the present study), low levels of cellular mediated immune responses are
present after vaccination using such adjuvant (Cox and Coulter, 1997).

Aluminium hydroxide showed moderately good results on the present work. However,

aluminium based adjuvants are often associated to high levels of IgE and Th2 like responses {(Cox
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and Coulter, 1997), which may be deleterious for immunized animzitls, enhancing BRSV disease
after challenge (Graham et al., 2000; Kalina et al., 2004; Sﬁ-kiatidlaéhom and Braciale, 1997). In
fact, together with the modifications on epitopes related to HRSV forimalin-inactivated vaccines in
children, we have to remember that these vaccines were also alumé-adjuvanted (Godefroy et al.,
2003; Kim et al,, 1969), which have influenced the fatal outcome; of the HRSV infections in
vaccinated individuals.

The levels of 1gG obtained for Quil A in both Balb/C and CS;?BL!G mice were betier than
those obtained for Al (OH); and LV; Quil A gave higher levels 01‘;" igG antibodies to BRSV in
Balb/C mice (p= 0.0193). Saponins are also largely used as adjuvaints for farm animal vaccines
(Barteling and Vreeeswijk, 1991; Ellis et al., 2005; Katayama et al., 20;00; Spickler and Roth, 2003),
showing good results for clinical protection against BRSV infections 1imder experimental conditions
(Ellis et al, 2005). They are considered relatively low-cost for vaéccine production. Additional
advantages are the good levels of both humoral (as observed here) and cellular immune respenses
{Spickier and Roth, 2003). Geod levels of Thl and ThZ responses areg elicited by the use Quil A as
an adjuvant (Barr et al, 1998; Cox and Coulter, 1997; Sheikh etéal., 2000). From the results
obtained here and those previously reported in the literature for theé immunization using BRSV-
saponin-adjuvanted vaccines, this may be consider as a proper choicée for the formulation of new
BRSV-inactivated immunogens. |

It is interesting that differences on the levels of 1gG antibodi'es to BRSV were found for
Balb/C and C57BL/6 mice when using both Quil A and live virus v?accine preparations. We may
hypothesize that this may be a result from the differences on the hapk‘élypes of these mice lineages,
since presentations of antigens in the context of MHC-1 plays a role éon the elicitation of immune
responses by both saponin adjuvant and live-virus immune responsesé(Bomford, 1998; May et al.,
1999; Sjolander et al., 1997). This may be indirectly reflected on the liﬁ:vels of Ig(G antibodies. This
may be relevant, if similar further experimental evidence may be ol%)servcd for cattle possessing

different haplotvpes.
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Further studies in cattle have to be conducted, comparing the immunogenicity of those
better preparations (W/O and Quil A). Adjuvant combinations, like Quil A and another adjuvant
must also to be tested in the near future. This may be useful for the development of more efficacious

BRSV-inactivated vaccines.
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Figure captions

Figure 1. Levels of anti-BRSV IgG specific antibodies elicited by experimental inactivated

vaccines, using different adjuvants (N/A, no-adjuvant; Quil A ‘.iWO, water-in-oill emul:
AL(OH),. aluminium-hydroxide) compared to live-virus (LV) and Emock«vaccinated mice (-

Animals were re-vaccinated at day 30 DPV. The first graph describes?the levels of BRSV-specific
1gG through the experiment in Balb/C mice; the second, in C57BL/6 ?mice. See text for statistical

analysis,
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4. DISCUSSAQ GERAL

4.1. Cultive do BRSY em diferentes tipos celulares

Dentre as linhagens celulares e cultivos primdrios tesitados por 0SSO £rupo, o
BRSV s6 replicou nas células de origem mamifera (CER, Vero?, CRIB, MDBK, BEL) n#o
sendo detectado apds passagens em células de cultivo priméuioé de fibroblasto de embrifio
de galinha (FEG) (Spilki et al., 2006). O conhecimento futuro dé receptor celular associado
a adsor¢io do BRSV, provavelmente um glicosaminoglican(é) (GAG), sera valido em
explicar se as células de origem avidria nfio foram infectadasépor BRSV por diferengas
nesse receptor entre aves e mamiferos ou se o virus nfo replica éadequadamente em céhilas
aviarias por diferencas encontradas no microambiente celular. .

Com base nos dados de multiplicaciio do virus nas difereﬁtes células de linhagem, a
célula CRIB, por constituir uma célula de origem bovina e aiinda conferir & vantagem
adicional de evitar a contaminagio dos estoques virais pelo vmus da Diarréia viral bovina
(BVDV), foi utilizada em todas as outras etapas do trabalho qu&é: exigiram a multiplicagio
do virus. Tal estratégia seria de grande valia na confeccdo de futéuras vacinas de virus vivo
modificado (MLV), como um meio de eviiar a c:ontaminagﬁo;dos lotes de vacina pelo
BVDV e os eventuais prejuizos que sio causados aos animais neéta situaggo. A célula CER
também apresentou bons resultados quanto ao crescimento doé virus, ¢ a facilidade de
manutencdo dos estoques dessa célula € uma vantagem que a r;nesma pode trazer para o

cultivo do BR8V em laboratério.

4.2. Classificaciio filogenética dos isolados brasileiros de BR&V € a importincia de

mutacdes na conformacio estrutural da proteina G da amestra BRSV-25-BR
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Com base nos dados de seqii€ncias nucleotidicas dos genes G e F de BRSV gerados
neste trabatho a partir da amplificac@io dos respectivos fragmentos do genoma de isolados
de BRSV brasileiros, foram determinadas as relacBes filogenéticas entre ¢sses isolados ¢
outros oriundos de vdnas partes do mundo. Claramente, tanto na caracterizagdo dos
mesmaos, baseada tanto no gene (G quanto no gene F, tais isolados pertencem ao subgrupo B
(grupo gendmico I} do BRSV. Isso ¢ relevante do ponto de vista epidemiologico, j& que
amostras do subgrupo B ndo circulam em outras partes do mundo ja ha 30 anos; tal fato
sugere que a introdugdo do BRSV em nosso territério deu-se em meados dos anos 1970,
confirmando dados anteriores obtidos a partir da pesquisa de antigenos de BRSV em
tecidos pulmonares de animais com achados histopatoldgicos compativeis coletados na
década de 1980 (Flores et al., 2000). Outro aspecto a ressaltar é o fato das vacinas
comercialmente disponiveis no mercado brasileiro para o controle de infecgdes pelo BRSV,
trazerem em sua formulacio isolados pertencentes ao subgrupo A. Testes devem ser
conduzidos futuramente visando determinar o grau de proteciio clinica ¢ mais que isso, 2
diminuicio na replicacio, com a conseqiiente reducdo na circulagdo de virus nos rebanhos,
através da imumzaééo utilizando tais produtos. Relatos anteriores dio conta de que o uso de
vacinas cujos virus vacinais apresentam baixos graus de identidade com os isolados
circulantes na regifio nfo sd confere protecfio clinica insatisfatéria, como p:i‘)deﬁa levar
ainda & selegio de mutantes. Esse fendmeno constituiria em um possivel mecanismo de
escape desses novﬁs virus ao sistema imune do hospedeiro, o que acontece quando a |
protecio dada pelas vacinas ¢ apenas parcial.

Foi determinada ainda, com base nas seqiiéncias deduzidas de aminodcidos da
proteina G, a presenca de mutagles na regido central desta glicoproteina, presenies no

isolado BRSV-25-BR, afetando entre outros residuos de aminodcidos, duas cisteinas do 16
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de cisteinas existente nesse dominio da proteina (Spilki et al., 2006). Ao contrério de
mutantes naturais de BRSV com substituigdes nestes mesmos: aminoacidos relatados em
rebanhos vacinados, esse 1solado € oriundo de um rebanho nﬁoévacinado. A fixacio desse
mutante pode ter se dado pela presso seletiva exercida pela irmimidade adquirida por estes
animais apenas pelas reinfecgdes com BRSV, nio sendo portaénto necessaria a vacinagio
para a ocorréncia desse fendmeno como mencionado antcrionnehte. Tais eventos devent de
fato estar envolvidos como estratégia de evolupdo dos Virﬁs na natureza. A analise
estrutural feita por meio de modelagem por homologia nio revzelou alteracdes na possivel
estrutura tridimensional dessa regido da proteina. Essa meséma regifio € considerada
importante no HRSV para a indugiio de migracdo de eosinééﬁios para ¢ parénquima
pulmonar, bem como pelo direcionamento da resposta im:une do hospedeiro. Sera
necessdrio realizar estudos mais aprofimdados utilizando o modelo experimental
aprimorado no presente estudo e estudos em bovinos que posseim elucidar se tais funcdes
foram alteradas no isolado BRSV-25-BR. |

Em outra etapa foi feita a modelagem estratural da éproteina F do BRSV. A
comparacdo da mesma aos modelos propostos para a prot;eina de fusfo de outros
paramixovirus permite afinmar que a proteina F de BRSV mantéém o arcabouco estrutural
presente nas proteinas homoélogas dos virus dessa familia. Tal estrutura ndo parece variar
mesmo quando ocorrem variacSes de aminoacidos entre os suibgrupos de BRSVY, o que
aponta para a necessidade de conservacdo dos elementos bésico;s estruturais da proteina ¥

para a realizac3o de suas fungSes na replicacfio viral.
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4.3 Aprimoramento de um modelo experimental para infecgdes pelo BRSV

Ainda que o uso de pequenos rumimantes mostre-se promissor no estudo das
infecgdes pelo BRSV, um modelo murino como foi proposto no presente estudo, baseado
na determinacéo de linhagens mals suscetiveis a infecgdio viral pode ser de grande interesse
pratico na pesquisa de diferentes aspectos relativos & infecclo pelo BRSV. Os animais da
linhagem Balb/C revelaram permitir niveis mais elevados de replicaciio viral, todavia os
animais das linhagens C57BL6 e A/J demonstraram lesdes histopatolégicas evidentes. Isto
pade ser de grande interesse especialmente na compreensio de mecanismos ligados
imunobiologia da infecgio pelo BRSV, bem como em testes de triagem de vacinas e drogas
terapéuticas. Um refinamento possivel do modelo obtido aqui seria a co-infeccho dos
animais com o BRSV e bactérias comumente associadas nos casos clinicos do virus nos
rebanhos bovinos, come uma tentativa de aproximar ainda mais os resultados clinicos ¢ de
patogenia observados em camundongos dagueles -notados no hospedeiro natural. Outra
estratégia seria a pré-imunizagio dos animais com vacinas inativadas utilizando formalina e
alurminio como adjuvante, tal qual sugerido para bovinos, como wina tentativa de exacerbar

ainda mais 0s sinais clinicos e patolégicos observados.

4.4 Uso de diferentes adjuvantes associados a wma vacina inativada de BRSV

A imunizagio de camundongos com diferentes graus de susceptibilidade ao BRSV
permitiu demonstrar que o adjuvante oleoso induz niveis mais elevados de IgGs especificas
apds um periodo de acompanhamento de 90 dias. A saponina também apresentou
resultados bastante satisfatorios, e no presente momento esté sendo conduzido um ieste em
bovinos com desenho experimental semelhante ao descrito em camundongos neste

trabalho, com vistas a averiguar o efeito imunogénico do BRSV inativado associado ao
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Guil A, testando este fltimo como um futuro adjuvante na formulagfio de vacinas para o

controle de infecgdes pelo BRSY.
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