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RESUMO




Os membros da familia Paramyxoviridae, subfamilia Pneumovirinae sao virus
envelopados, nio-segmentados dotados de genoma de RNA de fita simples com sentido
negativo. O virus Respiratério sincicial humano (hRSV) € o agente viral melhor
caracterizado neste grupo, associado a doenca do trato respiratério inferior. Recentemente
foi identificado um novo patégeno humano pertencente a subfamilia Prneumovirinae, o
metapneumovirus humano (hMPV), o qual possui similaridades com o hRSV, na sua

organizacdo gendmica, estrutura viral, antigenicidade e sintomas clinicos.

Na primeira parte do presente trabalho o objetivo foi analisar a variabilidade genética dos
isolados de hRSV circulantes na regido de Campinas, no periodo de Abril a Setembro de
2004, comparando as seqiiéncias previamente obtidas do gene que codifica as proteinas F e
G do virus com seqiiéncias parciais € completas de gene homodlogo de isolados
identificados em outros paises. A andlise filogenética permitiu classificar os isolados de
hRSV como pertencentes aos subgrupos A e B. Os isolados pertencentes ao subgrupo A se
distribuiram em trés genotipos: GA2, GAS e SSA1. O genétipo SSA1 foi identificado pela
primeira vez no sul da Africa, e existem poucos relatos do mesmo na literatura. As
seqiliencias analisadas dos isolados do subgrupo B foram identificadas em 3 genétipos
distintos dentro desse subgrupo, notadamente GB3 (SAB3) e BA (BAIII). Das amostras
analisadas no presente estudo, duas foram identificadas como pertencentes ao genétipo BA,

os isolados apresentaram a duplicagdo dos 60nt na posi¢do 781-840 do gene.

Na segunda parte da tese o objetivo foi identificar a presenga e caracterizar molecularmente
o hMPV por seqiienciamento parcial do gene que codifica para a proteina F de amostras
coletadas de criancas em dois hospitais universitarios na regido de Campinas, Sao Paulo,

Brasil.

Com base nas seqiiéncias de nucleotideos do gene F do hMPV, foi identificada a presenca
do subgrupo B/genétipo B1 em nosso trabalho, semelhante ao que foi relatado em 2004 na
Austrélia. Nossas amostras apresentaram duas amostras variantes neste mesmo genoétipo,

com base nas seqii€ncias de nucleotideos.

Resumo
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ABSTRACT




The members of the Paramyxoviridae are enveloped, non-segmented viruses, with
negative-sense single stranded genomes. Respiratory syncytial virus (hRSV) is the best
characterized agent viral of this group, associated with respiratory diseases in lower
respiratory tract. Recently, a new human pathogen belonging to the subfamily
Pneumovirinae was identified, the human metapneumovirus (hMPV), which is structurally
similar to the hRSV, in genomic organization, viral structure, antigenicity and clinical

symptoms.

In the first part of the present work the objective is to analyze the genetic variability hRSV
isolates circulating in the region of Campinas, in the period April and September 2004,
comparing previously obtained sequences from the F and G protein gene of such strains
with other partial and complete gene sequences from the homologous genes from isolates
identified in other countries. The phylogenetic analysis conducted here allowed us to
allocate the isolates belonging to groups A and B. The isolates belonging to the group A
showed three clusters, GA2, GA5 and SAAI1l. The genotype SSA1l was previously
identified in South Africa, and there are few reports of such genotype it in the literature.
Analyzed sequences belonging to group B were identified in three distinct clusters, GB3

(SAB3) and BA (BAIII).

Of the analyzed sequences in the present study, two were identified as belonging to
genotype BA the isolates showed 60 nucleotide (nt) duplication at positions 781-840 the

gene.

In the second part of the thesis the objective was to identify the presence and molecular
characterization of hMPV by partially sequencing of the F protein gene in samples
collected from children of two university hospitals in the region of Campinas, Sdo Paulo

state, Brazil.

Based on nucleotide sequences of hMPV F gene, we identified the presence of subgroup
B/genotype B1 in our work, similarly to reports in 2004 in Australia. Our samples showed

to variants in the same genotype, based on nucleotides sequences.

Abstract
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1.1- O virus Respiratério sincicial humano

O virus Respiratorio sincicial humano (hRSV) foi isolado pela primeira vez em
1956 (Morris et al., 1956). O virus tem distribuicdo mundial e ¢ reconhecido na populagdo
pediatrica como o mais importante agente viral associado a doenga do trato respiratério
inferior, caracterizada por bronquiolite e pneumonia (Collins et al., 2001). Recentemente
este agente vem sendo relacionado de forma similar como causa de doencga respiratoria na
populagdo adulta em geral, principalmente idosa e em individuos transplantados de medula

ossea (Falsey, 1998; Falsey et al., 2000; Collins et al., 2001).

O virus apresenta como caracteristica a sazonalidade (Collins et al., 2001). Nos
paises de clima temperado, como os Estados Unidos (Hall et a., 1990), Japao
(Tsutsumi et al, 1988), Inglaterra (Cane, 2001), Argentina (Carballal et al., 2001) e Uruguai

(Hortal et al., 1994), os surtos ocorrem principalmente durante os meses de inverno.

Nas regides de clima tropical e subtropical, os surtos t€ém uma distribuicao
diferente ao longo do ano. Na Australia (Hierholzer et al., 1994), no Brasil, particularmente
nas cidades do Rio de Janeiro (Nascimento et al., 1991), Sdo Paulo (Vieira et al, 2001) e
Ribeirdo Preto (Cintra et al., 2001) foram relatados surtos de hRSV com inicio no outono

estendendo-se até o inverno, com pico de incidéncia no més de Maio.

1.2- O metapneumovirus humano

O metapneumovirus humano (hMPV) foi isolado pela primeira vez em 2001 na
Holanda (van den Hoogen et al., 2001). O virus apresenta como caracteristica o
acometimento pulmonar, com padrao semelhante aquele causado pelo hRSV, estando
associado principalmente aos casos de bronquiolite e pneumonia (Collins et al., 2001;
van den Hoogen et al., 2001). Estudos soroldgicos realizados na época do primeiro
isolamento do virus revelaram que maioria das criangas na Holanda com aproximadamente
cinco anos tinham sido infectadas pelo hMPV. Estudos posteriores relataram que a
circulagdo do virus na populagdo humana ¢ de aproximadamente 50 anos, sugerindo que o

virus ndo transpOs recentemente do seu reservatdrio natural e, portanto ainda suscita
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davidas sobre a origem deste novo agente (van den Hoogen et al., 2001). Desde a sua
descoberta tem sido encontrado em muitos paises, incluindo Australia (Nissen et al., 2002),
Canad4d (Peret et al., 2002), Finlandia (Jartti et al., 2002), Estados Unidos
(Njenga et al., 2003), Franga (Freymunth et al., 2003), Reino Unido (Stockton et al., 2002),
Espanha (Vicente et al., 2003; Garcia-Garcia et al., 2004; Ordas et al., 2006), Irlanda
(Carr et al.,, 2005), Japao (Takao et al., 2003) e Brasil (Cuevas et al., 2003;
Debur et al., 2007) na populacdo humana, principalmente em criangas, idosos e individuos

imunodeficientes (Boivin et al., 2002).

1.3- Classificacao

Os membros da familia Paramyxoviridae, subfamilia Pneumovirinae sao virus
envelopados, ndo-segmentados dotados de genoma de RNA de fita simples com sentido
negativo. O virus Respiratorio sincicial humano (hRSV) ¢ o agente viral melhor
caracterizado neste grupo, associado a doenca do trato respiratorio inferior
(Easton et al., 2004). Recentemente foi identificado um novo patégeno humano pertencente
a subfamilia Pneumovirinae, o metapneumovirus humano (hMPV), o qual possui
similaridades com o hRSV, na sua organizagdo genomica, estrutura viral, antigenicidade e
sintomas clinicos (Easton et al., 2004). A subfamilia Pneumovirinae ¢ dividida em dois
géneros: género Pneumovirus que contém o hRSV, o RSV bovino (bRSV), bem como os
virus respiratorios sinciciais ovino, caprino e o virus da Pneumonia do camundongo, além
do género Metapneumovirus que consiste do metapneumovirus aviario (AMPV) e
metapneumovirus humano (hMPV). O género Metapneumovirus difere do género
Pneumovirus na auséncia das proteinas nao estruturais NS1 e NS2 (Fig. 1) e na ordem dos

genes F e M2 (Collins et al., 2001).
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Subfamilia Pneumovirinae

Género Pneumovirus

N P MSH G

Género Metapneumovirus

3 P M F M2SH G L 5
= e e el e e

Modificado de Easton et al., 2004. Clin Microb Reviews, 17:390-412

Fig. 1- Estrutura esquematica dos genomas de virus da subfamilia Pneumovirinae, géneros
Pneumovirus e Metapneumovirus. Esta ilustracdo compara os genes em comum nos
dois géneros indicando a auséncia das proteinas ndo estruturais NS1 e NS2 no

género Metapneumovirus € a ordem dos genes F e M2.

1.4- Virion

Os membros da subfamilia Pneumovirinae sdao virus pleomoérficos de tamanho
varidvel: as particulas esféricas medem 150 a 300 nm de didmetro; as particulas
filamentosas medem entre 60 ¢ 100 nm de diametro com aproximadamente 10 um de
comprimento (Collins et al., 2001). As particulas virais sdo compostas do nucleocapsideo e
por um envelope lipoprotéico, derivado da membrana plasmatica da célula hospedeira
(Collins et al., 2001). Sua superficie possui 3 glicoproteinas (Fig. 2), a proteina de ligagdo
ao receptor celular (G), a proteina de fusdo (F) e a proteina hidrofobica pequena
(small hydrofobic; SH). As glicoproteinas F e G estdo intimamente relacionadas com a
proteina de matriz (M) localizada na camada interna do envelope viral (Collins et al., 2001;

Easton et al., 2004).
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Easton et al., 2004. Clin Microb Reviews, 17:390-412

Fig. 2- Representacdo esquemadtica da particula viral dos pneumovirus com as proteinas
associadas a nucleocapside: nucleoproteina (N), fosfoproteina (P) e a large
polimerase (L). Estdo presentes a proteina de matriz (M), as glicoproteinas de

ligacdo (G) e de fusdo (F). A proteina SH ndo ¢ ilustrada.

1.5- Genoma

O genoma dos pneumovirus consiste de aproximadamente 15.000 nucleotideos
(nt) e genoma dos metapneumovirus possui aproximadamente 13.000 nt. Em ambos os
virus, a transcricdo do genoma se processa no sentido 3’—5’. A regido 3° do RNA
genomico do hRSV consiste de uma regido extragénica de 44 nucleotideos, conhecida
como leader, onde se localiza o promotor viral havendo também uma regido trailer de
155 nt na extremidade 5’ (Collins et al., 1991; Mink et al., 1991). O genoma dos
pneumovirus codifica 10 proteinas distintas. Em contraste, os metapneumovirus codificam
através de seu genoma 8 proteinas distintas (Collins et al., 2001). Cada um destes mRNAs
subgenomicos contém uma unica fase aberta de leitura (ORF, open reading frame), exceto

o gene M2, que contém as ORFs M2-1 e M2-2 (Collins et al., 2001). O RNA genomico ¢
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utilizado por um lado na sintese de um mRNA, que por sua vez ¢ traduzido em novas
proteinas virais; por outro lado, ocorre a sintese de antigenomas que irdo servir como

moldes na sintese de um novo RNA gendémico (Easton et al., 2004).

O inicio de cada gene cont¢ém um sinal de 10 nucleotideos, altamente
conservado 3° — CCCCGUUUA (U/C), exceto o gene L que apresenta diferengas em dois
nucleotideos (negrito): 3° — CCCUGUUUUA, e termina com um sinal de 12 a 13
nucleotideos, semiconservado que elicia a poliadenilacdo e a liberacdo do mRNA viral
completo (Collins et al., 2001). Regides intergénicas de 56 nucleotideos estdo presentes
entre os genes dos Pneumovirus- NS1, NS2, N, P, M, SH, G, F - a excecao dos genes M2 e
L, no qual o gene L sobrepde em 68 nucleotideos o gene M2. Deste modo, a sobreposigao
em 68 nucleotideos, € transcrita duas vezes, uma durante a sintese do mRNA M2; a

segunda, durante a sintese do mRNA L (Collins et al., 2001).

1.6- Proteinas virais

A proteina F ¢ uma glicoproteina transmembrana inserida no envelope viral
sendo responsavel pela fusdo, penetragdo e formagdo de sincicios, portanto determinando
caracteristicas estreitamente associadas ao efeito citopatico do virus (Collins et al., 2001).
A proteina F dos pneumovirus apresenta caracteristicas semelhantes com aquelas descritas

em outros membros da familia Paramyxoviridae (Morrison, 1988; van den Hoogen

etal., 2002).

A proteina F ¢ sintetizada como um precursor inativo F0, posteriormente
clivado por proteases celulares semelhantes a tripsina, no compartimento trans-Golgi,
dando origem ao heterodimero F2 e F1, que consiste de subunidades protéicas ligadas por
pontes dissulfeto (Collins et al., 2001). A clivagem libera o peptideo de fusdo
(131KKRKRR36), um fragmento hidrofobico localizado na por¢do amino-terminal da
subunidade F1, estando diretamente envolvido a inser¢do da proteina na membrana celular

(Ellis et al., 1992; Collins et al., 2001; Earp et al., 2004; Ruiz-Arguelo et al., 2004;
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Schickli et al., 2005). A subunidade F2 demonstrou-se como o determinante de

especificidade nas infecgdes por virus respiratorios sinciciais (Schlender et al., 2003).

Adjacente a proteina F existem duas regides contendo seqiiéncias repetidas de
sete aminoacidos denominadas HR-N e HR-C. Estas regides repetidas sdo necessarias para
o processo de fusdo viral (Chambers, et al., 1990; Buckland & Wild, 1989; Lamb, 1993;
Russel et al, 2991; van den Hoogen et al.; 2002). As regides HR-N e HR-C sido
consideradas candidatos como alvo para o desenvolvimento de drogas direcionadas contra a
proteina F, inibindo a ligacdo de peptideos a regido HR-C e prevenindo a mudanga
conformacional necessaria para a fusdo do envelope viral & membrana celular

(Lambert et al., 1996).

A proteina F também interage com uma proteina da familia Ras chamada RhoA
(Pastey et al., 1999). RhoA ¢ uma pequena GTPase que possui inumeras fungdes
bioldgicas, tais como: secre¢do de interleucinas (IL), especificamente IL-1f3; IL-6 e IL-8;
interferéncia com a reorganizagdo da actina no citoesqueleto; modulacdo da expressao
génica; alteragdes na morfologia, mobilidade e proliferacdo celular (Narumiya, 1996;
Pastey et al., 1999). A interagdo da proteina F do hRSV com Rhoa induz a formagdo de

sincicios em células Hep-2 infectadas (Pastey et al., 1999).

A proteina G foi identificada como a principal responsavel pela adesdo do virus
a célula hospedeira, pela observagao de que anticorpos especificos contra a mesma inibem a
esse processo (Levine et al., 1987; Collins et al., 2001). A proteina G ¢ andloga as
hemaglutinina (H) e neuroaminidase (N) presentes em membros da subfamilia
Paramyxoviridae, porém n3o possui acdo hemaglutinante ou neuraminica
(Tristram & Welliver, 1996). A glicoproteina G ¢ uma proteina transmembrana tipo II, ou
seja, a mesma possui uma regido hidrofobica localizada préoxima a sua porcao
amino-terminal, sendo esta localizada no citoplasma, enquanto seu fragmento
carboxi-terminal permanece exposto externamente a membrana (Langedijk et al., 1998). A
proteina G do hRSV codifica um polipeptidio formado por 289 a 298 residuos de
aminoacidos (aa). O gene que a codifica possui em média 918 nt de extensao nas amostras

pertencentes ao subgrupo A e 921 nt para o subgrupo B (Collins et al., 2001). O peso
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molecular da proteina estimado ¢ de 32 kDA, aumentando para 90 kDA na sua forma
madura devido a intensa glicosilacdo do tipo mucin-like (ligacdo de glicidios por ligacdes
glicosidicas do tipo O) existente nas regides amino e carboxi-terminal da proteina (Collins
et al., 2001; Hacking & Hull, 2002). O ectodominio ¢ altamente variavel, sendo rico em
serina, treonina, prolina e potenciais sitios de ligagao de glicidios por ligacdes glicosidicas
mucin-like e tipo N. As regides mucin-like sdo separadas por uma regido conservada de 13
aa (164 a 176) incluindo quatro residuos de cisteina (C', ' '™, C'*) sdo conservados
em praticamente todas as amostras de hRSV (Collins et al., 2001; Hacking & Hull, 2002).
A proteina G ndo ¢ essencial a replicacdo viral in vitro, todavia, a mesma parece

desempenhar importante papel na infec¢ao in vivo (Karger et al., 2001).

A proteina SH ¢ uma proteina pequena, integral de membrana, inserida no
envelope viral, sua regido C-terminal ¢ voltada ao compartimento interno do envelope,
correspondente a face citoplasmatica da membrana (Collins et al., 2001). A mesma pode ser
encontrada em quatro formas diferentes: SHy, SHg, SHp € SHr (Collins et al., 2001). Tais
conformacdes, exceto SHrt, sdo encontradas nas células infectadas associadas entre si na
forma de oligomeros (Perez et al., 1997), os quais se acumulam nas membranas do
Complexo de Golgi formando estruturas do tipo lipid-raft e a expressao de tais proteinas ¢é
capaz de alterar a permeabilidade de membrana. A fungdo exata da proteina SH ainda
permanece desconhecida; entretanto, a expressao da mesma em sistemas heterélogos induz
a um desequilibrio osmético na célula que a expressa, sugerindo que a proteina SH forme
canais de membrana, modificando também as propriedades do Complexo de Golgi

(Rixon et al., 2004).

A proteina de matriz (M) ¢ uma proteina pequena ndo-glicosilada, interna a
particula viral, sendo composta por 256 aa (Collins et al., 2001). A proteina M tem como
funcdo promover a associagdo do nucleocapsideo com o envelope viral nascente
(Ghildyal et al., 2002; Easton et al., 2004). A proteina possui um dominio hidrofébico
localizado na por¢do C-terminal da molécula, este dominio € responsavel pela interacdo da

mesma com membranas da célula hospedeira (Ghildyal et al., 2006).
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As proteinas N, P e L sdo proteinas do nucleocapsideo viral. A proteina N se
liga fortemente ao RNA genOmico e antigendmico na formagdo do nucleocapsideo
resistente a RNAses (Collins et al., 2001). A proteina N do hRSV possui alto nivel de
identidade com aquela encontrada em outros membros do género Pneumovirus, tais como o
virus da Pneumonia dos camundongos (Barr et al., 1991). A proteina possui regioes
especificas na sua seqiiéncia de aa que apresentam identidade com as proteinas homologas

do AMPV e hMPV (Li et al., 1996; van den Hoogen et al., 2002; Easton et al., 2004).

A proteina P ¢ uma fosfoproteina que atua como chaperonina para a forma
soluvel da proteina N (Collins et al., 2001). A fosforilagao da proteina P se deve ao alto teor
de serina, constituindo aproximadamente 80% dos 241 aa (Collins et al., 2001). E aceito
que a proteina P também atue como co-fator para a polimerase viral apos sua fosforilacao
(Collins et al., 2001). Na auséncia de fosforilacdo da proteina P, a polimerase produz uma
série de curtos oligonucleotideos a partir da extremidade 3' do genoma sugerindo que a
proteina P funcional ¢ necessaria para converter a polimerase em um complexo estavel
(Collins et al., 2001). A proteina L € a polimerase viral, componente do complexo RNA
polimerase RNA — dependente; a proteina possui 2.165 aa constituintes no hRSV e 2.000
aa constituintes para o hMPV (Randhawa et al., 1996; van den Hoogen et al., 2001).

As proteinas N, P e L sdo responsaveis e suficientes para a replicacdo do RNA
viral, requerendo a associagdo da proteina M2-1(Collins et al., 2001). A proteina M2-1
funciona como um fator de elongacdo durante o processo de transcrigdo viral
(Collins et al., 2001). A proteina M2-2 tem como fun¢do a regulacdo da sintese do RNA
viral (Collins et al., 2001).

As proteinas ndo-estruturais NS1 e NS2 estdo presentes somente nos membros
do género Pneumovirus. As proteinas NS1 e NS2 tém como papel inibir a agdo de
interferons (IFNs) alfa (o) e beta (B) pela célula hospedeira, por meio do bloqueio da
ativacao do fator regulatorio 3 do IFNs e da inibi¢do da expressdo de Stat2, diminuindo a

resposta da célula a acao do IFNs (Valarcher et al., 2003).
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1.7- Replicaciao viral

A adsor¢do desses virus a célula ¢ mediada pela ligacdo da proteina G a
receptores celulares, os quais ainda ndo foram identificados; evidéncias sugerem que se
trate de um ou mais glicosaminoglicanos (GAGs) encontrados na matriz extracelular
(Krusat et al., 1997; Feldman et al., 2000; Hallak et al., 2000; Collins et al., 2001;
Techaarpornkul et al., 2002). Apos a ligagao da proteina G, a proteina F promove a fusdo
do envelope viral a membrana celular da célula hospedeira através de um mecanismo no
qual se envolve principalmente a por¢ao hidrofébica amino-terminal de F1. O processo de
fusdo introduz o nucleocapsideo viral dentro do citoplasma da célula hospedeira. A
replicagdo se inicia com a transcrigdo do genoma viral pela polimerase
(Collins et al., 2001). Os genes sdo transcritos de forma seqiiencial a partir da extremidade
3', onde se localiza o promotor viral, terminando e reiniciando a cada uma das jungdes
intergénicas. A expressao de cada mRNA estd relacionada com a posicdo do gene no
sentido 3'—>5', ocorrendo um maior acimulo dos mRNAs tanto mais proximos se
encontram do promotor viral (Collins et al., 2001; Krempl et al., 2002). Na jun¢do entre a
regido intergénica ndo-transcrita e o gene seguinte, o complexo polimerase reinicia a
transcri¢do, pelo reconhecimento de sitios indutores da replicacdo que estdo presentes na
regido inicial de cada gene. Durante o processo de transcricdo ocorre a sintese de mRNAs
antigendmicos, que sdo copias complementares completas do genoma viral, com adicao de
um sitio CAP na extremidade 5'. Durante a atividade antiterminagdo durante o processo de
transcricdo, ocasionalmente acontece uma falha do complexo RNA polimerase em
reconhecer o sinal de terminagdo dos genes localizados mais proximo a extremidade 5', no
que pode resultar no actimulo de mRNAs proximos a extremidade 3'
(Easton et al., 2004). Os antigenomas (genoma viral intermediario positivo) sdo 10 a 20
vezes menos abundantes no citoplasma de uma célula infectada que o genoma viral

propriamente dito (Collins et al., 2001).

A montagem dos nucleocapsideos acontece no citoplasma, sendo que a mesma
acontece em etapas distintas. Primeiramente ocorre com a associacdo da proteina N aos
genomas ou antigenomas, formando o complexo ribonucleoproteina (RNP) subseqiiente as

proteinas P e L se associam ao complexo formando o nucleocapsideo. A proteina M
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direciona os nucleocapsideos as regides da membrana celular onde se localizam as
glicoproteinas virais, ja modificadas durante o seu transporte através do reticulo
endoplasmatico e complexo de golgi. O nucleocapsideo alcanga a superficie viral
realizando entdo o processo de brotamento da particula viral, com a liberagdo do virus, no
qual este adquire o envelope protéico na superficie da célula hospedeira

(Wechsler et al., 1985; Kingsbury, 1990).

1.8- Variabilidade Genética do hRSV

A variabilidade antigénica entre os isolados de hRSV foi observada
primordialmente ao comparar os isolados Long (1956) e CH 18537 (1962) através da
reacdo de neutralizacdo cruzada (Coates et al., 1963). Diferengas antigénicas entre virus
isolados no mesmo ano em diferentes paises sugerem a circulagdo simultdnea de diversas

variantes antigénicas pelo mundo (Doggett & Taylor-Robinson, 1965).

A aplicagdo de anticorpos monoclonais (Mab) contra as proteinas F, G ¢ N do
hRSV permitiu observar a existéncia de variagdes antigénicas e estabelecer a divisdo em
dois grandes subgrupos relatados por Anderson et al. (1985). Mufson et al. (1985)
identificou as amostras A2 e Long como pertencentes ao subgrupo A e CH18537 e SW8/60
ao subgrupo B. As principais diferengas encontradas entre os isolados foram observadas na
glicoproteina G, revelando um alto nimero de variantes desta quando comparadas com as

outras proteinas virais (Sullender et al., 2000).

Comparagdes entre seqiiéncias de nucleotideos foram realizadas posteriormente
entre os dois subgrupos (Johnson et al., 1987). A glicoproteina G das amostras referéncia
do subgrupo A foram comparadas entre si, apresentando 6% de diferengas em suas
seqiiéncias de aa enquanto a comparagao entre os subgrupos A e B apresentaram 44 a 47%
de diferengas. A mesma comparagdo foi realizada com as amostras referéncia do subgrupo
B, no qual apresentaram 2% de diferengas em suas seqiiéncias de aa (Sullender et al.,
1990). O reconhecimento da variabilidade do gene da glicoproteina G entre os subgrupos

permitiu o desenvolvimento de novas técnicas para diferenciacdo entre ambos. A técnica
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de PCR (Reagdo em cadeia da polimerase) foi desenvolvida para o subgrupo A ¢ B
utilizando primers especificos, os quais se anelavam com o gene G e F de ambos os
subgrupos, deste modo permitindo a detec¢do da variabilidade genética entre os subgrupos

(Sullender et al., 1993).

Estudos subseqiientes demonstraram que 51% das mudangas de nucleotideos
resultaram em mudancas de aa, sugerindo uma possivel pressdo seletiva para as diferencas
observadas na proteina G (Sullender et al., 1993). Baseados nas analises filogenéticas de
seqiiéncias de nucleotideos do gene da proteina G foram identificados 5 gendtipos e 22
subtipos pertencentes ao subgrupo A e 4 genotipos e 6 subtipos pertencentes ao subgrupo B

(Sullender et al., 2000).

1.9- Epidemiologia da infeccao pelo hRSV

A transmissdo do hRSV ocorre através do contato direto com secre¢des de
pessoas infectadas ou objetos contaminados. O hRSV esta associado a bronquiolite e
pneumonia durante os primeiros anos de vida. Bronquiolite e pneumonia ocorrem mais
frequentemente entre 6 semanas de vida e 9 meses, com pico de incidéncia de infecgdes do
trato respiratorio inferior entre 2 e 7 meses, correspondendo a diminui¢cdo dos titulos de
anticorpos maternais. Apds infec¢ao natural pelo hRSV, a protecao contra reinfecgdes € de
curta duragdo e as reinfecgdes sdo frequentemente observadas em criancas menores de 2
anos. Reinfecgdes em adultos também ocorrem, porém com sinais clinicos brandos,
sugerindo que a severidade da doenca diminui apo6s reinfecgdes consecutivas

(Van der Poel et a., 1994).

No Brasil, nas cidades do Rio de Janeiro, Porto Alegre e Ribeirdo Preto foram
observados os padrdes de circulagdo do hRSV e co-circulagio de ambos os grupos,
alternancia de predominancia dos subgrupos A ¢ B de ano para ano (Siqueira et al., 1991;
Stralioto, et al, 2001; Cintra et al., 2001). Na cidade de Salvador Moura et al. (2004) através
de analises filogenéticas identificou a presenca dos dois subgrupos e os genotipos GA2,

GAS5 e GA7 (subgrupo A), SAB3 e GB3 (subgrupo B) circulantes no Brasil.
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1.10- Manifestacoes clinicas da infeccao pelo hRSV

O virus replica-se nas células do trato respiratdrio, onde causa um processo
inflamatorio, que inclui destrui¢do do epitélio, edema e aumento de produgdo de muco.
Apds um periodo de incubagdo médio de 3-5 dias, o quadro clinico inicia-se com sintomas
das vias aéreas superior, e progride com o acometimento das vias aéreas inferior, sendo a
bronquiolite a doenga mais freqiientemente encontrada. Quadros clinicos mais graves, sao
caracterizados por apnéia ou insuficiéncia respiratéria grave, predominantemente
obstrutivos, ocorrem principalmente em criangas menores de 6 meses de idade, prematuras
e nas portadoras de doengas prévias, como cardiopatias congénitas, pneumopatias e

imunodeficiéncias (Collins et al., 2001).

1.11- Epidemiologia da infeccao pelo hMPV

A presenca do hMPV tem sido descrita mundialmente com incidéncia do virus
em 1,5% a 41% dos casos estudados (Nissen et al., 2002; Maggi et al., 2003). No Brasil,
um estudo realizado por Cuevas et al (2003) na cidade Aracaju, regido Nordeste do pais,
observou-se que 17% dos casos de infecc¢des virais estudados foram causadas pelo hMPV e
7% dos casos apresentaram co-infec¢do com o hRSV. Outro estudo realizado na cidade de
Curitiba, na regido Sul do pais, observou-se a presenca do hMPV em 6,4% dos casos

estudados (Debur et al., 2007).

A infec¢do pelo hMPV ¢ descrita como sazonal, apresentando as mesmas
caracteristicas do hRSV, com aumento da incidéncia nos meses de inverno

(Peret et al., 2000; van den Hoogen et al., 2004).

Baseado em seqiiéncias do genoma e andlises filogenéticas foram identificados
dois gendtipos, denominados A e B, e estes apresentam ainda dois subgrupos cada: Al, A2
e B1, B2, respectivamente (Mackay et al., 2006). A predominancia dos genotipos
circulantes do hMPV na comunidade pode ser determinada por variagdes nas seqiiéncias

dos aa dos genes das proteinas de superficie G e F (Mahalingam et al., 2006).
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1.12- Manifestacoes clinicas da infeccao pelo hMPV

Os sintomas clinicos observados em criancas infectadas com hMPV sao
similares aos observados na infeccdo pelo hRSV. Criangas infectadas pelo hMPV
apresentam um aumento dos niveis de IL-8 nas secre¢des respiratorias (Jartti et al., 2002).
Alguns estudos tém relatado a associagdo do hMPV com a potencializa¢ao de crises de

asma em criangas e adultos requerendo a hospitaliza¢do (Willians et al., 2005; Kahn, 2006).
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2.1- Objetivos gerais

Investigar a presenca e andlise filogenética dos principais agentes virais
respiratérios, hRSV e hMPV, em amostras de secrecdo nasofaringea
coletadas de criancgas 0 a 12 meses com sintomatologia clinica, na regido de

Campinas, Sao Paulo.

2.2- Objetivos especificos

Deteccdo do virus hRSV e hMPV através de RT-PCR e RT-nested-PCR;

Andlise genética baseada nos genes das proteinas F ¢ G do hRSV e F do
hMPV através do seqiienciamento, com vistas a caracterizar os genotipos
circulantes em pacientes atendidos na regido de Campinas, Sdo Paulo;

Brasil.
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ABSTRACT

Human respiratory syncytial virus (hRSV) is recognized as the most important viral agent
of serious respiratory tract diseases in the pediatric population worldwide. A prospective
study for hRSV was conducted in children ageing less than one year admitted in two

university hospitals in Campinas, Sao Paulo, Brazil.

The aim of the present study was to investigate the genetic variability of both A and B
subgroups of hRSV isolated during an epidemic period in the Campinas metropolitan

region, Brazil, by sequencing a variable region of the G protein gene.

Phylogenetic trees were constructed from alignments of sequences available in the

GenBank database and Brazil isolates for hRSV A and B.

The data demonstrates that Brazilian isolates clusters together with A and B viruses from
Kenya, New Zealand, South Africa, West Virginia, United States (CH, Rochester), and
other Brazilian isolates. Phylogenetic analysis of subgroup A isolates showed that the
sequences obtained on the present study falls on three clusters, namely GA2, GAS and
SAAT1 that co-circulate during the analyzed period. Subgroup B isolates detected belongs to
three genotypes, GB3 (SAB3) and BA (BAIII). In the present study, two of the viruses
detected showed such 60-nt duplication were included in the BA subgroup on the
phylogenetic analysis, which corroborates the circulation of this genetic subgroup in

Southeastern Brazil.

This is one of the first reports of the molecular epidemiology of hRSV strains from the
Campinas metropolitan region, Sdo Paulo state, Brazil. And also is the first description of
the circulation pattern of hRSV genotypes in two university hospitals, revealing interesting

differences between the two subgroups of the virus.

Keywords: Human respiratory syncytial virus; genetic variability; phylogenetic analysis
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INTRODUCTION

Human respiratory syncytial virus (hRSV), a member of the genus
Pneumovirus, family Paramyxoviridae, is recognized as the most important viral agent of
serious respiratory tract diseases in the pediatric population worldwide (Collins et al.,
2001). It is also recognized as an important respiratory pathogen in elderly and
immunocompromised individuals, as well as in patients with cardiopulmonary disease,
(Falsey et al., 2000). The burden of illness is most significant for infants less than 2 years
of age and increases health-care costs both at the community level and following

hospitalization (Joffe et al., 1999; Marchetti et al., 1999; Paes et al., 2003).

Children infected with one antigenic subgroup are more likely to be reinfected
with the heterologous subgroup (Mufson et al.,, 1987; Sullender et al., 1991;
Waris et al., 1991; Sullender et al, 1998; Sato et al., 2005; Parveen et al., 2006a). This may
have an influence on the epidemiology of the infection, since previous reports have shown
that subgroups of hRSV may have different patterns of circulation both in different years
and countries. It can be found in three different scenarios: only viruses from one subgroup
are detected, one of the subgroups is predominant (more frequently subgroup A), and both

subgroups cocirculate with a similar frequency (Viegas et al., 2005).

The two principal antigenic hRSV subgroups are A and B, and they have been
identified on the basis of reactivity with monoclonal antibodies for major structural

glycoproteins G and F (Anderson et al., 1985; Mufson et al., 1985).

A number of studies based on nucleotide and deduced amino sequences of
genes and its respective protein products, specially nucleoprotein (N), phosphoprotein (P),
small hydrophobic (SH) protein, fusion protein (F) and attachment (G), have confirmed the
division of hRSV into two major subgroups (A and B) and also identified numerous
variants or lineages within each subgroup (Johnson et al., 1987; Cane and Pringle, 1991;
Sullender et al., 1991; Sanz et al., 1994; Peret et al., 1998; Sullender, 2000). The greatest
genetic and antigenic differences among the two subgroups are identified in the G protein
gene and its corresponding protein. The variability of this protein is concentrated in the
ectodomain, which consists of two variable regions separated by a conserved central region

of 13 amino acids (positions, 164-176) and four closely positioned cysteins (C'?, ¢l ¥
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and C186), present in both subgroups (Cane et al., 1991; Collins et al., 2001). The second
variable region, near to the C-terminal portion of the protein, has been reported to
representatively reflects the entire G-gene variability and thus, has been used in
phylogenetic analysis for molecular epidemiology studies (Rueda et al., 1995; Melero et al.,

1997; Viegas et al., 2005).

In Brazil, studies have identified the simultaneous circulation of hRSV
subgroups in different years in the Northern, Southeastern, Northeastern and Southern
regions (Melo et al, 1992; Siqueira et al., 1991; Stralioto et al., 1994; 2001; Moura et al.,
2004). The aim of the present study was to investigate the genetic variability of both A and
B subgroups of hRSV isolated during an epidemic period in the Campinas metropolitan
region, Brazil, by sequencing a variable region of the G protein gene. Isolates were also
compared with hRSV from Europe, North and South America, and South Africa through

phylogenetic analysis.

MATERIAL AND METHODS
Patients

A prospective study for hRSV was conducted in children ageing less than one year
admitted in two university hospitals in Campinas, Sdo Paulo, Brazil, namely the Clinical
Hospital (HC) and Sumaré Hospital (HS). The local Research Ethics Committee approved
the research project. From April to September 2004, 142 nasopharyngeal aspirates were
collected from infants with the initial diagnosis of acute respiratory infections (ARI), based
on clinical symptoms of tachydyspnea, abnormal lung sounds and pulse oximetry lower
than 95%. Detailed clinical histories were obtained during the admission at the respiratory
ward of pediatric hospitals. In all cases, parents or guardians signed an informed consent

(Riccetto et al., 2000).
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Virus Isolation

All nasopharyngeal aspirates were inoculated in HEp-2 cells cultures for virus
isolation. The specimens were inoculated in duplicate into preformed cell monolayers.
Successive passages were conducted, always using Dulbecco’s modified Eagle’s medium
supplemented with 2% fetal bovine serum (FBS) for dilution of the samples and
maintenance of the cells. Typical cytophatic effects (CPE) were observed daily until 7 days
post-inoculation. Cultures that did not show CPE 7 days post-infection were further

submitted to at least six blind passages as described.

RNA Extraction and Viral nucleic acid amplification

RNA was extracted from infected HEp-2 cultures and directly from
nasopharyngeal aspirates using High Pure Viral Nucleic extraction kit™ (Roche
Diagnostics™, Manheim, Germany). cDNA was synthesized using High Capacity cDNA
kit (Applied Biosystems™, Foster City, USA). Both procedures were performed according

to the manufacturer’s instructions.

All samples were investigated for hRSV using amplification of specific genome
fragments. The second hypervariable region of the G protein gene was the target for
polymerase chain reaction. The forward primer Gr5
(5’-CTGGCAATGATAATCTCAACTTC-3’), (Sanz et al., 1994; Wertz et al., 1985)
corresponds to bases 151-173 of the gene G protein. The reverse primer, FV
(5’-GTTATGACACTGGTATACCAACC-3’), (Zheng et al., 1996; Parveen et al., 2000)
corresponds to bases 163-186 of the F gene of strain 18537 (with one mismatch site with
the F protein gene of strain 2, underlined), and has previously been used to amplify the G

protein gene from both groups (Sullender et al., 1993; Parveen et al., 2000).

PCR was done in 5pl mixture containing 2,5ul of 10X PCR buffer (10mM
Tris-HCI pH 8.0, 50 mM KCI and 0,2mM MgCl,), 1ul of a 10mM dNTPs mixture, 10uM
of each primer, 2,5ul of cDNA, and 1ul (1U/ul) of Tag DNA polymerase (Biotools,

Madrid, Spain™). The amplification was done for 35 cycles, each of them composed of
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1 min at 94°C (denaturation), 1 min at 55°C (annealing), and 1 min at 72°C (extension).
After completion of the 35 cycles, a final extension of 7 min at 72°C was performed. A
second step of semi-Nested PCR was done from the amplified products of template the
first-round using forward primer Gr5 for subgroup A and B and Fl
(5’-CAACTCCATTGTTATTTGCC-3’), (Peret et al., 1998) corresponds to bases 3-22 of
the F gene the reaction conditions were the same of the first step of the PCR. The amplified
products of semi-Nested PCR of 900bp for subgroup A/B. The PCR products were run on

1.5% agarose gel and visualized under UV light after staining with ethidium bromide.

Sequencing and phylogenetic analysis

PCR products were sequenced three times each, both in forward and reverse
directions using ABI PRISM Big Dye Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems™, Foster City, USA). The BioEdit software, version 7.0.5.2 (Hall et
al., 1999), was used to manipulate the nucleotide and amino acid retrieved sequences. The
sequence alignments were performed using the Clustal W software, version 1.83,
(Thompson et al., 1994) using full alignment and a number of 2000 total replication on the
bootstrap in order to ensure a higher level of confidence to our analysis (Thompson et al.,
1994).

Phylogenetic analyses were performed using neighbor-joining as implemented in MEGA
version 4 software package, (Tamura et al, 2007) based on the Kimura two-parameter
distance estimation method. Bootstrap re-sampling was performed for each analysis (500
replications). Reference subgroup A nucleotide sequences were retrived from the GenBank

database (http://www.ncbi.nlm.nih.gov/Genbank/index.html) including sequences obtained
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from viruses circulating in Argentine (ARG), Kenya (Ken), New Zealand (NZA), Salvador,
Brazil (Sal), South Africa (SA), West Virginia (WV), United States (AL, Alabama; CH,
Rochester, NY, New York; TX, Texas), Montevideo, Uruguay (Mon). Subgroup B
nucleotide sequences were also retrieved for comparison Sw8/60 standard strain and
nucleotide sequences from viruses circulating in different geographic locations, such as
Montevideo, Uruguay (Mon), West Virginia (WV), South Africa (SA), Kenya (Ken),
United States (CH, Rochester, NY, New York; TX, Texas), Argentine (BA), New Zealand
(NZA), Mozambique (Moz), Salvador, Brazil (Sal), Belgian (BE) and, used as outgroup
subgroups A and B, respiratory syncytial virus. The number of accession for these
subgroup A and B sequences are depicted in brackets on phylogenetic trees (figures 2A and

2B). The hRSV nucleotide sequences obtained have been submitted to the GenBank.

RESULTS
Nucleic acid detection of hRSV and virus isolation
Forty-eight (34%) infants were found to be positive for hRSV infection by using RT-
PCR directly from the nasopharyngeal aspirates. Out of which twenty-tree virus strains
were isolated in HEp-2 cells. All virus strains were isolated after three blind passages with
initial rounding of cells followed by formation of syncytia after 5 — 7 days of inoculation.
Age and monthly distribution of hRSV infections
The mean age of 142 the patients with the initial diagnosis of (ARI) were 4, 4
months, of 86 males (61%) and 56 (39%) females. hRSV infections were found between
April and August (Fig. 1A). A higher number of confirmed hRSV cases occurred in May,

followed by June, and April.
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Phylogenetic analyses

Phylogenetic analyses were conducted for 23 sequences obtained. From these, 15
belong to hRSV genetic subgroup A and 8 to subgroup B (Fig. 2A and 2B). The
dendrogram obtained provides further support for the view that multiple hRSV lineages
may co-circulate within a community, and that independent lineages may be widely
distributed geographically (Sanz et al., 1994; Anderson et al., 1991).
Brazilian isolates clusters with different genotypes from Argentine, Kenya, New Zealand,
South Africa, Salvador, Brazil and West Virginia, United States (CH, Rochester).
Phylogenetic analysis of subgroup A isolates showed that the sequences obtained on the
present study falls on three clusters, namely GA2, GAS and SAA1 that co-circulate during
the analyzed period (Fig. 1B and 1C). One isolate belong to the genotype SSAI1. This
genotype was previously identified in South Africa (Venter et al. 2001). Subgroup B
isolates detected belongs to three genotypes, GB3 (SAB3, A22, A26, A32 and A39) and
BA (BAIII, A18 and A27). Two isolates (A18, A27)) with 60 nucleotide (nt) duplication at
position 781-840 of the G gene. Trento et al. (2003) reported three subgroup B strains (BA
viruses) isolated in Buenos Aires, Argentine. These sequences had the identical duplication
of 60 nt at the C-terminal third of the G protein gene.

A three-nucleotide insertion (TCG, codifying for serine), at position 653 to 656 of the
G gene was identified in the sequence A39. Two isolates A15 and A 19 are located near
SAB1 and URU2 genotypes. The genotype SAB3, previously related reported in South
Africa (Venter et al., 2001) and Salvador, Brazil (Moura et al., 2004), was also found for
sequences A22, A26, A32 and A39.

Distribution of the hRSV infections according to the months analyzed and the

presence of subgroups A and B are shown in figure 1B. Both subgroups co-circulated
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during the months analyzed, while the subgroup A was present during the months April and

July and subgroup B during the months May and June.

DISCUSSION

Previous studies on genetic variability of subgroups A and B of human respiratory
syncytial virus from other countries have identified two main branches and several sub-
branches of genotypes (Choi and Lee, 2000; Frabasile et al., 2003; Moura et al., 2004).

These studies revealed a predominant lineage in each epidemic season (Choi and Lee,
2000). Several factors may be enrolled to determine the patterns of seasonal circulation and
genetic evolution of hRSV strains. These include infectivity of the virus, the development
of immunological resistance in the community, and viral genetic drift due to spontaneous
mutation (Sullender, 2000).
From the phylogenetic analysis of hRSV subgroup A isolates, our results agree with those
reported by researchers from different countries in the last years (Viegas et al., 2005). From
genome sequences from other countries, like Argentina and Kenya, and previously reported
isolates from Brazil, researchers described that the most frequently genotypes found were
GA2 and GAS. Venter et al. (2001) reported dominance of the GA2 genotype in South
Africa for two seasons and Choi and Lee (2000) found that most of the predominant
genotypes were isolated in more than two consecutive epidemics. In a recent study from
Belgium on 112 virus strains, it was reported that the GA2 and GAS genotypes were
predominant and co-circulated in 10 of 19 epidemics between 1983/1984 and 2000/2001
(Rafiefard et al., 2004). Another study from Belgium, from samples obtained during 10
successive epidemic seasons, showed a 3-year cyclic pattern for occurrence and re-

emergence of different genotypes. GAS remained the dominant hRSV genotype in two
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subsequent epidemic seasons during the study period (Zlateva et al., 2007). This genotype
was reported to be predominant among hRSV A strains during three consecutive seasons in
a community in Japan (Sato et al., 2005) and India (Parveen et al., 2006a), and was the
most representative hRSV A genotype in Sweden (Rafiefard et al., 2004) and New Zealand
in recent years (Matheson et al., 2006; Zlateva et al., 2007). A similar occurrence of
subgroup A genotypes was described in Argentine and Montevideo, Uruguay (Frabasile et
al., 2003; Galiano et al., 2005). The 60-nucleotide duplication starts on nucleotide position
792 of G protein gene on the reference strain 18537 and is predicted to lengthen the G
protein by 20 amino acids (Parveen et al., 2006b). The BA genotype appears to be
spreading globally and has also been reported in Japan (Nagai et al., 2004; Sato et al., 2005;
Kuroiwa et al., 2005), Kenya (Scott et al, 2004), Belgium (Zlateva et al., 2005), Canada,
Brazil, the United Kingdom, and The United States (Trento et al., 2006). In the present
study, two of the viruses detected showed such 60-nt duplication (A18, A27) were included
in the BA subgroup on the phylogenetic analysis, which corroborates the circulation of this
genetic subgroup in Southeastern Brazil. Comparisons of BA subgroup from around the
world showed that all of the subgroup BA strains contained the 60-nucleotide duplication.
Paradoxally, from the findings reported it is noticeable that, in a relatively short time
frame in a well defined geographic region, we were able to observe an enormous amount of
diversity between the hRSV strains detected. Another interesting finding is that the
phylogenetic characterizations of such viruses, by means of comparison with its
counterparts recently isolated in near Salvador, Brazil, Argentina or as far as Kenya or New
Zealand and South Africa, are presenting some degree of relatedness with these viruses. It

seems that the circulation of the different hRSV genetic subgroups is worldwide, and the
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genetic relationships among the isolates are rather determined by temporal features than to
geographic barriers.

It has been suggested that those genetic differences may favor virus to escape from
the host immune response and contribute to the capability of hRSV in establishing re-
infections throughout life (Viegas et al., 2005). This is one of the first reports of the
molecular epidemiology of hRSV strains from the Campinas metropolitan region, Sao
Paulo state, Brazil. And also is the first description of the circulation pattern of hRSV
genotypes in two university hospitals, revealing interesting differences between the two
subgroups of the virus. Differences in clustering, nucleotide insertions and duplication are
pertinent to group B. Many aspects of viral biology may contribute to the observed genetic
differences and determining their nature may be useful for the design of future hRSV

vaccines, as well as the development of novel prevention or treatment strategies.
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Figure captions
Figure 1
A. Monthly distribution of respiratory syncytial virus (hRSV) in infants under 12 months
old presenting acute lower respiratory tract infection. Samples and data collected from
two university hospitals in Campinas (Sao Paulo, Brazil) between April and September
2004.
B. Monthly distribution of subgroups A and B respiratory syncytial virus (hRSV) in

Campinas (Sao Paulo, Brazil) between April and July 2004.

C. Monthly distribution of subgroups A and B genotypes of respiratory syncytial virus

(hRSV) in Campinas (Sao Paulo, Brazil) between April and July 2004.

Figure 2. Phylogenetic tree prepared with the G protein gene nucleotide sequences of
Brazilian isolates of subgroup A (2A) and isolates of subgroup B (2B) and worldwide
distributed strains of hRSV. For the parameters used to measure genetic relationships
please refer to the text. GenBank accession numbers are given in each taxon and the
correspondent name of the strain is shown in brackets. The previously described Brazilian
strains are narrowed with a blue lozenge, the isolates characterized in the present work are

assigned with a red lozenge; the tree was rooted using a BRSV sequence.
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Abstraci

Background: Human metapneumovirus (HMPV) is a paramyxovirus associated with respiratory illness. The genotvpes of HMPY isolates in
Brazil have not been well characterized.

Objectives: To investigate the presence of HMPV in clinical samples collected from pediatric patients of two university hospitals in the region
of Campinas {Sao Paulo, Brazil) and to genotype them by partial sequencing of the HMPY F gene.

Study design: Nasopharyngeal aspitates were collected from children hospitalized between April and September, 2004 because of acute
respiratory infections ( ART).

Resalts: We identified HMPV in 8 of 142 (5.6%) clinical samples. We determined through phylogenetic analvsis that HMPV isclates in
Campinas during the study were clustered within subgroup B genotype 1. Two of the isolates analvzed showed significant differences from
previously isolated Bl viruses, when compared to HMPV isolated in South Africa and Canada, and clustered in a separate branch within this
genotype.

Conclusions: In 2004 in our geographic region all HMPV isolates from pediatric patients were in the Bl HMPY genetic group, with two
variant isolates.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Huoman metapreumovims: Molecular chamcterization; Genotype B subgroup |

1. Introduction been reponted in elderly and immunocompomised patients
(Falsey et al.. 2006: Englund et al.. 2006: Boivin et al.
Human metapnenmovirus (HMPV), a paramyxovirus 2007: van den Hoogen, 2007, The genomic organization of
associated with respiratory illness, was first described in the HMPV resembles that of Avian Pneumovirus (Coellins et al..
Metherlands {van den Hoogen et al.. 2001). HMPV infections 2001 and has been assigned to the subfamily Prewnoviri-
are similar to respiratory syncytial virus {HRSV) infections, nae, genus Metapnewmovirus. Sequence analysis of isolates
occurring predominately in childhood during winter months, identified two main genotypes of HMPV. A and B, with the
although severe respiratory tract ilIness due to HMPV has also subtypes Al. A2, Bl and B2 ({Ishiguro et al.. 2004: Gray et
al.. 2006).

e Our objective was 1o investigate the presence and molec-
* Cormesponding author. Present address: Universidade Estadual de Camp- . iy oL . i :

ular identity of HPMVY isclated from children seen at two

inas (UNICAMP), F.O. Box 6109, CEP 13081-070 Campinas, SF, Brazil. R e bt S i ;

Tel: 455 10 35216258: Fax: +19 35216276, university hospitals in the Campinas region of the State of

E-mail address: arns@unicampbr (COW, Arns). Sao Paulo. Brazil.

1386-6532/% — see front matter © 2007 Elsevier BV, All rights reserved.
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2. Material and methods

MNasopharyngeal aspirates (NPA) were collected from
children hospitalized between April and September, 2004
because of a diagnosis of acute respiratory infections (ARI)
in two university hospitals in Campinas, S5io Paulo, Brazil.

ENA was extracted from NPA vsing a High Pure Viral
Nucleic extraction kit™ {Roche Diagnostics™, Manheim,
Germany). ¢cDNA was synthesized uwsing a High Capac-
ity cDMA kit (Applied Biosystems™, Foster City, USA)
according to the manufacturer’s instructions. Samples were
investigated for HMPV using specific amplification fusion
pratein (Falsey et al., 2003).

For molecular characterization and nucleotide phy-
logeny analyses, the PCR products were sequenced in
forward and reverse direction wsing ABI PRISM Big
Dwve Terminator Cycle Sequencing Ready Reaction kit
i Applied Biosystems™, Foster City, USA). Five sequences
were obtained with quality sufficiemt for further analysis,
Sequences from representative HMPV strains were obtained
from the GenBank database with the following accession
numbers: AY694784, AY 145295, South Africa: AY 145298,
AY 145287, AY 145301, AY145296, Canada: DOQ362944,
DO362940, Argentine; AY 525843; AF3T1337, Metherlands.

The alignmemt of sequences was performed wsing the
Clustal W software, version 1.83 (Thompson et al.,, 1994).
Nucleotide sequence phylogenatic analyses were performed
using the neighbor-joining method in the MEGA ver-
sion 3.1 software package (Kumar et al., 1994), based
on the Kimura two-parameter distance estimation method.
Sequences obtained have been submitted to the GenBank.

1. Results

Samples were collected from 142 hospitalized infants <1
vears of age. The mean age of the patients was 4, 4 months:
&6 were male (61% ). We identified HMPV 1n 8 {5.6%) of the
samples. Most cases of HMPY (5/8) occurred in children <6
months old and 75% (&/8) were boys. The clinical features
{5/8) were bronchiolitis and (3/8) bronchiolitis associated
with pneumonia.

The five of the HMPV isolates that yielded nucleotide
sequences of sufficient quality for genotyping were genotype
B 1. Two of the these isolates (BRAA-51/B1 and BR/C-18/B1)
were variant viruses (Fig. 1), which clustered in a separate
branch within this genotype (Fig. 2).

4. Discussion

Our data, based on a small sample size, demonstrates
that HMPV caused 5.6% of the ARI seen in our region
in 2004, This proportion is similar to a previous report
of a prevalence of 5.7% to 6.5% in the St Louis region
{Agapov et al, 2006). Cuevas et al. (2003) described the

epidemiology and clinical characteristics of children in Ara-
caju, MNortheastern Brazil, where the HMPV prevalence
reached 17% alone, and 7% with combined HESV/HMPY
co-infections (Cuevas et al., 2003). A report of HMPY in
hospitalized children in Southeastern Brazil showed 6.4%
prevalence (Debur et al., 2007). The samples studied on the
present work were examined by molecular diagnostic meth-
ods for HRSV infection, and no co-infections were found
{Antoniassi da Silva et al.. in preparation). Prior phylo-
genetic analyses based on sequencing of F gene allowed
us to classify our HMPV isolates in the context of these
genetic lineages (Bastien et al., 2003; Boivin et al., 2004;
Galiano et al., 2006). Sequences from virnses in Australia,
France, Canada, Isracl and MNetherlands were closely related
with few polymorphisms in the F gene (Kahn, 2006). Our
samples belong within genotype B subgroup 1. Subgroup
Bl was the subgroup most frequently detected in 2004 in
Anstralia (Mackay et al., 2006). A sharp increase in the
incidence of subgroup Bl from 2001 to 2004 established
it as the predominant subgroup during that time in Aus-
tralia (Mackay et al, 2006). Phylogenetic analysis based
on nucleotide sequences in South Africa revealed that sub-
group Bl emerged in 2002 (Ludewick et al.. 2005). The
absence of subgroup Bl in previous years may have been
due to preexisting community immunity rather than diagnos-
tic assay limitations (Mackay et al., 2004; Ludewick et al.,
2005).

Two of our subgroup B isolates, BR/A-51/B1 and BR/C-
18/B1, contained nucleotide substitations in the F gene
(Fig. 2). Phylogenetic analysis clearly allocates these iso-
lates to a separate branch from the Bl viruses detected in
Argentine, South Africa, and Canada. Although our study is
limited by a low number of HMPY sequences, we show that
some polymorphisms may be present in HMPY isolates cir-
culating in a defined geographic region. in a relatively short
period of time. Genetic variability is a strong indicator of
virus evolution and the ability of a genotype to persist in
a given population (Ludewick et al., 2005). This variability
may pose a challenge for future vaceine development, which
will be informed by worldwide molecular studies. Further
studies, including a larger sample size and more nucleotide
sequences, may be conducted to determine the significance
of the substitutions reported here.
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4.1- Classificacdo genética hrsv

Com base nos dados de seqiiéncias de nucleotideos dos genes G e F do hRSV
gerados a partir dos respectivos fragmentos do genoma de isolados, foram determinadas as
relacdes filogenéticas entre os isolados e outros presentes em vdrias partes do mundo. Os
isolados foram caracterizados como pertencentes respectivamente, aos subgrupos A e B.
Esse padrdo de circulacdo simultanea destes subgrupos no mesmo periodo epidémico j4 foi
observado em inumeros relatos (Nascimento et al., 1991; Vieira et al, 2001;
Cintra et al., 2001). O subgrupo A apresentou ser o predominante em nosso estudo, o que
se assemelha ao encontrado por outros pesquisadores nos ultimos anos (Viegas et al.,
2005). Os isolados pertencentes ao subgrupo A se distribuiram em trés gendtipos: GA2,
GA5 e SSA1. O genétipo SSA1 foi identificado pela primeira vez no sul da Africa por
Venter e colaboradores (2001), e existem poucos relatos do mesmo na literatura. Os
gendtipos GA2 e GAS foram os gendtipos predominantes durante o periodo estudado. A
ocorréncia destes gendtipos foi observada também em paises vizinhos ao Brasil, tais como

Argentina e Uruguai (Frabasile et al., 2003; Galliano et al., 2005).

As seqiiéncias analisadas dos isolados do subgrupo B foram identificadas em 3
gendtipos distintos dentro desse subgrupo, notadamente GB3 (SAB3) e BA (BAIIl). O
gendtipo do subgrupo B identificado como BA foi isolado pela primeira vez na Argentina
por Trento et al. (2003), tendo como principal caracteristica deste gendtipo a duplicacdo de
60nt na posicdo apods o residuo 792 do gene G. Das amostras analisadas no presente estudo,
duas foram identificadas como pertencentes ao gendtipo BA, os isolados apresentaram

duplicagdo dos 60nt na posicao 781-840 do gene.

4.2- Classificacao genética do hMPV

Com base nas seqiiéncias de nucleotideos do gene F do hMPV, foi identificada
a presenca do subgrupo B1 em nosso trabalho, semelhante ao que foi relatado em 2004 na
Austrdlia (Mackay et al., 2006). Baseado nas andlises filogenéticas das seqiiéncias de
nucleotideos no Sul da Africa foi observado o aparecimento do subgrupo Bl em 2002
(Ludewick et al., 2005). Nossas amostras apresentaram ainda duas amostras variantes neste

mesmo gendtipo, com base nas seqiiéncias de nucleotideos. A variabilidade genética
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observada nas amostras pode ser um forte indicador da evolu¢do do virus como resposta a

imunidade adquirida pela populacdo para esses patogenos.
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Este foi o primeiro estudo realizado na regido geografica de Campinas para
identificacdo de dois importantes agentes virais respiratorios: hRSV e

hMPV;

Foram isoladas e caracterizadas 23 amostras do virus Respiratério sincicial
humano em cultivo de células HEp-2 proveniente de 142 amostras de

aspirados nasofaringeas de pacientes pedidtricos;

A andlise filogenética dos hRSV mostrou que das 23 amostras isoladas,
quinze (15) s@o pertencentes ao subgrupo A e oito (8) pertencentes ao

subgrupo B;

Foram identificadas e caracterizadas oito (8) amostras de metapneumovirus
humano (hMPV) provenientes de amostras de aspirados nasofaringeos de

pacientes pedidtricos;

A andlise filogenética dos isolados de hMPVs mostrou que pertencem ao

subgrupo B/gendétipo B1.

Com base nas seqii€éncias de nucleotideos, duas (2) amostras do hMPV
subgrupo B/genétipo B1 apresentaram diferencas significativas em relacdo a

outros virus deste mesmo genoétipo.
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