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RESUMO

Os rotavirus da espécie A (RVA) sdo os principais agentes etiologicos causadores de
gastroenterite aguda (GA) em criangas < 5 anos e, anualmente, sdo responsaveis por
aproximadamente 196.000 casos de oObito infantil em todo o mundo. Diferentes mecanismos
genéticos (mutacBGes pontuais, rearranjos genéticos, reestruturacdo de segmentos genémicos
(reassortment) e recombinacdo genética) estdo envolvidos na geracdo de variabilidade
genética destes virus. As combinacBes genotipicas mais encontradas mundialmente sao:
G1P[8], G2P[4], G3P[8], G4P[8] e G9P[8], entretanto, os paises em desenvolvimento
apresentam uma maior variabilidade genotipica entre as cepas circulantes. No intuito de se
compreender a diversidade dos RVA, em 2011 foi proposto um novo sistema de classificagcdo
para 0s RVA baseado no sequenciamento nucleotidico dos onze segmentos génicos destes
virus. No presente estudo foram realizadas analises filogenéticas dos onze genes de 28 cepas
brasileiras de RVA de genétipo G5P[8] coletadas entre 1986 e 2005, 90 cepas de RVA de
genotipo G1P[8] em diferentes regides brasileiras entre 1986 e 2013, além do perfil de
flutuacdo do genétipo P[8] no Brasil durante as dltimas 3 décadas. Os resultados
demonstraram que as cepas brasileiras de gendtipo G5P[8] e G1P[8] possuem uma
constelacdo génica do genoétipo Wa-like (11-R1-C1-M1-A1-N1-T1-E1-H1), com excecdo de
duas cepas G1P[8], que apresentaram 0 gendtipo T3 (genétipo AU-1-like), comumente
detectado em felinos. Foi proposta a classificacdo do gendtipo G5 em 3 linhagens diferentes (I, 1l e
[11), de modo que a linhagem I circulou no Brasil entre 1986 e 2005 e a linhagem que esté circulando
atualmente entre paises dos continentes Africano e Asiatico pertencem a linhagem Ill. Os resultados
permitiram demonstrar que a prevaléncia do genétipo G1P[8] variou anualmente no Brasil e que o
genotipo G1 circulou em associacdo com as linhagens P[8]-1, P[8]-2 e P[8]-3 no pais. A vacina RV1
apresenta especificidade P[8]-1, enquanto as cepas que estdo circulando atualmente sdo P[8]-3. A
andlise do perfil de P[8] no Brasil demonstrou que no pais circularam as linhagens P[8]-1, P[8]-2 e
P[8]-3 e a variabilidade verificada para a linhagem P[8]-3 permitiu a sua classificacdo em 6
sublinhagens (P[8]-3.1 — P[8]-3.6). Portanto, a melhoria dos programas de vigilancia de RVA através
de estudos que incluam a analise dos 11 segmentos génicos das cepas circulantes no pais contribuird
para entender melhor alguns pontos ainda néo esclarecidos a respeito da biologia dos RVA, como de
gue maneira a introducdo de um esquema de vacinacdo em massa pode influenciar na circulacdo de
RVA em humanos e animais e a real frequéncia de deteccdo de eventos de reassortment entre cepas de
espécies diferentes ou entre cepas selvagem e vacinal na populacéo.
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ABSTRACT

Specie A rotaviruses (RVA) are the main etiological agent of acute gastroenteritis (AG) in
children < 5 years old and, annually, are responsible for about death of 196.000 children
worldwide. Different genetic mechanisms (pontual mutation, genetic rearrangement,
reassortment and genetic combination) are involved in the generation of variability of this
viruses. The most detected combinations worldwide are: G1P[8], G2P[4], G3P[8], G4P[8]
and G9P[8], however developing countries have strains with a greater genotypic variability.
In order to unsderstand the RVA diversity, in 2011, was proposed a new classification system
for RVA based on the nucleotide sequencing of the 11 gene segments. In the present study
were conducted Phylogenetic analyses of the 11 gene segments from 28 brazilian RVA strains
genotype G5P[8] collected between 1986 and 2005, 90 RVA strains genotype G1P[8]
collected between 1986 and 2013 in different regions of the country, besides the analysis of
the fluctuation profile from genotype P[8] during the last 3 decades in Brazil. The results
showed that brazilian RVA strains genotypes G5P[8] and G1P[8] have a genectic
constellation characteristic of the genotype Wa-like (11-R1-C1-M1-A1-N1-T1-E1-H1), except
for 2 G1P[8] strains, which showed genotype T3 (AU-1-Like), generally detected in felines.
Was proposed the classification of genotype G5 in 3 different lineages (I, Il and I11), lineage |
circulated in Brazil between 1986 and 2005, while the lineage actually circulating in African
and Asiatic continents is lineage I1l. The results demonstrated that the G1P[8] prevalence in
Brazil changed annually and genotype G1 circulated in Brazil in association to P[8]-1, P[8]-2
and P[8]-3 lineages. RV1 vaccine shows P[8]-1 specificity, whilst the actually circulating
strains have P[8]-3 specificity. The analysis of the P[8] genotype profile demonstrated that
P[8]-1, P[8]-2 and P[8]-3 lineages circulated in Brazil and the P[8]-3 variability enabled the
classification into 6 sublineages (P[8]-3.1 — P[8]-3.6). Therefore, the enhancement of
surveillance RVA programs through studies that include analysis of the 11 gene segments of
strains circulating in the country contribute to better understand some points that remain
unclear about the RVA biology, such as how the introduction of a mass vaccination scheme
can influence the circulation of RVA in humans and animals and the actual frequency of
reassortment events between strains of different species or between wild and vaccine strains
in the population.
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CAPITULO |

0S ROTAVIRUS DA ESPECIE A (RVA)



1. INTRODUCAO

A gastroenterite aguda (GA) é uma infec¢do do trato gastrointestinal cuja manifestacédo
predominante é o aumento do nimero de evacuagdes, com fezes aquosas ou de pouca
consisténcia, podendo ter diversas etiologias: bactérias, virus, parasitas e toxinas. A GA ¢,
mundialmente, um dos mais importantes agravos a salde e a principal causa de
morbimortalidade em criancas < 5 anos de idade (Black et al., 2010). A GA afeta de maneira
desproporcional as criancas de paises em desenvolvimento, que apresentam uma taxa de
mortalidade mais elevada devido principalmente a ma qualidade da agua potéavel, saneamento
basico e fatores de risco nutricionais, como a amamentacdo por um tempo inferior ao
adequado, deficiéncia de zinco e vitamina A, além do precario servigo de assisténcia médica
(Brown et al., 2009; Lamberti et al., 2011).

No Brasil, um pais de dimensBes continentais e com grande heterogeneidade
socioecondmica, os dados de monitoramento da GA entre os anos 2000 e 2011 contabilizaram
um total de 33.397.413 de casos notificados (Secretaria de Vigilancia em Salde/ Ministério da
Saude. Fonte: http://portal.saude.gov.br Acesso em 02/04/2014 as 10:00h). Entretanto,
diversos estudos documentam de forma evidente a diminuicdo significativa das taxas de
morbimortalidade associadas a GA no Brasil e mundialmente (Barros et al., 2010; do Carmo
etal., 2011, WHO/UNICEF, 2013).

Os virus sdo importantes agentes etiologicos de GA e dentre 0s mais comuns estéo
aqueles pertencentes as familias Reoviridae, Astroviridae, Caliciviridae e Adenoviridae. Do
ponto de vista clinico, a GA causada por virus ndo pode ser distinguida daquela causada pelos
outros agentes, sendo geralmente um processo auto-limitado de diarreia e vomito, com

duracéo aproximada de 1 a 7 dias (Wilhelmi et al., 2003).

Os rotavirus da espécie A (RVA) séo os principais agentes etiologicos causadores de
GA em criangas < 5 anos com a ocorréncia de, aproximadamente, 196.000 mortes por ano
mundialmente (Walker et al., 2013). Em 2006 e 2007 a Organizacdo Panamericana de Salde
(OPAS) e o Grupo de Assessoria Estratégica de Especialistas em Imunizacdo (SAGE) da
Organizacdo Mundial de Saude (OMS), declararam que a introducdo de uma vacina RVA era
prioridade nas Américas com a meta de prevenir as mortes e hospitalizacdes causadas por

RVA (WHO, 2009). Duas vacinas foram recomendadas: a vacina G1P[8] monovalente



Rotarix® (RV1) (GlaxoSmithKline [GSK], Rixensart, Bélgica) e a vacina G1-G4P[8]
pentavalente, RotaTeq® (RV5) (Merck, North Wales, PE, EUA).

1.1. HISTORICO

No inicio da década de 1970 foram realizados estudos utilizando a microscopia
eletronica (ME) de fezes diarreicas obtidas de voluntérios infectados com suspenses fecais.
Dentre as suspensdes fecais utilizadas nas inocula¢Ges, uma era originaria de um surto de GA
ocorrido na cidade de Norwalk, nos Estados Unidos da América (USA), em 1968. As
suspensdes produziam diarreia aguda em voluntarios e, em uma das amostras de fezes
diarreicas, foram visualizadas particulas virais medindo 27 nanémetros (nm) de diametro,
atualmente denominadas norovirus. Este fato correspondeu a primeira descri¢cdo de um agente
viral como etiologia de diarreia aguda em humanos (Kapikian et al. 1972).

Ap6s um ano, Bishop e colaboradores (1973) descreveram a presenca de vesiculas
citoplasmaticas contendo particulas virais semelhantes aos Orbivirus e por este motivo esses
virus receberam o nome de Orbivirus-like agent. Particulas virais também foram descritas por
Flewett e colaboradores (1974) em fezes de criangas com GA. Logo apds, estes virus foram
denominados Duovirus (Davidson et al., 1975) e, finalmente, foi proposta a denominagéo
rotavirus (RV) devido ao aspecto de roda do virus quando examinado através da técnica de
ME (Figura 1A) e a constituicdo de um novo género, denominado Rotavirus, dentro da
familia Reoviridae foi estabelecido (Flewett & Wood, 1978). No Brasil, os RV foram
descritos pela primeira vez por Linhares e colaboradores (1977) ao examinarem fezes de
criancas com GA através da ME. De acordo com o 9° Informe do Comité Internacional de
Taxonomia Viral (ICTV 2012), os determinantes antigénicos de grupo conferidos pela
proteina VP6 permitem a classificagdo dos RV em 5 espécies soroldgicas: Rotavirus da
especie A (RVA), Rotavirus da especie B (RVB), Rotavirus da especie C (RVC), Rotavirus
da espécie D (RVD) e Rotavirus da especie E (RVE) (http://ictvonline.org), além de 3

tentativas adicionais de espécies: Rotavirus da espécie F (RVF), Rotavirus da espécie G
(RVG) e Rotavirus da espécie H (RVH) (Van Regenmortel et al., 2005; Ball, 2005; Johne et
al., 2011; Matthijnssens et al., 2011; Patton, 2012; Estes & Greenberg, 2013).


http://ictvonline.org/

1.2. ORGANIZACAO DA PARTICULA VIRAL E GENOMA

A particula viral infecciosa (virion) apresenta aproximadamente 100 nm de didmetro,
simetria icosaédrica, € desprovida de envelope e constituida por trés camadas proteicas
(capsideo interno, intermediario e externo), Figura 1B, 1C e 1D. O capsideo mais interno
(core viral) é composto por 120 copias da proteina VP2. A regido terminal da proteina VP2
esta livre e acredita-se que mantenha contato com o complexo da polimerase viral composto
pelas proteinas VP1, a RNA polimerase RNA-dependente viral e VP3, que possui atividades
guanilil e metiltransferase (McClain et al., 2010). O capsideo intermediario é constituido por
260 trimeros da proteina VP6 que conferem estabilidade a camada mais interna, além de
funcionar como um adaptador para o capsideo externo, que é essencial para a adsorcao e
penetracdo do virus na célula. Esta Ultima camada € composta por trimeros da glicoproteina
VP7, diretamente posicionados sobre a proteina VP6. Os trimeros de VP7 sdo dependentes de
fons calcio (Ca’"), os quais mantém a sua estabilidade. Além da proteina VVP7, no capsideo
externo encontram-se 60 trimeros da proteina VP4, que apresenta diferentes mudangas

conformacionais durante a penetracdo na membrana da célula hospedeira (Patton, 2012).

Jve2 EEvPs EVPe []VP7

Figura 1. Estrutura da particula viral dos rotavirus da espécie A. A) Particula viral visualizada
através da técnica de microscopia eletrénica B) Esquema da estrutura do virion; C) Triplo
capsideo proteico; D) Esquema da estrutura da proteina VP4. Adaptado de Patton (2012);
Estes & Greenberg (2013).



A estrutura tridimensional dos RVA tem sido estudada por criomicroscopia eletrénica
associada a programas de bioinforméatica, que realizam o processamento de imagens
(Dormitzer et al., 2004). Esses estudos explicam quais estruturas moleculares estdo
envolvidas nos mecanismos de adsor¢éo, penetracéo, replicacéo, liberacdo e neutralizacdo dos

RVA, contribuindo para o entendimento a respeito dos aspectos funcionais dessas estruturas.

O fato de os virions serem formados por um triplo capsideo implica na observacao de
trés tipos diferentes de particulas em microscépio eletrénico. A particula completa é
infecciosa e chamada de “particula com tripla camada” (TLP — triple-layered particle). A
particula desprovida do capsideo externo ¢ chamada de “particula com dupla camada” (DLP —
double-layered particle). Na DLP € possivel observar o capsideo intermediério formado por
trimeros da proteina estrutural VP6. A DLP também ¢ chamada de “particula rugosa”, devido
as projecdes proteicas do capsideo interno. O terceiro tipo de particula é formado
exclusivamente pelo capsideo interno sendo denominada “particula de camada simples” (SLP

—single-layered particle) e estd associada ao genoma viral (Estes & Greenberg, 2013).

O genoma completo dos RVA contém aproximadamente 18.552 pares de bases (pb)
com massa molecular de 2,0x10° a 2,0x10° Déltons, sendo constituido por 11 segmentos de
RNA de dupla fita (RNAdf) que variam entre 667 (segmento 11) e 3302 (segmento 1) pb,
codificando 6 proteinas estruturais (VP1-4, VP6-7) e 5 ou 6 proteinas ndo estruturais (NSP1-
6) (Estes & Greenbeg, 2013) (Figura 2). Os segmentos de RNAdf sdo compostos por uma fita
de polaridade positiva e outra negativa que se pareiam de ponta a ponta, garantindo uma
maior estabilidade. A cepa prot6tipo SA11 (origem simia) foi a primeira a ter seu genoma
totalmente sequenciado. Atualmente, diversas cepas de RVA provenientes de humanos e
animais possuem as sequéncias de nucleotideos dos seus 11 segmentos completamente ou

parcialmente sequenciadas.

As sequéncias de RVA sdo ricas em adenina e uracila (58-67%), sendo esta
caracteristica compartilhada com muitos genes eucaridticos e virais. A fita positiva contém na
extremidade 5" um Cap formado pela sequéncia m’GpppG™GPy. Caracteristicas semelhantes
nas porcdes terminais do RNA dos RVA (Cap na extremidade 5' e sequéncias conservadas na
extremidade 3) também sd@o encontradas nas estruturas primarias do genoma de outros virus
segmentados, como 0s reovirus e 0s orbivirus, ambos pertencentes a familia Reoviridae (Estes
& Greenbeg, 2013).



A Segmentos ;
gendémicos Proteinas
; —
Classe I {2 o —
/- Wit VP1
VP3
Vps
5 —
Classe 11 {
X NSP1
7 VP6
Classe I1I 18 v 3
NSP2 o
10 NSP3 @
Classe IV NSP4
11 ) NSPS.
NSP6*

Figura 2. Esquema estrutural do genoma dos rotavirus da espécie A. A: Eletroforese em gel de
poliacrilamida (EGPA) dos 11 segmentos do genoma do rotavirus simio (SA-11). B: Gel de
poliacrilamida mostrando a separacdo das proteinas estruturais (NSP1 — NSP6) e ndo
estruturais (VP1 — VP4, VP6 — VP7) sintetizadas pelo rotavirus SA-11 (Adaptada de Conner
& Ramig, 1997).

A fase aberta de leitura (ORF “Open Reading Frame ) encontra-se flanqueada pelas
regides ndo codificantes 5° e 3" que podem variar em quantidade de pb mas que apresentam
em comum pequenas sequéncias nucleotidicas, que sinalizam para a transcri¢do, transporte de
RNA, replicacdo, montagem ou empacotamento dos segmentos génicos (Patton et al., 1999;
Estes & Greenberg, 2013). Todos os 11 segmentos devem apresentar 0S mesmos sinais de
ativacdo em cis ja que sdo todos replicados pela mesma polimerase. Além disso, cada
segmento deve conter um sinal Unico porque estes devem ser distinguidos um dos outros

durante o empacotamento (Estes & Greenberg, 2013).



1.3. PROTEINAS VIRAIS

1.3.1- Proteinas Estruturais (\VP)

A proteina VP1 é a RNA polimerase dependente de RNA viral que apresenta fungdo
de replicase e transcriptase. Possui estrutura compacta, globular de aproximadamente 70 A de
diametro e contém quatro canais diferentes que levam ao seu centro catalitico. Acredita-se
que os quatro canais estejam envolvidos na entrada dos RNA de polaridade (+) (RNA+) e
RNA de polaridade (-) (RNA-); na entrada dos nucleotideos trifosfato (NTP ‘“nucleoside
triphosphates ”); na saida dos RNAdf e RNA(-); e na saida dos RNA(+) (Estes & Greenberg,
2013).

A VP2 é a proteina mais abundante do capsideo interno, faz parte do complexo de
replicacdo e associa-se tanto a VP1 quanto a VP3 através de um dominio na sua porcdo N-
terminal (Arnoldi et al., 2007). Estudos demonstraram que para a ativacdo de VP1 é
necessario que ocorra a sua interagdo com o dominio principal da proteina VP2. A porcdo N-
terminal da proteina VP2 forma um canal em cada um dos cinco axis da particula viral que €
fundamental para que ocorra a encapsidacdo das proteinas VP1 e VP3, interacdes com o
RNAfs e sintese do RNAdf (McDonald & Patton, 2011). Além disso, VP2 também interage
com a proteina VP6 nos estagios iniciais da morfogénese viral. A interacdo entre estas duas
proteinas (VP2 e VP6) é fundamental para a formacéo de particulas imaturas ou incompletas,
ou seja, aquelas que possuem apenas duplo capsideo proteico (DLP) e confere a particula

maior homogeneidade morfolégica e estabilidade em longo prazo (Estes & Greenberg, 2013).

Estudos demonstraram que a proteina VP3 apresenta atividades guanidil e
metiltransferase e que é a enzima responsavel pela adicdo da CAP ao RNA (Patton, 1995;
Subodh et al., 2006; McDonald & Patton, 2011).

A proteina VP4 apesar de estar em menor quantidade no capsideo externo desempenha
fungdes importantes no ciclo replicativo, ndo s6 pela adsorcao e internalizagdo a célula, mas
também hemaglutinacdo, neutralizacdo e viruléncia (Both et al., 1994; Estes & Greenberg,
2013). E susceptivel a protedlise, 0 que resulta na exposicdo de sitios ativos que
proporcionam a penetracdo do virus na célula (Arias et al., 1996; Estes & Greenberg, 2013).
A ativacdo da proteina VP4 requer clivagem proteolitica da mesma, gerando dois peptideos
VP5* e VP8*, 0s quais permanecem associados ao virion. O peptideo VP5* tem atividade de

neutralizacdo cruzada entre os diferentes tipos de VP4 e, possivelmente, possui 0s epitopos
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responsaveis pela adsorcdo do virus a celula (Kirkwood et al., 1996). Foi demonstrado que
algumas estirpes de RVA interagem com integrinas ou proteinas de choque térmico (HSP
“Heat Shock Proteins ) antes ou apos a ligacdo do RVA a célula hospedeira (Guerrero et al.,
2000; Zarate et al., 2003). O peptideo VP8* contém a maioria dos epitopos associados as
reacOes tipo-especificas, dependentes da ligacdo deste com acido sialico (Isa et al., 1997).
Cinco epitopos de neutralizacdo foram mapeados em VP5* (5-1 a 5-5) e quatro em VP8* (8-
1, 8-4) (Trask et al., 2012; Estes & Greenberg, 2013).

A proteina VVP6 é a proteina mais abundante do virus, representando aproximadamente
51% da particula viral. Provavelmente esta seja a causa pela qual a maioria dos anticorpos
gerados durante a infeccdo dos RVA seja contra esta proteina (Svensson et al., 1987). A
proteina VP6 é formada por dois dominios: um que interage com VP7 e VP4 do capsideo
externo e outro que interage com VP2 do core. Assim, VP6 participa em duas funcdes
importantes para os RVA: a) adsor¢do e penetracdo na ceélula; b) transcricdo do RNAdf
(Heiman et al., 2008), além de ser responsavel pela classificacdo dos RVA em subgrupos
denominados SGI, SGII, SG I+1l e SG nédo-I néo-II.

A glicoproteina VP7 é a mais imunogénica do capsideo externo, modula a atividade de
VP4 no processo de adsorcdo e entrada dos RVA na célula, interagindo com proteinas da
familia das integrinas, na superficie celular, apds o processo de adsor¢cdo mediado pela por¢édo
VP5* da proteina VP4 (Guerrero et al., 2000). Estudos tém demonstrado que concentracdes
apropriadas de Ca?* sdo necessarias para manter a estabilidade da particula viral,
aparentemente pela estabilidade de VVP7. Na sua auséncia, os trimeros da proteina encontram-
se dissociados, promovendo a liberacdo da VP7 do virion. Essa mudanca conformacional de
VP7 reflete em um arranjo distinto para a proteina VP4, que possibilita a entrada do virion na
célula. Aoki e colaboradores (2009) demonstraram que anticorpos neutralizantes contra a
proteina VP7 estabilizam o trimero formado pela proteina, inibindo as alteracbes em VP4,

necessarias para permitir a entrada do virus na célula hospedeira.



1.3.2- Proteinas N&o estruturais (NSP)

A proteina NSP1, codificada pelo segmento genémico 5, € a proteina viral menos
conservada (Dunn et al., 1995) e apresenta associagcfes com o citoesqueleto celular
favorecendo a ligacéo virus-celula (James et al., 1999). Esta proteina é capaz de modular a
ativacdo de interferon (IFN) tipo I. A producdo de IFN é critica para desencadear uma
resposta imune inespecifica em casos de infeccdo viral. A NSP1 antagoniza a resposta imune,
via inducdo da degradacdo de um ou mais componentes necessarios para expressdao do IFN
tipo 1, via fatores regulatorios do IFN 3, 5 e 7 (IFR “Interferon regulatory factors”) ou via
fatores nucleares kp (NF «f “Nuclear Factor k) (Barro & Patton, 2005; Graff et al., 2009).

A proteina NSP2 é frequentemente encontrada associada a NSP5, ambas formam
estruturas conhecidas como viroplasmas. NSP2 é altamente conservada sendo expressa em
altas concentracfes nas células infectadas, provavelmente porque € uma proteina com
diversas fungdes importantes para a formacéo do virion (Estes & Grenberg, 2013). A proteina
NSP2 é capaz de se unir ao RNAfs e tem atividade de helicase, NTPase (Nucleoside
triphosphatase), NDPkinase (Nucleoside diphosphate kinase) e RTPase (Ribonucleic acid
triphosphatase) (Taraporewala et al., 1999, 2001; Caprio et al., 2006; Kumar et al., 2007). A
NSP2 participa da transcri¢do, traducdo, replicacdo e empacotamento do RNAfd (Estes &
Greenberg, 2013).

A proteina NSP3, codificada pelo segmento 7, apresenta trés dominios: o dominio N-
terminal de unido ao RNAfs (Aminoacido (aa) 1 — 170); o dominio de interacdo com elF-4G1
(Eukaryotic translation initiation factor 4-gamma 1), formado pelos ultimos 107 residuos da
regido C terminal e o dominio de dimerizacdo (aa 150 — 206) (Piron et al., 1999). Estudos
demonstraram que a proteina NSP3 compete com a proteina de unido a cauda Poli A na célula
hospedeira (PABP “PolyA-binding protein ) o que sugere que a proteina poderia favorecer a
traducdo do RNAm e a interrupcdo da sintese proteica da ceélula hospedeira. Porém, estudos
demonstraram que a NSP3 ndo é fundamental para a traducdo do RNA viral (Padilla-Noriega,
et al., 2002; Varani & Allain, 2002; Montero et al., 2006) Além disso, observou-se que a
mesma estaria implicada no espalhamento extra-intestinal do virus no hospedeiro infectado.
Entretanto, ainda néo foi elucidado qual mecanismo estaria envolvido nesse processo (Mossel
& Ramig, 2002, 2003).



A proteina NSP4, codificada pelo segmento 10, foi a primeira enterotoxina viral
descrita (Ball et al., 1996). Esta proteina se localiza em diversos sitios dentro da célula e
participa dos eventos de morfogénese, replicacéo e patogénese dos RVA. A proteina inteira se
localiza ancorada no reticulo endoplasmatico (RE) através do dominio hidrofébico N-
terminal, enquanto a regido C-terminal se encontra no citoplasma. A regido entre os aa 45 e
175 constitui a regido citoplasmética e retém todas as propriedades biol6gicas importantes
associadas a esta proteina, incluindo a mobilizacdo do Ca*? intracelular e permeabilizacdo da
membrana; unido ao Ca** e a VP4, unido as particulas semelhantes a virus (VLP “Virus-like
Particles”) e inducdo da diarreia em camundongos. Foi observado que uma forma secretada
desta proteina contendo os aa 112 a 175 é capaz de induzir diarreia assim como a proteina
completa (Zhang et al., 2000).

O segmento 11 apresenta duas ORF. A maior porcao codifica a proteina NSP5 que
possui atividade autoquinase e em células infectadas se apresenta nas formas hipo e hiper
fosforiladas (Taraporewala & Patton, 2004). A sua fosforilagdo é modulada pela interacéo
com a proteina NSP2 (Afrikanova et al., 1998). A outra ORF codifica para a proteina NSP6,
que interage com NSP5 no viroplasma. Algumas variantes de RVA ndo codificam esta
proteina enquanto outras apresentam baixos niveis de expressdo (Taraporewala & Patton,
2004; Lopez et al., 2005).

No quadro 1 estdo descritos os segmentos genémicos dos RVA, a localizacdo na

particula viral, além das proteinas virais codificadas e suas respectivas funcdes.
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Segmento Pares de Proteina Localizagéo Fungéo
gendmico base (pb) codificada
codificante
1 3302 VP1 Core RNA polimerase RNA-dependente
2 2690 VP2 Core Proteina ligante a0 RNA
3 2591 VP3 Core Metil e Guanil-transferase
4 2362 VP4 Capsideo externo Espicula de superficie
VP5* Antigeno de neutralizacdo (P)
VP8* Proteina de adsorcéo a célula
hospedeira
Clivada por tripsina em VP5* e VP8*
Responsavel pela infectividade viral
5 1611 NSP1 Né&o estrutural Antagonista de Interferon
Alta diversidade intraespecifica
Possivel papel como fator de viruléncia
6 1356 VP6 Capsideo Proteina hidrofébica
intermediério
Determina antigeno de grupo e
subgrupo
7 1104 NSP3 Né&o estrutural Associada ao citoesqueleto
Atua de forma semelhante a proteina de
ligacéo poli(A) celular
Inibe a sintese de proteina celular
8 1059 NSP2 N&o estrutural Possivel papel na replicacao viral
Associada a VP1
Envolvida na formacéo do viroplasma
9 1062 VP7 Capsideo externo Antigeno de neutralizacdo

Sitio de ligagao para ions célcio
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10 751 NSP4 Néo estrutural Glicoproteina transmembranica do

Reticulo endoplasmatico rugoso
Papel na morfogénese
Enterotoxina Viral
Sitio de ligagao para ions célcio
11 667 NSP5 N&o estrutural Atividade auto-quinasica
Interage com NSP2
Sofre fosforilagdo
Ligada ao RNAdf
Gene bicistronico
11 667 NSP6 N&o estrutural Atua na formacéo do viroplasma
Interage com NSP5

Gene bicistronico

Fonte: Estes, 2001 modificada pelo autor

Quadro 1. Segmentos genémicos dos rotavirus da espécie A, localizagdo na particula viral,

proteinas virais codificadas e suas respectivas fungdes.

Durante o processo de replicacdo viral, as proteinas NSP2, NSP5 e NSP6 estdo
associadas a formacdo do viroplasmas (Estes & Greenberg, 2013). Na auséncia de outras
proteinas virais, a interagdo entre NSP2 e NSP5 resulta em particulas defectivas semelhantes
as VLPs in vitro. A NSP5 também interage com a VP1 e a VP2. Estudos baseados no
silenciamento do gene que codifica para esta proteina demonstraram que a mesma é essencial

para a replicacdo e encapsidacdo do virus (Campagna et al., 2005; Lopez et al., 2005).
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1.4. CLASSIFICACAO DOS ROTAVIRUS DA ESPECIE A

A classificacdo dos RVA pode ser baseada no padrdo de hibridizacdo do genoma
completo de RNA (genogrupos); nas propriedades antigénicas da VP6, VP7 e VP4
(subgrupos, sorotipos G e sorotipos P, respectivamente); no padrdo de migragdo dos 11
segmentos de RNAdf em EGPA (longo, curto, super-curto ou atipico); e pela anélise das

sequéncias nucleotidicas (gendtipos) (Matthijnssens et al., 2011; Estes & Greenberg, 2013).

A avaliacdo de relacdo genetica entre segmentos homdélogos do genoma RNAdf dos
RVA ¢ avaliada através dos ensaios de hibridacdo RNA-RNA (Nakagomi et al., 1989) e, mais
recentemente, através de comparac@es diretas entre sequéncias nucleotidicas de amostras em
questdo com sequéncias protétipos disponiveis em bancos de genes online, como o Genbank
(Matthijnssens et al., 2008).

A VP6, que foi a primeira proteina a ser usada na classificacdo dos RVA, apresenta
diferentes epitopos, os quais permitem classificar o0 RVA em subgrupos (SG) distintos: SG |
(comum em animais e pouco frequente em humanos), SG Il (comum em humanos e pouco
frequente em animais), SG I+11 (pouco frequente em humanos e animais) e, SG nao-I ndo-1I
(comum em aves e pouco frequente em humanos e animais) (Matthijnssens et al., 2008; Estes
& Greenberg, 2013). Com base em caracterizacdo molecular, somente 2 grupos (também
denominados genogrupos) foram diferenciados entre os RVA: o genogrupo I, formado pelo
SG I; e o genogrupo Il que contém os SG Il, SG I+l e SG ndo-1 ndo-Il (lturriza-Gomara et
al., 2002; Matthijnssens et al., 2008b).

Os 11 segmentos gendmicos dos RVA apresentam um padrdo de migracao
eletroforético 4-2-3-2 pela técnica de eletroforese. Esse padrdo € dividido em quatro classes:
Classe | composta pelos segmentos 1, 2, 3 e 4; Classe Il composta pelos segmentos 5 e 6;
Classe 11l composta pelos segmentos 7, 8 e 9 e; finalmente, Classe IV composta pelos
segmentos 10 e 11 (Lourenco et al., 1981). Os genes 10 e 11 (que compdem a Classe V)
apresentam posicOes diferentes que variam de acordo com maior ou menor velocidade de
migracdo, caracterizando os padrdes eletroforéticos “longo”, “curto” e “super-curto”
(Lourenco et al., 1981). Na maioria das vezes, as amostras de RVA com perfil eletroforético
“longo” pertencem ao SGII, enquanto aquelas que apresentam perfil eletroforético “curto”

pertencem ao SGI (Estes & Greenberg, 2013).
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Em 1989, foi estabelecido um sistema binario de classificacdo para RVA (derivado do
sistema de classificacdo utilizado para os virus influenza), sendo baseado em reacdes
imunolégicas e na estrutura dos genes das duas proteinas que compdem o capsideo externo
(VP7 e VP4), as quais, independentemente, estimulam a producdo de anticorpos
neutralizantes (Ciarlet & Estes 2002). Dessa forma, as amostras de RVA séo classificadas em
VP4 ou “sorotipos P” (P refere-se a sensivel a protease — protease sensitive) e VP7 ou
“sorotipos G (G refere-se a glicoproteina - glycoprotein) (Matthijnssens et al., 2008; Estes &
Greenberg, 2013).

Com o advento da biologia molecular, principalmente a reacdo em cadeia pela
polimerase e 0 sequenciamento genético, a classificacdo antigénica vem sendo gradualmente
substituida pelo sistema de classificagdao das proteinas VP4 ¢ VP7 em “genotipos” com base
na identidade entre as sequéncias dos segmentos de genes cognatos de RVA (Matthijnssens et
al., 2008). Mais recentemente, um novo sistema de classificacdo baseada na analise das
sequencias nucleotidicas dos 11 genes dos RVA foi estabelecido pelo Rotavirus Classification
Working Group (RCWG) (Matthijnssens et al., 2011), Tabela 1. Este novo sistema de
classificacdo recomenda nomear a sequéncia viral obtida considerando-se 0s seguintes
parametros: a espécie de rotavirus; a sua origem (humana ou animal), identificando também
se a sequéncia foi obtida a partir de virus selvagem (wt “wild type”) ou virus em cultura
celular (tc “tissue culture”); o pais em que foi detectado o virus, utilizando o codigo padrédo
de 3 letras; 0 nome comum dado pelo pesquisador; o ano de detec¢do; os gendtipos G e P da
seguinte forma: GXP[X]. Com base nesta nomenclatura, foram descritos até 0 momento 27 G-
, 37 P-, 17 I-, 9 R-, 9C-, 8 M-, 16 A-, 10 N-, 12 T-, 15 E-, e 11 H gendtipos de RVA. Cada
letra maiuscula corresponde, respectivamente, aos genes que codificam para as proteinas
VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6 (Matthijnssen et al., 2011).

No caso de o virus apresentar uma constelacdo genémica 11-R1-C1-M1-A1-N1-T1-
E1-H1, 12-R2-C2-M2-A2-N2-T2-E2-H2, ou 13-R3-C3-M3-A3-N3-T3-E3-H3 se classifica
como pertencente ao gendtipo 1 (ou Wa-like), 2 (ou DS-1-like), 3 (ou AU-1-like),
respectivamente (Matthijnssen & Van Ranst, 2012).
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Gene Valor de corte de identidade nucleotidica (%) Genétipos Designacdo dos nomes dos genotipos

VP7 80 27G Glicoproteina

VP4 80 37P Sensivel a Protease

VP6 85 171 Capsideo Interno

VP1 83 9R RNA Polimerase Dependente de RNA
VP2 84 9C Proteina do cerne

VP3 81 8M Metiltransferase

NSP1 79 16A Antagonista do Interferon
NSP2 85 10N NTPase

NSP3 85 12T Promotor Traducional
NSP4 85 15E Enterotoxina

NSP5 91 11H Fosfoproteina (phosphoprotein)

Tabela 1. Valores de corte de percentagem de identidade nucleotidica que definem os
diferentes genoétipos de rotavirus da espécie A, considerando-se 0s 11 segmentos gendmicos.

Adaptado de Matthijnssens e colaboradores, (2011).

1.5. MECANISMOS DE EVOLUCAO DOS ROTAVIRUS DA ESPECIE A

Um dos aspectos mais observados nos estudos de diversidade genética entre os RVA
tem sido o polimorfismo eletroforético exibido pelos segmentos de RNAfd. A diversidade
estd relacionada a diferentes mecanismos genéticos como as muta¢Ges pontuais, rearranjos
genéticos, reestruturagdo de segmentos gendmicos (reassortment) e recombinacdo génica
(Estes & Greenberg, 2013).

1.5.1. Mutagdes pontuais

O acumulo de mutagGes pontuais tem sido observado em isolados obtidos em surtos,
utilizando as técnicas de sequenciamento de genes de amostras de RVA. Algumas dessas
mutacdes podem ser sindnimas ou silenciosas, ndao provocando nenhuma mudanga na

sequéncia de aa e, consequentemente, na proteina; ou podem ser ndo-sindnimas, podendo
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desta forma provocar uma mudanca genética que forneca uma vantagem evolutiva para o
virus ou provocando uma perda de funcdo ou estrutura do mesmo. O fato da RNA polimerase
RNA dependente ndo possuir um mecanismo de correcdo de erros facilita a ocorréncia das
mutacdes, que ao se acumularem no genoma podendo definir novas linhagens e sublinhagens

dentro de um mesmo genotipo (Estes & Greenberg, 2013).

1.5.2. Rearranjos genéticos

Os rearranjos resultam de erros de transcricdo de um Unico segmento e possuem nada
mais do que a sequéncia de um gene. Na maioria das vezes 0S genomas com rearranjos
surgem como produtos de uma duplicacdo parcial da ORF do genoma, com variadas
consequéncias relativas a sua expressdo. No momento da transcricdo, provavelmente por uma
falha da RNA polimerase RNA dependente, a mesma retorne a sua fita molde, reiniciando a
transcricdo a partir de diferentes estagios (Figura 3). As regides codificantes sdo mantidas em
todos os rearranjos observados, apesar de alguns destes produzirem proteinas de tamanho
anormal. Os virus com segmentos de genoma rearranjados sdo geneticamente estaveis e
reestruturam seus segmentos em infeccdes mistas. Este tipo de rearranjo pode ocorrer na
maioria dos segmentos (Desselberger, 1996).

Os rearranjos genéticos sdo representados por alteracdes nas sequéncias dos segmentos
genémicos, algumas vezes na forma de delecdo ou mais frequentemente como duplicacéo.
Este evento caracteriza-se pela alteracdo no perfil de migracdo dos segmentos de RVA no gel
de EGPA (Taniguchi & Urasawa, 1995). Pedley e colaboradores (1984) investigaram RVA
isolados de criancas imunodeficientes e observaram variagfes na mobilidade dos segmentos
do RNAfd pela EGPA. Posteriormente, foram descritos eventos de rearranjo genético entre

amostras de RVA em animais e criangas (Desselberger, 1996).
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Figura 3 - Padrao de rearranjo do segmento 11 na amostra S141. Adaptado de Schnepf

e colaboradores (2008). Legenda: ORF: Fase aberta de leitura.

1.5.3. Reestruturacéo de segmentos gendmicos (reassortments)

Nas reestruturacdes de segmentos gendmicos (reassortments) ocorre uma troca de
material genético entre dois virus similares durante infecgdes mistas (Figura 4). No caso dos
RVA, esta troca ocorre entre dois ou mais segmentos gendmicos de duas cepas (humana-
humana, humana-animal ou animal-animal) gerando uma progénie com segmentos
provenientes das duas cepas de origem. Os reassortments foram descritos por Matsuno e
colaboradores (1980), através da analise de uma co-infeccdo em cultura celular de RVA
bovino (Lincoln) e RVA simio (SA-11). Através de comparagdes eletroforéticas dos
segmentos de RNAfd do clone com os parentais, observou-se que o genoma reestruturado
apresentava os segmentos 4, 5 e 10 de SA-11 e segmentos 1, 2, 3, 6 e 11 de bovino, porém
néo foi possivel determinar a origem dos segmentos 7, 8, e 9 (Matsuno et al., 1980).

As reestruturagdes in natura que resultam em variantes ndo usuais, tém sido descritas
(Mascarenhas et al., 1989; Krishnam et al., 1994), bem como em isolados com especificidade
animal, sendo encontrados em outras espécies (Nakagomi & Nakagomi, 1991; Beards et al.,
1992; Taniguchi et al., 1994; Palombo & Bishop, 1995; Alfieri et al., 1996; Timenetsky et al.,
1997). Porém, esses isolados parecem ser mais frequentes nos paises em desenvolvimento,

provavelmente facilitados pelas precarias condi¢cdes de saneamento basico e higiene, defesas
17



imunolodgicas limitadas, parasitas, desnutricdo, além do estreito relacionamento entre o
homem e animais, proporcionando, assim, infeccbes mistas e consequentemente, maiores

possibilidade de ocorrer as reestruturacbes genéticas (Cook et al., 2004).

Rotavirus do Grupo A Rotavirus do Grupo A
Humano ou Animal Humano ou Animal

\ / Co-infecgao

Replicagéo e I | | | | Reassortment de um segmento
Morfogénese Viral

Progénese viral de Rotavirus do Grupo A com reassortment

Figura 4 - Esquema representativo do evento de reassortment em rotavirus da espécie
A.

1.5.4. Recombinacéo genética

A recombinacdo genética tem sido descrita como um importante mecanismo de geracao
de variabilidade genética e evolucgdo dos virus, ainda que sejam poucos os relatos registrando
0 acontecimento de eventos de recombinacgéo genética em RVA (Worobey et al., 1999). Além
disto, varios estudos descrevem a ocorréncia de infeccdes mistas com amostras de diferentes
gendtipos de RVA ou com diferentes linhagens de um mesmo genoétipo, ocorrendo em um
mesmo individuo, aumentando, desta forma, as probabilidades de ocorréncia de eventos de
reassorment e/ou recombinacdo geneética (Gouvea et al., 1995; Jain et al., 2001), Figura 5.
Porém, o evento de recombinagdo genética em RVA ainda € pouco conhecido e mais estudos
deverdo ser realizados para que melhor se entenda a dinamica da recombinacao genetica e sua

atuacdo sobre o hospedeiro (Phan et al., 2007).
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Rotavirus do Grupo A Rotavirus do Grupo A

\ / Co-infecgao

Replicacao X Recombinacdo Genética
Viral —l

Progénese viral com segmento recombinado

Figura 5- Esquema representativo do evento de recombinacdo genética de rotavirus da

espécie A.
1.5.5. Transmissdo interespécies de rotavirus da espécie A

A ocorréncia de transmissdo de RVA animal para humanos e vice-versa € mais descrita
nos paises em desenvolvimento, onde pode ocorrer um contato mais estreito entre humanos e
animais, principalmente os domésticos, além da caréncia de saneamento béasico e da
precariedade sistema de saude publica (Jain et al., 2001).

Vérios segmentos genémicos dos RVA parecem ser potenciais determinantes de
restricdo ao hospedeiro e viruléncia destes virus. Contudo, o entendimento dos processos de
base molecular a respeito da restricdo das espécies e sobre a viruléncia dos RVA estdo sendo
elucidados, através dos dados obtidos pelo sequenciamento completo do genoma de amostras
de RVA (Heiman et al., 2008; Matthijnssens et al., 2008; Tsugawa et al. 2008; Komoto et al.,
2013).
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1.6. REPLICACAO VIRAL

O ciclo replicativo dos RVA inicia-se com a adsorcdo da particula viral completa
(TLP) a membrana plasmatica da célula hospedeira. O processo de adsorcdo dos RVA é
complexo, envolve diferentes proteinas e ainda ndo foi completamente elucidado. Sabe-se que
é dependente de ions sédio (Na*), que pode ocorrer entre pH 5,5 e 8,0 e a baixas temperaturas
(4°C). Ainda, sabe-se da existéncia de mais de um receptor de membrana envolvido no
processo, sendo um localizado na regido apical da célula hospedeira e dependente de acido
sidlico e o outro localizado na regido basolateral da célula e independente de acido sialico. Em
células MA-104 o processo de adsorcdo dura de 10-12 horas a temperatura de 37°C (Ramig,
2004; Guerrero & Moreno, 2012; Estes & Greenberg, 2013).

A adsorcdo ocorre pela ligacdo entre as espiculas virais do capsideo externo (VP4) e
receptores especificos presentes na membrana plasmatica da célula alvo. Durante 0 processo
de adsorcdo, a proteina VP4 é clivada em VP5* e VP8* pela acdo da tripsina pancreatica. A
ligacdo da proteina VVP5* a receptores de membrana € independente de &cido siélico. A
proteina VP7 também parece estar envolvida no processo de adsorcdo, sendo acido-sialico
dependente. Ja foi demonstrado que a VVP7 se liga a proteina do choque térmico cognato 70
(HSC70) e as integrinas (Ramig, 2004; Guerrero & Moreno, 2012; Trask et al., 2012; Estes &
Greenberg, 2013), Figura 6.

A penetragcdo viral pode ocorrer por penetracdo direta e endocitose (indireta). Na
penetracdo direta, ocorre a perda do capsideo externo ap6s a adsorcdo e a DLP entra no
citoplasma como resultado da clivagem da VP4 em VP5* e VP8* a qual altera a
permeabilidade da membrana plasmatica, associado a a¢do de enzimas proteoliticas (Estes &
Greenberg, 2013). Outros estudos demonstram que na penetracédo direta a baixa concentracao
de Ca®* seja a responsavel pelo desnudamento da particula, liberando a DLP no citoplasma
(Chemello et al., 2002; Pando et al., 2002; Ruiz et al., 2009; Trask et al., 2012).

Na endocitose ndo ocorre a acdo das enzimas proteoliticas e o TLP permanece
aprisionado dentro do endossomo. O endossomo se funde a lisossomos e, aparentemente, ndo
ocorre a replicagdo viral, mas sim, a degradacdo do RVA. Esta observacdo sugere que ndo ha
desenvolvimento de infeccdo produtiva quando a penetracdo ocorre por endocitose. E

sugerido que a baixa concentracdo de Ca®* dentro das vesiculas endociticas solubilize as
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proteinas do capsideo externo e promovam a lise da mesma, liberando a DLP no citoplasma
(Venkataram et al., 2001; Estes & Greenberg, 2013), Figura 6.

Uma vez liberada no citoplasma, a DLP inicia o processo de replicagdo viral ativando
0 complexo interno da polimerase (VP1 e VP3) e os RNA(+) capeados séo transcritos. Estes
RNA(+) servem tanto como RNAmM na sintese das proteinas virais assim como moldes para
produzir RNA(-) durante a replicacdo viral. As proteinas sintetizadas e 0 RNAfs viral séo
reunidos no citoplasma da célula infectada, constituindo um material amorfo denominado
viroplasma. O empacotamento do genoma se inicia quando a VVP1 une-se ao extremo 3" do
RNA(+) viral. A proteina VP6 reconhece o core sintetizado formando as DLP. A NSP4 possuli
dominio citoplasmatico que ancora as DLP, por intermédio de VP6 e VP4, propiciando o
brotamento das DLP para o interior do RE. Pouco depois ocorre a montagem das particulas
com capsideo externo, resultando em particulas virais maduras com didmetro aproximado de
100 nm. Apos a liberacdo do virion da célula, as proteases do trato gastrointestinal clivam a
proteina VP4 em VP8* e VP5*, o que finalmente resulta no virion completo infeccioso
(McDonald & Patton, 2011; Estes & Greenberg, 2013), Figura 8. Estudos in vitro indicaram
que o RVA pode sair da célula através de lise da célula ou através da utilizacdo de uma via
secretora (Musalem & Espejo, 1985; Jourdan et al., 1997; Trask et al., 2012).
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Figura 6- Esquema da biossintese dos rotavirus da espécie A. Adaptada de Estes &

Greenberg, 2013. Legenda: ER- Reticulo Endoplasmatico; Ca*'- ion célcio; LC3- marcador
autofagossomal.

1.7. RESPOSTA IMUNE HUMANA CONTRA ROTAVIRUS DA ESPECIE A

Os RVA sdo reconhecidos pelas células do sistema imune, as quais evocam a cascata
de eventos que conduzem a ativagéo de fatores de transcricdo, do fator regulatorio de INF 3 e
do fator nuclear NF-kB. Esses fatores, por sua vez, induzem a liberacéo de INF tipo I (INF-a e
INF-b) (Wilkins & Gale, 2010; Lopez & Arias, 2012). Diferentes estratégias utilizadas pelo
RVA para evadir a resposta imune celular, a qual parece ser especifica para cada tipo de cepa

de RVA e tipo celular ja foram descritos (Lopez & Arias, 2012).

O RNAGJf parece ser o mediador principal envolvido na inducéo de INF em resposta a

infeccdo viral. Sensores celulares detectam a presenca do RNAdf e ativam uma cascata de
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eventos que promovem a inibicdo da sintese de proteinas celulares, a transcricdo dos genes
que codificam para INF e citocinas, induzindo a morte celular (Rehwinkel, Reis & Sousa,
2010; Lopez & Arias, 2012).

A infeccdo natural por RVA confere prote¢do clinica significativa durante uma
reinfeccdo (Linhares & Bresee, 2000; Angel et al., 2012). Estudos de coorte conduzidos no
México e em Guiné-Bissau mostraram que episodios recorrentes de infeccdo por RVA sédo
significativamente mais brandos que a primo-infeccdo (Velazquez et al., 1996; Fischer et al.,
2002). Entretanto, essa protecdo pode ser de curta duragdo, incompleta (Bishop et al., 1983)
ou idade-dependente (Ward et al., 2006). Um estudo recente realizado na india demonstrou
que a gravidade da diarréia por RVA ndo diminuiu de forma significativa entre a primeira e a
segunda infeccdo; mas sim, entre a segunda e a terceira infeccdo (Gladstone et al., 2011).
Considerando-se que a capacidade de producdo de anticorpos é idade-dependente, uma
infeccdo primaria por RVA tdo precoce pode ndo induzir de forma eficiente a resposta
protetora do sistema imune e, consequentemente, diminuir a eficacia da infec¢do natural em

induzir altos niveis de anticorpos protetores (Ward et al., 2006; Angel et al., 2012).

Os dados obtidos através de estudos com adultos voluntarios, infecgdes naturais e
ensaios vacinais indicam que a presenca de anticorpos séricos pode ser considerada um bom
marcador de protecdo. Contudo, o papel dos anticorpos intestinais, considerando que o sitio
de replicacdo dos RVA é o intestino delgado, na protecdo da infeccdo ainda ndo foi
demonstrado de forma consistente, devido a dificuldade de coleta de fluidos entéricos de
criangas com diarreia, a instabilidade dos anticorpos no intestino e a variacao na sensibilidade
dos métodos de detecgdo utilizados. Os niveis das células natural killers (NK), linfocitos T
citotoxicos (CTL) e citocinas, as quais podem exercer efeitos reais na protecdo contra a

infeccdo por RVA, sdo muito dificeis de serem mensurados (Jiang et al., 2002).

Tanto infeccBes primarias quanto secundérias causadas por RVA sdo capazes de
promover a producdo de anticorpos das classes 1gG, IgM e IgA no soro, saliva e secregdes
intestinais (Richardson & Bishop, 1990; Bhan et al., 1993). A VP6 é reconhecidamente a
proteina mais imunogénica, estimulando a producgdo de IgA, principalmente, na mucosa do
intestino delgado (Burns et al., 1996). A presenca de IgA contra a VP6 em secreg0es reflete a
habilidade de neutralizagéo viral pelo hospedeiro e, consequentemente, imunidade de mucosa

e resisténcia a reinfeccdo (Molyneaux, 1995).
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As proteinas VP7 e VP4 também sdo capazes de estimular a producdo de anticorpos
séricos neutralizantes, conferindo protecéo sorotipo-especifico (homotipica) aos hospedeiros
(Offit et al., 1986; Hoshino et al., 1988; Ward et al., 1996). Embora a resposta imunoldgica
classica dos RVA seja homotipica também existe uma resposta heterotipica uma vez que
RVA de gendtipos distintos reservam entre si proteinas idénticas e reagem de forma cruzada

com os multiplos sorotipos (Jiang et al., 2002; Ward et al., 2008).

O desenvolvimento da imunidade homotipica versus a heterotipica apds a infecgédo
natural (ou vacinacgdo) é um fendbmeno complexo e ainda ndo foi completamente esclarecido.
Diversos estudos relatam a ocorréncia de reinfec¢fes pelos mesmos gendtipos G ou P. Esses
estudos dao suporte a hipdtese de que as infeccBes naturais por RVA realmente produzem

uma protecdo incompleta (O’Ryan et al., 1994).

Considerando que a presenca de anticorpos no intestino delgado no momento de
exposicao aos RVA é fundamental para a prevencao da infeccdo, a presenca desses anticorpos
neutralizantes no colostro ou leite materno também deve ser importante (Molyneaux, 1995).
Embora anticorpos sorotipo-especificos tenham sido detectados no leite materno, a funcdo do
aleitamento na protecdo contra a GA ainda requer estudos adicionais (Estes & Greenberg,
2013).

InfeccOes por RVA ocorridas nos primeiros meses de vida em lactentes, de forma
assintomatica, parecem ser explicadas pela passagem de anticorpos maternos passivamente,
seja via transplacentaria (IgG), seja por ingestdo de leite materno (IgA) (Linhares et al.,
1989).

Embora estudos tenham sido realizados visando compreender a resposta imune
resultante da infeccdo por RVA em humanos e animais, oS mecanismos que conferem essa

protecdo ainda ndo estdo totalmente esclarecidos (Linhares & Bresee, 2000).

1.8. PATOGENESE

Os RVA séo altamente infecciosos e adaptados ao hospedeiro, podendo infectar
igualmente 0 homem e animais (Franco et al., 2006). A transmissdo deste virus € feita pela via
fecal-oral. Ap6s um periodo de incubacdo que varia entre 2 e 4 dias, os sintomas geralmente
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comecam abruptamente com febre e vomitos, seguidos de diarreia aquosa que pode durar de 3
a 8 dias (Staat et al., 2002; Lee et al., 2008).

A doenca provocada pelos RVA é mais frequente em criangas entre 3 e 36 meses de
idade, e acredita-se que multiplas infeccGes ocorram ao longo da vida e que por causa da
imunidade adquirida nestes episodios, as criancas com idade mais avancada e os adultos
sofram com episddios menos graves e/ou assintomaticos (Anderson & Weber, 2004).

Os RVA se replicam no epitélio do intestino delgado, mais especificamente nos
enterécitos maduros, com funcdo digestiva e absortiva, que recobrem o topo das
microvilosidades da mucosa duodenal (Estes & Greenberg, 2013). A diarreia causada pelos

RVA é multifatorial e, portanto, diversos mecanismos estdo envolvidos (Quadro 2).

Mecanismos Comentarios

Sé demonstrado em camundongos; ocorre
durante o inicio da infeccdo, antes da morte
celular

A acdo da toxina NSP4 induz diarreia
secretoria

Drogas que inibem o SNE sdo efetivas para

tratar a diarreia causada pelos RVA,; ocorre

durante o inicio da infeccdo, antes da morte
celular

Estimulagdo do sistema nervoso entérico
(SNE) induz diarreia secretoria e aumenta
a motilidade intestinal

A alteracdo no metabolismo das
dissacaridases e outras proteinas de Ocorre durante o inicio da infeccdo, antes da
membrana dos enterdcitos induz a diarreia morte celular
osm@tica e mal absortiva

A morte dos enterdcitos contribui para a
ocorréncia da diarreia osmotica e mal Mecanismos tardios
absortiva

Quadro 2. Resumo apresentando os mecanismos envolvidos na geracdo de diarreia pelos

rotavirus da espécie A. Adaptado de Franco e colaboradores (2006).

Apos a internalizacdo do virus na célula, eventos intracelulares causam a liberagéo de
Ca®* do RE desencadeando uma série de processos celulares, incluindo a disjuncdo do
citoesqueleto, a diminuicdo da expressdo de dissacaridases e outras enzimas presentes na
superficie apical, a inibicio do sistema de co-transporte de ions Na" e necrose. Estes eventos

levam a dificuldade na absorcdo através da diminuicdo na capacidade absortiva do epitélio
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(Ramig, 2004). Um fragmento da proteina NSP4 é secretado da célula e é capaz de induzir o
aumento de Ca®" intracelular em células vizinhas amplificando o efeito da infeccdo causada
pelo virus (Zhang et al., 2000; Tafazoli et al., 2001).

As alteracdes histopatologicas, primariamente localizadas no intestino delgado,
caracterizam-se por lesdes visiveis a microscopia Optica e de gravidade variavel, desde a
vacuolizacdo do enterdcito até o grave comprometimento do epitélio com atrofia das
vilosidades e hiperplasia das criptas (Estes & Greenberg, 2013). Na maioria dos casos nédo
existe correlacdo entre a gravidade clinica e as alteracdes histopatoldgicas encontradas, o que
sugere o envolvimento de diferentes mecanismos nos mecanismos das diarreias associadas ao
RVA, acreditando-se na participagdo de componentes determinantes de ma-absorcao e outros
secretores (Widdowson et al., 2005; Greenberg e Estes, 2009).

O sistema nervoso entérico (SNE) se localiza imediatamente abaixo do epitélio das
vilosidades, e esta localizado para receber estimulos do epitélio danificado pela infeccdo por
rotavirus. Lundgren e colaboradores (2000) demonstraram que o SNE esta envolvido na
diarreia causada pelos RVA. Posteriormente foi demonstrado que a ativagdo de SNE ocorre
pela liberacdo de prostaglandinas, serotonina (5-HT), peptideos sinalizadores, citocinas e da
enterotoxina viral NSP4, ocasionando o aumento da motilidade intestinal (Boshuizen et al.,
2004; Hagbom et al., 2011).

1.9. TRATAMENTO E PREVENCAO

Dentre as medidas gerais indicadas para a prevencgéo e controle da GA de qualquer
etiologia destacam-se o incentivo ao aleitamento materno precoce e exclusivo até o sexto més
de vida, a lavagem das maos, o consumo de agua tratada, 0 acesso ao saneamento basico e a

oferta de tratamento adequado para as criancas acometidas (WHO, 2013).

O tratamento da diarreia causada pelos RVA tem como base repor as perdas de fluidos
e eletrolitos. Para a reidratacdo da crianca pode-se utilizar a formula preconizada pela OMS
ou ainda outra formula comercial disponivel. Estas formulas tem se mostrado efetivas para

criangas com desidratagdo moderada (Bernstein, 2009).

Nos casos de diarreia grave é recomendavel a utilizagdo de fluidos intravenosos, ou no

caso de que a crianca tenha dificuldade de degluticdo devido a intensidade dos vomitos. A
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terapia nutricional e a assisténcia médica sdo extremamente importantes, ajudando a reduzir a

morbimortalidade causada pelos RVA.

N&o existem medicamentos antivirais disponiveis para o tratamento da infeccéo pelos
RVA, entretanto, diversos estudos demonstram a atividade antiviral de algumas drogas frente
a estes virus (Rossignol et al., 2006; Teran et al., 2009; La Frazia et al., 2013; Shen et al.,
2013).

A nitazoxanida, agente utilizado no tratamento de helmintos e protozoarios, vem
sendo testada para um possivel uso terapéutico em caso de GA causada por RVA em criangas
(Dennehy, 2013). Doses de 15 mg/kg/dia duas vezes ao dia, durante trés dias, reduziu
significativamente a duragédo da diarreia e o tempo de hospitalizacdo em criangas com GA
causada por RVA (Rossignol et al., 2006). No entento, a aplicacdo na pratica clinica diaria
deverd ser avaliada criteriosamente, ainda ndo sendo este agente recomendado para o

tratamento das diarreias causadas por RVA.

O uso de vacinas efetivas, capazes de proteger a crianga particularmente contra as
formas moderadas e graves da GA por RVA, representa a principal estratégia para a reducao
da morbimortalidade associada a esse virus (Atherly et al., 2012). Algumas vacinas ja foram
desenvolvidas ou estdo em desenvolvimento, entretanto, somente duas Rotarix® (RV1) e
Rotateq® (RV5) estdo licenciadas para uso em varios paises, incluindo o Brasil (O'Ryan et al.,
2011). No quadro 3 estdo apresentadas as vacinas RVA em desenvolvimento/ licenciadas

mundialmente.
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Vacina

Conceito e formulacéo

Sorotipo[Gendtipo]

Fabricante

Status

LLR

Rotarix (RV1)

RotaTeq (RV5)

UK-recombinante
RV3

116E

1321

BIRVI

Monovalent like oral lamb LLR strain

Oral, monovalente, cepa humana (89-12)

Oral, pentalalente, reassortant humano-bovino
(WC3)

Oral, hexavalente, reassortant humano-bovino
(UK)

Oral, monovalente, cepa humana (RV3)

Oral, monovalente, cepa humana (116E)

Oral, monovalente, cepa humana (1321)

Oral, monovalente, cepa humana (AU64)

G10P[12]

G1P[8]

G1, G2, G3, G4, P[8]

G1, G2, G3, G4, G8, G9
G3P[6]

GOP[11]

G10P[11]

G1P[4]

Lanzhou Institute of

Biological Products
(China)
GlaxoSmithKline
(Bélgica)

Merck (EUA)

NIH (EUA)

DynCorp (EUA)
Bharat Biotech
(india)
Bharat Biotech
(india)
Biken (Japé&o)

Licenciada (China)

Licenciada

Licenciada

Fase |
(Brasil, India e China)

Fase I-11

Fase 111

Fase 111

Em desenvolvimento

Quadro 3. Vacinas rotavirus da espécie A em desenvolvimento e/ou licenciadas no mundo. Adaptado de Yen e colaboradores (2011).
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A vacina RV1 é atenuada de origem humana, monovalente de especificidade G1P[8] derivada
da amostra 89-12 e de uso oral (Cheuvart et al., 2009). Os estudos de fases Il e Ill realizados na
América Latina, incluindo o Brasil, envolveram aproximadamente 100.000 criangas e demonstraram
niveis protetores médios de 85% contra a GA grave e hospitalizacbes por RVA. A vacina também
apresentou elevada eficacia em prevenir GA de qualquer gravidade causada pelo gendétipo G1 (92%)
e 0s gendtipos G3, G4 e G9 (88%). No que se refere a internacdes devido a GA de qualquer etiologia,
evidenciou-se protecdo de 42% (Ruiz-Palacios et al., 2006). No Brasil, a RV1 denominada Vacina
Oral de Rotavirus Humano (VORH) foi introduzida no PNI em marco de 2006 no Brasil. E
administrada em duas doses, a primeira a partir de 1 més e 15 dias até 3 meses e 7 dias, e a segunda
dose de 3 meses e 7 dias até 5 meses e 15 dias, respeitando-se as faixas etérias preconizadas
(Ministéerio da Saude, 2006).

No Brasil, redugdes nas admissdes hospitalares relacionadas a GA foram significativas tanto
nas regides mais desenvolvidas (Sul e Sudeste), bem como nas regides mais pobres do Brasil (Norte e
Nordeste), onde os indicadores socioeconémicos e de salude se aproximem aguelas dos paises menos

desenvolvidos (do Carmo et al. 2011; Carvalho-Costa et al., em preparagéo).

Estudos realizados na America Latina e Europa apresentam evidéncias de que um esquema
vacinal incompleto (uma dose apenas) confere protecdo de 89,8% e 62,5%, respectivamente, apesar
de ocorrer em niveis inferiores a observada em criangas que receberam o esquema vacinal completo
(Lopez et al.,, 2006; Vesikari et al., 2006). Também na Europa, um estudo envolvendo o
acompanhamento de gémeos na mesma familia detectou a cepa vacinal em pelo menos um espécime
fecal entre 18,8% daqueles que receberam placebo, sugerindo transmissdo horizontal decorrente da
imunizacgdo em larga escala com a vacina RV1 (Rivera et al., 2011).

A vacina RV5 é constituida por cepas de RVA geneticamente reestruturadas, de origem
humana e bovina, contendo em quatro delas a expressdo das proteinas VP7 (G1, G2, G3, G4) em
combinacdo com a VP4 (P[8]), assumindo composicao final pentavalente. Ela é administrada em trés
doses, aos 2, 4 e 6 meses, sendo a primeira entre 6-12 semanas e as subsequentes a intervalos de 4-10
semanas, completando-se o esquema até 0 maximo de 32 semanas (Yen et al., 2011; WHO, 2013).
Um estudo voltado a eficacia da vacina RV5 evidenciou indices protetores de 74% contra GA em
geral e 96% e 93%, se considerados os atendimentos ambulatoriais e as hospitalizagdes,
respectivamente (Vesikari et al., 2006). Um estudo realizado com cepas de criangas brasileiras
provenientes das regides Centro-Oeste (Goias), Nordeste (Bahia), Sudeste (Sdo Paulo) e Sul (Porto

Alegre) demonstrou que a RV5 reduziu 93% do nimero de internagdes de criangas por GA causada
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por RVA, com uma reducdo anual de hospitalizacfes estimada entre 42.991 e 77.383, nas quatro

regides combinadas (El Khoury et al., 2011).

O impacto que o uso generalizado de vacinas RVA podera ter sobre a diversidade e evolucéo
dos RVA humanos ainda ndo esta totalmente esclarecido uma vez que a maioria dos programas de
vacinacao foi recentemente estabelecida (Patel et al., 2011; Kirkwood, 2010). No entanto, estudos
poOs-vacinais revelaram a excrecdo e a transmissdo de cepas vacinais em criancas vacinadas e nao
vacinadas (Payne et al., 2011; Bucardo et al., 2012; Donato et al., 2012).

No Brasil, um estudo realizado ap6és a introducdo da vacinacdo em massa com a RV1
demonstrou a ocorréncia de reassorment entre cepa selvagem e a vacina em criangas vacinadas e néo
vacinadas (Rose et al., 2013). O mesmo estudo demonstrou a presenca de um segmento genémico
vacinal em uma crianga ndo vacinada, sugerindo a capacidade de imunizacgdo coletiva da vacinacdo
por RV1 no Brasil. Portanto, essas constatacdes sugerem que os segmentos genémicos dos virus da
vacina podem ser introduzidos nos virus humanos em circulacdo através de reassortment. Todos
estes dados indicam que a pressao seletiva proveniente das vacinas pode ser sutil, podendo levar anos

para se tornar aparente justificando a necessidade de uma vigilancia longitudinal.

1.10. EPIDEMIOLOGIA DOS ROTAVIRUS DA ESPECIE A

A distribuicdo dos gendtipos de RVA varia espacial e temporalmente e maltiplos gendtipos G
e P podem cocircular na populacédo, inclusive dentro da mesma regido geografica. Com relacdo a
sazonalidade, é possivel observar um padrdo apenas nas regides de clima temperado, com surtos e
epidemias nos meses mais frios e secos do ano. Em geral, nas regides de clima tropical as infeccGes
por RVA ocorrem ao longo de todo o ano (Estes & Greenberg, 2013). A maioria dos estudos
epidemioldgicos tem demonstrado que amostras de RVA de genétipos G1P[8], G2P[4], G3P[8],
G4P[8] e GIP[8] sdo responsaveis pela maioria das infeccdes em humanos (92%), sendo importantes
alvos de estudos para o desenvolvimento de vacinas (Kirkwood, 2010). Apesar do genotipo G1P[8]
ser o0 mais prevalente mundialmente, sendo responsavel por mais de 70% das infec¢des por RVA na
América do Norte, Europa e Austrélia, este genotipo representa somente 30% das infecgdes por RVA
na América do Sul e Asia e 23% na Africa (Tate et al., 2010).
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Nos paises desenvolvidos, as cepas de gendtipos G1P[8], G2P[4], G3P[8], G4P[8] e GIP[8]
(mais comuns mundialmente) séo detectadas em aproximadamente 100% das infec¢Oes causadas por
RVA. Nos paises em desenvolvimento, além das cepas comumente detectadas, combinacGes
incomuns de RVA (geralmente devido ao evento de reassortment com cepas animais) também sao
detectadas e exibem ampla variagdo de uma regido para outra. Um programa de vigilancia conduzido
pela WHO em 2010 evidenciou que as cepas incomuns predominantes eram: G12P[8] e G12P[6] no
sudeste asiatico; G2P[6], G3P[6] e G1P[6] na Africa Sub-Saariana; G1P[4] e G2P[8] no Pacifico
Oeste e; G9P[4] nas Américas (WHO, 2011; Patton, 2012).

No Brasil estes genotipos representam 75% dos RVA detectados (Carvalho-Costa et al.,
manuscrito em preparacdo). Os gendtipos G1-G4 e G9 foram os mais prevalentes nas Gltimas 3
décadas. O geno6tipo G5, comumente descrito em suinos, foi primeiramente detectado em humanos
no Brasil por Gouvea et al. (1994) e considerado endémico nas décadas de 1980 e inicio de 1990,
sendo substituido pelo gendtipo G9 que emergiu mundialmente na década de 1990 e rapidamente
tornou-se um dos cinco gendtipos de RVA mais prevalentes (Rahman et al., 2005; Matthijnssens et
al., 2010). Um surto de GA no estado do Acre no ano de 2005 foi atribuido ao RVA de gendtipo
GI9P[8], sendo descritas 12,145 hospitalizacGes e oito mortes na municipalidade de Rio Branco
(Siqueira et al., 2010). Analises filogenéticas de amostras detectadas neste surto revelaram a
circulacdo de uma nova variante do genotipo G9P[8] que até o momento s6 tem sido descrita no
Brasil (Tort et al., 2010). Na Argentina, este genétipo foi o mais prevalente entre 2006-2008, sendo
que em 2009 a deteccdo deste gendtipo teve uma drastica reducdo e concomitantemente ocorreu o
aumento dos genotipos G3P[8] e G12P[8] (Stupka et al., 2009).

Em 2005 o genotipo G2P[4] reemergiu e tornou-se o genétipo mais prevalente no Brasil no
periodo de 2006 a 2011 (Figura 7) (Leite et al., 2008; Linhares et al., 2011; Carvalho-Costa et al.,
2011; Carvalho-Costa et al., manuscrito em preparacdo). No periodo de 2006 a 2007, primeiro ano de
implementacdo da vacina RV1, G2 foi detectado nos estados do Rio de Janeiro, Sergipe,
Pernambuco, Piaui e Minas Gerais (Leite et al., 2008). Na regido Nordeste do Brasil, diferentes
estudos mostraram uma prevaléncia de 100% para o genoétipo G2P[4] no ano de 2007 (Gurgel et al.,
2007, Nakagomi et al., 2008). Estudos realizados na regido Norte do Brasil demostraram que a re-
emergéncia de G2 alcangou taxas de até 90% (de Oliveira et al., 2008). Deve-se destacar que no Sul
do pais 0 gendétipo mais prevalente em 2009 foi 0 G3P[8]. Dados recentes demonstram que em 2012
0 gendtipo G2P[4] deixou de ser o mais prevalente no Brasil e observou-se um aumento na
prevaléncia dos genotipos G3P[8]/G3P[X] e G9IP[8]/GIP[X] (Carvalho-Costa et al., manuscrito em

preparacgéo).
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Recentemente, outros genotipos estdo sendo descritos e considerados como emergentes
epidemiologicamente no mundo. Este é o caso de G5, em paises da Africa e da Asia; assim como G8,
G10 e G12 mundialmente (Matthijnssens et al., 2010; Iturriza-Gémara et al., 2011). No Brasil 0s
genétipos G2P[8]; G3P[4]; G4P[6]/P[9]; G5P[6]/P[8]/G5P[NT]; GB8P[4]/P[8]; G9P[4]/P[6];
G10P[9]; G12P[9]/P[8]/P[6] e G6 tem sido detectados esporadicamente (Araujo et al., 2001;
Mascarenhas et al., 2002; Pietruchinski et al., 2006; Domingues et al., 2008; Leite et al., 2008;
Soares et al., 2011; Gémez et al., 2013; Gomez et al., 2014).

2

- G1P(8] / G1P[NT]
- G2P[4] / G2P[NT]
- G3P[8] / GIP[NT]

Centro-Oest? - G4P(8] / G4P[NT]
# - GOP[8] / GOP[NT)
i Atipica
"' Mista

Figura 7- Distribuicdo dos gendtipos de rotavirus da espécie A no Brasil entre 2005 e 2009. Figura
adaptada de Carvalho-Costa et al., 2011.
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2. JUSTIFICATIVA

Apesar dos mecanismos relacionados tanto com a diversidade de hospedeiros quanto
evolutivos propiciarem o0 surgimento de novos genotipos de RVA, a maioria dos estudos
epidemioldgicos tem demonstrado que cepas de genotipos G1P[8], G2P[4], G3P[8], G4P[8] e GOP[8]
sdo responsaveis pela maioria das infeccbes em humanos. No Brasil, estes gendtipos representam
aproximadamente 75% das cepas de RVA descritas (Leite et al., 2008, Linhares & Justino, 2014;
Carvalho-Costa et al., manuscrito em preparacéo).

A genotipagem de cepas de RVA circulantes no pais em dois periodos pré-vacinais
compreendidos entre 1982-1995 e 1996-2005, demonstram que as combinag0es mais frequentemente
encontradas foram: G1P[8]/G1P[?], GOP[8]/ GOP[?], G2P[4])/ G2P[?], G3P[8]/ G3P[?], G4P[8]/
G4P[?] e G5P[8]/ G5P[?] (Leite et al., 2008).

No Brasil, 0 genotipo G5, comumente descrito em suinos, foi primeiramente detectado em
humanos no Brasil por Gouvea et al. (1994) e considerado endémico nas décadas de 1980 e inicio de
1990, sendo substituido pelo genétipo G9 que emergiu mundialmente na década de 1990 (Kapikian et
al., 2001, Gentsch et al., 2005; Leite et al., 2008). Este genotipo foi descrito mais recentemente
infectando humanos em outros paises: Camardes (Esona et al.,2009), Bangladesh (Hashizume et al.,
2008), Bulgéaria (Mladenova et al., 2012), China (Duan et al., 2007), Japdo (Komoto et al., 2013),
Taiwan (Wu et al., 2011), Vietnd (Ahmed et al., 2007) e novamente no Brasil (Carvalho-Costa et al.
2007).

Dentre 0s genotipos mais detectados mundialmente, o G1 é o responsavel por
aproximadamente 50% de todas as infecgdes por RVA, tendo sido identificado em todos os
continentes nas Ultimas décadas (Gentsch et al, 2005; Santos & Hoshino, 2005; Parashar et al., 2006;
Barril et al., 2013; Hemming et al., 2013). No Brasil, o genédtipo G1 foi descrito como o gendtipo
predominante em infec¢des por RVA em criancas desde a década de 1980 até 2006, ano de
introducdo da vacina RV1 no pais e permanece sendo detectado, em menor frequéncia, entre cepas de
RVA coletadas de criancas de diferentes regides brasileiras (Leite et al., 2008, Gomez et al., 2013,
Rose et al., 2003, Carvalho-Costa et al., em preparacao).

O Brasil foi o primeiro pais a introduzir a vacinacdo em massa RV1, em marco de 2006
(O'Ryan et al., 2011), apresentando o genotipo mais prevalente mundialmente (G1P[8]) em sua
COMpOsiGao.

A OMS recomenda o monitoramento da diversidade genética das cepas de RVA circulantes
para se identificar a emergéncia de geno6tipos, como ocorreu com 0 gen6tipo G9 na decada de 1990

(Linhares et al., 2011) e recentemente, a emergéncia de novos genotipos como G8 e G12 foi descrita
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em diferentes continentes (Castello et al., 2009; Gomez et al., 2010, in press; Hassine-Zaafrane et al.,
2011; Sanchez-Fauquier et al., 2011).

Na literatura, a maioria dos estudos esta relacionada a caracterizacdo dos genes que codificam
para as proteinas VP7, VP8*, VP6 e NSP4. Embora os dados sobre a diversidade do gene que
codifica para a VP7 e/ou VP8* sejam importantes do ponto de vista da imunidade do hospedeiro
contra a doenca causada pelo RVA, informag6es sobre esses genes ndo seriam suficientes para obter
dados conclusivos sobre a dindmica evolutiva destes virus, uma vez que a natureza segmentada do
genoma dos RVA propicia a ocorréncia de uma série de mecanismos geradores de variabilidade
genética que podem ndo ser detectados apenas pela analise dos genes que codificam as proteinas do
capsideo externo.

Neste contexto, visamos analisar os 11 genes (constelacdo génica) de cepas de RVA de
gendtipos G5P[8] e G1P[8] circulantes no Brasil entre 1986 e 2013, antes e ap0s a introducdo da
vacinacdo em massa com a RV1 para melhor entender a dindmica evolutiva deste virus.

Especificamente, questionamos: As cepas brasileiras de gendtipo G5 apresentam constelacéo
gendmica mais semelhante as cepas humanas ou suinas? Os genes internos das cepas de genotipo G5
Brasileiras sdo semelhantes aos apresentados pelas cepas G5 Africanas e Asiaticas detectadas apds a
década de 2000? A introducdo da vacinacdo massiva pela RV1 exerceu alguma pressdo sobre a
circulacdo deste genotipo no pais? As cepas G1P[8] circulando apéds a introducdo da vacina RV1 séo
diferentes das cepas circulantes no periodo pré-vacinal? Qual mecanismo envolvido no sucesso da
permanéncia do gendtipo P[8] em associacdo com diferentes gendtipos G nas Gltimas trés décadas no

Brasil, mesmo ap0s a introducdo de duas vacinas com este gen6tipo em suas composicées?
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3. OBJETIVOS

3.1. Geral

Analisar a constelacdo génica de cepas de RVA de gen6tipos G5P[8] e G1P[8] coletadas entre
0s anos de 1986 e 2013 no Brasil, pré e pos-introducédo da vacina RV1 pelo PNI.

3.2. Especificos

. Realizar a caracterizacdo molecular e analise filogenética baseada nos genes que codificam
para VP1, VP2, VP3, VP8" e VVP7 de cepas de RVA de genétipo G5P[8] circulando no Brasil entre
1986 e 2005 (artigos 1 e 2);

. Realizar a caracterizacdo molecular e andlise filogenética baseada nos genes que codificam
para VP6, NSP1, NSP2, NSP3, NSP4 e NSP5 de cepas de RVA de gendétipo G5P[8] circulando no
Brasil entre 1986 e 2005 (apéndice);

. Realizar a caracterizagdo molecular e analise filogenética baseada no gene que codifica para
VP8" de cepas de RVA de gendtipo P[8] em associacdo com diferentes genétipos G circulando no
Brasil entre 1986 e 2011 (artigo 3);

. Analisar a constelacdo génica de cepas de RVA de genétipo G1P[8] circulando no Brasil

antes e apés a introducdo da vacina RV1 no pais (artigo 4).
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4. METODOLOGIAS E RESULTADOS

As metodologias utilizadas e os resultados obtidos neste manuscrito seréo apresentados sob a

forma de artigos publicados ou em fase de submissdo em revistas cientificas indexadas.
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CAPITULO Il

ANALISE FILOGENETICA DOS ONZE SEGMENTOS
GENICOS DE CEPAS DE RVA COLETADAS DE CRIANCAS
BRASILEIRAS DE GENOTIPO G5P[8] COLETADAS ENTRE

1986 E 2005

(ARTIGOS 1 E 2)
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1. Artigo 1: Gene de VP7 de RVA humano de gendtipo G5: analise filogenética revela a existéncia
de trés linhagens mundialmente.

Publicado em: Journal of medical virology

Fator de impacto: 2,373

Resumo: Neste estudo foram realizadas analises filogenéticas baseadas nos genes que codificam para
VP7 e VP8* de cepas brasileiras de gendtipo G5P[8] circulantes no Brasil entre 1986 e 2005. A
analise do gene de VVP7 demonstrou a existéncia de trés linhagens de G5: Linhagem I, agrupando
cepas brasileiras de origem humana e trés cepas suinas coletadas na Tailandia no ano de 2006, a
linhagem 11, onde agruparam cepas de origem animal coletadas mundialmente e linhagem IlI,
agrupando cepas africanas e asiaticas de origem humana, além de duas cepas argentinas de origem
suina. A anélise do gene de VP8* demonstrou que o genétipo G5 circulou no Brasil em associacdo
com trés linhagens de P[8]: P[8]-1, P[8]-2 e P[8]-3.
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VP7 Gene of Human Rotavirus A Genotype G5:
Phylogenetic Analysis Reveals the Existence of
Three Different Lineages Worldwide
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Group A rotavirus (RV-A) genotype G5, which is
common in pigs, was also detected in children
with severe diarrhea in Brazil, Argentina, Para-
guay, Cameroon, China, Thailand, and Vietnam.
To evaluate the evolutionary relationship among
RWV-A G5 strains, the VP7 and VP4 genes of 28
Brazilian RV-A G5 human strains, sampled
between 1986 and 2005, were sequenced and
compared with other RV-A G5 strains currently
circulating worldwide in animals and humans.
The phylogenetic analysis of RV-A G5 VP7 gene
strains demonstrates the existence of three
main lineages: (a) Lineage |: Brazilian strains
grouped with three porcine strains from Thai-
land; (b} Lineage Il: porcine, bovine, and equine
strains from different regions; (c) Lineage Il
human strains isolated in Asia and Africa, and
two porcine strains from Argentina. The VP8*
{(*non-typable) subunit of VP4 gene sequencing
showed that all P[8] strains fell into three major
genetic lineages: P[8]-1; P[8]-2; and P[8]-3. These
results showed that the RV-A G5 strains circulat-
ing in humans are the result of two independent
zoonotic transmission events, most likely from
pigs. J. Med. Virol. 83:357-366, 2011.

@ 2010 Wiley-Liss, Inc.

KEY WORDS: gastroenteritis; group A rotavi-
rus; genotype G5 lineages; phy-

logenetic analysis

INTRODUCTION

Group A rotaviruses (RV-A) are the major cause of
acute gastroenteritis in young children and in a wide
variety of animals. These wviruses, which belong to
the Reoviridae family and Rofavirus genus are non-
enveloped, icosahedral particles consisting of 11 seg-
ments of double-stranded genomic ENA (dsENA) that
are enclosed in a triple-layered protein capsid. The RV-A

@ 2010 WILEY-LISS, INC.

gene segments are monocistronic and encode for six
structural (VP14, 6, and 7) and four non-structural
proteins (NSP1-4), except for the gene segment 11,
which has two overlapping ORFs and encodes for NSP5
and NSPE. The EV-A binary classification system is
based onthetwo outercapsid proteins analysis, VP7 and
VP4, defining G (for glycoprotein) and P (for protease
sensitive) genotypes, respectively. In extensive molec-
ular studies, at least, 23 G and 32 P genotypes havebeen
established for RV-A from humans and animals thus far
[Abe et al., 2009; Matthijnssens et al., 2009; Schumann
etal., 2009; Solberg et al., 2009; Ursuetal., 2009; Collins
etal., 2010].

The most common BV-A G genotypes found in humans
are G1-G4 and G9 [Gentsch et al.,, 2005; Santos and
Hoshino, 2005; Leite et al.,, 2008]. Although it was
originally believed that animal EV-A did not infect
humans under natural conditions, the intensification of
RV-A surveillance worldwide, together with the devel-
opment of molecular characterization methods, have
resulted in the detection of animal-like RV-A strains
such as the porcine-like G5 strain in humans [Gentsch
etal., 2005; Leite et al., 2008]. RV-A genotype G5, which
are common in pigs but also found in horses, cattle and
other animals, were identified in infected children in
Brazilinthe 1980s [Gouvea et al., 1994 ). After 1996, the
(5 genotype became only sporadically detected in Brazil
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[Leiteetal., 2008]. Genotype (G5 has lately been reported
in children with severe diarrheain Argentina [Bok et al.,
2001], Paraguay [Coluchi et al., 2002], Cameroon [Esona
et al,, 2004, 2009], China [Duan et al, 2007], Vietnam
[Ahmed et al., 2007], and Thailand [Chan-It et al., 2008],
suggesting that the G5, although uncommon in humans,
is present worldwide.

There are few studies investigating the phylogenetic
relationship among human and amimal G5 strains
[Alfieri et al., 1996; Esona et al., 2004, 2009; Ahmed
et al., 2007; Araujo et al., 2007; Duan et al., 2007; Chan-
It et al., 2008]. Thus, the main purpose of this study was
to carry out sequence analysis to characterize the VP7
and VP4 genes of Brazilian G5 RV-A strains, compared
with other G5 RV-A strains of animal and human origin
that circulate in different continents whose sequences
are available in the NCBI Database at the GenBank
(http://'www.ncbinlm nih gov/nuceore). Based on the
phylogenetic analysis, the results of this study suggest
the existence of three different G5 VP7 EV-A lineages
and show the circulation of three VP4 lineages (P[8]-1,
P[8]-2, and P[8]-3) in association with G5 VPT7 genotype
in Brazil between 1986 and 2005.

MATERIALS AND METHODS
Study Population

Twenty-eight diarrheic stool specimens genotyped as
P[8IGE were collected between 1986 and 2005 from
children presenting acute diarrhea in public or in
private hospitals in the states of Rio de Janeiro, Sao
Paulo, Minas Gerais, and the Federal District of Brazil.
The nucleotide sequence data reported in this study
were submitted to GenBank with accession numbers:
GQ377721-GQ377748 (VPT gene) and GQ421818—
GQ421845 (VP4 gene).

Nucleic Acids Extraction, VP7, and VP4 Gene
Amplification and Nucleotide Sequencing

The viral genomic dsRNA was extracted by the glass
powder method [Boom et al., 1990]. The viral dsRNA
was reverse transcribed (RT) and the VPT7 gene was
amplified using the consensus plus-sense primer 9conl
(37-56 nt), described by Das et al. [1994], together with
the G5-genotyping minus-sense primer FT-5 positions
(7T79-760 nt), described by Gouvea et al. [1994]. In the
VP4 RT-PCR was used VP4 consensus primers 4con3
(11-32nt) and 4econ2 (B87-868nt) [Gentsch et al,
1992].

The VP7 and VP4 primers used to obtain the RT-PCR
amplicon were employed individually for gene sequenc-
ing. Forward and reverse strand amplification reaction
was carried out, at least twice, for each VP7 and VP4
sequence obtained. DNA sequencing was performed
with an ABI Prism Big Dye Terminator Cyele Sequene-
ing Ready Reaction Kit® and an ABI Prism 3730
Genetic Analyzer® (both from Applied Biosystems,
Foster City, CA) by Genomic Platform of DNA sequenc-
ing PDTIS/FIOCRUZ [Otto et al., 2008].
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All procedures to avoid cross-contamination were
performed, including negative controls (DNase/RNase
free water—Gibeo, Grand Island, NY—with RN aseOut—
Invitrogen, Carlsbad, CA), during all steps.

Phylogenetic and VP7 Genetic Distance Analyses

The sequences were aligned using the CLUSTAL W
program [Thompson et al., 1994]. Phylogenetic and
genetic distance analyses were performed using MEGA
v.4.0 software package [Tamura et al., 2007]. Tree
reconstructions were performed by the neighbor-joining
method, based on the Kimura two-parameter model
[Kimura, 1980]. Confidence values of the internal nodes
were calculated by performing bootstrap analyses with
2,000 replicates. The mean genetic distances among
distinet G5 RV-A groups were estimated with the
Kimura two-parameter model for nucleotide distances,
on the other hand the JTT model [Jones et al., 1992] was
applied for amino acid distances and the Pamilo—
Bianchi-1i method [Li, 1983; Pamilo and Bianchi,
1993] for synonymous [dS] and nonsynonymous [dN]
distances.

Sequence Identity Study

Sequence identity matrices based on the nucleotide
and amino acid sequences were constructed using the
BioEdit Program, version 7.0.9.0 [Hall, 1999]. The
nucleotide and amino acid sequences used for the matrix
construction of VP7 and VP4 available in the NCBI
Database at the GenBank were: (1) VP7: IAL28 (P[B]G5)
(L79916), BrHS (P[8]G5) (GAU1005), BR1054 (P[8]G5)
(GAU1003), CC117 (P[?*]G5) (L35056), A34 (P[23]G5)
(L35059), H1 (P[71G5) (AF242393), C134 (P[?1G5)
(L35058), MRC3105 (P[B]G5) (AY327107), CMP178
(P[13]G5) (DQ515961), CMP204 (P[?]G5) (DQ683523),
CMP206 (P[?1G5) (DQR683524), KJ75 (P[5IGA)
(DQ494394), KJ44 (P[1]G5) (DQ494393), E-1 (P[7]G5)
(FJ807302), K291 (P[7]G5) (EU541409), I-1 (P[TIG5)
(FJ807853), 205-1 (P[T]G5) (FJ807849), K5 (P[7]GA)
(EU541404), KV0404 (P[7]G5) (EU873013), JL94
(P[7]1G5) (AY538665), 19 (P[7TIG5) (FJB0T816), Ad6
(P[?1G5) (L35054), 134/04-15 (P[26]G5) (DQO62572),
LL36755 (P[RlG5) (EF077484), LL3354 (P[RIG5)
(EF159575), LL4260 (P[6]1GA) (EF159576), KH210
(P[B]G5) (AB257126), and 6784 (P[7]G5) (EF218667);
(2) VP4: IAL28 (P[B]G5) (EFAT725584), BR1054 (P[BIG5)
(GAU41004), BrH8 (P[8]G5) (GAU41006), L8 (P[8]G1)
(AF061358), Wa (P[8]G1) (L34161), B3458 (P[8]G9)
(EF990707), MW279 (P[8]G1l) (AJ302144), Wi6l
(P[8]G9) (EF672619), OP351 (P[8]G1l) (AJ302147),
MW670 (P[8IG4) (AJ302146), OP354 (P[8]G4)
(AJ302148), F45 (P[B]G9) (U30716), DS-1 (P[4]G2)
(EF672577), ITA-MAR37 (P[8]G9) (EF150324), OP530
(P[B]G4) (AJ302152), Phim (P[B]G1) (AF061361),
j1527/98 (P[8]GY) (FN179464), rjl609/98 (P[8]G9)
(FN179467), rj11759/05 (P[8]G9) (FN179470), rj4880/

01 (P[8IGY) (DQ857899), rj4883/01 (P[8]GY)
(DQ857900), and rj4956/01 (P[8]GY) (DQB57901)
(*non-typable).
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VP7 Positive Selection Analyses

Three different codon-hased maximum likelihood
methods were performed to estimate the dN/dS ratio at
every codon position using the HyPhy package [Pond
et al., 2005] available at http://www. hyphy.org/. These
methods included: (a) single-likelihood ancestor count-
ing (SLAC); (b) fixed effects likelihood (FEL); (c) random
effects likelihood (REL).

3D Protein Structure Prediction

The erystallographic structure of VP4 and VP7
proteins from P[B]G5 RV-A strains are currently
unknown. In order to model 3D structures of both
proteins, we employed the most approximate structures
available. For these reasons, erystallography data of the
VP4 protein of the human RV-A Wa strain (P[8]G1) was
imported from Protein Data Bank (PDB, accession
number 2DWR) [Blanchard et al., 2007] by the use of
an Interactive Server-Side Molecule Image Generator
(AISMIG) [Bohne-Lang et al, 2005]. In the case of VP7,
crystallography data of this protein from RRV strain
(P[3]G3) was imported from the Protein Data Bank
(PDB)under accession number 3FM G [Ackietal., 2005],
usingthe PDB ProteinWorkshop 3.6 program from PDB
(available at www resh.org/pdb).

RESULTS AND DISCUSSION
Analysis of VP7 Gene

In order to gain insight into the degree of genetic
variability in the P[8]G5 EV-A strains circulating in
Brarzil, the sequences of VP7 gene from 28 human
REV-A G5 strains circulating in different Brazilian
states were compared with the sequences of the human
EV-A G5 prototypes from Brazil (IAL28, H8, BR1054),
China (LL4260, LL36755, LL3354), Cameroon (6484,
MRC3105), Thailand (CMP178, CMP204, CMP208),
and Vietnam (KH210) as well as RV-A G5 prototype
strains from equine, porcine, and bovine [Ciarlet et al.,
2001; Park et al., 2006; Ha et al., 2009].

Phylogenetic analysis of the RV-A G5 strains allowed
the identification of three major monophyletic clusters
(Fig. 1). The first cluster (lineage 1) included all of
the Brazilian strains sampled between 1986 and 2005,
which segregated into a highly supported sub-cluster
(bootstrap of 100%) and three porcinestrains collected in
Thailand (CMP178, CMP204, CMP206) [Chan-It et al.,
2008]. The second cluster (lineage I1) contained only G5
sequences from animals: porcine (I-1, E-1, 19, 07-25,
205-1, 134/04-15, 344/04-1, A46, JL94), bovine (KJ75,
KJ44, K291, K5, KV0407), and equine (H-1), from
different continents (North and South America, Europe,
and Asia) that were isolated between 1994 and 2008
[Ciarlet et al., 1995, 2001; Martella et al., 2006, 2007;
Park et al., 2006; Ha et al.,, 2009]. The third cluster
(lineage 111} is comprised of the RV-A G5 human strains
isolated in Asia (LL36755, LL3354, LL4260, KH210),
Africa (IMRC3105, 6784), and two porcine strains from
Argentina (C134, CC117) collected in 1994 [Ciarlet
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etal., 1995; Esona et al., 2004, 2009; Ahmed et al., 2007;
Duan et al., 2007; Li et al., 2008].

The analyses of the genetic distances revealed that the
mean nucleotide identity among the (G5 lineages ranges
from 82.0% to 85.4% (Table I). Thus, according to the
new RV-A classification system proposed by Matthijns-
sens et al. [2008b], which utilizes an intra-genotype
nucleotide identity cutoff value of 80.0% for the VP7
gene, all G5 lineages identified in this study effectively
belong to the same genotype. The amino acid identity
among the G5 lineages (ranging from 91.3% to 92.4%)
was higher than that observed at the nucleotide level
(data not shown), indicating that synonymous substitu-
tions were responsible for most of the variation that
had accumulated among the lineages. Indeed, the mean
similarity for nuclestide synonymous (dS) and non-
synonymous (dN) distances revealed that the dN level
was much higher than the observed atdS level (Table I).
No positively selected codon positions were identified
at the VP7 gene by the SLAC, FEL, or REL methods
implemented in the HyPhy program [Pond et al., 2005]
and this further indicates that evolution of the RV-A G5
strains at the VP7 gene is mainly driven by purifying
selection.

The results obtained in the phylogenetic and genetic
distance analysis strongly suggest that the human
RV-A G5 strains are result of two independent zoonotic
transmission events: (a) one resulting in the human
lineage detected in Brazil; (h) the other resulting in the
lineage circulating in Asia and Africa. The porcine
strains are presented in the most basal positions within
each cluster, suggesting that pigs are the main natural
reservoir and source of the RV-A G5 strains for humans
and other animal species. Although the previous Brazil-
ian RV-A G5 study [Alfieri et al., 1996] reporting the
genetic relatedness between animal and human RV-A
G5 genes by RNA-ENA hybridization and gene sequenc-
ing, no human RV-A G5 VPT7 sequences were available
at the Genbank, which may explain the closest rela-
tionship between those preview human RV-A G5 VP7
sequences and the RV-A G5 poreine OSUVPT sequence.
The present study demonstrate that the VP7 gene from
the RV-A (G5 Brazilian strains have been adapted in
humans for, at least, two decades suggesting that molec-
ular characterization analysis should be performed in
order to confirm previous studies. These analyses also
revealedthat the human VP7 EV-A G5 strains that have
been circulating in Brazil sinee 1986, and identification
ofallisolatesup to 2005 as lineage [, suggests that there
iz no evidence for the introduction of new RV-A G5
lineages in this country.

Four different major variable regions have been des-
eribed for RV-A VP7: A region-amino acid positions (87—
101), B region (143-152), C region (208-223), and F
region (235—242) [Dyall-Smith et al., 1986; Kobayashi
et al., 1991; Ciarlet et al., 1997; Kirkwood and Buttery,
2003]. The alignment of the deduced amino acid
sequences from VP7 gene revealed amino acid substitu-
tionsinside of the variable region C at positions 2135 %
and 217"" (Figs. 3 and 5).

J. Med. Virol. DOT 10. 1002 jrov
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TABLE 1. Percentage of Nucleotide, dN, dS, and Amino Acid All samples isolated in Distrito Federal (df30726/86,
Similarity Between the Three G5 VPT Lineages dt30730/86, and df307373/86) and one from Sao Paulo
(sp30950/86) showed amino acid substitutions at posi-

Similarity between Amino acid o, 70a~V A4 position 123°~Y was found amino acid
lineages ds (%) dN (%) (%) T . L :

substitution in four samples isolated in Rio de Janeiro

Lineage 1 » lineage 2 52.9 95.1 9L3 (rj1713/98, rj1716/98, rj1719/98, and rj1865/98). The

%!“EEEE é * Eneage g gg; ggg ggi changeat position 12V~ was observed in samples isolat-

[neAge = * Theage . . . ed in Rio de Janeiro between 1990 and 2005. Some of

d8, synonvmous distanee; dN, non-synonymous distance. the samples isolated hetween 1986 and 1996 showed
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amino acid substitutions at positions 2007 *

225" (Fig. 3).

The same analysis in this study showed amino acid
substitutions in all VP7 sequences studied, some of
them outside of the previously identified neutralization
domains in the surface structural proteins of the virus.
Removal of free calecium ions (Ca®") dissociates VP7
trimers into monomers, releasing VP7 from the virion,
and initiates penetration-inducing conformational
changes in the other outer-layer protein, VP4, Some of
the samples isolated between 1986 and 1996 shared an

and
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strains isolated in Sdo Paulo in 1986 (sp30844/86,
sp30845/86, sp30846/86, sp30851/86, and sp30860/86)
shared an amino acid substitution at position 2177!
both inside the antigenie site C and spatially very close
to the major antigenic site B. Those substitutions could
maodify the antigenicity of the corresponding region
(Fig. 5). Further studies will be needed to determine the
potential effects of the substitution changes identified in
this study.

The crystallographic structures of P[8]G5 RV-A VP4
and VP 7 proteins strains are currently unknown. In this

amino acid substitution at position 213N and five study we employed the most approximate available
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values lower than 50% arenot shown. Theseale bar at the bottom of the trees indicates distance. Thestraing
in bold marked with * indicate the Brazilian P[8](G5 strains sequenced in this study.
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Fig. 3. Alignment of VP7 amino acid sequences from Rotavirus A penotype P(B]Gh strains isolated in
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shows the regions of the alipnment that

have specific amino acid substitutions of the Brazilian penotype P[8]G5 strains dencted by a gray column.

structures for both proteins, obtained from RV-A strains
belonging to other genotypes: VP7 protein data from
RRV strain (P[3]G3) and VP4 protein of the human RV-
A Wa strain (P[B]G1). Crystal structure determinations
of VP7 and VP4 proteins from P[8]G5 strains will
be relevant to obtain a potential theory to the possible
effects of the substitutions found in VP7 and VP4
proteins here reported. Also, the association of the
effects that these substitutions may have with virus
interaction versus or against the immune system also
remains to be established.

Analysis of VP4 Gene

The phylogenetic analysis from partial VP8* subunit
of VP4 gene sequences showed that between 1986
and 2005, three different P[8] lineages circulated in
association with the G5 genotype in Brazil: (a) P[8]-2,
strains collected between 1986 and 1990; (h) P[8]-1,
strains collected between 1991 and 2005; and (e) P[8]-3,
a strain collected in Hio de Janeiro in 1996 (rj454/96)
(Fig. 2). It could be ohserved that the strains collected
in Brazil by the year 1990 grouped with the human

J. Med. Virol. DOT 10,1002 jmw

Brazilian prototypes BR1054, BrHB, F45 [Alfieri et al.,
1996] and TAL28 [Gouvea et al., 1999] with a 92%
Bootstrap value, all belonging to lineage P[8]-2. Most of
the strains collected between 1991 and 2005 clustered
with strains of specific P[8]G1 RV-A prototypes Wa
[Padilla-Noriega et al., 1995], L8 and Phim [Gouvea
et al, 1999], all belonging to the lineage P[8]-1. The
strain rj454/96 as well as human G9 EV-A prototypes
B3458 [Matthijnssens et al., 2008a], MW279 and OP351
[Cunliffe et al., 2001], rj11759/05, rj1609/98, rj1527/98
[Tort et al., 2010], rj4956/01 [Araujo et al., 2007], and
[TA-MAR37 [Ansaldi et al., 2007], belongs to the lineage
P[&]-3.

Five VPB* neutralization epitopes (M1-L10, 135-R44,
[565-D66, V115-G123, and L1223-P234) has been
described so far [Taniguchi et al., 1989; Padilla-Noriega
et al, 1995; Kirkwood et al., 1996)]. The comparative
alipnment analysis demonstrated the high genetic
heterogeneity among the sequences (Fig. 4). The align-
ment of the deduced amino acid sequences of VP8*
revealed amino acid substitutions inside the variable
regions: (a) 135— R44 at positions 35! in strains
collected hetween 1992 and 2005, except the rjd54/96
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Fig. 4. Alignment of VP4 amino acid sequences from Rotavirus A genotype P[8]G5 strains isolated in
Brazil with prototypes rotaviruses A strains. Strains are shown by name at the left side of the figure.
Identity to strain IAL28 isshown by adot. Amino acids are denoted by a one-letter abbreviation. Numbers
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strain, collected in Rio de Janeiroin 1996; and 38“~%in
strains collected between 1991 and 2005, with the
exception of 1j454/96 and rj1716/98 strains, collected in
Rio de Janeiro in 1996 and 1998, respectively; (b) 155-
D66 at positions, 60"~ in all strains, except for the
df30726/96 strain, collected in 1986 in the Federal
District and 64' ™ in strains collected from the year
1991, with the exception of 1j454/96 strain; (¢) V115-
G123, 120N in the rj454/96 strain (Fig. 6). Other
amino acid substitutions were observed outside VP8*

hyper-variable regions in the majority of analyzed
strains: 787N, 855N 89S 106", 108¥,
114%F 195N 18185 19500 14559 15057,
167 T 16052 268 T, 11T, 4800 7 gt
and 199'T,

Currently, four distinet RV-A genotype P[8] lineages
were described worldwide (P[8]-1, P[8]-2, P[8]-3, and
P[8]4) [Gouvea et al., 1999; Cunliffe et al., 2001; Arista
et al., 2005). Preview studies show that three P[8] line-
ages (P[8]-1, P[8]-2, and P[8]-3) associated with different

Fig. 5. 3D modelof VPT protein. A 3D trimeric model of the rhesus Rotavirus VPT protein is shown (PDB
accession number 3FMG). Three views of the molecule, rotated under the x, y, and z axis are shownin A-C,
respectively. Residues corresponding to previously described major antigenic sites A-D are indicated in dot
space filling representation blue. Amino acid substitution at position 2138 N and 217T -1 found in
Brazilians P[8]G5 strainsisshown in green and red, respectively. Itis position is indicated by numbers and
shown by arrows. [See color version online at wileyonlinelibrary. com|

J. Med. Virol. DOI 10.1002jmv
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Fig. 6. 3D model of VPE* sub-unit of VP4 protein. A 3D model of VPB* sub-unit structure of human Wa
RV-A strain is shown. Two views of the molecule rotated under the x-axis are shown, Amino acid
substitutions observed in variable regions of strains isolated in Brazil and others prototypes strains used in

the phylogenetic study (641 — M and 120T

+ ) are shown in vellow and solid space filling representation.

Their respective positions are indicated by numbers, Neutralization domains [55-66D, V115-123G, and
1.223-234 are shown in blue. [See color version online at wileyonlinelibr ary.com|

G genotypes were detected in Brazil in the last two
decades [Gouvea et al., 1999; Araujo et al., 2007; Tort
et al., 2010]. There are no available data showing the
lineage P[8]-4 detection in Brazil.

Among the different P[8] lineages circulated in Brazil
in association with different genotypes (G1, G4, and G9),
in this study were detected, associated to G5 RV-A
strains, the three P[8] lineages previously detected in
Brazil (P[8]-1, P[8]-2, and P[8]-3). Strains collected by
theyear 1990 grouped in acluster containing the human
Bragzilian prototypes IAL28, BR1054, and BrH8, which
were all classified as P[8]-2 lineage. The majority of
strains collected between 1991 and 2005 were classified
as P[8]-1 lineage, grouping with human prototypes Wa,
Phim, and L8. The only exception was the strain rjd54/
96, which was collected in Rio de Janeiro in 1996, that
grouped with human prototypes B3458 [Matthijnssens
et al., 2008a], MW279 and OP351 [Cunliffe et al., 2001],
ITA-MAR37 [Ansaldi et al., 2007], rj4956/01 [Araujo
et al., 2007], rj1527/98, rj1609/98, and 1j11759/98
[Tort et al., 2010] (bootstrap 100%), classified as P[8]-3
lineage.

In conclusion, the results presented in this study
are showing that the RV-A G5 strains could be divided
into three major lineages: (a) lineage I, including all
Brazilian strains and three porcine strains from
Thailand; (b) lineage I, including only animal strains;
and (c) lineage I11, including human strains from Africa
and Asia, and two porcine strains from Argentina. The
human HV-A G5 strains identified to date are the
consequence of two independent interspecies trans-
missions events, most likely from pigs. These results
suggest that adaption of the porcine RV-A G5 strains to
humans was not associated with a particularly high
amino acid substitution rate at the VP7 gene. This work
contributes for a better understanding of the dynamies
and pattern of RV-A G5 evolution and highlights
the importance of continuous virological surveillance
of circulating RV-A to characterize new variants and the
potential spreading of these variants. Referred studies

J. Med. Virol. DOT 10.1002jmv

should also be implemented, particularly, in countries
in which health authorities have introduced a RV-A
vaccine as preventive policy in the national immuniza-
tion schedule.
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2. Artigo 2: Andlise filogenética dos genes que codificam para as proteinas VP1, VP2 e VP3 de
cepas de rotavirus A de gendtipo G5P[8] circulando no Brasil entre 1986 e 2005.

Publicado em: Virus research

Fator de impacto: 2,745

Resumo: Neste estudo foram realizadas analises filogenéticas baseadas nos genes que codificam para
as proteinas VP1, VP2 e VP3 de cepas de gendtipo G5P[8] cinculantes no Brasil entre 1986 e 2005.
Os resultados demonstraram que as sequéncias aminoacidicas de VP1, VP2 e VP3 das cepas
brasileiras de genotipo G5 apresentam um elevado grau de similaridade com o unico isolado humano
de gendtipo G5 (IAL-28) e com outras cepas do gendtipo Wa-like. As cepas demonstraram um
padrdo de agupamento similar para todos 0s genes estudados, onde cepas brasileiras tendem a
agrupar com outras cepas de origem humana e as cepas de origem animal agrupam separadamente. A
similaridade encontrada para os genes das proteinas VP1, VP2 e VP3 das cepas brasileiras de
gendtipo G5 e cepas humanas Wa-like de outros gendétipos G sugere uma ancestralidade comum

destas cepas.
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Genotype G5 group A rotavirus (RV-A), which is common in pigs and also detected in horses and cattle, cir-
culated as endemic genotype in the 1980s and early 1990s in Brazil. After 1996, G5 RV-A has been replaced
by G9 RV-A, becoming only sporadically detected. Recently, G5 has been reported in children with severe
diarrhea in Argentina, Cameroon, Paraguay, People’s Republic of China, and Vietnam, suggesting that,
although uncommon in humans, it has a worldwide distribution. In a previous study, Brazilian G5 RV-A
VP7 gene analysis demonstrated the existence of three main lineages: 1, If, and 111; all Brazilian strains and
three porcine strains from Thailand grouped inside Lineage I. The VP8 subunit of VP4 gene showed that
all P[8] strains fell into three major genetic lineages: P[8]-1; P[8]-2; and P[8]-3. Partial sequencing and
phylogenetic analysis of VP1, VP2 and VP3 genes of P[8]G5 human RV-A strains were determined from
28 Brazilian strains collected from 1986 to 2005. The VP1-VP3 partial sequences analysis showed that the
Brazilian strains have high amino acid identity with the human RV-A prototype IAL28 and other Wa-like
genogroup strains. It was also shown that G5 RV-A Brazilian VP1-VP3 and VP7 sequences have a similar
pattern of gouping: The study strains and the G5 prototype strain IAL-28 grouped together, while other
prototypes, like OSU grouped separately. These results suggest that the core protein genes (VP1-VP3)
of the G5 RV-A Brazilian strains might have originated from porcine and human strains. Phylogenetic
analyses of VP7, VP4, VP1, VP2, and VP3 genes of P[8]G5 strains revealed a conserved genomic constel-
lation (G5-P[8]-R1-C1-M1) with sequence similarity to Wa-like strains: IAL28, Wa, BE00048, CK00032,
CK00033, DC4772 and DC1898, suggesting that despite the differences in genotypes (i.e., G5, G1 and G3)
these viruses are genetically similar. The results presented here are fundamental to understand the epi-
demiology and evolution of genotype G5 RV-A and demonstrate the importance of continuous monitoring
and molecular characterization of RV-A strains circulating in human and animal populations.

© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Group A rotaviruses (RV-A) are the most important etiological
agent of severe diarrhea in infants and young children worldwide.
Globally, approximately 511,000 children die every year from RV-
A infection, and most deaths are in developing countries (Parashar
etal.,2006).The Rotavirus genusis divided into seven groups (A-G),
with RV-A the most prevalent. RV-A has a binary classification sys-
tem based on genotyping of the outer capsid proteins, VP7 and
VP4, with at least 27 G genotypes and 35 P genotypes, respectively
described (Matthijnssens et al., 2011). Matthijnssens et al. (2008b)
proposed a new classification system for RV-A, based on the molec-

* Corresponding author at: Laboratério de Virologia Comparada e Ambiental, Pav.
Hélio & Peggy Pereira, Instituto Oswaldo Cruz- FIDCRUZ, Av. Brasil 4365, 21040-360,
Manguinhos, Rio de Janeiro, R], Brazil. Tel.: 455 2125621817; fax: +55 2125621851.

E-mail address: marcelle@ioc.fiocruz.br (M.E.M. da Silva).

0168-1702/% - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.virusres.2011.07.015

ular properties ofall 11 RV-A gene segments. Phylogenetic analyses
suggest that the molecular characteristics of VP1, VP2, VP3, VP6,
NSP1, NSP2, NSP3, NSP4 and NSP5 genes resultin 9, 9, 8, 16, 16, 9,
12, 14 and 11 genotypes, respectively. The authors propose that the
novel genotyping classification system allows a more systematic
approach for investigating possible genetic linkages among RV-
A genome segments. In addition, this system revealed a possible
common origin of animal and human RV-A strains.
Epidemiological surveillance studies showed that strains bear-
ing G1, G2, G3, G4, G9, P[4] and P[8] genotypes, are the most
prevalent cause of RV-A associated gastroenteritis in humans
worldwide (Gentsch et al., 2005; Santos and Hoshino, 2005; Leite
et al., 2008; Matthijnssens et al., 2008a, 2009). Nonetheless, other
genotypes, some of them resembling animal RV-A, are emerging as
important agents of human disease in certain geographical regions.
Recent reports are showing that RV-A genotype G5, previously
detected only in South America, is now presentin countries of Africa
and Asia (Ahmed et al., 2007; Chan-It et al., 2008; Duan et al., 2007;

Please cite this article in press as: da Silva, M.F.M., et al., Phylogenetic analysis of VP1, VP2, and VP3 gene segments of genotype G5 group A
rotavirus strains circulating in Brazil between 1986 and 2005. Virus Res. (2011), doi:10.1016/j.virusres.2011.07.015
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Esona et al., 2004, 2009, 2010), suggesting that RV-A G5 strains are
spreading around the world. However, beyond the genes encod-
ing the outer capsid proteins, little is known about the other genes
from G5 RV-A. In a previous study, Silva et al. (2011) described
the phylogenetic analysis of the VP7 and VP4 genes from G5 RV-A
Brazilian strains. VP7 gene analysis demonstrated the existence of
the main lineages: (a) lineage I: grouping all Brazilian strains and
three porcine strains from Thailand; (b) lineage II: animal strains
from different regions; and (c) lineage [II: human strains from Asia
and Africa, and two porcine strains from Argentina. The VP8’ sub-
unit of VP4 gene sequence analysis showed that all P[8] strains fell
into three major genetic lineages: P[8]-1; P[8]-2; and P[8]-3. These
results suggest that the RV-A G5 strains circulating in humans are
the result of two independent zoonotic transmission events, most
likely from pigs.

In the present study, the genetic variation through sequence
analysis and phylogenetic reconstruction of three RV-A genes
cading VP1, VP2, and VP3 proteins from the twenty-eight RV-A
genotype G5 strains circulating in Brazil between 1986 and 2005
was conducted. VP1 is the viral RNA dependent RNA polymerase
(RdRp) that functions as viral transcriptase and replicase (Estes
and Kapikian, 2007); VP2 surrounds the dsRNA genome and is also
essential for replicase activity and virus like particles (VLPs) forma-
tion (Zeng et al., 1998; Estes and Kapikian, 2007); and VP3 acts as
guanylyl-transferase and methyltransferase (Subodh et al., 2006;
Estes and Kapikian, 2007). The results of this study may help to
understand how RV-A evolve and to measure how genetic diversity
might affect the G5 RV-A strains circulation.

2. Materials and methods
2.1. Study population

Twenty-eight stool specimens genotyped as P[8]G5 were
collected between 1986 and 2005 from children with acute
diarrhea in public or in private hospitals in the States of
Rio de Janeiro, Sao Paulo, Minas Gerais, and the Federal Dis-
trict of Brazil. The nucleotide sequence data reported in this
study was submitted to GenBank under the accession numbers:
GQ337989-GQ338016 (VP1 gene), GQ338017-GQ338044 (VP2
gene), and GQ338045-GQ338072 (VP3 gene). This study was
approved by the Institutional Ethics Committee (CEP/FIOCRUZ),
number 311/2006.

2.2. Nucleic acid extraction, VP1, VP2, and VP3 gene amplification
and nucleotide sequencing

Viral dsRNA was extracted by the glass powder method (Boom
etal., 1990). Reverse transcription (RT) was performed and the VP1,
VP2, and VP3 genes were amplified according to Varghese et al.
(2006) using gene specific primers. The primers used for partial
amplification of VP1 and VP2 genes were designed to generate an
686 bp amplicon at the 5’ terminus of the gene (nucleotide position
1-686 in both genes). Similarly the primers used for amplifica-
tion of partial VP3 genes were designed to generate an amplicon
of 702bp from the 5 terminus of the gene (nucleotide position
1-702) (Varghese et al., 2006).

The same primers used in the RT-PCR procedure were employed
individually for gene sequencing. Forward and reverse strand
sequence analysis was carried out, at least twice, for each VP1,
VP2, and VP3 sequence. DNA sequencing was performed using
ABI Prism Big Dye Terminator Cycle Sequencing Ready Reaction
Kit® and an ABI Prism 3730 Genetic Analyzer® (both from Applied
Biosystems, Foster City, CA, USA) by Genomic DNA sequencing
Platform PDTIS/FIOCRUZ. All procedures were performed including

negative controls (DNase/RNase free water — Gibco, Grand Island,
USA - with RNaseQut - Invitrogen, Carlsbad, USA) during all steps,
and all reactions were repeated at least once for the accuracy of the
test.

2.3. Phylogenetic analysis

The sequences were aligned using the CLUSTAL W program
(Thompson et al., 1994). Phylogenetic and genetic distance anal-
yses were performed using MEGA v.4.0 software package (Tamura
etal., 2007). Tree reconstructions were performed by the neighbor-
joining (NJ) method, based on the Kimura two-parameter model
(Kimura, 1980). The robustness of each node was assessed by boot-
strap resampling (2000 replicates). Nucleotide sequences used for
phylogenetic analysis were obtained from the NCBI Database at the
GenBank. However, the lack of different genes sequences corre-
sponding to the same isolate in the GenBank database turned out
difficult to perform the phylogenetic analysis with the three genes
studied. The VP7 and VP4 phylogenetic analysis from the strains
studied here were described previously by Silva et al. (2011).

2.4, Sequence identity study

Matrices based on the nucleotide and amino acid sequences
identity were constructed using the BioEdit Program, version
7.0.9.0 (Hall, 1999). The nucleotide and amino acid sequences of
VP1, VP2 and VP3 genes used for the matrix construction are avail-
able in the NCBI Database at the GenBank: IAL28: VP1 (EF583029),
VP2 (EF583030) and VP3 (EF583031); Wa: VP1 (AF106300), VP2
(X14942) and VP3 (AY267335); BEO004S: VP1 (HQ392410), VP2
(HQ392419) and VP3 (HQ392418); CK00032: VP1 (JF490380),
VP2 (JF400390), and VP3 (JF400389); CK00033: VP1 (JF490301),
VP2 (JF490401) and VP3 (JF490400); DC1898: VP1 (FJ947296),
VP2 (F]j947297) and VP3 (F]J947298); DC4772: VP1 (F]947362),
VP2 (F]047363) and VP3 (F]047364); OSU: VP1 (GU199514), VP2
(GU199515) and VP3 (AY277921) and TUCH: VP1 (EF583010), VP2
(EF583011) and VP3 (EF583012).

3. Results
3.1. Analysis of VPI gene

The phylogenetic analysis was based on the partial VP1
nucleotide sequence (686bp). All Brazilian strains were classi-
fled as genotype R1 according to the new RV-A classification
system (data not shown). Although all strains share the same geno-
type, genetic variability among Brazilian strains was observed. The
Brazilian VP1 sequences are available in GenBank under the acces-
sion numbers: GQ337989-G(Q338016. As can be seen in Fig. 1,
strains collected between 1986 and 1996 grouped with the human
prototype [AL28 (P[8]G5). Other strains, collected between 1998
and 2005, grouped into another cluster with human P[8]C1 proto-
types: Wa, BE00048, CK00032 and CK00033 and P[8]G3 prototypes:
DC4772 and DC1898. The analysis of VP1 amino acid sequences
revealed maximum identity (100%) between Brazilian strains and
human RV-A prototypes IAL28 and Wa. The studied strains, as well
as the human RV-A prototypes were classified as belonging to Wa-
like genogroup.

As evident in Fig. 1, some strains collected in the Fed-
eral District of Brazil, Minas Gerais, and Sdo Paulo, in 1986,
grouped together. One strain collected in Rio de Janeiro in 1996
(rj454/96), strains collected in Rio de Janeiro between 1998 and
2005 (1j1625/98, rj1713/98, rj1716/98, rj1719/98, rj1861/98, and
rj10998/05) formed an individual cluster. As described before for
VP7 gene (Silva et al., 2011), it was observed that the Brazilian VP1
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Fig. 1. VP1 phylogeny of rotavirus A strains. Bootstrap values (2000 replicates) are shown at the branch nodes, values lower than 50% are not shown. The scale bar at the
bottom of the trees indicates distance. The strains in bold indicate the Brazilian P[B]G5 strains sequenced in this study. The strains marked with () were collected between

1986 and 1992 and the strains marked with @ were collected between 1996 and 2005.

sequences were grouped in the same root, whereas the remaining
strains formed different clusters.

The alignment of the deduced VP1 gene amino acid sequences
showed maximum identity to human RV-A [AL28 and Wa
(96-100%) and lower identity to porcine RV-A OSU with 94-98%
identity (Supplementary data). The analysis revealed substitu-
tions in two strains collected in Minas Gerais (mg28018/86 and
mg30582/86) and one collected in Sdo Paulo (sp30950/86), in
1986, showed an amino acid substitution at position 505°N; in
the same position one strain collected in Rio de Janeiro in 1996
(rj454/96) and the strains collected in Rio de Janeiro between
1998 and 2005 showed the substitution 505, Two strains col-
lected in the Federal District of Brazil in 1986 (df30726/86 and
df30730/86) showed amino acid substitutions at position 102V-1
In the same position six strains isolated in Sdo Paulo in 1986
(sp30844/86, sp30845/86, sp30846/86, sp30851/86, sp30860/36
and sp30936/86) and the strains collected in Rio de Janeiro between
1998 and 2005 (rj1625/98, rj1713/98, rj1716/98, rj1719/98,
rj1861/98, and rj10998/05) shared the substitution 10YV=4. Some
of the strains collected between 1986 and 2005 showed amino acid
substitutions at positions 104 £, 105 1! and 152 ~~N'T (Fig. 2).

3.2. Analysis of VP2 gene

The phylogenetic analysis of VP2 was based in the partial
nucleotide sequence (686 bp). All Brazilian strains were classified as
genotype C1 according to the new RV-A classification system (data
not shown). The Brazilian VP2 sequences are available in GenBank
under the accession numbers: GQ338017-GQ338044. As seen for
the VP1 gene sequences, the VP2 gene sequences showed genetic

variability grouping into different clusters (Fig. 3). Strains collected
between 1986 and 1992 grouped in a cluster with the human Brazil-
ian prototype IAL28 and the strains collected between 1996 and
2005 grouped in a different cluster. As described for VP7 gene (Silva
etal., 2011), it was observed that the Brazilian VP2 sequences were
grouped in the same root, whereas the remaining strains formed
distinct clusters.

Comparison of the deduced partial VP2 Brazilian amino acid
sequences showed maximum amino acid identity (94-100%) with
the human G5 RV-A prototype IAL28 and 93-99% with the human
prototype Wa. The VP2 protein sequences had lower amino acid
identity compared to the porcine RV-A prototype OSU with 90-93%
(Supplementary data).

The alignment of the deduced amino acid sequences from VP2
gene revealed amino acid substitutions in the Brazilian strains. Sev-
eralnon-synonymous substitutions were detected in the sequences
in positions: 14~F, insertion of a glutamic acid (E) at position 23
of the three strains collected in the Federal District in 1986; three
collected in Rio de Janeiro in 1987, 1988 and 1990 (rj35400/87,
rj36700/87 and rj40644/90) and two collected in Sdo Paulo in 1991
and 1992 (sp46798/91 and sp46855/92). The strains collected in
the Federal District showed a substitution at position 384~S and
at the same position strains collected in Rio de Janeiro between
1996 and 2005 shared the substitution 38*~N, At the position 70
the strains collected in the Federal District showed the substitution
70=V_All strains collected between 1996 and 2005 showed specific
substitutions at the positions 14, 38A=N 405=N 41K=R 56V=1
64V=" and 129™M, Other amino acid substitutions were found at
positions; 12MN-5 28=D 60A=Y, 680—C, g¥=1 117'-L 13K=F and
149R—~K (Fig. 4),

Please cite this article in press as: da Silva, M.F.M., et al., Phylogenetic analysis of VP1, VP2, and VP3 gene segments of genotype G5 group A
rotavirus strains circulating in Brazil between 1986 and 2005. Virus Res. (2011), doi:10.1016/j.virusres.2011.07.015
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Fig- 2. VF2 phylogeny of rotavins A strains. Bootstrap walues (2000 replicates] are shown at the branch nedes, values lower than S0 are not shown., The scale bar at the
bottom of the trees indicates distance. The strains in bold indicats the Brazilian P|8)CS strains sequenced in this study. The strains marked with ) were collectad between
1986 and 19632 and the strains marked with & were collected betwesn 1996 and 2005

33 Analysts of VPT gene as genatype M1, according to the new RV-A classification system
(data not shown). Despite all strains having the same genotype,

The phylogenetic analysis of YF3 was based in the partial  a genetic variability among them could be observed. The Brazil-
nucleotide sequence (702 bp). All Brazilian strains were classified ian W3 sequences are available in GenBank under the accession
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. |dentity bn strain LR s shown

numbers: GQ33B045-GQ338072. As can be seen in Fig. 5, some
strains collected in 1986 and 1992 grouped in a cluster with the
human Rv-A prototype 1AL28. strains collected between 1996 and
2005 growped into another chester, with the human G17{8] proto-
types Wa, CKD0032, (K00033 and BE0O4E and the human GIF8]
prototypes DC1ESE and DCA772. As described for VT gene (Silva

by a dot. Amine acids are danoted by 2 one-letter abbreviation. Mumbers at the top of aach alignment denate
figure shows the regions: of the algmment that have specific amino add substitutions of the Brazilan genotype F8JGS strains dencted by 2 gray

et al., 2011), it was observed that the Brazilian VP3 sequences were
grouped in the same root, whereas the porcine BV-A G5 prototype
s formed a destinct cluster.

Comparison of the deduced partial VP3 protein sequences
showed maximum amino acid identity (97-99%) between the
Brazilian strains and the KvV-A prototype [ALZE and 95-99% with

—_—
(13

Fig. 5. VF3 p

of motavins A strains. Bootstrap values [ 2000 repliqites) are shown at the branch nodes, valoes lower than 50% are not shown, The scale bar at the
battom of the trees indicates distance. The strains in bold indicate the Brazilian P{8)G5 strains sequenced in this stody. The strains marked with () wene mollected hetween

T0EE and 19532 and the strains marked with @ were collected between 1006 and 2005
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the prototype wa. The VP3 protein sequences had lower identity
to the porcine RV-4 prototype 050 with 92-05% (Supplementary
data).

The alignment of the deduced amino acid sequences of VP3 gene
revealed few amino acid substimutions in the Brazilian strains. All
strains shared a T+* substitutson at position 74 and some strains
collected between 1986 and 1992 showed a =M substitution at
position 88, The strains collected between 1298 and 2005 shared
specific substitutsons at positsons 14351, 15V~ and 13855 (Fig. 6],

4. Discussion and condusion

There are few data showing the molecular characterization of
VP, VPZ, and VP3 sequences from G5 BW-A It is known that protein
WP has anactivity of replicase and transcriptase, catalyzing the for-
mation of the dsRMA [Heiman et al,, 2008). It was also described that
among the core proteins, VP is the only one that has a sequence-
specific recognition of viral RMA through conserved regions of four
bases, UGUG in its 3' sequence (Lo et al, 2008), but it is not known
which regions of the sequence of VP1 is responsible for this specific
recognition a5 well a5 the motifs involved in the protein- protein
interaction (Vasquez-del Carpio et al., 20061

The partial ¥F1 Brazilian G5 RW-A sequences exhibited high-
est identity to human RV-A strains and clustered together with
human Rv-A prototype like 14128 and wa. The VP1 phyloge-
nietic analysis showed that Brazilian strains grouped together with
bootstrap value of 100% Interestingly, strains collected bepareen
186G and 1556, and a strain collected in Rio de Janeiro in 1998
[ri1625/08 ) were chosely related to with the human Brazilian proto-
tvpe 1A128. On the other hand, strains collected between 1998 and
2005 grouped chosest to the human EV-A prototypes Wa, BEDDI4S
and DCATT2 (Fig. 1).

The VP1 comparative analysis demonsirates the existence of
non-synonymaus substitutions at certain amino acid positions
in the group of strains from the same period (strains collected
between 1986 and 1995: strains collected between 1998 and 2005)
[Fig 2]. These results suggest the existence of some temparal order
genetic differentiation on the V'] gene sequences.

It wias reported that VP2 plays a key role in the structure and
activity of the viral core, & it interacts with trimers of VPG pro-
tein, which surrounds the viral core, transporting metabolites and
meMAduring transcription. In addition, VP2 is part of the viral repli-
cation compdex and binds to both, ¥P1 and %P3 through an area in
its M-terminal partion. The VP2-VFI-VP3 interaction is critscal for
replication and transcription of the viral genome (Heiman et al,
2008].

Analyzing the partial ¥F2 sequences of G5, was ohserved that
all belonged to genotype C1 based on the new classification sys-
tem for RV-A and suggest that all strains have human origin. The
phylogenetic analysis showed the existence of three chesters: (a)
strains collected by the year 1892 and the human prototype 1AL2E.
According to Leite et al. (2008) these strains belong to the first
pre-vaccination period; (b) four strains collected during the pericd
bebween 1988 and 2005 (second pre-vaccination peried) grouped
together: rj1625/08, rj17 16/08, 1j1719/08 and rj102a8/05; (c) six
strains collected between 19096 and 1998 in Rio de Janeiro [rjd54/06,
Tj552/06, 7 17/0E, [j740/06, rj1713/08, 1j1851/0E) and human pra-
totypes CKOOD3Z, CKO0033 and BEDDD4S | Fig. 31

It is also demonstrated that in VP2 sequences obtained from
strains collected in the Federal District in 1966 (df30726/86,
df30730/86, and df30737/86). three strains collected in Rio de
Janeiro in 1987, 10BE and 1900 (rj3S400(87, rj36700/88 and
Tj40644/00, respectively) and two samples collected in 530 Paulo
(sp45796/01 and sp46855/92) it was detected the occurrence of
a glutamic acid (E) substitution at position 23 of the amine acid
sequences (within the hinding domain of the nucleic acid), con-
firming reports of Heiman et al (3008) where the occurrence of
insertions/deletions regions are demonstrated in the initial por-
tion of ¥F2 sequences of prototypes from different origins and
genatypes (Fig. 4],

Although the VP3 protein activity in the viral morphogenesis has
nat been fully elucidated yet, several studies have demonstrated its
uanylyl methyhtransferase activity (Fresco and Buratowski, 1904;
Patton, 1995; Subodh et al, 2006). Like the WP1 gene phylogenetic
analysis, the VP3 phylogenetic analysis showed the existence of
two different clusters: [a) strains collected by the year 1892 with
the human Brazilian prototype 1AL2E; (b) strains collected between
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1998 and 2005 and human prototypes Wa, CK00032, CK00033,
BE00048, DC1898 and DC4772.

The VP3 comparative alignment analysis demonstrates the exis-
tence of non-synonymous substitutions in various positions of
the gene, as well as replacements at positions 74774, 1435~! and
155¥=! in the strains collected between 1998 and 2005 (Fig. 6).
These results suggest the existence of some temporal order genetic
differentiation, as a molecular signature, between these VP3 Brazil-
ian sequences. As discussed by Heiman et al. (2008), the VP3 amino
acid strains showed more genotype-specific differences than any
other inner capsid protein.

In a previous study, Silva et al. (2011) sequenced and com-
pared the VP7 and VP4 genes of these Brazilian G5 RV-A with other
strains circulating worldwide in animals and humans to evaluate
the evolutionary relationship among RV-A G5 strains. The VP7 gene
phylogenetic analysis demonstrated the existence of three main
lineages and showed that all Brazilian strains grouped in Lineage
I. The VP8" subunit of VP4 gene sequencing showed that all P[8]
strains fell into three major genetic lineages: P[8]-1; P[8]-2; and
P[8]-3. These results showed that the RV-A G5 strains circulating in
humans are the result of two independent zoonotic transmission
events, most likely from pigs.

Our analysis indicates that there is a genetic relationship among
VP1, VP2 and VP3 genes from human and porcine RV-A strains.
Similarly, Alfieri et al. (1996) reported the genetic relationships of
P[8]G5 Brazilian strains to other RV-A genogroups by RNA-RNA
hybridization with [>?P]-GTP probes representing human (Wa and
AU17) and porcine (OSU) RV-A prototypes. The hybrids obtained
with the [*2P]-GTP probe analysis indicated a close relationship
between the VP1, VP2 and VP3 genes from human and porcine RV-A
prototypes.

Similar to that previously described for the VP7 gene analy-
sis (Silva et al, 2011), VP1, VP2, and VP3 phylogenetic analysis
revealed a distinct pattern in the Brazilian strains. The Brazilian
G5 RV-A strains, including the IAL28 prototype, formed a dis-
tinct cluster from the other RV-A prototypes circulating worldwide
in all studied proteins, which tended to group in different clus-
ters. Brazilian strains collected between 1986 and 1992 grouped
with the human Brazilian prototype IAL28 and strains collected
between 1996 and 2005 grouped with other human prototypes,
Wa, CK00032, CK00033, BEO0048, DC1898 and DC4772. The phy-
logenetic analysis of VP7, VP4, VP1, VP2, and VP3 genes of P[8]G5
Brazilian strains revealed a conserved genomic constellation (G5-
P[8]-R1-C1-M1) with sequence similarity to Wa-like genogroup
strains: IAL28, Wa, OSU, CK00032, CK00033, BED0048, DC1898 and
DC4772. These findings indicate that the G5 Brazilian VP1, VP2 and
VP3 genes might have evolved gradually from porcine to human
strains, despite the differences in genotype specificities (i.e., G1, G5
and G4) with a single genogroup (Wa-like), suggesting that they
are genetically linked.

The potential effect of new RV-A variants, as well as possible
antigenic changes resulted from accumulated genetic mutations,
can avoid changes and even loss of effectiveness of vaccines against
RV-A. Therefore, as recommended by the World Health Organiza-
tion, the monitoring of genetic diversity among RV-A strains is vital
to predict possible reemergence of strains, such as genotype G5,
and the emergence of new genotypes as G8 (Gomez et al., 2010)
and G12 (Castello et al., 2009) after the introduction of a vaccine
against RV-A in the different continents.
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Proposta de seis sublinhagens diferentes para a linhagem P[8]-3.
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Resumo: Neste estudo foi realizada a analise filogenética do gene que codifica para a proteina VP8*
de cepas brasileiras de gendtipo P[8] associado a diferentes gendtipos G (G1, G3, G5 e G9) que
circularam no pais entre 1986 e 2011. Os resultados demonstraram que circularam no Brasil trés
linhagens de P[8] (P[8]-1, P[8]-2 e P[8]-3) no periodo analisado, com a cocirculagdo de linhagens em
alguns anos, como P[8]-1, P[8]-2 e P[8]-3 em 2001. A grande variabilidade encontrada na linhagem
P[8]-3 possibilitou a proposta de uma classificagdo em 6 sublinhagens: P[8]-3.1 — P[8]-3.6.
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Group A mtavinses (RVA) |5 the most important caise of severe gastroenterits among children word-
wide. Vaccination & considered the best alternative among public heal th measures to raduce and prevant
the global burden cawsed by RVA infections. Rotanx™, 3 monovalent vaccine based on a human sirain
with a GIPE|-1 specificity, was introduced in the National Brazilian Immunization Programs | NIP) in
March, 2006, KVA P[5 is the most prevalant Pgenotype workiwide and four distinct phylogenatic lin-
eages! PlR]1, -2, -3, and -4 have been described. In the current study phylogenetic analysk of the
WPE® gene of 135 EVA P|8] Brazilian strains, in combdnation with G1, G3, G5 orG9 VPT genotype, collected
from 1986 to 2011 were carried out for a better wnderstanding of the evolution of this viral genotype in
Brazil. Uneages P|8]- 1, AB)-2, and P83 were observed clcu lating in Brazil. 1n 2001 these thres P[8] lin-
eages oo-clrewl ated simultanepusty and this is the first report in South America to date. Consldering the
Fi#| lineage and the G genotype, all G3 drains were related toinaage P[B|-3, wheraas the C9 grains were
related to P82 and AE)-3 and G1 and G5 were related to P[8)- 1, P|B)-2,and P[B]-3. In addition, the phy-
leganeatic analysts based on estimate of genatic distances between PIE]-3 strains and the definition of a
L5 cutoff value (with relevant statistical support) it was pesible to propose a new clasification for
the FE|-3 lineage into sk different sub-lineages: P|8}-3.1 to P[B]-3.6. These find irgs reinfonce the notion
of the exitence of constralnts within specific KVA strains populations. The resulis obtained in this stedy
reinforce the importance of a continwows EYA survelllance of cirowlating strains in order to predict the
pissible varants that will circulate in a country, assess the effects of vaccination on EVA circulating
strains, and wltimately belp in the design, challonges, and prospects of RVA vaccines.

& 2013 Elsewier BY. All rights reserved.

1. Introdudtion

genotypes, respectively. %o far, 27 G and 35 P genotypes have been
identified in humans as well as in different animals (Matthijnssens

Group A rotaviruses (RVA) ame the leading cause of severe gas-
troenteritis among children, accounting for approcimately one
third of total diarrhea deaths worldwide (Tate et al., 2010). BVA
renome consists of 11 double-stranded RNA (dsRNA) segments,
encoding five (or six) nonstructural proteins (M5Ps) and six struc-
tural proteins (VFPs) (Estes and Kapikian, 2007), surrounded by a
friple-layered protein capsid. Based on antigenic and genetic
differences of two viral surface proteins, VP4 and VP7, RVA can
be cdassified into P (Protease sensitive) and G (Glycolyslated)

+ Camespanding author. Address: Laboratirio de Virologia Comparada & Amibi-
ental, Pav. HElia & Peggy Pereira, Instituto Oswalds Crue, FIOCRUE, Avenida Brasi]
43645 Manguinhos, 21040-360 Rio de jansing, B, Brazil Tel: +55 21 2562192 %, f:
<55 21 2521851,

Eemiil address: marcells@ho cfioome br (MM da Siha

and Van Ranst, 2012).

Mechanisms that promote RVA diversification include point
mutations, intersegmental recombination, rearrangements, reas-
sortment, and interspecies transmission (Desselberger, 1996, lur-
riza<somara et al,, 2000; Estes and Kapikian, 2007; Heiman et al.,
2008). Point mutations and reassortments are frequently described
for RVA and can eventually lead to the emergence of BV A strains
that escape neutralization by spedfic antibodies. Five binary G/P
genotype combinations (GIF|8|, C3F|8], G4P[B], GOP[E], and
G2P|4]) are responsible for more than 9% of human RVA cases de-
tected amund the world (Matthijnssens and Van Ranst, 20121 In
Brazl, G1-G4 account for 65% of strains but the aty pical G5 was also
observed (Leite et al, 2008). In order to achieve effident cell entry,
the VP4 protein is ceaved by trypsin into a N-terminal fragment
(VPE*) and a C-terminal fragment (VP5*) (Espincla et al, 2008 ).
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The VPE® region has been described to contain four putatve new-
tralization domains defined by amino add alignments and mapping
of monoclonal antibody escape mutants (Kirlwood et al., 1996).
Studies demonstrated antigenic and genomic variations inside the
VP& region, espedally among strins beanng G1-G4and G9geno-
types in assodation with P[E], which represent the most prevalent
genotypes in humans and are the main targets for vaccine studies.
%o far, studies on the VPE® frgment of P|8] genotype have shown
four distinct phylogenetic lineages droulating worldwide: P8]-1,
-2, -3, and -4 { Arista et al., 2006; Cunliffe et al., 2001 ).

Rotarix™, a monovalent vaccne hased on a human strain with
GIFP|8] (P|E]-1) spedfidty, was introduced in the Mational Brazil-
ian Immunization Programs (MIF} in March, 2006. In the present
repart the genetic variation of F| 8] genoty pe of human RVA strmins
circulating in Brazil between 1986 and 2011 is described through
analysis of 135 RVA sirains from vacdnated and non vaccinated
children living in4 out of the 5 Brazilian regions. In addition, a pro-
posal to dassify the P{8]-3 lineage into =ix different sub-lineages:
F|&]-31 to P|&}-36 based on phylogenetic analysis results, is
presented

2. Materials and methods
2.1. Srudy populotion

The stool samples were randomly selected from a pool of RVA
positive patients, in order to uniformly represent all the study per-
iod and all geographic regions involved. Aiming to avoid selecton
bias, when more than one positive sample was provided by city
and year, the same proportion of them were randomly selected
from the pool of available samples, reaching thus the final sum
of 135 patients (44 GIP|8], 21 G3IP[E], 28 G5P|8] and 42 GIP[E])
obtained from children with acute diarrhea living in 4 out of the
5 Brazilian regions: Morthem, Mortheastern, Southeastern, and
Southern between 1986 and 2011, OF the 44 G1P|8] strains, 19
were collected from children vacdnated with one or bwo doses of
Rotarix™. This sudy was approved by the Institutional Research
Ethics Committee (CEP-AOCRUZ 311/06). The accession numbers
of the nudeotide sequences are available in the Supplementary
Material.

22, Mudleic eod purification, amplificetion end squendng

Mucleic acids were extracted by the glass powder method
(Boom et al., 1990) with modifications desoibed by Leite et al.

15 -
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(19496 The viral dsRMNA was reverse transcribed (RT) and the prim-
ers used for amplification of VPE® gene were designed to generate
an amplicon of 887 bp from the 5 terminus of the gene (Gentsch
et al, 1992). The VPE*® primers, used to obtain the RT-PCR ampli-
con, were employed individually for gene sequencing. Forward
and meverse strand amplification reaction was carried out for each
sequence obtained at least twice. DNA sequendng was performed
with an ABI Prism Big Dye Terminator Cyce Sequendng Ready
Reaction Kit™ and an ABI Prism 3730 Genetic Analyzer™ (both from
Applied Biosystems, Foster Gty, CA, USA) by Genomic Platform of
DA sequendng PDTISFIOCRUZ All procedures to avoid ooss-
contamination were performed, including negative controls
(D'MaseRMase free water - Giboo, Grand Island, USA - with RNase-
Out - Invitrogen, Carlsbad, USA), during all steps.

23. Phylogenetic and genetic distonce analyses

Mean nucleotide distances within and among different P|8] lin-
eages and sub-lineages were estimated using the Tamura-Mei
model (Tamurm and Mei, 1993) as implemented in MEGA 4 v4.0
software package (Tamura et al, 2007). Mean nudeotide distances
between PI8[-3 sub-clusters were =017, while mean nucleotide
distances within P8 -3 sub-clusters were <0012, Thus, based on
genetic distance results, it was proposed a outoff value of 1.5% to
define distinct P{8]-3 sub-lineages.

3. Results and disoussion

To evaluate the genetic diversity of EVA strains cirulating in a
country considering evolutionary forces involved are important is-
sues in studies of anti-FVA vaccnes. In order to reach a better
understanding of how these forces act, numemus sdies have
investigated the genetic variation of the P 8] genotype worldwide
(Arista et al, 2006, Espinola et al, 2008; lurnza-Gomara et al.,
2000; Stupka et al, 2012

A total of 135 RVA P 8] strains belonging to VI7 genotypes: G1,
G3, G5, and G9 were sequenced in order to evaluate the evolution-
ary relationships betweenthe PE | lineages of human RVA detected
in Brazil before and after Rotarix™ introduction in the MIF in com-
parison with human and animal RVA strains detected worldwide.
The results presented here demonstrate that F|E}-1, PlE]-2, and
FlE}-3 lineages were detected in Brazil in the last 25 years. Fig. 1
shows the chronology of the three P|&] lineages detected in Brazil
over the studied period To our knowledgment, these lineages are
preserved overtime and in different countries (Espinola et al,

opfEL
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Fig 1. F{&] Ineages chronology in Brazil from 1986 ta 201 1. The products of the demvage of the proten VP4 (VPS ™ and VP8 ™) are actually represented with the symbal =
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Fig. 2 Phylogenetic analysis of nucleatide sequence of VP8 encoding gene of Brazlian P{8] RVA strains desaibed in this study showing the distribution of lineges P{8].1,
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2008; Murriza-Gomara et al, 2000; Stupka et al, 2012). The P|8]-4
lineage could not be detected in the present report, which is con-
sistent with previous studies camried out in South America (Amdjo
et al, 2007; Espinola et al, 2008; Tort et al., 2010). Phylogenetic
analysis of the VPE® gene demonstrate that Brazilian RVA P[E]
strains clustered into three disting evolutionary lineages: P|8]-1
(n=16), P[&}-2 (n=27), and P|&}-3 (n=92)(Fig. 1) The cocirula-
tion of distinct P|8] lineages was observed throughout the smudy,
particulady in 2001, when the lineages P{E]-1, P|8]-2 and P|8]-3
were detected co-circulating simultaneowsly in Brazi and this is
the first report of such an event in South Amerca. Although this
phenomenon was described in other regions including the United
Kingdom (P[8]-1/P|E}-2/P[E}-3) (lturriza-Gomara et al, 2000,
2001) and Malawi (P[B]-2/P[B]-3/P|B]-4) (Cunliffe et al, 2001),
the co-circulation of PJ8] -1, 2 and 3 seems to be quite rare in Bra-
zil, since in the 25-year period studied (1986-2011) was only
found in 2001. The co-circulation of 2 linmges was detected in
7 years (P[E]-1 and F|E]-2Z in 1992; P[8}-1 and P[E]-3 in 1996,
1998, 2002, 2005, 2008 and 2010) and the detection of only one
lineage in 11years (F[8]-1 in 1992; P8]-2 in 1986, 1987, 1988
and 1990 and P[8]-3 in 2003, 2004, 2006, 2007, 2009 and 2011)
(Fg. 1).Up to now, there are no studies reporting the co-droulation
of these four P{&] lineages, suggesting that the appearance and dis-
appearance of different P{E] lineages might be a mechanism that
helps RVA to escape from the immunity developed by the popula-
tion due to previous infections ( Espinola et al, 2008 )

The P[8]-1 lineage contains eleven G5 and five G1 Brzilian
strains collected in the 1990°s and in the 2000s, respectvely,
including three G1 strains from vacdnated children collected in
2009 and 2010 (Fig. 2). This dade also contains one G1 Paraguayan
strain (ELK45238), the prototype strmins isolated in the 1970's
(Wa-genotype G1, DCS751 and DC2171-genotype G3, DEG115-
penotype G4), the genotype G1 stmin BEOO48 collected in 2009
in Belgium and G1 Rotarix™ vacdne strain RI¥4414 The mean
nucleotide distance among P|8}-1 strains was of 01034 (Table 1).
The comparative alignment analysis demonstmted the high genet-
ic hetemgeneity among the sequences (Supplementary Material 2).
The alignment of the deduced amino acid sequences of VPE® re-
vealed amino add substitutions in many regions: 38¥ — " 415 %
L b e T e kT e k- ai ) [ it
170F =5 176" =V, 192 = 5, 194" = T, 198" = ¥ and 202~ " Further
studies will be needed to determine the potential effects of the
substitution changes in the P{&]-1sequences identified in this
study.

The P|8}-2 lineage consists of 16 G5 Brazilian strains detected in
Brazl in the 1980/1990's, eight G1 Brazlian strain collected be-
tween 1986 and 1991 and three G9 Brazilian strains collected in
2001, besides prototype strains from different countries, genoty pe
spedfidty and year of isolation include; Brazil- G5 IAL2ZE, HE, and
1054; Malawi- G3 MW258; USA- G1 KU; and Paraguay- G1 Py9856
(Fg. 2). The mean nucleotide distance among P[E]-2 strains was of
0.03 (Table 1)

Table 1
Mean nucheotide distances in VPE* gene within ( intra-sublineage ) and among (inter-
sublineage) PE]-3 lmege.

P8l-31  P8l32 PE}33 P34 PE|AS P83
MEla1 a0z

P8LA2 0oz o0

Mel13 0026 002%  0.0m

MEla4 a7 a0is 00X o

MEl3s Qo028 Q02 00 0 00X G002

M8l36 0033 0 003 003 00 00X G006

Mean imtra-sublineage (bold) and nter-sublineage nudesotide distances estimated
by the Tamura Nei mods with 2000 replicates using MECGA S program.

The alignment of the deduced amino add sequences of P[E]-2
mrevealed few amino acdd substitutions in the Brazilian strains over
the time: 855N and 191AT showing the high conservation of this
lineage (Supplementary Material Zb]

Most Brazilian strains grouped within the P|8]-3 lineage which
includes several stmins circulating worldwide, cormborating pre-
vious studies (Espinola et al., 2008; Parra et al., 2009 ). This lineage
was first detectedin Brazl in a G5 strain collected in Riode Janeiro
in 1996 and remained detected until this date (Silva et al., 2011}
P|8}-3 was the unique P|E] lineage detected droulating in Brazil
after 2005, with the exception of the three P|8]-1 stmins collected
from vacrinated children Within this lineage strains bearing VP7
genotypes were detected G1, G3, G5 and G9, collected from 1996
to 2011 in four different Brazilian regions: Northern (States of Acre
and Rondonia), Mortheastern (States of Alagoas, Bahia, Maranhiao,
Pernambuco, and Sergipe], Southern (State of Rio Grande do Sul)
and Southeastern (States of Espirito Santo and Rio de Janeiro)
(Fig. 2). It is noteworthy that G3 associated with P{8]-3 was only
detected in Brazil. In the same cluster, BV A prototy pe stmins from
different countries bearing distinct VP7 genotypes wemr grouped as
such G1, G3, G&, and G12. The mean nucleotide distance among
P|8]-3 strains was of 0,021 (Table 1).

As displayed in Table 1, mean nudeotide distances between
P|8]-3 sub-clusters were = {0017, while mean nudeotide distances
within P|&}-3 sub-clusters were <{0.012. Thus, the definition of a
1.5% cutoff value was established to propose a new dassification
for the PlE]-3 lineage into six different sub-lineages, here named
P{8}-3.1 to P|8]-3.6 (Fig. 3). The sub-lineage P[8]-3.1 was the maost
prevalent in Brazil over the last years and comprises strains of dis-
tinct VP7 genotypes (G1, G3 and G9) collected from 2002 to 2010,
and includes several prototype stmins detected worddwide during
the 2000s. The sub-lineage P[8]-3.1 comprises RVA prototypes de-
sribed worldwide: Australia, Bangladesh, Democratic Republic of
Congo, Pakistan, and Paraguay; G3 and G9 Bmzilian strains cirou-
lating in Rio de Janeiro bebween 2002 and 2007 and G1 Brazilian
strains drculating in Bahia in 2004 and Mamnhao in 2010. The
sub-lineage P{E]-3.2 only comprises G9 Brazilian strains circulating
in Rio de Janeim and Ace between 1998 and 2006. It was exdu-
sively assodated to G9 strmins collected in Rio de Janeiro (South-
east region) from 1998 to 2003 and in Acre (Morth region) in
2006, consistent with previous findings (Tort et al, 2010). The
sub-lineage P|E]-3.3 comprises several Brazilian strains of distinat
VP7 genotypes including: 2 G1 and 4 G9 strains collected in Rio de
Janeiro in 2003, one G1 strain collected in Espirito Santo in 2008
and 10 G3 strains collected in different Brazilian megions. This
sub-lineage also comprises three prototy pes described in Russia
(Mov09-D182), Australia (CK00029), and at the United States of
America (VUDG-07-27 ). The sub-lineage P|8]-3.4 comprises Brazil-
ian strains bearing G5, G1, and G9 genotypes, collected in Riode Ja-
neiro in 1996, 2001 and 2003, respectively. Mo prototype strains
weme grouped in this sub-lineage. The sub-lineage P{8}-3.5 in-
dudes G1 Brazilian strains collected in the Northeastern Brazil in
2009 and 2010 - both From vaccinated children - and prototype
strains collected in Russia in 2004 and 2007 (Movl4-H578 and
Omsk07-217). As shown in the P[E}-3.2 analysis, P|8]-3.5 seems
to display a restricted pattern of circulation as it only comprises
G1 Brazilian strains collected in the northeast of Brazil in 2009
and 2010. The subdineage P|8]-3.6 consist of one G2 strain col-
lected in the Morthern (State of RondGnia) in 2006 and several
G1 strains obtained from vaccinated children in 2008 in the north-
east of Brazil (State of Sergipe), together with prototype strains
from Faraguay, Russia and Belgium. It is important to emphasize
that the sub-lineages P[E}-3.5 and P& |-3.6 were detected circulat-
ing in Brazil only after the introduction of Rotarx™. Analysis of lar-
ger datasets of Brazilian and non-Brazilian RVA P[8]-3 stmins will
be of paramount importance to resolve this question.
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The alignment of the deduced amino add sequences from P8 |-
3 strains revealed amino add substitutions in the sequences over
the time in some positions, as shown in the Supplementary Mate-
rial 2o TAT A gSN-T gVl o4t -l 113N e 4 el
149% =T 1Y =" 173"~ ¥ 184"~ " and 194" - ¥, although maore
analyses showing the effects of these substimtions observed in
the lineages/sub-lineages are needed to better understand RVA
P| &]-3 evolution in Brazil.

This work contributes for a better understanding of the dynam-
ics and pattem of P|8] dispersion into different lineages fsub-lin-
eages and their assodation with G genotypes in Brazil. Both RVA
licensed vacone, Rotarix™ and Rotateq™, indude genotype P|E|
in their formulation. However, new P[8] variants less affected by
vaccne induced immunity and can emerge as the result of one,
or more evolutionary mechanisms that shape BV A evolution. Con-
sequently, a continuous surveillance of BV A strains is neededin or-
der to predict potential vanants that may cimulate and also to
improve current vaccnation programe.
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CAPITULO IV

CARACTERIZACAO MOLECULAR DE CEPAS DE RVA DE
GENOTIPO G1P[8] NO BRASIL NO PERIODO PRE E POS-
VACINACAO COM ARV1

(ARTIGO 4)
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Artigo 4: Vacinacdo com a RV1 no Brasil ndo tem impacto na circulagédo de rotavirus A de gendtipo
G1P[8]: anélise da constelagdo genébmica completa.

Manuscrito em fase de submissao

Resumo: Neste estudo foi realizada a analise filogenética dos 11 genes de cepas brasileiras de
genétipo G1P[8] que circularam no pais entre 1986 e 2013. Os resultados demonstraram que a
constelacdo génica das cepas pertence ao gendétipo Wa-like, com especificidade G1- P[8]-11- R1- M1-
C1- Al- N1- T1- E1- H1, com excecéo de duas cepas (rj14055-07 e bal9030-10) que apresentaram o
gene que codifica para a NSP3 de especificidade T3, caracteristico do genétipo AU-1-like, sugerindo
a ocorréncia de reassortment. Foi também demonstrado a ocoréncia de reassortment entre genes de
algumas cepas brasileiras e a vacina RV1. A analise filogenética do gene que codifica para VP8*
demonstrou que a linhagem de P[8] que circula atualmente no Brasil € a P[8]-3, diferentemente das
linhagens de P[8] constituintes das duas vacinas atualmente licenciadas no pais: RV1 (P[8]-1) e RV5

(P[8]-2).
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RV1 vaccination in Brazil has no impact in G1P[8] rotavirus A circulation: a full genomic
constellation analysis.
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ABSTRACT:

Epidemiologic data on specie A rotavirus infections have demonstrated the genetic diversity of
strains circulating worldwide. Many G and P genotypes combinations have been described over the
years, varying regionally and temporally, especially in developing countries, like Brazil, where a
diverse range of circulating genotypes combinations have been identified. Nevertheless, the most
common G and P genotypes combinations identified in RVA human strains worldwide have been
G1P[8], G2P[4], G3P[8], G4P[8] and G9P[8]. Rotavirus genotype G1P[8] strains are responsible for
more than 50% of children infections worldwide and component of the two vaccines (RV1 and RV5)
licensed. To a better understanding of the evolutionary mechanisms of this genotype in Brazil, we
analyzes ninety G1P[8] RVA strains collected between 1986 and 2013 (before and after mass
vaccination with RV1) in different Brazilian states. Phylogenetic analyzes based on the eleven RVA
genome segments were performed. The results showed the Wa-like genomic constellations of the
Brazilian G1P[8] strains with the 11-R1-C1-M1-A1-N1-T1-E1-H1 specificity, except for two strains
(rj14055-07 and bal9030-10) showing a 11-R1-C1-M1-A1-N1-T3-E1-H1 genomic constellation.
This study suggests that the RV1 Brazilian mass vaccination is not significantly influencing the
G1P[8] fluctuation profile in the country. It was also demonstrated the reassortment between two
G1P[8] strains (NSP3 gene) and the RV1 vaccine strain, showing that this event can occur in post-

licensure settings and deserve attention mainly in countries using RVA mass vaccination.

68



Introduction:

Diarrheal disease (DD) represents the second leading cause of death in children < 5 years old
in the developing world (Wazny et al., 2013). Specie A rotaviruses (RVA) are the main etiologic
agent of DD in children in this age group worldwide (Kotloff et al., 2013), being responsible for
~196,000 cases of severe diarrhea and deaths in 2011 (Walker et al., 2013).

RVA is a member of Reoviridae family, the genome consists of 11 double-stranded RNA
gene segments encoding six structural (VP1-4, VP6-VP7) and six non-structural proteins (NSP1-6).
A dual classification system was established for RVA based on the two genes which encode the outer
capsid proteins, VP4 (P-genotype) and VP7 (G-genotype) (Estes & Greenberg, 2013). More recently,
a new classification system has been proposed including all 11 genes and, to date, 27 G, 37 P, 16 1, 9
R,9C,8M,16 A,9N, 12T, 14 E and 11 H genotypes have been identified so far (Matthijnssens et
al., 2008; Tronjar et al., 2013).

Epidemiological studies of RVA infections have demonstrated the genetic diversity of strains
circulating in different continents. In humans, at least six RVA G genotypes (G1-G4, G9, and more
recently G12), and three P genotypes (P[8], P[4], and more recently P[6]) circulates worldwide
generating a major impact in public health (Leite et al., 2008; lIturriza-Gomara et al., 2009; Banyai et
al., 2012). The spread of different RVA genotypes and genetic variants in distinct geographical
regions, as well as over the seasons, may be associated to the emergence of severe DD, both spatially
restricted or globally disseminated (Carvalho-Costa et al., 2011; WHO, 2013).

In Brazil, G1P[8] have been one of the most common RVA circulating genotypes during the
last two decades (Santos & Hoshino, 2005; Leite et al., 2008; Carvalho-Costa et al., 2009, 2011,
Rose et al., 2013). Recent studies show a reduction in G1P[8] circulation after the introduction of the
monovalent vaccine (RV1) in the National Immunization Program (NIP) in Brazil in march, 2006
(Assis et al., 2013, Ichihara et al., in press). Vaccination is considered effective in reducing the
consequences of RVA. Two vaccines, RV1 (Glaxo SmithKline, Brentford, Middlesex, UK) and RV5
(Merck & Co., Whitehouse Station, New Jersey, USA), are licensed in several countries. Both
vaccines demonstrated broad protection against each of the most common RVA genotypes (Patton,
2012).

In the current study, we describe the genetic evolution of the eleven genes from G1P[8]
strains detected in Brazil from 1986 to 2013 and discus its possible implication on the efficacy of the

RV1 Brazilian vaccine program.

69



Materials and Methods

Ethics

This study is part of a project that covers diagnosis, surveillance and molecular epidemiology
of viruses that cause DD approved by the Ethics Committee of Fiocruz (CEP: 311/06).

Fecal samples

RVA surveillance was performed between 1986 and 2013. RVA surveillance is performed
through a hierarchical network in which samples are provided by spontaneous demand in hospitals
and health centers, monitored by the Brazilian Unified Health System (SUS). The fecal samples were
collected by the Central Laboratory of each state and then forwarded to the Regional Rotavirus
Reference Laboratory - Laboratory of Comparative and Environmental Virology (RRRL-LVCA).
Forms with epidemiological, clinical, and RVA vaccination status (after March 2006) accompanied

each fecal sample. Ninety G1P[8] RVA strains were selected for this study.

Specie A rotaviruses detection and G/P genotyping.

RVA detection in fecal samples was carried out by enzyme immunoassay (EIA, Premier
Rotaclone®, Meridian Bioscience, Inc.; Ridascreen®, R-Biopharm) and polyacrylamide gel
electrophoresis (PAGE) (Pereira et al., 1983). Nucleic acids were extracted from 10% fecal
suspensions by the glass powder method described by Boom et al. (1990), including modifications
(Leite et al., 1996). The extracted RNA was reverse transcribed and RVA G and P genotyping was
performed using semi-nested multiplex PCRs as previously described (WHO/IVB/08.17, 2008). Fifty
seven G1P[8] strains representative from the pre-vaccination period (1986-2006) and 33 G1P[8]
strains from the pos-vaccination period (2007-2013) were investigated by eleven genes sequencing
analysis. Of the 33 strains detected after the year 2006, 20 belong to children vaccinated with one or
two doses of RV1.
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Eleven genes amplification and sequencing

The amplification of the eleven genome segments from G1P[8] strains were performed using
a OneStep RT-PCR Kit (QIAGEN®) following manufacturer’s instructions and amplifications
conditions as described previously (Tort et al., 2010; Silva et al., 2011; Gémez et al., 2013; Rose et al.,
2013). Sequencing was performed with an ABI Prism Big Dye Terminator Cycle Sequencing Ready
Reaction Kit on an ABI Prism 3730 Genetic Analyzer (Applied Biosystems®, Foster City, CA, USA)
at the Institute of Technology in Immunobiologicals (Bio-Manguinhos, Fiocruz) and the Genomic Platform
of DNA sequencing PDTIS/FIOCRUZ. All procedures to avoid cross-contamination were performed,
including negative controls (DNase/RNase free water — Gibco, Grand Island, USA — with RNaseOut

— Invitrogen, Carlsbad, USA), during all steps.
Phylogenetic Analysis

Nucleotide blast analyses were performed with obtained sequences and multiple sequence
alignments were carried out using the ClustalW program (Thompson et al., 1994). Phylogenetic
analyses were performed under the GTR+I model of nucleotide substitution, selected using the
JModeltest program (Posada, 2008). Maximum Likelihood (ML) phylogenetic trees were inferred for
each one of the G1P[8] eleven genes sequences with PhyML program (Guindon and Gascuel, 2003),
in MEGAS5.0 (Tamura et al., 2011). The statistical significance of the branch was assessed by
bootstrap resampling analysis (1,000 replicates). Deduced amino acid sequences of the eleven
proteins of Brazilian G1P[8] RVA strains were compared to the RV1 strain using the Bioedit v.7.2.3
software (Hall, 1999).
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Results

RVA surveillance research was conducted by the RRRL-LVCA for 27 years (1986-2013)
with strains obtained from children with diarrhea (hospitalized or not) in different Brazilian regions.
The G1P[8] genotype prevalence ranged from 1% to 100% among Brazilian children infected with
RVA in almost three decades of analysis. The G1P[8] genotype has yearly fluctuations with peaks
delimited in different seasons: 1994-1995, 1997-1998, 2000-2004 and 2008-2009 (Figure 1).

Phylogenetic trees of the 11 G1P[8] RVA genes were generated. All 90 Brazilian strains
analyzed belong to the Wa-like genotype. Eighty eight strains showed a 11-R1-C1-M1-A1-N1-T1-
E1-H1 genome constellation, while one strain detected in Rio de Janeiro in 2007 (rj14055-07)
showed [1-R1-C1-M1-Al1-N1-T3-E1-H1 specificity and one detected in Maranhdo in 2010
(mal9030-10) contained the IX-R1-Cx-M1-A1-N1-T3-E1-H1 genome constellation (supplemental

material).

Sequence analyzes of structural genes

The VP1-3 and VP6 gene analyzes of the Brazilian strains showed that sequences grouped
with several prototype strains collected in different countries, although some clusters show
exclusively sequences collected in the same Brazilian state, as detected for strains in the state of
Sergipe in 2009 (Figure 2 a,b,c and f). Identity values between G1P[8] Brazilian strains and RV1
vaccine ranged from 92,9% to 100%, 90,2% to 100%, 92% to 100% and 88,1% to 100% for
nucleotide (nt) and 96,2% to 100%, 90,1% to 100%, 95,6% to 100% and 94,6% to 100% for amino
acid (aa) sequences in VP1, VP2, VP3 and VPG, respectively. Three strains showed 100% aa identity
with RV1 in at least one of the VP1, VP2, VP3 or VP6 genes (Table 1).

Phylogenetic analysis based on the VP8* (aa 1-247) portion of VP4 encoding gene showed
that Brazilian strains (Figure 2 d) clustered into three evolutionary lineages. P[8]-1 lineage clustering
the RV1 and RV1-like strains (se15901-08, mal9006-10, and bal9391-10); P[8]-2 lineage with
strains detected in the 1980°s and beginning of 1990°s; P[8]-3 lineage with most Brazilian G1P[8]
strains, into different P[8]-3 sublineages. The alignment of the deduced amino acid sequences
showed that the potential trypsin cleavage sites at arginine 240 and 246 were both conserved in all 90
G1P[8] Brazilian samples and RV1. The proline 68, 71, 224, and 225 residues; the cysteine residue at
position 215 which were highly conserved among the VP8* RV A gene portion, were also maintained

in all Brazilian strains and RV1. No change was observed on epitopes 8-2 and 8-4 (Figure 3).
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Four G1 VP7 lineages (G1-1, G1-II, G1-11l1 and G1-V) were detected in the Brazilian strains
independent of the years. Into the G1-1 and G1-11 grouped G1P[8] strains previously detected in the
1990’s and still circulate in Brazil, and strains collected in different Brazilian regions in the 1980"s
and beginning of 1990"s grouped into the G1-Il1l and G1-V lineages (Figure 2e). Identity values
between G1P[8] Brazilian strains and RV1 vaccine ranged from 92,5% to 100% for nt and 93,8% to
100% for aa sequences (Table 1). When comparing the sequence regions defined as antigenic
epitopes (7-1 and 7-2) for the VP7 protein, it was observed at least two epitopes (aa 94, 123, 148,
217) that were not conserved in the Brazilian strains when compared with the RV1 VP7 gene (Figure
4).

The strain se15901-08, detected in Sergipe state in 2008, showed 100% nt identity to the RV1
strain for all structural genes. This strain was collected from a child who had been vaccinated with

the first dose of RV1 seven days before the beginning of symptoms, suggering a case of shedding.

Sequence analyses of nonstructural genes

Similar to the core enconding VP1-3 and VVP6 genes, NSP1-5 genes analyzes of the Brazilian
strains showed that sequences group with prototypes collected in worldwide, although some clusters
show exclusively sequences collected in the same Brazilian state, as detected for strains in the state of
Sergipe in 2009 (Figure 2 g, h, i, j and k). Identity values between G1P[8] Brazilian strains and RV1
vaccine ranged from 89% to 100%, 88,4% to 100%, 90,1% to 100% and 92,5% to 100% for nt and
90,7% to 100%, 93,6% to 100%, 94,8% to 100% and 92,8% to 100% for aa sequences in NSP1,
NSP2, NSP4 and NSP5, respectively. Three strains showed 100% aa identity with RV1 in at least
one of the NSP1, NSP2, NSP4 or NSP5 genes (Table 1).

The NSP3 analysis showed that two strains collected in different years and Brazilian regions
(rj14055-07 and bal9030-10) belongs to T3 genotype. Both strains showed maximum nt identity
with the prototype G3P[9] RVA strain detected in Japan in 1982, AU-1 (Data not shown).

As observed for the structural genes, strain se15901-08 showed 100% nt identity to the RV1

strain for nonstructural genes.
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Discussion

In Brazil, a wide GP[ ] combination have been reported in cases of children infected with
RVA since the decade of 1980°s. Recent studies describe Brazilian most common combinations
(G1P[8], G2P[4], G3P[8], G4P[8] and G9P[8]) and uncommon (G1P[6], G3P[6], G5P[8], G8P[8],
G8P[4], G12P[8], G12P[9]) genotypes circulating in the country in the last decades (Leite et al.,
2008; Tort et al., 2010; Carvalho-Costa et al., 2011; Silva et al., 2011, da Silva et al., 2013; Gomez et
al., 2010, 2013, 2014; Luchs et al., 2014). G1P[8] strains are responsible for more than 50% of
children infections worldwide and have been found to contribute significantly in RVA diarrhea in
different age groups (Kang et al., 2009; Benati et al., 2010; Tate et al., 2010). As reported by Rose et
al. (2013), G1P[8] remains being detected in Brazil, even after the RV1 mass vaccination
introduction in 2006, evidencing the importance of G1P[8] full genome analysis in strains collected

in different Brazilian regions for its evolutionary profile and evaluation of the vaccination program.

During the 27-years G1P[8] Brazilian surveillance, the prevalence of this genotype seems to
vary annually, with changes in the relative frequencies over the years. Our findings show that
Brazilian G1P[8] fluctuation has some peaks in the seasons of 1994-1995, 1997-1998, 2000-2004
and 2008-2009. In a previous study, Giammanco et al., (2014), showed the most RVA GPJ[ ]
combinations detected in Palermo, Italy, between 1985 and 2011, and observed that G1P[8]
presented a similar fluctuation profile over time as found in the present study. It is interesting to
mention that despite the similar genotype prevalence in population, Brazilian children have been
vaccinated with a G1P[8] specificity vaccine (RV1) since march 2006, whereas Italian children are
not vaccinated against RVA, suggesting that the mass RV1 vaccination in Brazil may not have

impacted the G1P[8] genotype circulation in the country.

In the current study, one strain (se15901-08) was collected from a two months old child who
was immunized seven days before hospitalization. The 11 RVA genome segments analyzes showed
the 100% nt identity to the RV1 strain, evidencing a case of vaccine shedding. Anderson et al. (2008)
described 35-80% of healthy RV1 vaccinated children shedding the RVA vaccine strain seven days
after taken the first dose and 11-29% after the second dose. Therefore, the vaccine virus deposited by
individuals into the environment may offer direct protection to the unvaccinated children,
consequently herd effect could increase and be beneficial in populations with low vaccine coverage
(Rivera et al., 2011). Furthermore, studies in Australia, Austria, Brazil, and El Salvador reported a

reduction in RVA disease and GA cases in either unvaccinated and vaccinated cohorts suggesting
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that the reduction of RVA transmission by the vaccinated population could benefit the unvaccinated

members of the community (Patel et al., 2012).

The study reports for the first time the 11 genome segments analyzes from G1P[8] clinical
strains collected in a time period of 27-years in different Brazilian regions in order to investigate how
this genotype have evolved in Brazil during three decades of investigation. Our results showed no
evidence for selection pressure by RV1 vaccination in Brazil, as strains collected before and after
2006 (year of mass vaccination introduction in Brazil) are quite similar for all genes. Unfortunately,
it is difficult to determine the relationship between the sequences within each Brazilian region due to
the reduced number of strains for each state. Nonetheless, it is clear that multiple clusters of human
Wa-like genotype G1P[8] RVAs co-circulated and caused the disease between 1986 and 2013. Two
strains (rj14055-07 and ba19030-10) collected after the RV1 vaccination, which belongs to T3 NSP3
genotype, were related to the AU-1-like genotype constellation. Many studies have reported this
genogrouping system to show the existence of intergenogroup reassortments between different RVA
animal or human genogroups. However, the existence and effectiveness of heterogeneous genome
constellations remains unclear probably because is caused by mechanisms that create protein sets that
work better when kept together (Heiman et al., 2008).

The results obtained in the current study showed that four Brazilian strains (es15221-08,
mal9006-10, bal9391-10 and rj22288-13) were closely related to the RV1 strain, for, at least, one
genome segment suggesting the possibility of reassortment between RV1 and circulating strains.
During a 5-year surveillance study carried out in Hungary, Laszlo et al. (2012) identified 55 G1P[8]
strains closely related, but not identical to the RV1 parental strain (strain 89-12) although their

vaccine origin were unknown.

In a study conducted in Bangladeshi with G1P[8] circulating in 2003, Rahman et al. (2010)
reported that genetic changes have been described to occur in different genes of the circulating strains
over time resulting in the increase in genetic distance from the prototype strains. The results obtained
in VP1-VP3, VP6 and NSP1-NSP5 analyzes showed that Brazilian G1P[8] strains have closer
identity to prototype strains of different GP[ ] combination specificities belonging to genotype
constellation 1 collected in the same time period, despite the prototype country of origin. The present
study corroborate previous findings in China (Shintani et al., 2012), India (Arora et al., 2011) and
South Korea (Le et al., 2010).

Analysis of the VP8* encoding gene revealed that G1 circulated in association with different

P[8] lineages in Brazil during the 27-years study. P[8]-1 lineage clustering the RV1 and RV1-like
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strains, P[8]-2 lineage with strains detected in the 1980°s and beginning of 1990°s and P[8]-3 lineage
with most Brazilian G1P[8] strains. The P[8]-3 seems to be the unique lineage currently circulating in
Brazil whereas the lineage component of the RV1 vaccine is P[8]-1. Silva et al. (2013) reported
previously a great P[8]-3 Brazilian variety and proposed a classification into 6 P[8]-3 sublineages. In
the present study we detected 5 different P[8]-3 sublineages circulating in association with G1. P[8]-
3.2, a sublineage found circulating associated with genotype G9, was not found. It is important to
mention 2 sublineages exclusively associated with strains collected in 2009 in two states of Northest
of Brazil (P[8]-3.5 grouping strains collected in Pernambuco and P[8]-3.6 with strains collected in
Sergipe). In a study conducted in Finland, Hemming & Vesikari (2013) also reported the great
circulation of P[8]-3 in association with G1 in an over 20-year period. Similar results were reported
by Imbert-Marcille et al. (2013) showing a wide circulation of P[8]-3 sublineages in 62 patients with
diarrhea in France in the years of 2010, 2011 and 2012. The P[8] VP8* protein fragment of the
Brazilian strains contained differences in three (8-1, 8-2, 8-3) of the four antigenic epitopes of this
fragment, corroborating previous studies which also found substitutions in VVP8* antigenic epitopes
of G1P[8] strains (Rahman et al., 2010; Rose et al., 2013; Hemming & Vesikari, 2013).

In the present study, analysis of the VP7 gene showed the circulation of four G1 lineages in
Brazil during the last three decades. Strains collected in the 1980°s and 1990°s grouped into the G1-
Il and G1-V lineages, despite strains collected in the late 1990°s, 2000°s and the currently circulating
grouped into G1-1 and G1-Il lineages. These results corroborate previous studies conducted in
Argentina (Barril et al., 2013), Brazil (Maranh&o et al., 2012), South Korea (Le et al., 2010) and
Vietnam (Trang et al., 2012). Comparison between the VVP7 genome segment of the study strains and
RV1 show differences in the Brazilian G1P[8] strains. RV1 vaccine belongs to G1-I1 specificity. Two
strains collected in the state of Rio de Janeiro after RV1 mass vaccination in Brazil (rj14055-07 and
rj22888-13) grouped into the G1-11, however their sequences are quite different from the vaccine
strain. Various aa substitutions were detected comparing the Brazilian strains and RV1, including
changes inside antigenic sites (7-1 and 7-2), however further studies will be needed to determine the

potential effects of these substitutions identified in the study.

Our findings provide additional information to understand how the G1P[8] genotype have
evolved in Brazil. This study suggests that the RV1 Brazilian mass vaccination is not significantly
influencing the G1P[8] fluctuation profile in the country. It was also demonstrated the reassortment
between 2 G1P[8] strains (NSP3 gene) and the RV1 vaccine strain, showing that this event can occur
in post-licensure settings and deserve attention mainly in countries using RVA mass vaccination.

Therefore, the improvement of RVA surveillance programs that include full genome sequencing
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analysis will contribute to better understand some points as how the introduction of a vaccine may
affect the circulating human or animal RVAs strains, the real frequency of RVA intergenogroup
reassortment events under natural conditions and the RV A strains stability generated by such events.

Acknowledgments

We would like to thank Alexandre Madri Fialho for technical assistance. The authors thank the staff
at Institute of Immunobiological Technology (Bio-Manguinhos/Fiocruz) - Marco Alberto Medeiros
and Rafael Lawson Ferreira, for their technical support in sequencing reactions. This study was
sponsored by Oswaldo Cruz Institute/Fiocruz (Proep/CNPq and PAPES VI), General Coordination of
Public Health Laboratories, Secretary of Health Surveillance, Ministry of Health (CGLAB/SVS),
FAPERJ, Mercosul Research Program- PCPP/CAPES.

77



References

Arora R, Chitambar SD. Full genomic analysis of Indian G1P[8] rotavirus strains. Infect Genet
Evol. 2011 Mar;11(2):504-11.

Assis AS, Valle DA, Antunes GR, Tibirica SH, Assis RM, Leite JP et al. Rotavirus epidemiology
before and after vaccine introduction. J Pediatr (Rio J). 2013 Sep-Oct;89(5):470-6.

Banyai K, L&szI6 B, Duque J, Steele AD, Nelson EA, Gentsch JR et al. Systematic review of regional
and temporal trends in global rotavirus strain diversity in the pre rotavirus vaccine era: insights for
understanding the impact of rotavirus vaccination programs. Vaccine. 2012 Apr 27;30 Suppl 1:A122-
30.

Barril P, Martinez L, Giordano M, Masachessi G, Isa M, Pavan J, Glikmann G, Nates S. Genetic and
antigenic evolution profiles of G1 rotaviruses in cordoba, Argentina, during a 27-year period (1980-
2006). J Med Virol. 2013 Feb;85(2):363-9.

Benati FJ, Maranhdo AG, Lima RS, da Silva RC, Santos N. Multiple-gene characterization
of rotavirus strains: evidence of genetic linkage among the VP7-, VP4-, VP6-, and NSP4-encoding
genes. J Med Virol. 2010 Oct;82(10):1797-802.

Boom, R., Sol, C. J.,, Salimans, M. M., Jansen, C. L., Wertheim-van Dillen, P. M. & van der
Noordaa, J. Rapid and simple method for purification of nucleic acids. J Clin Microbiol 1990. 28,
495-503.

Carvalho-Costa FA, Araujo IT, Santos de Assis RM, Fialho AM, de Assis Martins CM, Bbia MN et
al. Rotavirus genotype distribution after vaccine introduction, Rio de Janeiro, Brazil. Emerg Infect
Dis. 2009;15(1):95-7.

Carvalho-Costa FA, Volotdo Ede M, de Assis RM, Fialho AM, de Andrade Jda S, Rocha LN et al.
Laboratory-based rotavirus surveillance during the introduction of a vaccination program, Brazil,
2005-2009. Pediatr Infect Dis Journal. 2011;30(1):S35-41.

da Silva Soares L, de Fatima Dos Santos Guerra S, do Socorro Lima de Oliveira A, da Silva Dos
Santos F, de Fatima Costa de Menezes EM, Mascarenhas JD, Linhares AC. Diversity
of rotavirus strains circulating in Northern Brazil after introduction of a rotavirus vaccine: High
prevalence of G3P[6] genotype. J Med Virol. Oct 17. doi: 10.1002/jmv.23797. [Epub ahead of
print].

78


http://www.ncbi.nlm.nih.gov/pubmed/21256248
http://www.ncbi.nlm.nih.gov/pubmed?term=Barril%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23161398
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23161398
http://www.ncbi.nlm.nih.gov/pubmed?term=Giordano%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23161398
http://www.ncbi.nlm.nih.gov/pubmed?term=Masachessi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23161398
http://www.ncbi.nlm.nih.gov/pubmed?term=Isa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23161398
http://www.ncbi.nlm.nih.gov/pubmed?term=Pavan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23161398
http://www.ncbi.nlm.nih.gov/pubmed?term=Glikmann%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23161398
http://www.ncbi.nlm.nih.gov/pubmed?term=Nates%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23161398
http://www.ncbi.nlm.nih.gov/pubmed/?term=2013%5Bpdat%5D+AND+barril%5Bfirst+author%5D+AND+rotavirus
http://www.ncbi.nlm.nih.gov/pubmed?term=Benati%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=20827779
http://www.ncbi.nlm.nih.gov/pubmed?term=Maranh%C3%A3o%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=20827779
http://www.ncbi.nlm.nih.gov/pubmed?term=Lima%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=20827779
http://www.ncbi.nlm.nih.gov/pubmed?term=da%20Silva%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=20827779
http://www.ncbi.nlm.nih.gov/pubmed?term=Santos%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20827779
http://www.ncbi.nlm.nih.gov/pubmed/?term=2010%5Bpdat%5D+AND+benati%5Bfirst+author%5D+AND+rotavirus
http://www.ncbi.nlm.nih.gov/pubmed/24136444
http://www.ncbi.nlm.nih.gov/pubmed/24136444
http://www.ncbi.nlm.nih.gov/pubmed/24136444

Estes MK, Greenberg HB. Rotaviruses. Fields Virology. 6th edicdo. Lippincott Williams & Wilkins.
Philadelphia; 2013.

Giammanco GM, Bonura F, Zeller M, Heylen E, Van Ranst M, Martella V, Banyai K, Matthijnssens
J, De Grazia S. Evolution of DS-1-like human G2P[4] rotaviruses assessed by complete genome
analyses. J Gen Virol. 2014 Jan;95(Pt 1):91-1009.

Gbomez MM, de Mendonca MC, Volotdo Ede M, Tort LF, da Silva MF, Cristina J et al. Rotavirus A
genotype P[4]G2: genetic diversity and reassortment events among strains circulating in Brazil
between 2005 and 2009. J Med Virol. 2011;83(6):1093-106.

Gbémez MM, da Silva MF, Zeller M, Heylen E, Matthijnssens J, Ichihara MY et al. Phylogenetic
analysis of G1P[6] group A rotavirus strains detected in Northeast Brazilian children fully vaccinated
with Rotarix™. Infect Genet Evol. 2013 Oct;19:395-402.

Guindon S, Gascuel O. A simple, fast, and accurate algorithm to estimate large phylogenies by
maximum likelihood. Syst Biol 2003. 52: 696—704.

Hall, T.A. BioEdit: a user-friendly biological sequence alignment editor and analysis program for
Windows 95/98/NT. Nucleic Acids Symposium Series (1999) 41:95-98.

Heiman EM, McDonald SM, Barro M, Taraporewala ZF, Bar-Magen T, Patton JT. Group A human
rotavirus genomics: evidence that gene constellations are influenced by viral protein interactions. J
Virol. 2008; 82(22):11106-16.

Hemming M, Vesikari T. Detection of Rotateq® Vaccine-Derived Double Reassortant Rotavirus in a
7-Year-Old Child with Acute Gastroenteritis. Pediatr Infect Dis J. 2013 Dec 9 (19) 51-58.

Ichihara M.Y.T, Rodrigues L.C., Santos C.A., Teixeira M.G., De Jesus S.R., Matosa S.M.A., Leite
J.P.G., Barreto M.L. Effectiveness of rotavirus vaccine against hospitalized rotavirus diarrhea: A

case—control study. Vaccine (2014) Article in press.

Imbert-Marcille BM, Barbé L, Dupé M, Le Moullac-Vaidye B, Besse B, Peltier C et al. A FUT2
Gene Common Polymorphism Determines Resistance to Rotavirus A of the P[8] Genotype. J Infect
Dis. 2013 Dec 29. [Epub ahead of print].

79


http://www.ncbi.nlm.nih.gov/pubmed?term=Giammanco%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=24077298
http://www.ncbi.nlm.nih.gov/pubmed?term=Bonura%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24077298
http://www.ncbi.nlm.nih.gov/pubmed?term=Zeller%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24077298
http://www.ncbi.nlm.nih.gov/pubmed?term=Heylen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24077298
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Ranst%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24077298
http://www.ncbi.nlm.nih.gov/pubmed?term=Martella%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24077298
http://www.ncbi.nlm.nih.gov/pubmed?term=B%C3%A1nyai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24077298
http://www.ncbi.nlm.nih.gov/pubmed?term=Matthijnssens%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24077298
http://www.ncbi.nlm.nih.gov/pubmed?term=Matthijnssens%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24077298
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20Grazia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24077298
http://www.ncbi.nlm.nih.gov/pubmed/?term=2014%5Bpdat%5D+AND+giammanco%5Bfirst+author%5D+AND+rotavirus

Iturriza-Goémara M, Dallman T, Banyai K, Bottiger B, Buesa J, Diedrich S, Fiore L, Johansen
K, Korsun N, Kroneman A, Lappalainen M, Laszl6 B, Maunula L,Matthinjnssens J, Midgley
S, Mladenova Z, Poljsak-Prijatelj M, Pothier P, Ruggeri FM, Sanchez-Fauquier A, Schreier E, Steyer
A, Sidaraviciute I, Tran AN, Usonis V,Van Ranst M,de Rougemont A, Gray J.
Rotavirus surveillance in europe, 2005-2008: web-enabled reporting and real-time analysis of

genotyping and epidemiological data. J Infect Dis. 2009 Nov 1;200 Suppl 1:5215-21.

Kang G, Arora R, Chitambar SD, Deshpande J, Gupte MD, Kulkarni M, Naik TN, Mukherji
D, Venkatasubramaniam S, Gentsch JR, Glass RI, Parashar UD;Indian Rotavirus Strain Surveillance
Network. Multicenter, hospital-based surveillance of rotavirus disease and strains among indian
children aged <5 years. J Infect Dis. 2009 Nov 1;200 Suppl 1:5147-53.

Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam S, Wu Y, Sow SO, Sur
D, Breiman RF, Farugue AS, Zaidi AK, Saha D, Alonso PL, Tamboura B, Sanogo D, Onwuchekwa
U, Manna B, Ramamurthy T, Kanungo S, Ochieng JB, Omore R, Oundo JO, Hossain A, Das SK,
Ahmed S, Qureshi S, Quadri F, Adegbola RA, Antonio M, Hossain MJ, Akinsola A, Mandomando |,
Nhampossa T, Acécio S, Biswas K, O'Reilly CE, Mintz ED, Berkeley LY, Muhsen K, Sommerfelt H,
Robins-Browne RM, Levine MM. Burden and aetiology of diarrhoeal disease in infants and young
children in developing countries (the Global Enteric Multicenter Study, GEMS): a prospective, case-
control study. Lancet. 2013 Jul 20;382(9888):209-22.

Laszl6 B1, Kénya J, Dandar E, Dedk J, Farkas A, Gray J, Grész G, lturriza-Gomara M, Jakab
F, Juhasz A, Kisfali P, Kovacs J, Lengyel G, Martella V, Melegh B,Mészéaros J, Molnar P, Nyl
Z, Papp H, Patri L, Puskas E, Santha I, Schneider F, Szomor K, Toth A, Toth E, Sziics G, Banyai K.
Surveillance of human rotaviruses in 2007-2011, Hungary: exploring the genetic relatedness between
vaccine and field strains. J Clin Virol. 2012 Oct;55(2):140-6.

Le VP, Chung YC, Kim K, Chung SI, Lim I, Kim W. Genetic variation of prevalent G1P[8] human
rotaviruses in South Korea. J Med Virol. 2010 May;82(5):886-96.

Leite, J. P., Alfieri, A. A, Woods, P. A., Glass, R. I. & Gentsch, J. R. Rotavirus G and P types
circulating in Brazil: characterization by RT-PCR, probe hybridization, and sequence analysis. Arch
Virol 1996. 141, 2365-2374

Leite JP, Carvalho-Costa FA, Linhares AC. Group A rotavirus genotypes and the ongoing Brazilian
experience: a review. Mem Inst Oswaldo Cruz. 2008;103,745-53.

80


http://www.ncbi.nlm.nih.gov/pubmed?term=Iturriza-G%C3%B3mara%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Dallman%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=B%C3%A1nyai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=B%C3%B6ttiger%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Buesa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Diedrich%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Fiore%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Johansen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Johansen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Korsun%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Kroneman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Lappalainen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%A1szl%C3%B3%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Maunula%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Matthinjnssens%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Midgley%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Midgley%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Mladenova%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Poljsak-Prijatelj%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Pothier%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Ruggeri%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Sanchez-Fauquier%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Schreier%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Steyer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Steyer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Sidaraviciute%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Tran%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Usonis%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Ranst%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Rougemont%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=Gray%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19821712
http://www.ncbi.nlm.nih.gov/pubmed?term=2009%5Bpdat%5D+AND+Iturriza+Gomara%5Bfirst+author%5D+AND+rotavirus&TransSchema=title&cmd=detailssearch
http://www.ncbi.nlm.nih.gov/pubmed?term=Kang%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Arora%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Chitambar%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Deshpande%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Gupte%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Kulkarni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Naik%20TN%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Mukherji%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Mukherji%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Venkatasubramaniam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Gentsch%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Glass%20RI%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Parashar%20UD%5BAuthor%5D&cauthor=true&cauthor_uid=19817593
http://www.ncbi.nlm.nih.gov/pubmed?term=Indian%20Rotavirus%20Strain%20Surveillance%20Network%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Indian%20Rotavirus%20Strain%20Surveillance%20Network%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=2009%5Bpdat%5D+AND+kang%5Bfirst+author%5D+AND+rotavirus
http://www.ncbi.nlm.nih.gov/pubmed/23680352
http://www.ncbi.nlm.nih.gov/pubmed/23680352
http://www.ncbi.nlm.nih.gov/pubmed/23680352
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%A1szl%C3%B3%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=K%C3%B3nya%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Dand%C3%A1r%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=De%C3%A1k%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Farkas%20%C3%81%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Gray%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Gr%C3%B3sz%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Iturriza-Gomara%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Jakab%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Jakab%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Juh%C3%A1sz%20%C3%81%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Kisfali%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Kov%C3%A1cs%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Lengyel%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Martella%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Melegh%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%A9sz%C3%A1ros%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Moln%C3%A1r%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Ny%C3%BAl%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Ny%C3%BAl%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Papp%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=P%C3%A1tri%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Pusk%C3%A1s%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=S%C3%A1ntha%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Schneider%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Szomor%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=T%C3%B3th%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=T%C3%B3th%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=Sz%C5%B1cs%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed?term=B%C3%A1nyai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22841750
http://www.ncbi.nlm.nih.gov/pubmed/?term=2012%5Bpdat%5D+AND+Laszlo%5Bfirst+author%5D+AND+%5Brotavirus%5D
http://www.ncbi.nlm.nih.gov/pubmed/20336735
http://www.ncbi.nlm.nih.gov/pubmed/20336735

Luchs A, Timenetsky Mdo C. Unexpected detection of bovine G10 rotavirus in a Brazilian child with
diarrhea. J Clin Virol. 2014 Jan;59(1):74-6.

Maranhdo AG, Vianez-Junior JL, Benati FJ, Bisch PM, Santos N. Polymorphism of rotavirus
genotype G1 in Brazil: in silico analysis of variant strains circulating in Rio de Janeiro from 1996 to
2004. Infect Genet Evol. 2012 Oct;12(7):1397-404.

Matthijnssens J, Ciarlet M, Heiman E, Arijs I, Delbeke T, McDonald SM et al. Full genome-based
classification of rotaviruses reveals a common origin between human Wa-Like and porcine rotavirus
strains and human DS-1-like and bovine rotavirus strains. J Virol. 2008 Apr;82(7):3204-19

Patel MM, Glass R, Desai R, Tate JE, Parashar UD. Fulfilling the promise of rotavirus vaccines: how

far have we come since licensure? Lancet Infect Dis. 2012 Jul;12(7):561-70.

Patton JT. Rotavirus diversity and evolution in the post-vaccine world. Discov Med. 2012
Jan;13(68):85-97. Review.

Posada D. jModelTest: phylogenetic model averaging. Mol Biol Evol 2008. 25: 1253-1256.

Rahman M, Matthijnssens J, Saiada F, Hassan Z, Heylen E, Azim T, Van Ranst M. Complete
genomic analysis of a Bangladeshi G1P[8] rotavirus strain detected in 2003 reveals a close
evolutionary relationship  with  contemporary human Wa-like strains. Infect Genet
Evol. 2010 Aug;10(6):746-54.

Rivera L, Pefia LM, Stainier I, Gillard P, Cheuvart B, Smolenov I, Ortega-Barria E, Han HH.
Horizontal transmission of a human rotavirus vaccine strain--a randomized, placebo-controlled study
in twins. Vaccine. 2011 Nov 28;29(51):9508-13.

Rose TL, Silva MFM, Goméz MM, Resque HR, Ichihara MY, Volotéo E de M, Leite JP. Evidence of
Vaccine-related Reassortment of Rotavirus, Brazil, 2008-2010. Emerg Infect Dis. 2013
Nov;19(11):1843-6.

Santos N, Hoshino Y. Global distribution of rotavirus serotypes/genotypes and its implication for the

development and implementation of an effective rotavirus vaccine. Rev. Med. Virol. 2005;15:29-56.

Shintani T, Ghosh S, Wang YH, Zhou X, Zhou DJ, Kobayashi N. Whole genomic analysis of human
G1P[8] rotavirus strains from different age groups in China. Viruses. 2012 Aug;4(8):1289-304.

81


http://www.ncbi.nlm.nih.gov/pubmed/24280146
http://www.ncbi.nlm.nih.gov/pubmed/24280146
http://www.ncbi.nlm.nih.gov/pubmed/22742639
http://www.ncbi.nlm.nih.gov/pubmed/22742639
http://www.ncbi.nlm.nih.gov/pubmed?term=Rahman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20441801
http://www.ncbi.nlm.nih.gov/pubmed?term=Matthijnssens%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20441801
http://www.ncbi.nlm.nih.gov/pubmed?term=Saiada%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20441801
http://www.ncbi.nlm.nih.gov/pubmed?term=Hassan%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=20441801
http://www.ncbi.nlm.nih.gov/pubmed?term=Heylen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20441801
http://www.ncbi.nlm.nih.gov/pubmed?term=Azim%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20441801
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Ranst%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20441801
http://www.ncbi.nlm.nih.gov/pubmed/?term=2010%5Bpdat%5D+AND+rahman%5Bfirst+author%5D+AND+rotavirus
http://www.ncbi.nlm.nih.gov/pubmed/?term=2010%5Bpdat%5D+AND+rahman%5Bfirst+author%5D+AND+rotavirus
http://www.ncbi.nlm.nih.gov/pubmed/22008819
http://www.ncbi.nlm.nih.gov/pubmed/22008819
http://www.ncbi.nlm.nih.gov/pubmed?term=Shintani%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23012626
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghosh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23012626
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=23012626
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23012626
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=23012626
http://www.ncbi.nlm.nih.gov/pubmed?term=Kobayashi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23012626
http://www.ncbi.nlm.nih.gov/pubmed/?term=2012%5Bpdat%5D+AND+shintani%5Bfirst+author%5D+AND+rotavirus

Silva MFM, Tort LF, Gomez MM, Assis RM, de Mendonca MC, Volotdo EM, Leite JP.
Phylogenetic analysis of VP1, VP2, and VP3 gene segments of genotype G5 group A rotavirusstrains
circulating in Brazil between 1986 and 2005. Virus Res. 2011 Sep;160(1-2):381-8.

Silva MFM, Gémez MM, Rose TL, Volotdo Ede M, Carvalho-Costa FA, Bello G, Leite JP.
VP8*P[8] lineages of group A rotaviruses circulating over 20 years in Brazil: proposal of six
different sub-lineages for P[8]-3 clade. Infect Genet Evol. 2013 Jun;16:200-5.

Tate JE, Patel MM, Steele AD, Gentsch JR, Payne DC, Cortese MM et al. Global impact of rotavirus
vaccines. Expert Rev Vaccines. 2010 Apr;9(4):395-407.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. MEGAb5: molecular evolutionary
genetics analysis using maximum likelihood, evolutionary distance, and maximum parsimony
methods. Mol Biol Evol. 2011 Oct;28(10):2731-9.

Thompson J.D., Higgins D.G., Gibson T.J. CLUSTAL W improving the sensitivity of progressive
multiple sequence alignment through sequence weighting position-specific gap penalties and weight
matrix choice. Nucleic Acids Res. 1994 Nov 11;22(22):4673-80.

Tort LF, Volotdo Ede M, de Mendonga MC, da Silva MF, Siqueira AA, Assis RM et al. Phylogenetic
analysis of human P[8]G9 rotavirus strains circulating in Brazil reveals the presence of a novel
genetic variant. J Clin Virol. 2010;47(4):345-55.

Trang NV, Yamashiro T, Anh le TK, Hau VT, Luan le T, Anh DD. Genetic variation in the VP7 gene
of rotavirus G1P[8] strains isolated in Vietnam, 1998-2009. Virus Res. 2012 May;165(2):190-6.

Trojnar E, Sachsenrdder J, Twardziok S, Reetz J, Otto PH, Johne R. Identification of an avian group
A rotavirus containing a novel VP4 gene of close relationship to those of mammalian rotaviruses. J
Gen Virol. 2013 Jan;94(Pt 1):136-42

Walker C.L., Rudan I., Liu L., Nair H., Theodoratou E., Bhutta Z., O’Brien K.L, Campbell H. Global
burden of childhood pneumonia and diarrhea. Lancet 2013; 381: 1405-16.

Robert E BlackWazny K, Zipursky A, Black R, Curtis V, Duggan C, Guerrant R et al. Setting
research priorities to reduce mortality and morbidity of childhood diarrhoeal disease in the next 15
years. PLoS Med. 2013;10(5):e1001446

WHO. Rotavirus vaccines WHO position paper: January 2013 - Recommendations. Vaccine. 2013

Jun 5.
82


http://www.ncbi.nlm.nih.gov/pubmed/21827799
http://www.ncbi.nlm.nih.gov/pubmed/21827799
http://www.ncbi.nlm.nih.gov/pubmed?term=da%20Silva%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=23352888
http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%B3mez%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=23352888
http://www.ncbi.nlm.nih.gov/pubmed?term=Rose%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=23352888
http://www.ncbi.nlm.nih.gov/pubmed?term=Volot%C3%A3o%20Ede%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23352888
http://www.ncbi.nlm.nih.gov/pubmed?term=Carvalho-Costa%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=23352888
http://www.ncbi.nlm.nih.gov/pubmed?term=Bello%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23352888
http://www.ncbi.nlm.nih.gov/pubmed?term=Leite%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=23352888
http://www.ncbi.nlm.nih.gov/pubmed/?term=2013%5Bpdat%5D+AND+silva%5Bfirst+author%5D+AND+vp8
http://www.ncbi.nlm.nih.gov/pubmed/22387966
http://www.ncbi.nlm.nih.gov/pubmed/22387966

100 - - 450
90 - = - 400
80 1 L 350
70 -
80 - 300
S
= 60 A
S - 250
2 50 -
= - - 200
o’ 40 A
< - 150
30 - i _
20 - A Fl - 100
10 H H H \\ \ _‘ - 50
gte—m—/ L1 L1 Ll on [ l;l - - A 0
> 8 8 5 8 § 8 53 8 8 3 &8 8 5 83 383 2 ¢ & ¢
» » (o)} D (o)} D o o o o o o o o o o o 5 5 5
- e - - - - N N AN (qV} N AN N N N N N N N N

— G1P[8] percentage

Figure 1. Number of RV A positive strains analyzed in the Regional Rotavirus Reference Laboratory - Laboratory of Comparative and

—= Number of RVA positive samples

Environmental Virology (RRRL-LVCA) and the G1P[8] chronology in Brazil from 1994 to 2013.
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a) VP1

# RVA/Human-wt/BRA/se16536-09/2009/G1P8
» RVA/Human-wt/BRA/se17123-09/2009/G1P8
» RVA/Human-wt/BRA/se17122-09/2009/G1P8
» RVA/Human-wt/BRA/se17120-09/2009/G1P8
# RVA/Human-wt/BRA/se16984-09/2009/G1P8
» RVA/Human-wt/BRA/se16978-09/2009/G1P8
» RVA/Human-wt/BRA/se16977-09/2009/G1P8
# RVA/Human-wt/BRA/se16898-09/2009/G1P8
» RVA/Human-wt/BRA/se16897-09/2009/G1P8
» RVA/Human-wt/BRA/se16803-09/2009/G1P8
» RVA/Human-wt/BRA/se16800-09/2009/G1P8
» RVA/Human-wt/BRA/se16782-09/2009/G1P8
» RVA/Human-wt/BRA/se16779-09/2009/G1P8
» RVA/Human-wt/BRA/se16537-09/2009/G1P8
# RVA/Human-wt/BRA/se17241-09/2009/G1P8
# RVA/Human-wi/BRA/ma16055-09/2009/G1P8

RVA/Human-wt/BEL/BED0032/2008/G1P8
RVA/Human-wi/BEL/BE00024/2007/G1P8
—» RVA/Human-wt/BRA/ba4935-01/2001/G1P8
o r# RVA/HUman-w/BRA/ba6264-03/2003/G1P8
_[- RVA/Human-wt/BRA/ba7531-03/2003/G1P8
| « RVA/Human-wi/BRA/I5325-02/2002/G1P8
*2e RVA/Human-wt/BRA/ba10192-04/2004/G1P8
# RVA/Human-wt/BRA/Ij14055-07/2007/G1P8
| » RvAHuman-wt/BRA/rs10026-04/2004/G1P8
» RVA/Human-wt/BRA/rs10039-04/2004/G1P8
| # RVA/Human-wt/BRA/rs 11293-05/2005/G1P8
» RVA/Human-wi/BRA/ac11305-05/2005/G1P8
# RVA/Human-wt/BRA/rs 10953-05/2005/G1P8
« RVA/Human-wt/BRA/d11028-05/2005/G1P8
« RVA/Human-wt/BRA/df11045-05/2005/G1P8
« RVA/Human-wi/BRA/df11075-05/2005/G1P8
« RVA/Human-wi/BRAIj11169-05/2005/G1P8
RVA/Human-wi/BRA/1363-97/1997/G1P8

# RVA/Human-wi/BRA/Ij430-96/1996/G1P8

oo # RVA/Human-wt/BRA/jG670-06/1996/G1P8

» RVA/Human-wt/BRA/I1718-98/1998/G1P8

nle RVA/Human-wt/BRA/1808-98/1998/G1P8
— & RVA/Human-wi/BRA/rs21320-12/2012/G1P8

RVA/Human-tc/lUSA/WIG1/1983/GOP1A8

RVA/Human-tc/lUSA/D/1974/G1P1A8
RVA/Human-tc/USAWa/1974/G1P8
 RVA/Human-wt/BRA/ped6791-91/1991/G1P8

“ +o RVA/Human-wt/BRA/j48385-93/1993/G1P8

»RVA/Human-wt/BRA/pr37420-89/1989/G1P8
|« RVA/Human-wt/BRA/sp32628-87/1987/G1P8
L& RVA/Human-wi/BRA/dI37152-88/1988/G1P8
RVA/Human-wt/USA/DCA4996/1977/GAP8
RVA/Human-wt/USA/DC2241/1977/GAP8

< RVA/Vaccine/USA/Rotarix/1988/G1P8

» RVA/Human-wi/BRA/es15221-08/2008/G1P8

» RVA/Human-wi/BRA/se15901-08/2008/G1P8
0@ RVA/Human-wi/BRA/ma19006-10/2010/G1P8
» RVA/Human-wi/BRA/ba19391-10/2010/G1P8
RVA/Human-wt/BEL/BED0048/2009/G1P8

L » RVA/Human-wi/BRA/ba6124-03/2003/G1P8

#RVA/Human-wt/BRA/ba7712-03/2003/G1P8
» RVA/Human-wt/BRA/rs10042-04/2004/G1P8

»RVA/Human-wt/BRA/ma16071-09/2009/G1P8

L]

» RVA/Human-wt/BRA/pe19768-11/2011/G1P8

—# RVA/Human-wt/BRA/ba6757-03/2003/G1P8

« RVA/Human-wi/BRA/es5381-02/2002/G1P8
« RVA/Human-wt/BRA/esb527-02/2002/G1P8
« RVA/Human-wi/BRA/Ij5324-02/2002/G1P8

» RVA/Human-wi/BRA/es5443-02/2002/G1P8
« RVA/Human-wt/BRA/ba6009-03/2003/G1P8

—RVA/Human-wi/BGD/Dhaka16/2003/G1P8

» RVA/Human-wi/BRA/rs12198-06/2006/G1P8

#l RVA/Human-wt/BRA/rs12865-06/2006/G1P8

» RVA/Human-wt/BRA/rs12793-06/2006/G1P8

te RVA/Human-wt/BRA/ba10134-04/2004/G1P8
- RVA/Human-wi/BEL/B4633/2003/G12P8

* RVA/Human-wt/BRA/ba7303-03/2003/G1P8
» RVA/Human-wt/BRA/ba8067-04/2004/G1P8
» RVA/Human-wi/BRA/ba6599-03/2003/G1P8
» RVA/Human-wi/BRA/ba9875-04/2004/G1P8
*RVA/Human-wt/BRA/ba7225-03/2003/G1P8

- |le RVA/Human-wt/BRA/ba10332-04/2004/G1P8

 RVA/Human-wt/BRA/ba9167-04/2004/G1P8
'« RVA/Human-wt/BRA/ba7944-04/2004/G1P8
o RVA/Human-wi/BRA/ba9453-04/2004/G1P8
» RVA/Human-wt/BRA/[8014-04/2004/G1P8
L& RVA/Human-wt/BRA/Ij8216-04/2004/G1P8
te RVA/Human-wt/BRA/I9736-04/2004/G1P8
RVA/Human-wt/USA/VU08-09-27/2008/G3P8
RVA/Human-wt/USA/2008747500/2008/G3P8
RVA/Human-wi/BEL/BE00098/2009/G1P8

* RVA/Human-wt/BRA/pe 17887-09/2009/G1P8
e RVA/Human-wt/BRA/pe17891-09/2009/G1P8
'« RVA/Human-wt/BRA/pe17890-09/2009/G1P8
» RVA/Human-wt/BRA/pe 17888-09/2009/G1P8
#» RVA/Human-wt/BRA/ba10445-04/2004/G1P8

RVA/Human-wi/BGD/Dhaka25/2002/G12P8

=% RVA/Human-wt/BRA/ma19013-10/2010/G1P8
#» RVA/Human-wt/BRA/ma19030-10/2010/G1P8

+ RVA/Human-wi/BRA/mg28022-86/1986/G1P8

71/ RVA/Human-wit/BRA/ma18999-10/2010/G1P8
» RVA/Human-wt/BRA/ma18015-10/2010/G1P8

* RVA/Human-wt/BRA/sp30843-86/1986/G1P8

« RVA/Human-wt/BRA/Af30733-86/1986/G1P8
«RVA/Human-wi/BRA/ba36627-88/1988/G1P8
« RVA/Human-wt/BRA/go32872-87/1987/G1P8
*« RVA/Human-wi/BRA/I1618-98/1998/G1P8
RVA/Human-tc/BRA/IAL28/1992/G5P8

RVA/Pig-tc/USA/Gottiried/1983/G4P6

RVA/Human-tc/lUSA/DS-1/1976/G2P4

0.05

84



b) VP2

+ RVA/Human-wt/BRA/se17122-09/2009/G1P8
-« RVA/Human-wt/BRA/se16536-09/2009/G1P8
-« RVA/Human-wt/BRA/se17120-09/2009/G1P8
-+ RVA/Human-wt/BRA/se16978-09/2009/G1P8
-+ RVA/Human-wt/BRA/se16977-09/2009/G1P8
-+ RVA/Human-wt/BRA/se16898-09/2009/G1P8
-+ RVA/Human-wt/BRA/se16897-09/2009/G1P8
-+ RVA/Human-wt/BRA/se16894-09/2009/G1P8
-« RVA/Human-wt/BRA/se16800-09/2009/G1P8

« RVAHuman-wt/BRA/se16803-09/2009/G1P8
-« RVA/Human-wt/BRA/se17241-09/2009/G1P8
» RYA/Human-wt/BRA/ma16055-09/2009/G1P8
 RVA/Human-wt/BRA/ma16071-09/2009/G1P8
RVA/Human-wi/BEL/BE00028/2007/G1P8
RVA/Human-w/BEL/BE00041/2007/G1P8
RVA/Human-wt/BEL/BE00032/2008/G1P8
RVA/Human-wit/BEL/BE00024/2007/G1P8
RVA/Human-wt/BGD/Dhaka16/2003/G1P8
RVA/Human-wt/BGD/Dhaka12/2003/G12P6

4 RVA/Human-wi/BRA/ma19013-10/2010/G1P8
& RVA/Human-wi/BRA/ma19015-10/2010/G1P8
la RVA/Human-w/BRA/ma18999-10/2010/G1P8
« RVAHuman-wi/BRA/pe19768-11/2011/G1P8
» RVA/Human-wt/BRA/rs21320-12/2012/G1P8

-+ RVA/Human-wt/BRA/ba10332-04/2004/G1P8
@ RVA/Human-wt/BRA/ba10445-04/2004/G1P8

¢ RVA/Human-wt/BRA/ba7303-03/2003/G1P8

¢ RVA/Human-wt/BRA/ba7712-03/2003/G1P8

@ RVA/Human-wt/BRA/ba7225-03/2003/G1P8

@ RVA/Human-wt/BRA/ba7944-04/2004/G1P8

» RVA/Human-wt/BRA/ba10134-04/2004/G1P8

» RVA/Human-wt/BRA/bad167-04/2004/G1P8
«RVA/Human-wt/BRA/ba6599-03/2003/G1P8

# RVA/Human-wt/BRA/ba8067-04/2004/G1P8
+RVA/Human-wi/BRA/ba9453-04/2004/G1P8

e RVA/Human-wt/BRA/ba9875-04/2004/G1P8
#RVA/Human-wt/BRA/Ij8014-04/2004/G1P8

« RVA/Human-wi/BRA/j9736-04/2004/G1P8

» RVA/Human-wt/BRA/pe17888-09/2009/G1P8

» RVA/Human-wt/BRA/pe17890-09/2009/G1P8

+ RVA/Human-wi/BRA/pe17887-09/2009/G1P8

» RVA/Human-wt/BRA/pe17891-09/2009/G1P8

» RVA/Human-wt/BRA/Ij5325-02/2002/G1P8

» RVA/Human-wt/BRA/Tj8216-04/2004/G1P8

» RVA/Human-wt/BRA/es15221-08/2008/G1P8

«RVA/Human-wt/BRA/rs13303-06/2006/G1P8
L RVA/Human-wt/BRA/I 1718-98/1998/G1P8
» RVA/Human-wt/BRArs10953-05/2005/G1P8
« RVA/Human-wt/BRA/ba6757-03/2003/G1P8

73 RVA/Human-wi/BRA/j670-96/1996/G1P8
[le RVA/Human-wi/BRA/]1808-98/1998/G1P8
s RVA/Human-wi/BRA/1363-97/1997/G1P8
#RVA/Human-wt/BRA/ba6264-03/2003/G1P8
« RVA/Human-w/BRA/ba7531-03/2003/G1P8
72,8 RVA/Human-wt/BRA/df11028-05/2005/G1P8
'« RVA/Human-wt/BRA/rs11293-05/2005/G1P8
& RVA/Human-wt/BRA/d11075-05/2005/G1P8
» RVA/Human-wi/BRA/rs11294-05/2005/G1P8

» RVA/Human-wt/BRA/J11169-05/2005/G1P8
o RVA/Human-wt/BRA/rs 10042-04/2004/G1P8
» RVA/Human-wt/BRA/rs10026-04/2004/G1P8
«1e RVA/Human-wt/BRA/rs10039-04/2004/G1P8
L — RVA/Human-tc/USA/PH974/G3P1A8
5 # RVA/Human-wt/BRA/es5443-02/2002/G1P8
L] » RVA/Human-wi/BRA/es5527-02/2002/G1P8
s RVA/Human-wi/BRA/es5381-02/2002/G1P8
7| RVA/Human-wi/BEL/B4633/2003/G12P8
RVA/Human-wt/BGD/Dhaka25/2002/G12P8
RVA/Human/BGD/Matlab13/2003/G12P6
RVA/Human-tc/lUSA/WI61/1983/GIP1A8
@ RVA/Human-te XXX/KUXXXX/G1P8

+ RVA/Human-wi/BRA/1j430-96/1996/G1P8

« RVA/Human-wt/BRA/Ij1618-98/1998/G1P8

o RVA/Human-wit/BRA/I[5324-02/2002/G1P§

o RVA/Human-wi/BRA/j14055-07/2007/G1P8

o | 4 RVA/Human-wi/BRA/ba4935-01/2001/G1P8
+RVA/Human-wi/BRA/ba6009-03/2003/G1P8

# RVA/Human-wt/BRA/ba6124-03/2003/G1P8
«RVA/Human-wi/BRA/ba10192-04/2004/G1P8
s~ RVAHuman-tc/USA/Wa/1974/G1P8

sl e RVA/Human-wt/BRA/pr37420-89/1989/G1P8

5,8 RVA/Human-wt/BRA/pe46791-91/1991/G1P8

& RVA/Human-w/BRA/j48385-93/1993/G1P8

o RVANaccine/USA/Rotarix/1988/G1P8

» RVA/Human-wt/BRA/Ij22288-13/2013/G1P8

= |® RVA/Human-wi/BRA/se15901-08/2008/G1P8

© RVA/Human-wi/BRA/ma19006-10/2010/G1P8

» RVA/Human-wt/BRA/ba19391-10/2010/G1P8
RVA/Human-wi/BEL/BE00048/2009/G1P8

» RVA/Human-wt/BRA/ba36627-88/1988/G1P8
» RVA/Human-wt/BRA/go32872-87/1987/G1P8
2|8 RVA/Human-wt/BRA/sp32628-87/1987/G1P8
s RVA/Human-wit/BRA/df30733-86/1986/G1P8
» RVA/Human-wt/BRA/sp30843-86/1986/G1P8
» RVA/Human-wt/BRA/mg28022-86/1986/G1P8
RVA/Human-tc/BRA/IAL28/1992/G5P8

#s!RVA/HUman-wtyUSA/DC1455/1975/G3P8
RVA/Human-wt/IND/RMC321/1990/GOP19

0.05

RVA/Human-wt/COD/DRC88/2003/G8P8

85



« RVA/Human-wi/BRA/se17120-00/2000/G1P8
« RVA/Human-wi/BRAJse17122-00/2009/G1P8
» RVA/Human-wiBRA/se16978-00/2009/G1P8
'« RVA/Human-wi/BRA/se16977-00/2000/G1P8
C) VP3 « RVA/Human-wi/BRA/se16898-00/2000/G1P8
« RVA/Human-wi/BRA/se16897-00/2009/G1P8
» RVA/Human-wiBRA/se16984-09/2009/G1P8
'« RVA/Human-wi/BRA/se16803-00/2000/G1P8
« RVA/Human-wi/BRA/se16800-00/2009/G1P8
« RVA/Human wi/BRA/se16779-00/2009/G1P8
« RVA/Human-wi/BRA/se16782-00/2000/G1P8
'« RVA/Human-wi/BRA/se16537-00/2000/G1P8
« RVAHuman-wi/BRA/se16536-00/2000/G1P8
» RVA/Human-wiBRA/se17241-09/2009/G1P8
RVA/Human wt/BEL/BECD047/2009/G1P8
RVA/Human wt/BEL/BE0D049/2000/G1P8
RVA/Human-wi/BEL/BECD037/2008/G1P8
RVA/Human wi/BEL/BECD032/2008/G1P8
RVA/Human wt/BEL/BE0D027/2008/G1P8
RVAHuman-wb/BEL/BE00019/2006/G1P8
1RVAHuman wyBEL/BE00022/2007/G1P8
| RVAHuman wt/BEL/BEO0016/2006/G1P8
e RVAHuman-wt/BRAIma16071-00/2009/G1P8
[e RVA/Human-wt/BRA/ma 16055-09/2000/G1P8
RVA/Human wtBEL/BE00028/2007/G1P8
©RVA/Human wt/BRA/ba6264-03/2003/G1P8
~|. RVA/Human-wBRAba6757-03/2003/G1P8
“le RVA/HuMan-wiBRAIba7531-03/2003/G1P8
« RVA/Human-wtBRA/rs10026-04/2004/G1P8
« RVA/Human-wtBRA/rs11294-05/2005/G1P8
« RVA/Human-wtBRA/rs10953-05/2005/G1P8
« RVA/Human- wiBRA/rs11293-05/2005/G1P8
« RVA/Human-wtBRA/rs10039-04/2004/G1P8
« RVAHuman-wi/BRAIrs10042-04/2004/G1P8
© RVAHuman-wt/BRA/df11075-05/2005/G1P8
lo RVA/Human wt/BRA/df11028-05/2005/G1P8
le RVAHuman-wt/BRA/df11045-05/2005/G1P8
lo RVAHuman-wi/BRAJj11169-05/2005/G1P8
| RVAHuman-tc/USA/DI1974/G1P1A8
|- RVAHuman-t/USAWA/1974/G1P1AB
| ss— RVA/Human/JPNHosokawa/ 1983/G4P1A8
FLRVAHuman wilUSAIDC2069/1976/G3P8
« RVA/Human-wiBRA/[1718-98/1998/G1P8
[« RVA/Human-wt/BRA/;1808-08/1998/G1P8
s RVAHuman-wiBRA/J670-96/1996/G1P8
« RVAHuman-wt/BRA/1708-08/1998/G1P8
RVA/Human-wt/BRA/sp32628-87/1987/G1P8
o RVA/Human-wt/BRA/go32872-87/1987/G1P8
©RVA/Human-wt/BRA/5325-02/2002/G1P8
« RVA/Human-wtBRA/es5381-02/2002/G1P8
“ale RVA/Human-wi/BRA/es5527-02/2002/G1P8
« RVAHuman-wbBRA/ma19006-10/2010/G1P8
2, RVATHuman-wi/BRA/ped6791-01/1991/G 1P8
o RVA/HUMan-wtBRA/[48385-93/1993/G1P8
RVA/Human wt/BEL/BE00048/2000/G1P8
%o RVA/Human wt/BRA/22288-13/2013/G1P8
> RVA/Vaccine/USA/Rotarix /1988/G1P8
'» RVA/Human w/BRA/se 15901-08/2008/G1P8
o RVA/Human wi/BRA/ba19391-10/2010/G1P8
© RVAHuman wi/BRA/j5324-02/2002/G1P8
o8 RVAHuman-wt/BRA/ba4935-01/2001/G1P8
» RVA/Human-wiBRA/Da6124-03/2003/G1P8
«RVAHuman wt/BRA/ba6009-03/2003/G1P8
« RVAHuman-wi/BRA/Da10192-04/2004/G1P8
o RVA/Human wi/BRA/]14055-07/2007/G1P8
LRVA/Human-w/USA/CK00045/2006/G1P8
s RVA/Human wi/BRAJes5443-02/2002/G1P8
RVAHuman-wBGD/Matlab13/2003/G12P6
 RVA/Human wi/BRA/If30733-86/1986/G1P8
» RVA/Human wi/BRA/sp20843-86/1986/G1P8
o RVAHuman wi/BRA/mg28022-86/1986/G1P8
« RVA/Human-wiBRA/ba36627-868/1988/G1P8
» RVA/Human-w/BRA/{430-06/1996/G1P8
» RVA/Human-wi/BRA/1363-07/1997/G1P8
‘Lo RVAHuman-wi/BRA/1618-08/1008/G1P8
RVA/Human{c/USAWIB1/1983/GIP1AB
RVA/Human-/USAIP/1974/G3P1AB
RVA/Human-wt/USAILB2719/2005-2006/G 1P8
» RVA/Human-wi/BRAIrs13303-06/2006/G1P8
@ RVA/Human-wt/BRA/rs12865-06/2006/G1P8
« RVA/Human-wtBRA/es15221-08/2008/G1P8
RVAHuman-wi/USAVUDB-07-27/2006/G1P8
o RVAHuman wi/BRAIrs12198-06/2006/G1P8
» RVA/Human-wiBRA/rs12793-06/2006/G1P8
«RVAHuman-wtBRA/pe17891-09/2009/G1P8
« RVA/Human-wt/BRA/se17888-00/2000/G1P8
hale RVA/Human-w/BRA/se 7890-09/2009/G 1P8
RVA/Human-w/BRA/pe17887-09/2009/G 1P8
r|Le RVA/Human-wt/BRA/8216-04/2004/G1P8
RVA/Human-wi/BEL/B3458/2003/GOP8
1 RVA/Human-w/BRA/9736-04/2004/G1P8
sl RVA/Human-wi/BRA/8014-04/2004/G1P8
L « RVAHuman-w/BRA/ba10332-04/2004/G1P8
s, RVAHUman wiBGD/Dhaka12/2003/G12P6
RVAHuman-wtIND/61060/2006/G1P8
o RVA/Human-wiBRAJrs21320-12/2012/G1P8
« RVA/Human-wi/BRA/pe19768-11/2011/G1P8
|- RVA/Human w/BEL/B4633/2003/G12P8
RVA/Human-wt/BGD/Dhaka25/2002/G12P8
«RVA/Human-wtBRA/ba8067-04/2004/G1P8
¢ RVA/HUman-wiBRA/bag453-04/2004/G1P8
@ RVA/Human-wtBRA/ba7225-03/2003/G1P8
¢ RVA/Human-wtBRA/ba6599-03/2003/G1P8
« RVA/Human-wtBRA/ba7303-03/2003/G1P8
¢ RVA/Human wiBRA/ba7944-04/2004/G1P8
|« RVA/Human-wtBRA/ba7712-03/2003/G1P8
 RVA/Human-w/BRA/Ma19015-10/2010/G1P8
#. RVA/Human-wt/BRA/ma10030-10/2010/G1P8

‘ 8

@« RVA/Human-wt/BRA/Ma18999-10/2010/G1P8
© RVA/Human-wt/BRA/ma19013-10/2010/G1P8
«RVA/Human-wt/BRA/ba10134-04/2004/G1P8
{- RVA/Human-wt/BRA/bagd167-04/2004/G1P8

«RVA/Human-wi/BRA/ba10445-04/2004/G1P8

'» RVA/Human-wt/BRA/ba9875-04/2004/G1P8

%~ RVA/Pig-tc/VEN/A253/1988/G11P7
RVA/Pig-tc/VEN/A131/1988/G3P97
RVA/Pig-tc/USA/OSUMITTIGSPT
RVA/Pig-tc/MEX/YM/1983/G11PT
RVA/Human-wt/IND/RMC321/1990/G9P19
RVA/Human-wt/IND/mcs-13-07/2007/G9P6
RVA/Human-wtIND/HP140/1987/G6P13
RVA/Human-w/BGD/Dhaka6/2001/G11P25
wl_RVA/Human-wt/BGD/Matiab36/2002/G11P8
RVA/Human-tc/lUSA/DS-1/1976/G2P4

=




d) VP4

& RVA/Human-wt/BRA/ma18999-10/2010/G1P8&
5| @ RVA/Human-wt/BRA/ma19030-10/2010/G1P8

® RVA/Human-wt/BRA/ma19013-10/2010/G1P8
® RVA/Human-wt/BRA/pe19768-11/2011/G1P8
® RVA/Human-wt/BRA/rs21320-12/2012/G1P8
®» RVA/Human-wt/BRA/j22288-13/2013/G1P8
# RVA/Human-wt/BRA/ma1607 1-09/2009/G1P8
#® RVA/Human-wt/BRA/ma16055-09/2009/G1P8
% @ RVA/Human-wt/BRA/ba3167-04/2004/G1P8
Eo RVA/Human-wi/BRA/rs10042-04/2004/G1P8
RVA/Human-wt/COD/DRC88/2003/G8P8
RVA/Human-wit/BGD/Dhaka16/2003/G1P8
RVA/Human-wt/PRY/472/2000/G9P8

L{RVA/Human-wt/PRY/467/2000/GOP§
— RVA/Human-wt/BGD/Dhaka25/2002/G12P8
« RVA/Human-wt/BRA/ba6757-03/2003/G1P8
® RVA/Human-wt/BRA/ba7225-03/2003/G1P8
« RVA/Human-wt/BRA/ba6599-03/2003/G1P8
® RVA/Human-wt/BRA/ba7303-03/2003/G1P8
F RVA/Human-wt/BRA/ba7712-03/2003/G1P8

+ RVA/Human-wi/BRA/ba10134-04/2004/G1P8
# RVA/Human-wt/BRA/ba9875-04/2004/G1P8
{o RVA/Human-wt/BRA/ba10332-04/2004/G1P8

'« RVA/Human-wi/BRA/ba10445-04/2004/G1P8

& RVA/Human-wt/BRA/ba9453-04/2004/G1P8
® RVA/Human-wt/BRA/M9736-04/2004/G1P8
18 RVA/Human-wt/BRA/ba6009-03/2003/G1P8
# RVA/Human-wi/BRA/[j8216-04/2004/G1P8
# RVA/Human-wt/BRA/ba6124-03/2003/G1P8
« RVA/Human-wt/BRA/ba10192-04/2004/G1P8
# RVA/Human-wt/BRA/Ij14055-07/2007/G1P8
@ RVA/Human-wt/BRA/rs12793-06/2006/G1P8
# RVA/Human-wt/BRA/rs12865-06/2006/G1P8
- RVA/Human-wt/BRA/rs12198-06/2006/G1P8
@ RVA/Human-wi/BRA/rs13303-06/2006/G1P8&
o RVA/Human-wt/BRA/j1363-97/1997/G1P8
# RVA/Human-wit/BRA/Ij1718-98/1998/G1P8
s, RVA/Human-wiKOR/KMRO61/XXXX/GxP1A8
RVA/Human-wt/RUS/Nov09-D182/2009/G1P8

RVA/Human-wt/lUSA/VU06-07-27/2006/G1P8
RVA/Human-wi/CHN/WH-1194/XXXX/GXP8
s RVA/Human-wt/AUS/CK00029/2006/G1P8
® RVA/Human-wt/BRA/baB067-04/2004/G1P8
@ RVA/Human-wi/BRA/ba7944-04/2004/G1P8
# RVA/Human-wt/BRA/rj8014-04/2004/G1P8
#® RVA/Human-wt/BRA/es5443-02/2002/G1P8
& RVA/Human-wi/BRA/5325-02/2002/G1P8
& RVA/Human-wt/BRA/es5381-02/2002/G1P8
o RVA/Human-wt/BRA/es5527-02/2002/G1P8

el & RVA/Human-wt/BRA/Ij1808-98/1998/G1P8
L& RVA/Human-wt/BRA/ba6264-03/2003/G1P8
—e RVA/Human-wt/BRA/ba7531-03/2003/G1P8
® RVA/Human-wt/BRA/pe17890-10/2010/G1P8
# RVA/Human-wt/BRA/pe 17891-09/2009/G1P8
® RVA/Human-wt/BRA/pe17888-10/2010/G1P8
= @ RVA/Human-wt/BRA/pe 17887-09/2009/G1P8
7 RVA/Human-wt/RUS/Nov04-H578/2004/GOP8
sl RVA/Human-wt/RUS/Omsk07-217/2007/G3P8
RVAHUman-wiXXX/95-87X00(GxP8
RVA/Human-wt/XXX/90-544/XXXX/G4P8
RVA/Human-wt/RUS/D12/2009/G4P8
L RVA/Human-wt/RUS/Omsk08-388/2008/G4P8
RVA/Human-wt/BEL/BE00028/2007/G1P8
|| RVA/Human-wt/BEL/BE00022/2007/G1P8
@ RVA/Human-wt/BRA/se16803-09/2009/G1P8
# RVA/Human-wi/BRA/se 16897-09/2009/G1P8
# RVA/Human-wi/BRA/se16894-09/2009/G1P8
& RVA/Human-wi/BRA/se 16536-09/2009/G1P8
® RVA/Human-wt/BRA/se16537-09/2009/G1P8
# RVA/Human-wi/BRA/se17120-09/2009/G1P8
F RVA/Human-wi/BRA/se17123-09/2009/G1P8

10

# RVA/Human-wt/BRA/se17122-09/2009/G1P8
# RVA/Human-wi/BRA/se 16800-09/2009/G1P8
« RVA/Human-wt/BRA/se16779-09/2009/G1P8
@ RVA/Human-wt/BRA/se16782-09/2009/G1P8
@ RVA/Human-wt/BRA/se16898-09/2009/G1P8
& RVA/Human-wt/BRA/se16977-09/2009/G1P8
e RVA/Human-wt/BRA/se16978-09/2009/G1P8
« RVA/Human-wt/BRA/se17241-09/2009/G1P8
@ RVA/Human-wt/BRA/sp32628-87/1987/G1P8
& RVA/Human-wt/BRA/go32872-87/1987/G1P8
® RVA/Human-wt/BRA/ba36627-88/1988/G1P8
® RVA/Human-wt/BRA/df37152-88/1988/G1P8
@ RVA/Human-wi/BRA/pr37420-89/1989/G1P8
& RVA/Human-wt/BRA/1j1618-98/1998/G1P8
& RVA/Human-wt/BRA/rj430-96/1996/G1P8
s ® RVA/Human-wt/BRA/df30733-86/1986/G1P8
® RVA/Human-wt/BRA/sp30843-86/1986/G1P8
# RVA/Human-wt/BRA/mg28022-86/1986/G1P8
RVA/Human-wt/USA/DC1497/1976/G3P8
RVA/Human-wt/USA/DC578/1979/G1P8
RVA/Human-tc/USA/WI61/1983/GIP1A8
RVA/Human-wt/lUSA/DC247/1979/G1P8
RVA/Human-wt/USA/DC576/1979/G1P8
® RVA/Human-wt/BRA/rj11169-05/2005/G1P8
a8 RVA/Human-wt/BRA/rs11293-05/2005/G1P8
® RVA/Human-wt/BRA/rs11294-05/2005/G1P8
# RVA/Human-wi/BRA/rs10953-05/2005/G1P8
® RVA/Human-wt/BRA/df11075-05/2005/G1P8
« RVA/Human-wt/BRA/df11028-05/2005/G1P8

» RVA/Human-wi/BRA/df11045-05/2005/G1P8

® RVA/Human-w/BRA/rs10026-04/2004/G1P8

=L 8 RVA/Human-wt/BRA/Ts10039-04/2004/G1P8

s~ RVA/Human-wi/BRA/ba4935-01/2001/G1P8

® RVA/HUman-w/BRAII[5324-02/2002/G1P8

RVA/Human-tc/lUSA'WA/1974/G1P1A8

RVA/Human-wt/USA/DC5115/1977/G4P8

RVA/Human-wi/USA/DC21711976/G3P8

RVA/Human-wt/USA/DC5751/1991/G3P8

@ RVA/Human-w/BRA/pe46791-91/1991/G1P8
# RVA/Human-w/BRA/48385-93/1993/G1P8

® RVA/Human-w/BRA/ma19006-10/2010/G1P8

RVA/Human-wt/BEL /BE00048/2009/G1P8

< RVA/Vaccine/BRA/Rotarix/1988/G1P8

» RVA/Human-w/BRA/se15901-08/2008/G1P8

® RVA/Human w/BRA/ba19391-10/2010/G1P8

E—

w RVA/Human-wt/JPN/AU-1/1982/G3P39

0.05

#® RVA/Human-wt/BRA/es15221-08/2008/G1P8

P[8}3

P[8}-2

P[8}1




e) VP6

o RVA/Human-wt/BRA/ba7225-03/2003/G1P8

» RVA/Human-wt/BRA/ba7303-03/2003/G1P8

# RVA/Human-wt/BRA/ba7712-03/2003/G1P8

# RVA/Human-wi/BRA/ba7944-04/2004/G1P8

» RVA/Human-wt/BRA/rs21320-12/2012/G1P8
RVA/Human-wt/BGD/Matlab13/2003/G12P6

|| RVA/Human-wt/BGD/Dhaka12/2003/G12P6
RVA/Human-wt/BGD/Dhaka16/2003/G1P8
RVA/Human-wt/BGD/Dhaka25/2002/G12P8

[—» RVA/Human-wt/BRA/ba4935-01/2001/G1P8
-+ RVA/Human-wit/BRA/I670-96/1996/G1P8
« RVA/Human-wt/BRA/Ij1363-97/1997/G1P8
» RVA/Human-wt/BRA/rj1718-98/1998/G1P8
» RVA/Human-wt/BRA/Ij1808-98/1998/G1P8
L RVA/Human-wt/lUSANU050662/2005/G1P8
» RVA/Human-wt/BRA/Ij8014-04/2004/G1P8
L. RVA/Human-wi/BRA/I9736-04/2004/G1P8
I-# RVA/Human-wi/BRA/es5443-02/2002/G1P8
« RVA/Human-wi/BRA/es5381-02/2002/G1P8
.jo RVA/Human-wt/BRA/es5527-02/2002/G1P8
—— e RVA/Human-wt/BRA/pe19768-11/2011/G1P8
75, # RVA/Human-wt/BRA/pe17887-09/2009/G1P8
e RVA/Human-wt/BRA/se17888-09/2009/G1P8
E@o RVA/Human-wt/BRA/pe17891-09/2009/G1P8
-+ RVA/Human-wi/BRA/se17890-09/2009/G1P8
# RVA/Human-wt/BRA/ma19013-10/2010/G1P8
@ RVA/Human-wi/BRA/ma19015-10/2010/G1P8
& RVA/Human-wt/BRA/ma18999-10/2010/G1P8
o7 -# RVA/Human-wi/BRA/ba6009-03/2003/G1P8
¢ RVA/Human-wi/BRA/ba6124-03/2003/G1P8
koo [ RVA/Human-wi/BEL/B3458/2003/GP8
o* RVA/Human-wt/BRA/ba6264-03/2003/G1P8
s RVA/Human-wt/BRA/ba6599-03/2003/G1P8
—e RVA/Human-wt/BRA/rs12865-06/2006/G1P8

| ¢ RVA/HUmMan-wt/BRA/rs10042-04/2004/G1P8
« RVA/Human-wit/BRA/ba10445-04/2004/G1P8
& | « RVA/Human-wt/BRA/rs11294-05/2005/G1P8
o RVA/Human-wt/BRA/rs10026-04/2004/G1P8
@ RVA/Human-wi/BRA/rs10039-04/2004/G1P8
@ RVA/Human-wi/BRA/rs10953-05/2005/G1P8
« RVA/Human-wt/BRA/di11045-05/2005/G1P8
# RVA/Human-wt/BRA/j11169-05/2005/G1P8
RVA/Human-tc/USA/WIG1/1983/GOP1A8
RVA/HUmMan-tc/GBR/ST3/1975/G4P2A6
RVA/Human-tc/USA/P/1974/G3P8
RVA/Human-wt/BEL/B4633/2003/G12P8
» RVA/Human-wt/BRA/ba6757-03/2003/G1P8
RVA/Human-wt/USA/US0408/1998/G4P8
—«RVA/Human-wt/BRA/ma16071-09/2009/G1P8
73 | RVA/Human-wi/BEL/BE00049/2009/G1P8
| IRVA/Human-wt/BEL/BE00037/2008/G1P8
RVA/Human-wi/BEL/BE00041/2007/G1P8
RVA/Human-wi/BEL/BE00028/2007/G1P8
-« RVA/Human-wt/BRA/se16782-09/2009/G1P8
* RVA/Human-wi/BRA/se16897-09/2009/G1P8
L« RVA/HUman wi/BRA/se16898-09/2009/G1P8
o RVA/Human-wt/BRA/se17120-09/2009/G1P8
» RVA/Human-wt/BRA/se17122-09/2009/G1P8
I-e RVA/Human-wi/BRA/se17123-09/2009/G1P8
e RVA/Human-wi/BRA/se17241-09/2009/G1P8
1# RVA/Human-wi/BRA/se16536-09/2009/G1P8
e RVA/Human-wi/BRA/se16537-09/2009/G1P8
e RVA/Human-wt/BRA/se16799-09/2009/G1P8
e RVA/Human-wt/BRA/se16800-09/2009/G1P8
e RVA/Human-wt/BRA/se16803-09/2009/G1P8
e RVA/Human-wt/BRA/se16894-09/2009/G1P8
s RVA/Human-wt/BRA/se16977-09/2009/G1P8
's RVA/Human-wt/BRA/se16978-09/2009/G1P8

e RVA/Human-wt/BRA/ba10192-04/2004/G1P8

© RVA/Human-wt/BRA/j5325-02/2002/G1P8

*
© RVA/Human-wt/BRA/5324-02/2002/G1P8
= « RVA/Human-wi/BRA/14055-07/2007/G1P8
10 RVA/Human-c/JPNYO/M977/G3P8

2 ® RVA/Human-wt/BRA/AI30733-86/1986/G1P8
'» RVA/Human-wt/BRA/sp30843-86/1986/G1P8
« RVA/Human-wi/BRA/ba36627-88/1988/G1P8
ool RVA/Human-wt/BRA/Af37 152-88/1988/G1P8
|| ;@ RVA/Human-wt/BRA/go32872-87/1987/G1P8
e RVA/Human-wi/BRA/j48385-93/1993/G1P8

« RVA/Human-wt/BRA/j430-96/1996/G1P8
« RVA/Human-wt/BRA/mg28022-86/1986/G1P8
# RVA/Human-wi/BRA/Ij1618-98/1998/G1P8
RVA/Human-tc/JPN/KU1974/G1P8
« RVA/Human-wt/BRA/22288-13/2013/G1P8
< RVA/Vaccine/USA/Rotarix/1988/G1P8
RVA/Human-wi/BEL/BED0048/2009/G1P8

» RVA/Human-wt/BRA/ba19391-10/2010/G1P8

e RVA/Human-wt/BRA/se15901-08/2008/G1P8
RVA/Human-wt/lUSA/CK00007/2004/G1P8

=| -RVA/Human-tc/USA/WA/1974/G1P1AB
RVA/Human-ic/USA/D/1974/G1P1A8

+ RVA/Human-wi/BRA/sp32628-87/1987/G1P8
2o # RVA/Human-wi/BRA/pr37420-89/1989/G1P8
* RVA/Human-wit/BRA/pe46791-91/1991/G1P8

RYA/Human-wt/COD/DRC88/2003/G8P8

RVA/Pig-ic/lUSA/Gottfried/1975/G4P6
00 ———RVA/Human-wt/JPN/AU1/1982/G3P39

0.05

wl— RVA/Human-wt/THA/CMH13404/2004/G3P3

RVA/Human-wt/IND/RMC321/1990/GOP19

88



f) VP7

# RVA/Human-wi/BRA/se16803-09/2009/G1P8

# RVA/Human-wi/BRA/se17120-09/2009/G1P8

# RVA/Human-wi/BRA/se16782-09/2009/G1P8

# RVA/Human-wi/BRA/se16537-09/2009/G1P8

» RVA/Human-wt/BRA/se17122-09/2009/G1P8

« RVA/Human-wt/BRA/se16799-09/2009/G1P8

2|* » RVA/Human-wt/BRA/se16894-00/2009/G1P8
'« RVA/Human-wt/BRA/se16897-09/2009/G1P8
« RVA/Human-wt/BRA/se16898-09/2009/G1P8

» RVA/Human-wt/BRA/se16977-09/2009/G1P8

'« RVA/Human-wi/BRA/se16978-09/2009/G1P8

» RVA/Human-wt/BRA/se16536-09/2009/G1P8
» RVA/Human-wt/BRA/se17241-09/2009/G1P8
# RVA/Human-wi/BRA/se17123-09/2009/G1P8

I RVA/Human-w/BGD/Dhaka16/2003/G1P8

[ RVA/Human-wt/BGD/Dhaka8-02/2002/G1P8

4- RVA/Human-wt/BRA/pe17888-09/2009/G1P8

'« RVAHuman wi/BRA/pe17890-09/2009/G1P8
» RVA/Human wi/BRA/pe17887-09/2003/G1P8
'« RVA/HUman wi/BRA/pe17891-09/2009/G1P8
» RVAHUMan wBRA/s21320-12/2012/G1P8
» RVAHuman wt/BRA/Ma18899-10/2010/G1P8
|8 RVAHUman w/BRA/Ma19015-10/2010/G1P8
| 511 Te RVAHuman wiBRA/ma19013-10/2010/G 1P8
» RVAHuman-wi/BRA/Ma19030-10/2010/G1P8
HUH8874/BR-ALA0
= [ HuA7436/BR-CED
Hu/18963/BR PE/ 0
| Hu/17290/BR-BAID9
Hu/1848/BR PE/0
Hu/18949/BR PE/D
« RVA/Human wiBRA/a16055-09/2009/G1P8
VAHuman-wi/BRA/ma’16071-0972009/G1P8
\VAHuman wiBRA/baB757-03/2003/G1P8
« RVA/Human wi/BRA/bag453 04/2004/G1P8
+ RVAHuman.wi/BRAba7225-03/2003/G1P8
» RVAHuman.wi/BRA/ba8057-04/2004/G1P8
» RVAHuman-wi/BRA/bag'167-04/2004/G1P8
» RVAHuman wi/BRA/baT944-04/2004/G1P8
» RVAHuman wi/BRA/ba6599.03/2003/G1P8
51|a RVAHuman wi/BRA/ba10445.04/2004/G1P8
« RVA/HUMan w/BRAbag875 04/2004/G1P8
« RVA/HUman w/BRA/ba7712-03/2003/G1P8
« RVA/Human wi/BRAba7303-03/2003/G1P8
» RVAHuman wi/BRA/ba10134-04/2004/G1P8
«Ta RVA/Human wi/BRA/ba10332-04/2004/G1P8
RVA/Human-wi/THA/Thai.804/2004/G1PX
L RVAHuman-wi/ARG/ARGD07/1996/G1P8
55,0 RVAHUman-wi/BRAV} 1363-97/1997/G1P8
o RVA/Human wi/BRA/j 1718 98/1998/G1P8
 RVA/Human wi/BRA/1618-98/1998/G1P8
| Je RVA/Human wi/BRA/}1808-06/1998/G1P8
% RVA/Human wi/BRA/430-96/1996/G1P8
s RVA/Human wi/BRA/670-96/1996/G1P8
RVAHuman wi/ARG/ARG1350/1999/G1P8
/5@ RVA/HUman wi/BRA/es5381-02/2002/G 1P8
» RVA/Human wi/BRA/es552702/2002/G 1P8
RVA/Human-wi/ARG/ARG1442/2006/G1P8
« RVAHuman-wi/BRA/es5443-02/2002/G1P8
« RVA/Human-wi/BRA/B014-04/2004/G1P8
5Le RVA/Human wi/BRA/j6216.04/2004/G1P8

RVA/Human-wt/BGD/Ban-48/XXXX/G1X
RVA/Human-wt/JPN/34SA2654/1994/G1P8
o « RVA/Human-wt/BRA/rs13303-06/2006/G1P8
= ® RVAHuman-wi/BRA/es15221-08/2008/G1P8
«le RVA/Human-wit/BRA/Is12865-06/2006/G1P8
RVA/Human-wt/CHN/K17/1989/G1PX
= RVA/Human-wt/JPN/418/1991/G1PX
7sL RVA/Human-tc/JPN/417/XXXXIG1P8
« RVA/Human-wi/BRA/pe19768-11/2011/G1P8
» RVA/Human-wi/BRA/rs12793-06/2006/G1P8
« RVA/Human-wt/BRA/rs12198-06/2006/G1P8
» RVA/Human-wt/BRA/9736-04/2004/G1P8
» RVA/Human-wt/BRA/11169-05/2005/G1P8
» RVA/Human-wt/BRA/df11075-05/2005/G1P8
» RVA/Human-wt/BRA/df11045-05/2005/G1P8
@ RVA/Human-wi/BRA/df11028-05/2005/G1P8
72|@ RVA/Human-wi/BRA/rs10039-04/2004/G1P8
& RVA/Human-wi/BRA/rs10042-04/2004/G1P8
RVA/Human-wi/ARG/ARG563/2000/G1P8
« RVA/Human-wt/BRA/Is11293-05/2005/G1P8
» RVA/Human-wi/BRA/rs10953-05/2005/G1P8
» RVA/Human-wt/BRA/rs11294-05/2005/G1P8
-+ RVA/Human-wt/BRA/rs10026-04/2004/G1P8
— RVA/Human-wt/ARG/ARG 1345/1997/G1P8
—1| 7 «RVAHUman-wt/BRAM5324-02/2002/G1P8
» RVA/Human-wi/BRA/}5325-02/2002/G1P8
» RVA/Human-wi/BRA/ba6009-03/2003/G1P8
» RVA/Human-wi/BRA/Ij14055-07/2007/G1P8
RVA/Human-tc/JPN/AUDD7 XOCKXIG1P8
#» RVA/Human-wt/BRA/ba124-03/2003/G1P8
«RVA/Human-w/BRA/ba4935-01/2001/G1P8
= « RVA/lHuman-wt/BRA/ba10192-04/2004/G1P8
RVA/Human-wi/BRA/ba6264-03/2003/G1P8
4;;{ » RVA/Human-wt/BRA/ba7531-03/2003/G1P8
» RVA/Human-w/BRA/ma19006-10/2010/G1P8
«|® RVA/Human-wt/BRA/ba19391-10/2010/G1P8
» RVA/Human-wi/BRA/se15901-08/2008/G1P8
» RVA/ ine/USA. ix/1988/G1P8
» RVA/Human-wi/BRA/Ij48385-93/1993/G1P8
| RVAHuman-w/USA/HOUB697/1991/G1PX
= RVA/Human-wt/CRI/Cos-69/XXXX/G1PX
RVA/Human-wi/JPN/80/1991/G1PX
55— RVA/IHuman-wt/ARG/ARG1315/1997/G1P8
L e RVA/Human-wt/BRA/j22288-13/2013/G1P8
RVA/Human-wi/JPN/421/XXXX/G1P§
RVA/Human-wt/ARG/ARG171/1984/G1P8
RVA/Human-wi/ARG/ARGA20/1982/G1P8
RVA/Human-wi/ARG/ARGE64/1984/G1P8
RVA/Human-tc/ITA/PAS/90/XXXX/G1P8
RVA/Human-wt/ARG/ARG698/1986/G1P8
» RVA/Human-wit/BRA/sp32628-86/1986/G1P8
» RVA/Human-wi/BRA/pe46791-91/1991/G1P8
@ RVA/Human-wi/BRA/d37152-86/1988/G1P8
s RVA/Human-wi/BRA/pra7420-89/1989/G1P8
77 RVA/Human-tc/USA/WA/1974/G1P1A8
RVAHuman-tc/USA/D/1974/G1P1A8
» RVA/Human-wt/BRA/go32872-87/1987/G1P8
« RVA/Human-wt/BRA/ba36627-88/1988/G1P8
@ RVA/Human-wit/BRA/sp30843-86/1986/G1P8
7| @ RVA/Human-wi/BRA/mg28022-86/1986/G1P8
75L& RVA/Human-wt/BRA/df30733-86/1986/G1P8
RVA/Human-wt/JPN/AU-1/1982/G3P9

0.05
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& RVA/Human-wt/BRA/ba10134-04/2004/G1P8
RVA/Human-wt/BRA/ba7303-03/2003/G1P8
» RVA/Human-wt/BRA/ba10332-04/2004/G1P8
& RVA/Human-wt/BRA/baB067-04/2004/G1P8
» RVA/Human-wt/BRA/ba9453-04/2004/G1P8
' RVA/Human-wt/BRA/ba6599-03/2003/G1P8
| RVA/Human-wt/BRA/bad167-04/2004/G1P3
» RVA/Human-wt/BRA/ba7225-03/2003/G1P8
ﬂ RVA/Human-wt/BRA/ba7944-04/2004/G1P8
& RVA/Human-wt/BRA/rs21320-12/2012/G1P8
;':RVAIH uman-wt/BRA/ba9875-04/2004/G1P8
| RVA/Human-wt/BGD/Dhaka16/2003/G1P8
# RVA/Human-wt/BRA/j8216-04/2004/G1P8
[ 'r- RVA/Human-wt/BRA/I}14055-07/2007/G1P8
- RVA/Human-wt/BRA/I97 36-04/2004/G1P8
rR\IA.FH uman-wt/BGD/Dhaka25/2002/G12P8
RVA/Human-wt/BGD/Dhaka12/2003/G12P6
£ ‘IRVNHuman—wUBGDIMaﬂab1 3/2003/G12P6
75 & RVA/Human-wt/BRA/ba6264-03/2003/G1P8
® RVA/Human-wt/BRA/ba6009-03/2003/G1P8
» RVA/Human-wt/BRA/}5325-02/2002/G1P8
# RVA/Human-wt/BRA/j1718-98/1998/G1P8
| —= RVA/Human-wt/BRA/j8014-04/2004/G1P8
» RVA/Human-wt/BRA/ba7531-03/2003/G1P8
® RVA/Human-wt/BRA/ba7712-03/2003/G1P3
RVA/Human-wt/BEL/B4633/2003/G12P8
« RVA/Human-wt/BRA/[j670-96/1996/G1P8
# RVA/Human-wt/BRA/[j1808-98/1998/G1P8
b2} ® RVA/Human-wt/BRA/es5443-02/2002/G1P8
- RVA/Human-wt/BRA/es5381-02/2002/G1P8
'@ RVA/Human-wt/BRA/es5627-02/2002/G1P8
» RVA/Human-wt/BRA/pe19768-11/2011/G1P8
® RVA/Human-wt/BRA/ma18999-10/2010/G1P8
» RVA/Human-wt/BRA/ma19013-10/2010/G1P8
)@ RVA/Human-wt/BRA/ma19030-10/2010/G1P8
# RVA/Human-wt/BRA/ma19015-10/2010/G1P8
L= RVA/Human-wt/BRA/ba10445-04/2004/G1P8
RVA/Human-wt/BEL/BE0000S/2005/G1P8
RVA/Human-wt/BEL/BE0O0032/2008/G1P8
RVA/Human-wt/BEL/BEQ0028/2007/G1P8
®| | RVA/Human-wt/BEL/BE00040/2008/G1P8
lss— * RVA/Human-wt/BRA/ma16055-09/2009/G1P8
@ { RVA/Human-wt/BRA/ma16071-09/2009/G1P8
= RVA/Human-wt/BRA/se16894-09/2009/G1P8
@ RVA/Human-wt/BRA/se16536-09/2009/G1P8
@ RVA/Human-wt/BRA/se16897-09/2009/G1P8
s RVA/Human-wt/BRA/se16782-09/2009/G1P8
— @ RVA/Human-wt/BRA/se16537-09/2009/G1P8
@ RVA/Human-wt/BRA/se16800-09/2009/G1P8
s RVA/Human-wi/BRA/se16536-09/2009/G1P8
o2|® RVA/Human-wi/BRA/se17241-09/2009/G1P8
# RVA/Human-wt/BRA/se16898-09/2009/G1P8
8 RVA/Human-wi/BRA/se 167 79-09/2009/G1P8
* RVA/Human-wt/BRA/se16977-09/2009/G1P8
RVA/Human-wt/BRA/se16978-09/2009/G1P8
» RVA/Human-wi/BRA/se 16803-09/2009/G1P8
» RVA/Human-wt/BRA/se17123-09/2009/G1P8
# RVA/Human-wi/BRA/se 17 120-09/2009/G1P8
'8 RVA/Human-wi/BRA/se17122-09/2009/G1P8
& RVA/Human-wt/BRA/mg28022-86/1986/G1P8
RVA/Human-tc/USA/DM974/G1P1A8
T;inVAM uman-tc/GBR/ST3M975/G4P2A6
» RVA/Human-wt/BRA/df30733-86/1986/G1P8
® RVA/Human-wt/BRA/sp30843-86/1986/G1P8
# RVA/Human-wt/BRA/ba36627-88/1988/G1P8
* RVA/Human-wt/BRA/sp32628-87/1987/G1P8
»!e RVA/Human-wt/BRA/go32872-87/1987/G1P8
RVA/Human-tc/lUSA/WI61/1983/GAP1A8
» RVA/Human-wt/BRA/pr37420-89/1989/G1P8
=| g RVA/Human-wi/BRA/sp37523-89/1989/G1P8
» RVA/Human-wt/BRA/df37 152-88/1988/G1P8
RVA/Human-tc/lUSA/WA/1974/G1P1A8
a3l RVA/Human-wt/USA/DC5115/1977/G4P8
# RVA/Human-wt/BRA/j1363-97/1997/G1P8
2@ RVA/Human-wt/BRA/pe46791-91/1991/G1P8
» RVA/Human-wt/BRA/j48385-93/1993/G1P8
99 RVA/Human-te/USA/P/1974/G3P1A8
RVA/Human-wt/USA/DC1563/1974/G3P8
RVA/Human-te/ XXX/KUXXXX/G1P8
RVA/Human-wt/USA/DC2171/1976/G3P8
RVA/Human-wt/USA/DC133/1976/G3P8
7oy@ RVA/Human-wt/BRA/pe17887-09/2009/G1P!
s RVA/Human-wt/BRA/pe17891-09/2009/G 1Pt
» RVA/Human-wt/BRA/pe17888-10/2010/G 1P
« RVA/Human-wt/BRA/pe17890-10/2010/G1P{

2

@

RVA/Human-wt/AUS/CK00047/2006/G1P8

» RVA/Human-wt/BRA/es15221-08/2008/G1P8
RVA/Human-wt/USANU06-07-27/2006/G1P8
RVA/Human-wt/USA/LB2719/2005/G1P8

# RVA/Human-wt/BRA/rs 12793-06/2006/G1P8
& RVA/Human-wt/BRA/rs13303-06/2006/G1P8

8]

» RVA/Human-wt/BRA/rs 12865-06/2006/G1P8
® RVA/Human-wt/BRA/rs12198-06/2006/G1P8
» RVA/Human-wi/BRA/ba6757-03/2003/G1P8
lea - ® RVA/Human-wt/BRA/ba4935-01/2001/G1P8
{E- RVA/Human-wt/BRA/j5324-02/2002/G1P8
RVA/Human-wt/Bel/BE00067/2000/G1P3

& RVA/Human-wt/BRA/df11028-05/2005/G1P8

# RVA/Human-wt/BRA/df11075-05/2005/G1P8
7la RVA/Human-wt/BRA/df11045-05/2005/G1P8

» RVA/Human-wt/BRA/r|11169-05/2005/G1P8
&7 @ RVA/Human-wt/BRA/rs10039-04/2004/G1P8

& RVA/Human-wt/BRA/rs10042-04/2004/G1P8

= RVA/Human-wt/BRA/rs11293-05/2005/G1P8
| [le RVA/Human-wt/BRA/rs 11294-05/2005/G1P8

& RVA/Human-wt/BRA/rs10953-05/2005/G1P8

» RVA/Human-wt/BRA/rs10026-04/2004/G1P8
{ir # RVA/Human-wt/BRA/ba10192-04/2004/G1P8

8

& RVA/Human-wt/BRA/ba6124-03/2003/G1P8
& « RVA/Human-wt/BRA/]1618-98/1998/G1P8
« RVA/Human-wt/BRA/j430-96/1996/G1P8

# RVA/Human-wt/BRA/ba19391-10/2010/G1P8
» RVA/Human-wt/BRA/Tj22288-13/2013/G1P8

» RVA/Human-wt/BRA/ma19006-10/2010/G1P8
or|@ RVA/Human-wt/BRA/se15901-08/2008/G1P8
RVA/Human-wt/BEL/BE00048/2009/G1P8

> RVA/ i ix/1988/G1P8

RVA/Human-wt/CHN/R479/2004/G4P6
I:RVA/ Porcine-tc/CHN/4SNOXIG3PS

RVA/Human-wt/COD/DRC88/2003/G8P8
— RVA/Human-wt/ITA/PAH136/1996/G3P9

RVA/Human-wt/JPN/AU-1/1982/G3-P39
77— RVA/Human-tc/lUSA/Se584/1998/G6P9
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(= RVA/Human-wt/BRA/rs13303-06/2006/G1P8
VA/Human-wi/USA/L B2719/2005/G1P8
y RVA/Human-wi/BRA/rs12865-06/2006/G1P8
» RVA/HUman-wt/BRA/es15221-08/2008/G1P8
IVA/Human-wi/USA/LB2719/2005-2006/G1P8
RVA/Human-wt/USANU06-07-27/2006/G1P8
» RVA/Human-wt/BRA/rs12793-06/2006/G1P8
» RVA/Human-wi/BRA/1j8216-04/2004/G1P8
RVA/Human-wt/USA/NU08-09-24/2008/G3P8
® RVA/Human-wt/BRA/pe17890-09/2009/G1P§
le RVA/Human-wt/BRA/pe17887-09/2009/G1P§
» RVA/Human-wt/BRA/pe17888-09/2009/G1P8
» RVA/Human-wi/BRA/pe17891-09/2009/G1P8
* RVA/Human-wi/BRA/N8014-04/2004/G1P8
» RVA/Human-wt/BRA/ba8067-04/2004/G1P8
o RVA/Human-w/BRA/Ij1718-98/1998/G1P8
— RVA/Human-wt/BEL/B4633/2003/G12P8
RVA/Human-wt/BGD/Dhaka12/2003/G12P6
TFRVAfHuman-wUAUSIAU S31/2003/G1P8
RVA/Human-wi/lUSA/CK00035/2005/G1P8
El RVA/Human-wt/USA/CK00050/2005/G1P8
RVA/Human-wt/BGD/Dhaka25/2002/G12P8
RVA/Human/BGD/Matlab13/2003/G12P6
RVA/Human-wt/BGD/Dhaka16/2003/G1P8
» RVA/Human-wi/BRA/rs21320-12/2012/G1P8
& RVA/Human-wt/BRA/pe19768-11/2011/G1P8
= RVA/Human-wt/BRA/ma18999-10/2009/G1P8
e« RVA/Human-wt/BRA/ma19013-10/2010/G1P8
*"le RVA/Human-wt/BRA/ma19015-10/2010/G1P8
« RVA/HUmMan-wi/BRA/ba9167-04/2004/G1P8
=« RVA/Human-wi/BRA/ba7944-04/2004/G1P§
® RVA/Human-wt/BRA/ba9453-04/2004/G1P8
 RVA/Human-wt/BRA/ba7225-03/2003/G1P8
* |-« RVA/Human-wt/BRA/ba7303-03/2003/G1P8
r- RVA/Human-wt/BRA/ba7712-03/2003/G1P8
® RVA/Human-wi/BRA/ba6599-03/2003/G1P8
« RVA/Human-wt/BRA/ba10134-04/2004/G1P8
}- RVA/Human-wt/BRA/ba10332-04/2004/G1P8
' RVA/Human-wt/BRA/ba10445-04/2004/G1P8
L —e«RVA/Human-wt/BRA/ba7531-03/2003/G1P8
RVA/Human-wi/IND/RMC321/1990/GSP19
& RVA/Human-wt/BRA/ba6264-03/2003/G1P8
 RVA/Human-wi/BRA/ma19030-10/2010/G1P8
» RVA/Human-wi/BRA/ba10192-04/2004/G1P8
 RVA/Human-wt/BRA/I}5324-02/2002/G1P8
» RVA/Human-wi/BRA/ba6009-03/2003/G1P8
o« RVA/Human-wt/BRA/Ij14055-07/2007/G1P8
« RVA/Human-wt/BRA/ba6124-03/2003/G1P8
RVA/Human-wt/AUS/Aus 44/2004/G1Px
7@ RVA/Human-wt/BRA/dI11045-05/2005/G1P8
# RVA/Human-wt/BRA/df11075-05/2005/G1P8
s RVA/Human-wt/BRA/I]11169-05/2005/G1P8
» RVA/Human-wt/BRA/rs12198-06/2006/G1P8
» RVA/Human-wi/BRA/f11028-05/2005/G1P8
o RVA/Human-wt/BRA/rs10953-05/2005/G1P8
» RVA/Human-wt/BRA/rs10026-04/2004/G1P8
s RVA/Human-wt/BRA/rs10039-04/2004/G1P8
= RVA/Human-wt/BRA/rs10042-04/2004/G1P8
® RVA/Human-wt/BRA/rs11293-05/2005/G1P8
o RVA/Human-wt/BRA/rs11294-05/2005/G1P8
» RVA/HUMan-wt/BRA/Tj9736-04/2004/G1P8
s RVA/Human-wi/BRA/ba9875-04/2004/G1P8
& -® RVA/HUman-wi/BRA/T1363-97/1997/G1P8
s RVA/Human-wi/BRA/Ij1618-98/1998/G1P8
& RVA/Human-wi/BRA/Ij430-06/1996/G1P8
« RVA/Human-wt/BRA/go32872-87/1987/G1P8
'+ RVA/Human-wi/BRA/ba36627-88/1988/G1P8

o

» RVA/Human-wi/BRA/Mg28022-86/1986/G1P8
8 RVA/Human-wi/BRA/df30733-86/1986/G1P8
» RVA/Human-wt/BRA/} 1808-98/1998/G1P8

@ RVA/Human-wt/BRA/ma16055-09/2009/G1P8

» RVA/Human-wt/BRA/ma1607 1-09/2009/G1P8

558 RVA/Human-wi/BRA/es5381-02/2002/G1P8

e RVA/Human-wi/BRA/es5527-02/2002/G1P8

e RVA/Human-wi/BRA/G70-96/1996/G1P8

» RVA/Human-wt/BRA/j5325-02/2002/G1P8
« RVA/HUMan-wt/BRA/es5443-02/2002/G1P8

RVA/Human-ic/PHL/L26/1987/G12P4
RVA/Human-wt/USA/DC1730/1979/G3P8
RVA/Human-wt/USA/DC1563/1974/G3P8
RVA/Human-tc/USA/P/1974/G3P1A8

=« RVA/Human-wi/BRA/ba4935-01/2001/G1P8
RVA/Human-wt/BEL/BE00047/2009/G1P8
RVA/Human-wt/BEL/BE00049/2009/G1P8
RVA/Human-wt/BEL/BE00027/2008/G1P8
RVA/Human-wt/BEL/BE00037/2008/G1P8
RVA/Human-wt/BEL/BE00041/2007/G1P8
«RVA/Human-wt/BRA/se16537-09/2009/G1P8
» RVA/Human-wt/BRA/se16779-09/2009/G1P8
« RVA/Human-wt/BRA/se16782-09/2009/G1P8
» RVA/Human-wt/BRA/se 16800-09/2009/G1P8
» RVA/Human-wt/BRA/se 16803-09/2009/G1P8
=« RVA/Human-wt/BRA/se16894-09/2009/G1P8
» RVA/Human-wt/BRA/se16897-09/2009/G1P8
« RVA/Human-wt/BRA/se16898-09/2009/G1P8
=« RVA/Human-wt/BRA/se16977-09/2009/G1P8
» RVA/Human-wt/BRA/se 16978-09/2009/G1P8
« RVA/Human-wt/BRA/se17120-09/2009/G1P8
» RVA/Human-wt/BRA/se17122-09/2009/G1P8
= RVA/Human-wt/BRA/se16536-09/2009/G1P8
=« RVA/Human-wt/BRA/se17123-09/2009/G1P8
» RVA/Human-wt/BRA/se17241-09/2009/G1P8
» RVA/Human-wi/BRA/ba6757-03/2003/G1P8
RVA/Human-tc/lUSA/DM974/G1P1A8
RVA/Human-tcXOKUNXXXXXIG TP
RVA/Human-tc/lUSA/WI61/1983/GIP1A8
RVA/Human-tc/GBR/ST3/1975/G4P2A6
RVA/Human-wt/USA/DC135/1979/G3P8
RVA/Human-tc/USA/WA/1974/G1P1A8
RVA/Human-wt/AUS/Aus 92/1990/G1Px

- RVA/Human-wi/BRA/sp32628-87/1987/G1P8
& RVA/Human-wt/BRA/df37152-88/1988/G1P8

'« RVA/Human-wt/BRA/pe46791-91/1991/G1P8

# RVA/Human-wt/BRA/pr37420-89/1989/G1P8

o RVA/Human-wt/BRA/Ij48385-33/1993/G1P8
*RVA/Human-wt/BRA/se15901-08/2008/G1P8

& RVA/Human-wt/BRA/Ij22288-13/2013/G1P8

o RVA/ ine/USA ix/1988/G1P8

'« RVA/Human-wi/BRA/ma19006-10/2010/G1P8

'« RVA/Human-wt/BRA/ba19391-10/2010/G1P8
RVA/Human-wt/BEL/BEQ0048/2009/G1P8
RVA/Human-wi/JPN/AU-1/1982/G3-P39

RVA/Human-wt/COD/DRC88/2003/G8P8

» RVA/Human-wi/BRA/sp30843-86/1986/G1P8

RVA/Pig-tc/iVEN/A131/1988/G3P97
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w

RVA/Human: WUISR/R01B45/1QB5IG
RVA/Human-wt/JPN/KF17/2010/G6P9

« RVA/Human-wt/BRA/ba7225-03/2003/G1P8

a’9
RVA/Human w‘IJ'BGDIDhaka1 6/2003/61 P8
{ o RVA/Human-wt/BRA/Ij9736-04/2004/G1P8
| s RVA/Human-wt/BRA/1j8014-04/2004/G1P8
o RVA/Human-wt/BRA/pe19768-11/2011/G1P8
+RVA/Human-wt/BRA/ma19015-10/2010/G1P8
«RVA/Human-wt/BRA/ma18999-10/2010/G1P8
« RVA/Human-wt/BRA/ma19013-10/2010/G1P8
+ RVA/Human-wt/BRA/ba10192-04/2004/G1P8
s RVA/Human-wt/BRA/rs21320-12/2012/G1P8
Le RVA/Human-wt/BRA/j1718-98/1998/G1P8
« RVA/Human-wt/BRA/bag875-04/2004/G1P8
« RVA/Human-wt/BRA/ba8453-04/2004/G1P8
s RVA/Human-wt/BRA/baB8067-04/2004/G1P8
. RVA/Human-w‘HBRA/?)BZ‘I 6-04/2004/G1P8
« RVA/Human-wt/BRA/bag167- 04/2004/G1 P8
RUAHuman-wtBEL/B4833/2003/G
» RVA/Human-wt/BRA/rj670- 96/1996/‘(31 P8
o' RVA/Human-wt/BRA/r1808-98/1998/G1P8
RVA/Human-wt/BGD/Dhaka12/2003/G12P6

&

« RVA/Human-wt/BRA/Ij1363-97/1997/G1P8
s —» RVA/Human-wt/BRA/rs13303-06/2006/G1P8

RVA/Human-wt/USA/LB2719/2005/G 1P8
e RVA/Human-wt/BRA/I15221-08/2008/G1P8
RVA/Human-wt/USA/VUQ06-07-21/2008/G3P8

|s

3/G3P
« RVAHuman-wiERA/pe’ 7886-09/2009/G1P8
« RVAHuman-wUBRA/pe17890-092000/G 13
/s RVA/Human-wt/BRA/pe17887-09/2009/G 1P8
'« RVA/Human-wt/BRA/pe17891-09/2009/G1P8
L RVA/Human-wt/BRA/22288-13/2013/G1P8
« RVA/Human-wt/BRA/baB124-03/2003/G1P8
4((. RVA/Human-wt/BRA/baB003-03/2003/G1P8

s RVA/Human-wt/BRA/{5325-02/2002/G1P8
s RVA/Human-wt/BRA/{5324-02/2002/G1P8
* RVA/Human-wt/BRA/La4935-01/200 1661 P8

e RVA/Human-wt/BRA/rs11293-05/2005/G1P8
« RVA/Human-wt/BRA/rs10953-05/2005/G1P8
« RVA/Human-wt/BRA/rs10039-04/2004/G1P8
s RVA/Human-wt/BRA/df11028-05/2005/G1P8
» RVA/Human-wt/BRA/df1 1045-05/2005/G1P8
« RVA/Human-wt/BRA/rj11169-05/2005/G1P8
« RVA/Human-wt/BRA/df1 1075 05/2005/G1P8
RVA/Human-wt/BEL/BE00048/20!
»RVA/Naccine/USA/Rotarix/1 988/G1 P8
« RVA/Human-wt/BRA/ba19391-10/2010/G1P8
k| RVA/Human-wt/BRA/ma19008-10/2010/G1P8
« RVA/Human-wt/BRA/se 15901-08/2008/G1P8
s RVA/Human-wt/BRA/Ij430-96/1996/G1P8
+RVA/Human-wt/BRA/rj1618-98/1998/G1P8
@ RVA/Human-wt/BRA/es5527-02/2002/G1P8
g[‘. RVA/Human-wt/BRA/es5381-02/2002/G1P8
« RVA/Human-wt/BRA/es5443-02/2002/G1P8
RVA/Human-wt/BEL/BE00003/2004/G1P8

« RVA/Human-wt/BRA/ma16055-09/2009/G1P8

7|/, @ RVA/Human-wt/BRA/se16782-09/2009/G1P8
» RVA/Human-wt/BRA/se16536-09/2009/G1P8
» RVA/Human-wit/BRA/se17241- 0912009/61 PB
« RVA/Human-wt/BRA/se168894-09/2
» RVA/Human-wt/BRA/se16897- 09/2009/G1 PB
» RVA/Human-wit/BRA/se16803-09/2009/G1P8
» RVA/Human-wt/BRA/se16800-09/2009/G1P8
| » RVA/Human-wit/BRA/se 16779- 0912009/G1 PB

= |a RVA/Human-wt/BRA/se16537-09/2009/G
» RVA/Human-wt/BRA/se16898- 09/2009/G1 PB
« RVA/Human-wt/BRA/se16977-09/2009/G1P8
» RVA/Human-wt/BRA/se 16978- 0912009161 F’B
« RVA/Human-wt/BRA/se 17 120-09/2009/G
» RVA/Human-wt/BRA/se17122- 09/2009/G1 PB
s RVA/Human-wt/BRA/se17123-09/2009/G1P8
RVA/Human-tc/USA/P/1974/G3P1A8
«| [TRVA/Human- W'UUSAIDC1563/1974/G3P8
L RVA/Human-tc/GBR/ST3/19

RVA/Human: tc/USA/WI61l1983/G9P1A8

RVA/Human-tc/USA/D/1974/G1P1A8
RVA/Human-wt/USA/DC5084/1977/G4P8
RVA/Human-wt/USA/DC5115/1977/G4P8
RVA/Human- tc/USA/WA/1 974/G1P1A8

s RVA/Human-wt/BRA/ba36627-88/1988/G1P8
@« RVA/Human-wt/BRA/df37152-88/1988/G1P8
w| |L————RVA/Human-te/XXX/KUXXXX/G1P8

® RVA/Human-wt/BRA/df30733-86/1986/G1P8

. RVA/Human-w‘L’BRA/ngBOZZ-BG/ 1986/G1P8

*le RVA/Human-wt/BRA/sp30843-86/1986/G1P8

RVA/Human-wl/BGDIDhakaZS/ZODZ/G12P8
-wgg\lleRMCSZ /1990/GOP19

RVA/Human-tc/JPN/AU-1/1982/G3P39

NHuman -wi/BRA/j14055-07/2007/G1P8

wUBRéVma1 9030-10/2010/G1P8

RVAH uman-wt/BGD/MatlaM 3/2003/@1 2P

RVA/Human-tc/lUSA/DS-1/1976/G2P4

T1
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j) NSP4

o RVA/Human-wiBRA/se16782-09/2009/G1P8
o RVA/HUMan-WiBRA/Se16803-09/2009/G1P8
' RVA/Human-wiBRA/Se16537-00/20090/G1P8
o RVA/Human-wiBRA/Se16536-09/2009/G1P8
o RVA/HUMan-wiBRA/Se16800-09/2009/G1P8
' RVA/Human-wiBRA/Se16779-00/2000/G1P8
RVAHuman-wilTA/PAS7-05/2005/G3P8
RVA/HuUman wtiTAIPA116-05/2005/G3P8
RVAHuman-wi/BEL/BED0024/2007/G1P8
o RVA/Human-wiBRA/Se16804-09/2009/G1P8
' RVA/Human-wiBRA/Se16897-09/2009/G1P8
o RVA/Human w/BRA/s=16898-09/2009/G1P8
o RVA/Human-wiBRA/se16077-00/2009/G1P8
o RVA/Human-wiBRA/Se16978-09/2009/G1P8
o RVA/HUMan-wiBRA/Se17120-09/2009/G1P8
o RVA/Human-wiBRA/Se17122-00/2000/G1P8
o RVA/Human-wiBRA/Se17123-09/2009/G1P8
|« RVA/HUMan-wBRA/Ma16071-0972009/G1P8
s RVA/Human-wiBRA/se17241-09/2009/G1P8
Lo RVA/Human-wi/BRA/ma16055-09/2009/G 1P8
« RVA/Human-w/BRA/ba4935-01/2001/G1P8
« RVAHuman-wtBRAJrs10953-05/2005/G1P8
« RVAHuman-wiiBRAIrs10042-04/2004/G1P8
 RVA/Human-wiiBRA/df11045-05/2005/G1P8
o RVAHUMaN WUBRA/dF1028-05/2005/G1P8
« RVAHuman-wi/BRA/dF1 1075-05/2005/G1P8
. RVA/HUMan-wi/BRA/j11169-05/2005/G1P8
« RVAHUMan Wi/BRA/rS12793-06/2006/G1P8
« RVAHUman-wi/BRA/rs10030-04/2004/G1P8
o RVA/Human-w/BRA/rs11203-05/2005/G 1P8
o RVA/Human-wiBRArs12198-06/2006/G1P8
+ RVA/Human wi/BRA/ba10134-04/2004/G1P8
« RVA/Human-wiBRAba10192-04/2004/G 1P8
«RVAHuman-wiBRAba10332-04/2004/G1P8
» RVA/HUMan-wyBRA/ba6264-03/2003/G1P8
“ale RVA/HUman-wi/BRA/ba6757-03/2003/G1P8
o RVA/Human-wi/BRA/sp32628-87/1987/G1P8
L« RVAHUMaN WYBRAIDe46791-91/1991/G1P8
RVAHuman-wt/USA/258/1097/G1P8
o RVA/HUMan-wi/BRA/j48385-93/1903/G1P8
« RVAHUMaN-WHBRAI22288-13/2013/G1P8
+ RVA/Human-wBRA/ma 19006-10/2010/G1P8
RVA/Human-wi/BEL/BEO0048/2009/G1P8
- RVANVaccine/USA/Rotarix/1988/G1P8
o RVA/HUman-wiBRA/s¢15901-08/2008/G1P8
1 la RVA/Human-wiiBRAba19391-10/2010/G1P8
RVA/Human-1/GBRIST3M975/G4P2A6
e RVA/Human wyBRA}5324.02/2002/G1P8
| RVAHUMan-c/USAWA/1074/G1P1AB
RVAHuman-wi/USAIDC5115/1977/G4P8
RVAHUMAn t/USADM974/G1P1AS
RVAHuman-tc/USA/DIA974/G1P1AS(2)
o RVA/Human-wiBRA/pe19768-11/2011/G1P8
« RVA/HUman wi/BRAIrs21320-12/2012/G1P8
oy RVAHUMan-wiBRA/rs10026-04/2004/G1P8
« RYA/HuMan-wiBRA/ba10445-04/2004/G1P8
o RVA/Human-w/BRA/ba7531-03/2003/G1P8
» RVA/HUMan-wiBRA/ba7712-03/2003/G1P8
« RVAHuman-wiBRA/ba0167-0412004/G1P8
« RVAHuman-wi/BRA9736-04/2004/G1P8
« RVA/HUMan-wiBRA/bag875-04/2004/G1P8
« RVAHuman-wi/BRA/bad453-04/2004/G1P8
4 RVAHuman wt/BRA/ba80B7-04/2004/G1P8
o RVA/HUMaN WYBRA/B216-04/2004/G1P8
o RVA/HUman-wiBRA/B014-04/2004/G1P8
o RVAHuman-wi/BRA/ba7944-04/2004/G1P8
« RVA/Human-wi/BRA/ba6009-03/2003/G1P8
«RVAHuman wiBRA/ba7225-03/2003/G1P8
o« RVAHuman-wiBRADa7303-03/2003/G1P8

£

 RVA/Human-wi/BRA/es5527-02/2002/G1P8
+ RVA/Human-wt/BRA/ba6599-03/2003/G1P8
& RVA/Human-wi/BRA/ba6124-03/2003/G1P8
& RVA/Human-wi/BRA/es15221-08/2008/G1P8
7[1RVA/Human-wt/USA/LB2719/2005-2006/G1P8
%! IRVA/Human-wt/ THA/CMH044-05/2005/GxP8
RVA/Human-wi/BGD/Dhaka25/2002/G12P8
-+ RVA/Human-wt/BRA/1718-98/1998/G1P8
«RVA/Human-wi/BRA/j1808-98/1998/G1P8
{—» RVA/Human-wi/BRA/es5443-02/2002/G1P8
-+ RVA/Human-wt/BRA/pe 17888-09/2009/G1P8
RVA/Human-wt/USA/CK00029/2006/G1P8
= | RVA/Human-wt/USA/2008747369/2008/G3P8
'« RVA/Human-wt/BRA/pe17890-09/2009/G1P8
75| |# RVA/Human-wt/BRA/pe 17887-09/2009/G1P8
'« RVA/Human-wi/BRA/pe17891-09/2009/G1P8
97| L RVA/Human-wit/IND/RV-430/2005/G12Px
RVA/Human-wt/BGD/Matlab13/2003/G12P6
RVA/Human-wt/BGD/Dhaka12/2003/G12P6
*|RVA/Human-wt/BGD/RV161/2000/G12P6
» RVA/Human-wi/BRA/es5381-02/2002/G1P8
{RVNHUman—WIJBRNI‘i532&02QOOZ/ G1P8

& RVA/Human-wi/BRA/I[430-96/1996/G1P8
RVA/Human-wt/BEL/B4633/2003/G12P8
» RVA/Human-w/BRA/T670-96/1996/G1P8
8 RVA/Human-wt/BRA/Ij1363-97/1997/G1P8
RVA/Human-wi/BGD/Matlab36/2002/G11P8
-« RVA/Human-wi/BRA/j14055-07/2007/G1P8
» RVA/Human-wi/BRA/ma19030-10/2010/G1P8
RVA/Human-wi/BGD/Dhaka16/2003/G1P8
7| & RVA/Human-wt/BRA/ma18999-10/2010/G1P8
Fid RVA/Human-wt/BRA/ma19013-10/2010/G1P8
& RVA/Human-wt/BRA/ma19015-10/2010/G1P8

RVA/Human-{c/USA/WIG1/1983/GIP1A8

-+ RVA/Human-wt/BRA/sp30843-86/1986/G1P8

5 RVA/Human-wt/BRA/mg28022-86/1986/G1P8
e RVA/Human-wit/BRA/f30733-86/1986/G1P8
@ RVA/Human-wt/BRA/go32872-87/1987/G1P8

» RVA/Human-wi/BRA/Ij1618-98/1998/G1P8
s RVA/Human-wi/BRA/ba36627-88/1988/G1P8
 RVA/Human-wt/BRA/Af37152-88/1988/G1P8
wle RVA/Human-w/BRA/pr37420-89/1989/G1P8

L RVA/Human-tc/USA/PI1974/G3P1A8

RVA/Human-wt/IND/RMC321/1990/G9P19

RVA/Pig-tc/USA/OSUMI7TIG5PT
a1 RVA/Human-wt/ZAF/GR856/1986/G4P8
w0 RVA/Human-wt/ZAF/GR1106/1986/GAP8

RVA/Human-wi/RUS/NIN1287 1/ XXXX/GxP9
RVA/Human-wi/JPN/KF17/2010/G6P9

i
RVA/Human-wt/COD/DRC88/2003/G8P8

100 RVA/Cat-tc/JPN/FRV1/XXXX/G3P9
RVA/Human-wt/JPN/02-92/1992/GXP9
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k) NSP5

®» RVA/Human-wt/BRA/se17122-09/2009/G1P8
» RVA/Human-wt/BRA/se17123-09/2009/G1P8
# RVA/Human-wi/BRA/se17120-09/2009/G1P8
» RVA/Human-wi/BRA/se16978-09/2009/G1P8
® RVA/Human-wi/BRA/se16977-09/2009/G1P8
®» RVA/Human-wi/BRA/se16898-09/2009/G1P8
» RVA/Human-wt/BRA/se16897-09/2009/G1P8
» RVA/Human-wt/BRA/se16894-09/2009/G1P8
# RVA/Human-wi/BRA/se16803-09/2009/G1P8
» RVA/Human-wi/BRA/se16800-09/2009/G1P8
» RVA/Human-wi/BRA/se16782-09/2009/G1P8
®» RVA/Human-wi/BRA/se16779-09/2009/G1P8
® RVA/Human-wi/BRA/se16537-09/2009/G1P8
» RVA/Human-wt/BRA/se16536-09/2009/G1P8
# RVA/Human-wi/BRA/se17241-09/2009/G1P8
RVA/Human-wt/BEL/BE00032/2008/G1P8
RVA/Human-wt/USA/CK00006/2004/G1P8
RVA/Human-wt/BGD/Dhaka16/2003/G1P8
RVA/Human-wt/BGD/Matlab36/2002/G11P8
- RVA/Human-wt/BRA/ba7225-03/2003/G1P8
# RVA/Human-wt/BRA/ba7944-04/2004/G1P8
' RVA/Human-wt/BRA/baB067-04/2004/G1P8
» RVA/Human-wt/BRA/ba7303-03/2003/G1P8

® RVA/Human-wi/BRA/ba7712-03/2003/G1P8
"|# RVA/Human-wit/BRA/ba6599-03/2003/G1P8
@ RVA/Human-wt/BRA/ba9167-04/2004/G1P8
# RVA/Human-wt/BRA/ba9453-04/2004/G1P8
'# RVA/Human-wt/BRA/ba9875-04/2004/G1P8
'# RVA/Human-wt/BRA/ba10134-04/2004/G1P8
'# RVA/Human-wt/BRA/ba10332-04/2004/G1P8
s RVA/Human-wt/BRA/ba10445-04/2004/G1P8
—e RVA/Human-wt/BRA/Ij8216-04/2004/G1P8
~RVA/Human-wt/BEL/B4633/2003/G12P8
RVA/Human-wt/USA/LB2719/2005-2006/G1P8
L RVA/Human-wt/USA/NU0B-07-27/2006/G1P8

il # RVA/Human-wt/BRA/es15221-08/2008/G1P8

RVA/Human-wi/USA/VU0B-09-24/2008/G3P8
+ RVA/Human-wt/BRA/1j8014-04/2004/G1P8
» RVA/Human-wi/BRA/Ij9736-04/2004/G1P8
» RVA/Human-wt/BRAj5325-02/2002/G1P8
[r RVA/Human-wi/BRA/es5443-02/2002/G1P8

wd

' RVA/Human-wt/BRA/es5381-02/2002/G1P8
@ RVA/Human-wi/BRA/es5527-02/2002/G1P8
RVA/Human-wt/BGD/Dhaka12/2003/G12P6
RVA/Human-wt/BGD/Matlab13/2003/G12P6
—— RVA/Human-tc/PHL/L26/1987/G12P4
» RVA/Human-wit/BRA/Ij670-96/1996/G1P8
£ 9 RVA/Human-wt/BRA/1j1363-97/1997/G1P8
® RVA/Human-wt/BRA/ba10192-04/2004/G1P8
» RVA/Human-wt/BRA/ba4935-01/2001/G1P8
# RVA/Human-wt/BRA/ba6757-03/2003/G1P8
# RVA/Human-wt/BRA/ba6264-03/2003/G1P8
» RVA/Human-wi/BRA/ba7531-03/2003/G1P8
RVA/Human-tc/USA/P/1974/G3P1A8
RVA/Human-tc/lUSA/WI61/1983/GOP1A8
— RVA/Human-tc/GBR/ST3/1975/G4P2A6
RVA/Human-wt/CHN/470/1994-1995/G3P1A8
RVA/Human-wt/BGD/Dhaka25/2002/G12P8

# RVA/Human-wt/BRA/Ij22288-13/2013/G1P8
» RVA/Human-wit/BRA/pe19768-11/2011/G1P8
RVA/Human-wt/lUSA/CK00029/2006/G1P8
# RVA/Human-wt/BRA/ma19013-10/2010/G1P8
RVA/Human-wt/USA/2008747322/2008/G3P8

# RVA/Human-wt/BRA/pe17888-09/2009/G1P8
® RVA/Human-wt/BRA/pe17890-09/2009/G1P8
» RVA/Human-wi/BRA/pe17887-09/2009/G1P8
® RVA/Human-wi/BRA/pe17891-09/2009/G1P8
® RVA/Human-wt/BRA/ma18999-10/2010/G1P8
» RVA/Human-wt/BRA/ma19015-10/2010/G1P8
# RVA/Human-wt/BRA/ma19030-10/2010/G1P8
RVA/Human-wt/IND/RMC321/1990/G9P8
RVA/Pig-wt/IND/HP140/XXXX/GOP13
32,® RVA/Human-wit/BRA/rs12198-06/2006/G1P8
® RVA/Human-wt/BRA/rs12793-06/2006/G1P8
» RVA/Human-wt/BRA/ma16055-09/2009/G1P8
» RVA/Human-wt/BRA/ma16071-09/2009/G1P8
#« RVA/Human-wt/BRA/ma19006-10/2010/G1P8
® RVA/Human-w/BRA/Is13303-06/2006/G1P8

# RVA/Human-wt/BRA/rs12865-06/2006/G1P8
& RVA/Human-wt/BRA/ba36627-88/1988/G1P8
@ RVA/Human-wt/BRA/sp30843-86/1986/G1P8
 RVA/Human-wt/BRA/go32872-87/1987/G1P8
# RVA/Human-wt/BRA/pra7420-89/1989/G1P8
# RVA/Human-wt/BRA/mg28022-86/1986/G1P8
® RVA/Human-wi/BRA/df30733-86/1986/G1P8
RVA/Human-tc/BRA/IAL28/1992/G5P8
® RVA/Human-wt/BRA/I}14055-07/2007/G1P8

7[le RVA/Human-wt/BRA/ba6124-03/2003/G1P8

®

s

=|l@ RVA/Human-wi/BRA/Ij5324-02/2002/G1P8
» RVA/Human-wi/BRA/baB009-03/2003/G1P8

(e RVA/Human-wi/BRA/sp32628-87/1987/G1P8

|_|-e RVA/Human-wt/BRA/df37152-88/1988/G1P8

» RVA/Human-wt/BRA/df11028-05/2005/G1P8

» RVA/Human-wt/BRA/df11045-05/2005/G1P8

#» RVA/Human-wi/BRA/rs10026-04/2004/G1P8

|- # RVA/Human-wt/BRA/j11169-05/2005/G1P8

» RVA/Human-wit/BRA/rs11293-05/2005/G1P8

I RVA/Human-wi/BRA/df11075-05/2005/G1P8

® RVA/Human-wt/BRA/rs10039-04/2004/G1P8

RVA/Human-wt/BRA/rs10042-04/2004/G1P8

» RVA/Human-w/BRA/rs10953-05/2005/G1P8

RVA/Human-wt/lUSA/2007744509/2007/G1P8

—RVA/Human-wt/BEL/BE00033/2008/G1P8

# RVA/Human-wt/BRA/se15901-08/2008/G1P8

1[. RVA/Human-wt/BRA/ba19391-10/2010/G1P8

< RVA/Vaccine/USA/Rotarix/1988/G1P8
RVA/Human-wt/BEL/BE00048/2009/G1P8
# RVA/Human-wt/BRA/pe46791-91/1991/G1P8
EI. RVA/Human-wt/BRA/Ij48385-93/1993/G1P8
—RVA/Human-tc/USA/D/1974/G1P1A8
RVA/Human-tc/USA/WA/M974/G1P1A8
» RVA/Human-wt/BRA/1j430-96/1996/G1P8
# RVA/Human-wU/BRA/1j1618-98/1998/G1P8
Il @ RVA/Human-wi/BRA/1j1718-08/1998/G1P8
*le RVA/Human-wt/BRA/j1808-98/1998/G1P8
RVA/Human-wt/JPN/AU-1/1982/G3-P39

=

) C RVA/Human-wt/JPN/0264/1994-95/G3P9

RVA/Human-wt/COD/DRC88/2003/G8P8

0.05
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Figure 2. Phylogenetic analysis of nucleotide sequence of (a) VP1, (b) VP2, (c) VP3, (d) VP8*, (e)
VPG, (f) VP7, (g) NSP1, (h) NSP2, (i) NSP3, (j) NSP4 and (k) NSP5 of Brazilian G1P[8] rotavirus A
strains. The strains of the present study are indicated with @. The RV1 vaccine strain is indicated

with <.
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RVA/Naccine/BRA/Rotarix/1988/G1P8

N

L

RVA/Human-wt/BRA/sp32628-87/1987/G1P8
RVA/Human-wt/BRA/sp30843-86/1986/G1P8
RVA/Human-wt/BRA/se17241-09/2009/G1P8
RVA/Human-wt/BRA/se17123-09/2009/G1P8
RVA/Human-wt/BRA/se17122-09/2009/G1P8
RVA/Human-wt/BRA/se17120-09/2009/G1P8
RVA/Human-wt/BRA/se16978-09/2009/G1P8
RVA/Human-wt/BRA/se16977-09/2009/G1P8
RVA/Human-wt/BRA/se16898-09/2009/G1P8
RVA/Human-wt/BRA/se16897-09/2009/G1P8
RVA/Human-wt/BRA/se16894-09/2009/G1P8
RVA/Human-wt/BRA/se16803-09/2009/G1P8
RVA/Human-wt/BRA/se16800-09/2009/G1P8
RVA/Human-wt/BRA/se16782-09/2009/G1P8
RVA/Human-wt/BRA/se16779-09/2009/G1P8
RVA/Human-wt/BRA/se16537-09/2009/G1P8
RVA/Human-wt/BRA/se16536-09/2009/G1P8
RVA/Human-wt/BRA/se15901-08/2008/G1P8
RVA/Human-wt/BRA/rs21320-12/2012/G1P8
RVA/Human-wt/BRA/rs13303-06/2006/G1P8
RVA/Human-wt/BRA/rs12865-06/2006/G1P8
RVA/Human-wt/BRA/rs12793-06/2006/G1P8
RVA/Human-wt/BRA/rs12198-06/2006/G1P8
RVA/Human-wt/BRA/rs11294-05/2005/G1P8
RVA/Human-wt/BRA/rs11293-05/2005/G1P8
RVA/Human-wt/BRA/rs10953-05/2005/G1P8
RVA/Human-wt/BRA/rs10042-04/2004/G1P8
RVA/Human-wt/BRA/rs10039-04/2004/G1P8
RVA/Human-wt/BRA/rs10026-04/2004/G1P8
RVA/Human-wt/BRA/r[9736-04/2004/G1P8
RVA/Human-wt/BRA/j8216-04/2004/G1P8
RVA/Human-wt/BRA/i8014-04/2004/G1P8
RVA/Human-wt/BRA/670-96/1996/G1P8
RVA/Human-wt/BRA/5325-02/2002/G1P8
RVA/Human-wt/BRA/j5324-02/2002/G1P8
RVA/Human-wt/BRA/rj48385-93/1993/G1P8
RVA/Human-wt/BRA/rj430-96/1996/G1P8
RVA/Human-wt/BRA/rj22288-13/2013/G1P8
RVA/Human-wt/BRA/rj1808-98/1998/G1P8
RVA/Human-wt/BRA/{1718-98/1998/G1P8
RVA/Human-wt/BRA/{1618-98/1998/G1P8
RVA/Human-wt/BRA/j14055-07/2007/G1P8
RVA/Human-wt/BRA/[1363-97/1997/G1P8
RVA/Human-wt/BRA/rj11169-05/2005/G1P8
RVA/Human-wt/BRA/pr37420-89/1989/G1P8
RVA/Human-wt/BRA/pe46791-91/1991/G1P8
RVA/Human-wt/BRA/pe19768-11/2011/G1P8
RVA/Human-wt/BRA/pe17891-09/2009/G1P8
RVA/Human-wt/BRA/pe17890-10/2010/G1P8
RVA/Human-wt/BRA/pe17888-10/2010/G1P8
RVA/Human-wt/BRA/pe17887-09/2009/G1P8
RVA/Human-wt/BRA/mg28022-86/1986/G1P8
RVA/Human-wt/BRA/ma19030-10/2010/G1P8
RVA/Human-wt/BRA/ma19015-10/2010/G1P8
RVA/Human-wt/BRA/ma19013-10/2010/G1P8
RVA/Human-wt/BRA/ma19006-10/2010/G1P8
RVA/Human-wt/BRA/ma18999-10/2010/G1P8
RVA/Human-wt/BRA/ma16071-09/2009/G1P8
RVA/Human-wt/BRA/ma16055-09/2009/G1P8
RVA/Human-wt/BRA/g032872-87/1987/G1P8
RVA/Human-wt/BRA/es5527-02/2002/G1P8
RVA/Human-wt/BRA/es5443-02/2002/G1P8
RVA/Human-wt/BRA/es5381-02/2002/G1P8
RVA/Human-wt/BRA/es15221-08/2008/G1P8
RVA/Human-wt/BRA/df37152-88/1988/G1P8
RVA/Human-wt/BRA/df30733-86/1986/G1P8
RVA/Human-wt/BRA/df11075-05/2005/G1P8
RVA/Human-wt/BRA/df11045-05/2005/G1P8
RVA/Human-wt/BRA/df11028-05/2005/G1P8
RVA/Human-wt/BRA/ba9875-04/2004/G1P8
RVA/Human-wt/BRA/ba9453-04/2004/G1P8
RVA/Human-wt/BRA/ba9167-04/2004/G1P8
RVA/Human-wt/BRA/ba8067-04/2004/G1P8
RVA/Human-wt/BRA/ba7944-04/2004/G1P8
RVA/Human-wt/BRA/ba7712-03/2003/G1P8
RVA/Human-wt/BRA/ba7531-03/2003/G1P8
RVA/Human-wt/BRA/ba7303-03/2003/G1P8
RVA/Human-wt/BRA/ba7225-03/2003/G1P8
RVA/Human-wt/BRA/ba6757-03/2003/G1P8
RVA/Human-wt/BRA/ba6599-03/2003/G1P8
RVA/Human-wt/BRA/ba6264-03/2003/G1P8
RVA/Human-wt/BRA/ba6124-03/2003/G1P8
RVA/Human-wt/BRA/ba6009-03/2003/G1P8
RVA/Human-wt/BRA/ba4935-01/2001/G1P8
RVA/Human-wt/BRA/ba36627-88/1988/G1P8
RVA/Human-wt/BRA/ba19391-10/2010/G1P8
RVA/Human-wt/BRA/ba10445-04/2004/G1P8
RVA/Human-wt/BRA/ba10332-04/2004/G1P8
RVA/Human-wt/BRA/ba10192-04/2004/G1P8
RVA/Human-wt/BRA/ba10134-04/2004/G1P8
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Figure 3. VP8* - Alignment of antigenic residues in VP4 between the
strains circulating in Brazil. Antigenic residues divided in three antigenic epitopes in VP8*. Residues are
color coded similar as in Figure 3. Amino acid changes that have been shown to escape neutralization
with monoclonal antibodies are indicated with a triangle.
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IS

RVA/Naccine/lUSA/Rotarix/1988/G1P8
RVA/Human-wt/BRA/mg28022-86/1986/G1P8
RVA/Human-wt/BRA/df30733-86/1986/G1P8
RVA/Human-wt/BRA/sp30843-86/1986/G1P8
RVA/Human-w/BRA/sp32628-86/1986/G1P8
RVA/Human-wt/BRA/go32872-87/1987/G1P8
RVA/Human-wt/BRA/ba36627-88/1988/G1P8
RVA/Human-wt/BRA/df37152-88/1988/G1P8
RVA/Human-wt/BRA/pr37420-89/1989/G1P8
RVA/Human-wt/BRA/pe46791-91/1991/G1P8
RVA/Human-w/BRA/j48385-93/1993/G1P8
RVA/Human-wt/BRA/rj430-96/1996/G1P8
RVA/Human-wt/BRA/j670-96/1996/G1P8
RVA/Human-wt/BRA/j1363-97/1997/G1P8
RVA/Human-wt/BRA/r{1618-98/1998/G1P8
RVA/Human-wt/BRA/j1718-98/1998/G1P8
RVA/Human-wt/BRA/r{1808-98/1998/G1P8
RVA/Human-wt/BRA/ba4935-01/2001/G1P8
RVA/Human-wt/BRA/j5324-02/2002/G1P8
RVA/Human-wt/BRA/j5325-02/2002/G1P8
RVA/Human-wt/BRA/es5381-02/2002/G1P8
RVA/Human-wt/BRA/es5443-02/2002/G1P8
RVA/Human-wt/BRA/es5527-02/2002/G1P8
RVA/Human-wt/BRA/ba6009-03/2003/G1P8
RVA/Human-wt/BRA/ba6124-03/2003/G1P8
RVA/Human-wt/BRA/ba6264-03/2003/G1P8
RVA/Human-w/BRA/ba6599-03/2003/G1P8
RVA/Human-wt/BRA/ba6757-03/2003/G1P8
RVA/Human-wt/BRA/ba7225-03/2003/G1P8
RVA/Human-wt/BRA/ba7303-03/2003/G1P8
RVA/Human-wt/BRA/ba7531-03/2003/G1P8
RVA/Human-wt/BRA/ba7712-03/2003/G1P8
RVA/Human-wt/BRA/ba7944-04/2004/G1P8
RVA/Human-wt/BRA/rj8014-04/2004/G1P8
RVA/Human-wt/BRA/ba8067-04/2004/G1P8
RVA/Human-wt/BRA/j8216-04/2004/G1P8
RVA/Human-wt/BRA/ba9167-04/2004/G1P8
RVA/Human-wt/BRA/ba9453-04/2004/G1P8
RVA/Human-wt/BRA/[9736-04/2004/G1P8
RVA/Human-wt/BRA/ba9875-04/2004/G1P8
RVA/Human-wt/BRA/rs10026-04/2004/G1P8
RVA/Human-wt/BRA/rs10039-04/2004/G1P8
RVA/Human-wt/BRA/rs10042-04/2004/G1P8
RVA/Human-wt/BRA/ba10134-04/2004/G1P8
RVA/Human-wt/BRA/ba10192-04/2004/G1P8
RVA/Human-wt/BRA/ba10332-04/2004/G1P8
RVA/Human-wt/BRA/ba10445-04/2004/G1P8
RVA/Human-wt/BRA/rs10953-05/2005/G1P8
RVA/Human-wt/BRA/df11028-05/2005/G1P8
RVA/Human-wt/BRA/df11045-05/2005/G1P8
RVA/Human-wt/BRA/df11075-05/2005/G1P8
RVA/Human-wt/BRA/{11169-05/2005/G1P8
RVA/Human-wt/BRA/rs11293-05/2005/G1P8
RVA/Human-wt/BRA/rs11294-05/2005/G1P8
RVA/Human-wt/BRA/rs12198-06/2006/G1P8
RVA/Human-wt/BRA/rs12793-06/2006/G1P8
RVA/Human-wt/BRA/rs12865-06/2006/G1P8
RVA/Human-wt/BRA/rs13303-06/2006/G1P8
RVA/Human-wt/BRA/{14055-07/2007/G1P8
RVA/Human-wt/BRA/es15221-08/2008/G1P8
RVA/Human-w/BRA/se15901-08/2008/G1P8
RVA/Human-wt/BRA/ma16055-09/2009/G1P8
RVA/Human-wt/BRA/ma16071-09/2009/G1P8
RVA/Human-wt/BRA/se16536-09/2009/G1P8
RVA/Human-wt/BRA/se16537-09/2009/G1P8
RVA/Human-w/BRA/se16779-09/2009/G1P8
RVA/Human-wt/BRA/se16782-09/2009/G1P8
RVA/Human-wt/BRA/se16800-09/2009/G1P8
RVA/Human-wt/BRA/se16803-09/2009/G1P8
RVA/Human-wt/BRA/se16894-09/2009/G1P8
RVA/Human-wt/BRA/se16897-09/2009/G1P8
RVA/Human-w/BRA/se16898-09/2009/G1P8
RVA/Human-wt/BRA/se16977-09/2009/G1P8
RVA/Human-wt/BRA/se16978-09/2009/G1P8
RVA/Human-wt/BRA/se17120-09/2009/G1P8
RVA/Human-wt/BRA/se17122-09/2009/G1P8
RVA/Human-wt/BRA/se17123-09/2009/G1P8
RVA/Human-wt/BRA/se17241-09/2009/G1P8
RVA/Human-wt/BRA/pe17887-09/2009/G1P8
RVA/Human-wt/BRA/pe17888-09/2009/G1P8
RVA/Human-wt/BRA/pe17891-09/2009/G1P8
RVA/Human-wt/BRA/pe17890-09/2009/G1P8
RVA/Human-wt/BRA/ma18999-10/2010/G1P8
RVA/Human-wt/BRA/ma19006-10/2010/G1P8
RVA/Human-wt/BRA/ma19013-10/2010/G1P8
RVA/Human-wt/BRA/ma19015-10/2010/G1P8
RVA/Human-wt/BRA/ma19030-10/2010/G1P8
RVA/Human-wt/BRA/ba19391-10/2010/G1P8
RVA/Human-wt/BRA/pe19768-11/2011/G1P8
RVA/Human-wt/BRA/rs21320-12/2012/G1P8
RVA/Human-wt/BRA/j22288-13/2013/G1P8
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Figure 4. VVP7 - Alignment of antigenic residues in VP7 between the strains contained in Rotarix™ and
strains circulating in Brazil. Antigenic residues are divided in three epitopes (7-1a, 7-1b and 7-2). Gray
colored residues are residues that are different from RV1. Amino acid changes that have been shown to
escape neutralization with monoclonal antibodies are indicated with a triangle.
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RVA/Vaccine/USA/Rotarix/1988/G1P8

Strains VP1 VP2 VP3 VP4 \/P6 VP7 NSP1 NSP2 NSP3 NSP4 NSP5

nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa

RVA/Human-wt/BRA/mg28022-90/1990/G1P8 96,4 97,2 906 90,9 923 972 912 972 91,3 988 926 952 909 953 886 936 964 96,7 96,4 972 97,8 994
RVA/Human-wt/BRA/df30733-90/1990/G1P8 96,3 96,7 906 909 923 972 912 972 909 985 925 952 906 964 893 943 966 974 96,4 972 97,8 994
RVA/Human-wt/BRA/sp30893-90/1990/G1P8 958 97,2 90,6 909 923 972 90,8 972 909 985 926 952 890 92,1 887 940 966 974 965 97,0 97,9 994
RVA/Human-wt/BRA/sp32628-87/1987/G1P8 98,7 98,1 906 90,9 985 983 90,7 983 98,7 994 972 985 89,6 827 91,7 965 98,0 98,7 984 986 98,6 984
RVA/Human-wt/BRA/go32872-87/1987/G1P8 952 96,7 906 909 985 983 90,7 983 913 985 926 952 896 827 888 936 980 98,7 96,7 974 97,6 994
RVA/Human-wt/BRA/ba36627-88/1988/G1P8 953 96,7 90,6 909 929 983 90,4 983 912 985 925 945 89,7 825 888 936 980 98,7 96,7 97,0 979 994
RVA/Human-wt/BRA/df37152-88/1988/G1P8 986 98,1 975 982 985 983 906 983 91,2 985 952 96,7 92,1 90,3 916 965 98,0 98,7 96,9 975 988 989
RVA/Human-wt/BRA/pr37420-90/1990/G1P8 989 981 975 988 985 983 909 983 98,7 99,7 952 96,7 920 90,7 918 968 97,7 983 96,9 975 97,8 994
RVA/Human-wt/BRA/pe46791-91/1991/G1P8 98,7 98,6 989 99,1 989 1000 989 1000 985 994 96,9 985 973 97,1 91,7 965 98,0 98,7 97,7 981 993 994
RVA/Human-wt/BRA/rj48989-93/1993/G1P8 98,7 98,6 989 99,1 989 100,0 989 1000 913 985 981 989 973 97,1 991 993 97,7 983 99,0 982 993 994
RVA/Human-wt/BRA/rj430-96/1996/G1P8 97,5 981 97,1 988 925 983 908 983 91,3 985 952 960 986 98,1 88,9 936 998 996 928 960 986 974
RVA/Human-wt/BRA/rj670-96/1996/G1P8 97,5 98,1 922 923 980 989 913 989 900 974 952 960 893 829 896 97,1 964 970 92,8 954 934 939
RVA/Human-wt/BRA/rj1363-97/1997/G1P8 97,6 98,6 92,4 943 923 972 915 972 905 974 951 952 926 919 889 936 96,7 980 92,8 954 934 939
RVA/Human-wt/BRA/rj1618-98/1998/G1P8 946 96,2 983 986 925 978 904 978 904 980 954 956 98,0 97,7 89,0 936 989 990 96,2 97,8 986 974
RVA/Human-wt/BRA/rj1718-98/1998/G1P8 97,5 98,6 92,7 924 976 983 918 983 885 957 951 952 893 84,1 90,6 97,1 963 97,7 9355 957 986 974
RVA/Human-wt/BRA/rj1808-98/1998/G1P8 97,5 98,6 922 923 980 989 914 989 906 974 954 956 893 825 910 974 964 970 935 954 986 974
RVA/Human-wt/BRA/ba4935-01/2001/G1P8 97,3 995 963 97,7 972 972 973 97,2 906 97,7 984 985 97,7 96,7 89,2 965 984 990 97,1 981 93,0 939
RVA/Human-wt/BRA/rj5324-02/2002/G1P8 94,1 976 96,1 97,2 983 989 974 989 915 985 984 981 976 96,7 90,4 952 984 97,7 97,1 982 97,8 984
RVA/Human-wt/BRA/rj5325-02/2002/G1P8 97,2 98,1 928 941 978 994 913 994 915 985 984 98,1 903 843 886 965 983 97,7 926 954 925 944
RVA/Human-wt/BRA/es5381-02/2002/G1P8 94,1 97,6 91,7 940 976 989 913 989 904 974 950 96,0 89,2 827 888 965 979 98,7 924 948 924 939
RVA/Human-wt/BRA/es5443-02/2002/G1P8 946 97,6 920 949 972 994 908 994 906 974 950 956 893 827 89,2 962 980 990 92,8 954 925 944
RVA/Human-wt/BRA/es5527-02/2002/G1P8 941 976 919 945 976 989 91,3 989 904 974 950 96,0 893 827 888 965 97,9 98,7 954 96,0 92,4 939
RVA/Human-wt/BRA/ba6009-03/2003/G1P8 944 97,6 958 96,8 980 989 906 989 90,7 974 980 981 90,7 860 90,3 952 983 97,7 952 965 97,8 989
RVA/Human-wt/BRA/ba6124-03/2003/G1P8 96,6 98,1 957 97,2 974 972 918 97,2 90,7 97,7 951 956 97,7 98,1 90,1 949 98,0 97,7 945 965 97,6 984
RVA/Human-wt/BRA/ba6264-03/2003/G1P8 97,0 986 925 919 974 978 913 978 904 974 974 974 901 886 909 965 96,8 983 97,1 98,1 93,9 94,9
RVA/Human-wt/BRA/ba6599-03/2003/G1P8 94,1 97,6 922 932 932 972 915 972 904 974 940 952 89,2 831 90,1 962 959 97,7 946 965 93,2 939
RVA/Human-wt/BRA/ba6757-03/2003/G1P8 939 96,7 930 928 974 978 915 97,8 909 980 951 96,7 96,7 952 90,2 955 96,8 983 96,7 96,5 93,9 949
RVA/Human-wt/BRA/ba7225-03/2003/G1P8 939 976 919 920 932 972 914 972 909 97,7 940 952 892 839 900 955 959 97,7 943 954 93,0 93,9
RVA/Human-wt/BRA/ba7303-03/2003/G1P8 94,1 976 919 928 932 972 915 972 906 974 939 952 895 833 89,7 946 954 96,7 943 954 93,0 934
RVA/Human-wt/BRA/ba7531-03/2003/G1P8 97,0 986 925 923 974 978 920 978 908 974 974 974 894 810 90,2 952 965 974 96,7 96,5 93,4 939
RVA/Human-wt/BRA/ba7712-03/2003/G1P8 956 98,1 919 928 932 972 916 972 904 974 939 949 893 829 899 955 956 97,0 954 954 925 92,3
RVA/Human-wt/BRA/ba7944-04/2004/G1P8 939 972 919 928 932 972 914 972 903 974 940 952 89,1 839 90,2 962 958 980 943 931 93,0 934
RVA/Human-wt/BRA/rj8014-04/2004/G1P8 939 97,2 928 93,7 92,7 972 914 972 905 97,7 948 96,0 89,0 837 90,7 962 956 97,7 93,9 925 925 944
RVA/Human-wt/BRA/ba8067-04/2004/G1P8 94,1 97,6 92,0 932 932 972 919 972 889 966 940 952 893 833 908 962 959 97,0 945 93,7 930 934
RVA/Human-wt/BRA/rj8816-04/2004/G1P8 936 97,2 925 932 932 972 904 972 889 96,6 946 956 893 827 90,4 958 954 970 94,1 931 93,0 944
RVA/Human-wt/BRA/ba9167-04/2004/G1P8 939 97,6 920 932 931 972 910 972 90,2 96,9 940 952 893 829 90,4 958 958 96,7 943 90,8 934 944
RVA/Human-wt/BRA/ba9453-04/2004/G1P8 939 97,2 922 932 932 972 920 972 903 97,1 940 949 891 831 900 96,2 964 97,7 931 93,1 934 944
RVA/Human-wt/BRA/rj9736-04/2004/G1P8 94,1 98,1 930 93,7 925 972 914 972 886 957 974 97,1 899 816 90,2 962 958 974 93,7 931 925 944
RVA/Human-wt/BRA/ba9875-04/2004/G1P8 94,1 97,6 920 932 93,1 972 912 972 881 946 939 949 903 843 905 965 96,7 974 933 920 934 944
RVA/Human-wt/BRA/rs10026-04/2004/G1P8 97,3 981 916 914 971 989 973 989 901 969 971 971 978 97,1 90,3 949 984 990 948 920 986 984
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RVA/Vaccine/USA/Rotarix/1988/G1P8

Strains VP1 VP2 VP3 VP4 \/P6 VP7 NSP1 NSP2 NSP3 NSP4 NSP5

nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa
RVA/Human-wt/BRA/rs10039-04/2004/G1P8 97,3 98,1 916 91,4 97,1 989 978 989 90,1 96,9 97,7 97,8 976 96,9 90,2 949 983 99,0 97,1 97,1 988 984
RVA/Human-wt/BRA/rs10042-04/2004/G1P8 953 98,1 919 90,7 96,7 983 909 983 90,2 969 97,7 97,8 976 96,9 90,1 949 982 98,7 96,2 965 988 984
RVA/Human-wt/BRA/bal0134-04/2004/G1P8 942 976 91,4 910 932 978 915 978 90,3 97,1 935 942 893 825 900 96,2 959 97,7 954 97,7 934 944
RVA/Human-wt/BRA/bal0192-04/2004/G1P8 969 97,6 951 950 978 989 910 989 90,3 980 97,2 96,7 960 954 90,2 952 965 983 958 96,0 93,0 928
RVA/Human-wt/BRA/bal0332-04/2004/G1P8 939 972 901 90,1 940 978 91,3 97,8 906 97,7 938 945 899 825 899 962 959 97,7 956 954 934 944
RVA/Human-wt/BRA/bal0445-04/2004/G1P8 939 972 919 928 929 96,7 91,3 96,7 902 96,9 940 952 894 827 900 96,2 959 97,7 952 965 934 944
RVA/Human-wt/BRA/rs10953-05/2005/G1P8 97,0 98,1 924 952 97,1 989 975 989 90,1 96,9 975 974 975 96,2 905 949 98,0 98,7 952 948 988 984
RVA/Human-wt/BRA/df11028-05/2005/G1P8 97,2 97,6 919 93,7 969 989 969 989 90,2 971 97,7 978 976 973 90,4 949 982 993 96,4 96,0 986 984
RVA/Human-wt/BRA/df11045-05/2005/G1P8 97,2 97,6 91,7 958 969 989 96,2 989 900 966 974 978 975 973 89,9 949 981 990 96,4 97,1 986 984
RVA/Human-wt/BRA/df11075-05/2005/G1P8 97,2 976 919 92,7 969 989 97,2 989 900 963 975 974 975 97,1 898 946 981 99,0 96,0 96,0 983 974
RVA/Human-wt/BRA/rj11169-05/2005/G1P8 97,2 976 919 923 969 989 959 989 88,7 957 974 974 976 973 90,1 949 98,0 98,7 96,7 97,1 984 984
RVA/Human-wt/BRA/rs11293-05/2005/G1P8 969 976 919 92,7 97,1 989 944 989 903 974 97,7 978 976 97,1 90,1 949 982 990 96,9 97,7 986 984
RVA/Human-wt/BRA/rs11294-05/2005/G1P8 936 972 916 898 971 989 981 989 901 969 977 978 976 97,1 90,1 949 981 99,0 96,9 97,7 986 984
RVA/Human-wt/BRA/rs12198-06/2006/G1P8 938 976 924 928 938 96,7 938 96,7 88,7 97,1 96,7 96,7 964 96,9 90,4 943 969 98,7 956 97,7 96,2 964
RVA/Human-wt/BRA/rs12793-06/2006/G1P8 938 976 924 928 932 972 936 972 904 974 958 96,3 957 954 90,7 96,2 973 983 956 948 959 964
RVA/Human-wt/BRA/rs12905-06/2006/G1P8 935 97,2 91,7 139 931 972 935 972 904 969 942 952 958 958 90,6 958 96,1 954 956 948 979 974
RVA/Human-wt/BRA/rs13303-06/2006/G1P8 96,7 97,6 924 915 929 96,7 933 96,7 908 974 939 945 955 954 90,6 958 959 954 956 948 983 984
RVA/Human-wt/BRA/rj14055-07/2007/G1P8 96,7 97,2 957 968 980 989 915 989 915 985 979 981 893 829 90,1 952 757 832 928 948 97,4 984
RVA/Human-wt/BRA/es15221-08/2008/G1P8 100,0 100,0 91,7 934 93,1 972 90,0 972 908 97,4 943 952 954 952 90,7 958 96,8 98,0 92,8 948 92,0 928
RVA/Human-wt/BRA/se15901-08/2008/G1P8 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,C
RVA/Human-wt/BRA/mal6055-09/2009/G1P8 958 96,2 902 923 96,0 96,1 913 961 904 96,6 950 963 882 786 89,4 965 968 964 96,9 96,0 96,8 96,9
RVA/Human-wt/BRA/mal16071-09/2009/G1P8 96,7 97,2 90,2 919 961 96,1 915 96,1 90,3 969 949 956 890 798 890 968 97,1 96,7 96,9 96,0 96,9 964
RVA/Human-wt/BRA/se16536-09/2009/G1P8 96,7 97,2 90,7 92,8 96,5 96,7 91,4 96,7 90,1 974 942 942 896 820 884 952 97,7 980 975 965 92,7 928
RVA/Human-wt/BRA/se16537-09/2009/G1P8 96,7 97,2 90,7 92,8 96,5 96,7 915 96,7 90,1 974 944 949 896 820 884 952 978 980 97,7 97,1 92,7 928
RVA/Human-wt/BRA/se16779-09/2009/G1P8 96,7 97,2 90,7 92,8 96,5 96,7 915 96,7 902 974 943 945 896 820 884 952 97,8 98,0 97,5 96,5 92,7 92,8
RVA/Human-wt/BRA/se16788-09/2009/G1P8 96,7 97,2 90,7 92,8 96,5 96,7 915 96,7 90,1 974 944 949 896 820 884 952 97,7 980 97,7 97,1 92,7 928
RVA/Human-wt/BRA/se16800-09/2009/G1P8 96,7 97,2 90,7 92,8 96,5 96,7 915 96,7 90,1 974 944 949 896 823 884 952 978 980 975 965 92,7 928
RVA/Human-wt/BRA/se16803-09/2009/G1P8 96,7 97,2 90,5 928 965 96,7 916 96,7 90,1 974 944 949 896 816 884 952 97,8 98,0 97,7 97,1 92,7 92,8
RVA/Human-wt/BRA/se16907-09/2009/G1P8 96,7 97,2 90,7 92,8 96,5 96,7 914 96,7 90,1 974 938 938 896 820 884 952 978 980 97,7 97,1 92,7 928
RVA/Human-wt/BRA/se16908-09/2009/G1P8 96,7 97,2 90,7 92,8 965 96,7 914 96,7 90,0 97,1 939 942 896 820 884 952 978 980 97,7 97,1 92,7 928
RVA/Human-wt/BRA/se16977-09/2009/G1P8 96,7 97,2 90,7 92,8 96,5 96,7 915 96,7 90,0 969 943 945 895 818 884 952 97,8 98,0 97,7 97,1 92,7 92,8
RVA/Human-wt/BRA/se16978-09/2009/G1P8 96,7 97,2 90,7 92,8 96,5 96,7 915 96,7 90,1 974 943 945 895 814 884 952 978 980 97,7 97,1 92,7 928
RVA/Human-wt/BRA/se16989-09/2009/G1P8 96,7 97,2 90,7 92,8 96,5 96,7 915 96,7 90,1 974 943 945 895 814 884 952 978 980 97,7 97,1 92,7 928
RVA/Human-wt/BRA/se17120-09/2009/G1P8 96,7 97,2 90,7 928 965 96,7 91,4 96,7 889 971 944 949 895 818 884 952 97,8 98,0 97,7 97,1 92,7 92,8
RVA/Human-wt/BRA/se17122-09/2009/G1P8 96,7 97,2 90,7 92,8 96,5 96,7 915 96,7 900 974 944 949 895 818 884 952 978 980 97,7 97,1 92,7 928
RVA/Human-wt/BRA/se17123-09/2009/G1P8 96,7 97,2 90,7 92,8 965 96,7 914 96,7 888 97,1 944 949 895 818 884 952 978 980 97,7 97,1 92,7 928
RVA/Human-wt/BRA/se17241-09/2009/G1P8 93,8 97,2 90,7 928 96,5 96,7 915 96,7 90,1 974 942 942 895 818 884 952 97,8 98,0 97,7 97,1 924 92,3
RVA/Human-wt/BRA/pe17887-09/2009/G1P8 938 97,2 92,7 932 934 978 916 97,8 90,8 97,7 940 949 954 950 90,3 96,2 96,7 983 914 942 936 944
RVA/Human-wt/BRA/pe17888-09/2009/G1P8 938 97,2 925 932 934 978 915 97,8 90,8 97,7 940 949 953 950 90,2 96,2 96,7 983 90,1 90,8 93,6 944
RVA/Human-wt/BRA/pe17900-09/2009/G1P8 938 972 925 932 934 978 914 978 908 974 940 949 955 952 90,3 96,2 96,7 983 914 942 936 944
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RVA/Vaccine/USA/Rotarix/1988/G1P8

Strains VP1 VP2 VP3 VP4 \/P6 VP7 NSP1 NSP2 NSP3 NSP4 NSP5

nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa
RVA/Human-wt/BRA/pe17901-09/2009/G1P8 929 96,2 925 932 934 978 915 978 90,8 97,7 940 949 954 950 90,2 96,2 96,7 983 91,4 942 936 944
RVA/Human-wt/BRA/mal18099-10/2010/G1P8 100,0 100,0 91,0 915 936 96,7 910 96,7 90,7 97,7 934 942 895 82,7 893 955 96,0 97,7 916 948 936 944
RVA/Human-wt/BRA/ma19006-10/2010/G1P8 93,0 96,7 100,0 100,0 99,6 99,4 998 99,4 999 99,7 100,0 100,0 99,9 100,0 100,0 100,0 100,0 100,0 99,8 99,4 97,9 974
RVA/Human-wt/BRA/ma19013-10/2010/G1P8 929 96,2 910 915 936 96,7 912 96,7 904 97,7 933 938 895 827 893 955 96,0 97,7 916 948 934 939
RVA/Human-wt/BRA/ma19015-10/2010/G1P8 930 96,7 910 915 936 96,7 912 96,7 905 97,7 934 942 894 827 893 955 96,0 97,7 916 948 93,6 944
RVA/Human-wt/BRA/ma19030-10/2010/G1P8 100,0 100,0 93,6 96,7 91,3 96,7 93,4 942 895 827 895 949 756 832 914 93,7 936 944
RVA/Human-wt/BRA/ba19391-10/2010/G1P8 94,7 96,2 100,0 100,0 100,0 100,0 99,8 100,0 99,8 99,7 100,0 100,0 99,7 99,7 100,0 100,0 100,0 100,0 99,6 98,8 100,0 100,0
RVA/Human-wt/BRA/pe19768-11/2011/G1P8 97,6 96,7 91,1 92,0 92,7 956 914 956 905 957 956 956 89,8 80,6 89,7 958 956 964 96,4 97,7 93,4 939
RVA/Human-wt/BRA/rs21320-12/2012/G1P8 996 995 914 923 920 956 914 956 908 97,7 942 945 894 835 898 958 96,1 980 97,3 982 934 939
RVA/Human-wt/BRA/rj22288-13/2013/G1P8 97,6 99,5 100,0 100,0 100,0 1000 91,4 956 97,1 988 989 985 99,7 993 989 987 972 974 984 982 951 954

Table 1. Nucleotide and aminoacid similarities values between RV1 strain gene segments and the Brazilian G1P[8] strains. The strain names are shown

on the left and the protein encoded by each gene is presented at the top. In yellow are indicated the 100% identity between strain and RV1. In red are

shown sequences that could not be amplified.
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Genomic Constellation
VP7 VP4 VP6 VP1 VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5

Strains

RVA/Human-wt/BRA/mg28022-86/1986/G1P8 Gl P8

RVA/Human-wt/BRA/df30733-86/1986/G1P8 Gl P8
RVA/Human-wt/BRA/sp30843-86/1986/G1P8 Gl P8
RVA/Human-wt/BRA/sp32628-86/1986/G1P8 Gl P8
RVA/Human-wt/BRA/go32872-87/1987/G1P8 Gl P8
RVA/Human-wt/BRA/ba36627-88/1988/G1P8 Gl P8
RVA/Human-wt/BRA/df37152-88/1988/G1P8 Gl P8
RVA/Human-wt/BRA/pr37420-89/1989/G1P8 Gl P8
RVA/Human-wt/BRA/pe46791-91/1991/G1P8 Gl P8
RVA/Human-wt/BRA/rj48385-93/1993/G1P8 Gl P8
RVA/Human-wt/BRA/rj430-96/1996/G1P8 Gl P[8]
RVA/Human-wt/BRA/rj670-96/1996/G1P8 Gl P[8]
RVA/Human-wt/BRA/rj1363-97/1997/G1P8 Gl P[8]
RVA/Human-wt/BRA/rj1618-98/1998/G1P8 Gl P[8]
RVA/Human-wt/BRA/rj1718-98/1998/G1P8 Gl P[8]
RVA/Human-wt/BRA/rj1808-98/1998/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba4935-01/2001/G1P8 Gl P[8]
RVA/Human-wt/BRA/rj5324-02/2002/G1P8 Gl P[8]
RVA/Human-wt/BRA/rj5325-02/2002/G1P8 Gl P[8]
RVA/Human-wt/BRA/es5381-02/2002/G1P8 Gl P[8]
RVA/Human-wt/BRA/es5443-02/2002/G1P8 Gl P[8]
RVA/Human-wt/BRA/es5527-02/2002/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba6009-03/2003/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba6124-03/2003/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba6264-03/2003/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba6599-03/2003/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba6757-03/2003/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba7225-03/2003/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba7303-03/2003/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba7531-03/2003/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba7712-03/2003/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba7944-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/rj8014-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba8067-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/rj8216-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba9167-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/ba%453-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/rj9736-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/bad875-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/rs10026-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/rs10039-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/rs10042-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/bal0134-04/2004/G1P8 Gl P[8]
RVA/Human-wt/BRA/bal0192-04/2004/G1P8 Gl P[8]
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RVA/Human-wt/BRA/bal0332-04/2004/G1P8
RVA/Human-wt/BRA/bal0445-04/2004/G1P8
RVA/Human-wt/BRA/rs10953-05/2005/G1P8
RVA/Human-wt/BRA/df11028-05/2005/G1P8
RVA/Human-wt/BRA/df11045-05/2005/G1P8
RVA/Human-wt/BRA/df11075-05/2005/G1P8
RVA/Human-wt/BRA/rj11169-05/2005/G1P8
RVA/Human-wt/BRA/rs11293-05/2005/G1P8
RVA/Human-wt/BRA/rs11294-05/2005/G1P8
RVA/Human-wt/BRA/rs12198-06/2006/G1P8
RVA/Human-wt/BRA/rs12793-06/2006/G1P8
RVA/Human-wt/BRA/rs12865-06/2006/G1P8
RVA/Human-wt/BRA/rs13303-06/2006/G1P8
RVA/Human-wt/BRA/rj14055-07/2007/G1P8
RVA/Human-wt/BRA/es15221-08/2008/G1P8
RVA/Human-wt/BRA/se15901-08/2008/G1P8
RVA/Human-wt/BRA/mal6055-09/2009/G1P8
RVA/Human-wt/BRA/mal6071-09/2009/G1P8
RVA/Human-wt/BRA/se16536-09/2009/G1P8
RVA/Human-wt/BRA/se16537-09/2009/G1P8
RVA/Human-wt/BRA/se16779-09/2009/G1P8
RVA/Human-wt/BRA/se16782-09/2009/G1P8
RVA/Human-wt/BRA/se16800-09/2009/G1P8
RVA/Human-wt/BRA/se16803-09/2009/G1P8
RVA/Human-wt/BRA/se16894-09/2009/G1P8
RVA/Human-wt/BRA/se16897-09/2009/G1P8
RVA/Human-wt/BRA/se16898-09/2009/G1P8
RVA/Human-wt/BRA/se16977-09/2009/G1P8
RVA/Human-wt/BRA/se16978-09/2009/G1P8
RVA/Human-wt/BRA/se17120-09/2009/G1P8
RVA/Human-wt/BRA/se17122-09/2009/G1P8
RVA/Human-wt/BRA/se17123-09/2009/G1P8
RVA/Human-wt/BRA/se17241-09/2009/G1P8
RVA/Human-wt/BRA/pel7887-09/2009/G1P8
RVA/Human-wt/BRA/pel17888-09/2009/G1P8
RVA/Human-wt/BRA/pe17890-09/2009/G1P8
RVA/Human-wt/BRA/pel17891-09/2009/G1P8
RVA/Human-wt/BRA/mal8999-10/2010/G1P8
RVA/Human-wt/BRA/mal19006-10/2010/G1P8
RVA/Human-wt/BRA/mal9013-10/2010/G1P8
RVA/Human-wt/BRA/mal19015-10/2010/G1P8
RVA/Human-wt/BRA/mal9030-10/2010/G1P8
RVA/Human-wt/BRA/bal19391-10/2010/G1P8
RVA/Human-wt/BRA/pe19768-11/2011/G1P8
RVA/Human-wt/BRA/rs21320-12/2012/G1P8
RVA/Human-wt/BRA/rj22288-13/2013/G1P8
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Supplementary material: Genome constellations of RVA Brazilian G1P[8] strains. Wa-

like genotypes are shown in green and AU-1-like genotypes in orange. — represents the absence of data.
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CAPITULO V

DISCUSSAQ, CONCLUSOES E PERSPECTIVAS
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1. Discussao

1.1. Diversidade genética dos rotavirus da espécie A

As GA constituem a segunda maior causa de morte de criangas < 5 anos e 0s
RVA sdo os principais agentes causadores da doenca em todo o mundo. Apesar da
ampla utilizacdo das terapias orais de reidratacdo (TOR) e do aumento do conhecimento
disponivel, aproximadamente 196.000 criangas morrem anualmente em decorréncia da

GA causada por RVA, a maioria nos paises em desenvolvimento (Walker et al., 2013).

As alteracGes do padrdo de migracéo eletroforética dos 11 segmentos genémicos
de RVA sdo um dos aspectos observados nos estudos de diversidade destes virus e estdo
relacionadas aos diferentes mecanismos descritos como geradores de variabilidade dos
RVA: mutacBes pontuais, rearranjos genéticos, reestruturacdo de segmentos gendmicos
(reassortment) e recombinacéo genética (Estes & Greenberg, 2013).

Dados da literatura vém descrevendo a ocorréncia de infecgdes interespécies
mundialmente e envolvendo uma ampla gama de hospedeiros, principalmente entre
animais domeésticos e humanos (Gabbay et al., 2008; Esona et al., 2010; Martella et al.,
2011). O estreito relacionamento interespécies associado aos diferentes mecanismos de
variabilidade genética de RVA favorece o surgimento de novas variantes genotipicas e
até mesmo de novos gendétipos de RVA, fendmenos geralmente observados nos paises
em desenvolvimento (Afrad et al., 2013; Mukherjee et al., 2013).

Até o presente momento, pelo menos 27 gendtipos G e 37 gendtipos P foram
descritos em cepas de RVA coletadas em aves e varias espécies de mamiferos. Porém,
em humanos, somente o0s gendtipos G1-G6, G8-G12 e G20 foram detectados em
associacdo com os gendtipos P[1]-P[11], P[14], P[19], P[25] e P[28] (Matthijnssens et
al.,, 2011, Cowley et al., 2013). A maioria dos estudos epidemioldgicos tem
demonstrado que cepas de genotipos G1P[8], G2P[4], G3P[8], G4P[8] e G9P[8] sdo
responsaveis pela maioria das infecgdes em humanos em todo o mundo. No Brasil estes
genotipos representam 75% das cepas de RVA descritas (Leite et al., 2008, Linhares &

Justino, 2014; Carvalho-Costa et al., manuscrito em preparacéo).

Sabe-se que a prevaléncia de gendtipos de RVA varia geograficamente, de modo

que os paises em desenvolvimento apresentam uma maior variabilidade de combinagdes
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GPJ[ ] circulantes, possivelmente devido a precariedade do saneamento basico e ao
estreito convivio com animais, como suinos e bovinos. Fatores como o fluxo continuo
migratorio de pessoas no mundo; a emergéncia de novas variantes de cepas; a baixa
dose infectante (aproximadamente 10 particulas); fatores relacionados ao hospedeiro
(genéticos, anticorpos maternos, imunodeficiéncia, parasitas intestinais, ma nutricao,
deficiéncia de zinco, entre outros) também podem influenciar na diversidade de
genotipos de RVA (Matthijnssens et al., 2012). Neste contexto, a introducéo de vacinas

poderia representar mais um fator a ser considerado.

Atualmente, pelo menos 41 paises introduziram a vacina RV1 no seu calendario
de imunizacdes (WHO/UNICEF, 2013). Apesar dos estudos de Fase Il com a RV1
terem sido satisfatorios (Vesikari et al., 2007; Linhares et al., 2008; Mhadi et al., 2010)
e a OMS ter recomendado aos paises a inclusdo de uma vacina RVA em seus programas
de imunizacdo, diversas questdes tem sido postuladas, tais como: i) a introducdo de uma
vacina monovalente G1P[8] poderia resultar no aumento da prevaléncia de genotipos
que ndo tenham a especificidade G1 ou P[8] em sua contelagcdo génica, como o G2P[4],
na populacdo? ii) a reestruturacdo génica intra-, inter-genogrupos e entre cepas
selvagens e vacinal de RVA poderiam ocorrer com maior frequéncia e prejudicar a

eficacia das vacinas?

Com os estudos envolvendo a analise filogenética dos onze genes de cepas de
RVA, pode-se verificar que cepas antes consideradas de gendtipos diferentes passaram a
compor 0 mesmo genoétipo, como no caso dos genétipos G5-G11, de modo que a
diversidade dos RVA ndo é tdo grande quanto se imaginava. As cepas passaram a ser
classificadas em trés principais genoétipos: Wa-like (genotipo 1), comum a humanos e
suinos; DS-1-like (gen6tipo 2), comum a humanos e bovinos e AU-1-like (gendtipo 3),
comum a felinos. Duas constelacGes geneticas prevalecem mundialmente: Wa-like e
DS-1-like. Dos genotipos mais prevalentes mundialmente s6 um contem uma
constelacdo DS-1-like (G2P[4]). Os demais genotipos sdo Wa-like (G1P[8], G3P[8],
G4P[8] e GIP[8]) (Matthijnssens e Van Ranst, 2012).
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1.2. Analise da diversidade genética do gendtipo G5P[8] circulando de 1986 a 2005
no Brasil (Artigos 1, 2 e apéndice)

O gendtipo G5P[8] é comumente detectado em suinos mundialmente. Foi
primeiramente descrito infectando humanos no Brasil e posteriormente na Argentina e
Paraguai, se mantendo restrito a América do Sul (Gouvea et al., 1994, Alfieri et al.,
1996; Cardoso et al., 2000; Bok et al., 2001; Coluchi et al., 2002). Era um genotipo
endémico no Brasil, detectado em aproximadamente 10% das amostras RVA positivas
durante as décadas de 1980 até meados da década de 1990, quando passou a ser apenas
esporadicamente detectado. O genotipo G9 foi primeiramente descrito nos USA em
1983 e posteriormente ndo foi detectado por uma década em nenhuma regido do mundo
até meados da década de 1990, quando ocorreu uma emergéncia global deste genotipo.
No Brasil, ele teve a sua prevaléncia aumentada ao passo que G5 diminuia, sugerindo a
substituicdo do gendtipo G5 pelo G9 no pais (Santos et al., 2003; Gentsch et al., 2005;
Leite et al., 2008; Iturriza-Gomara et al., 2011). A dltima descricdo de G5 no Brasil foi
em 2005, descrita por Carvalho-Costa et al. (2007).

Apbs a substituicdo do genotipo G5 pelo gendtipo G9 no pais ndo foi detectada a
sua circulacdo em humanos no continente Americano, ao passo que paises Africanos e
Asiaticos vém descrevendo casos de internacdo infantil por GA devido aos RVA de
gendtipo G5 (Ahmed et al., 2007; Duan et al., 2007; Hashizume et al., 2008; Esona et
al.,2009; Wu et al., 2011; Mladenova et al., 2012; Komoto et al., 2013).

Os resultados apresentados no presente estudo demonstram que a constelacédo
genética das cepas de RVA de gendtipo G5P[8] que circularam no Brasil entre 1986 e
2005 é Gb5-P[8]-11-R1-C1-M1-A1-N1-T1-E1-H1, ou seja, possuem a constelacdo
genética Wa-like (gendtipo 1), compartilham um ancestral comum com suinos.
Matthhijnssens & Van Ranst (2012) descreveram que a constelacdo 11-R1-C1-M1-Al-
N1-T1-E1-H1 em associagdo com P[8] e diferentes genotipos G foi a mais detectada
mundialmente durante as trés Ultimas décadas. Com o advento do novo sistema de
classificacdo para RVA é possivel entender a histéria evolutiva das cepas, uma vez que
muita informac&o era perdida analisando somente os genes que codificam as proteinas
do capsideo externo. Resultados demonstraram que a diversidade genética das cepas de

RVA humano é mais limitada do que se pensava, sugerindo que somente cepas de duas
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constelacGes genotipicas foram bem sucedidas na manutencéo da infeccdo de humanos

ao longo das décadas: a Wa-like e a DS-1-like.

Nos artigos apresentados no presente trabalho, foi realizada a andlise
filogenética dos genes que codificam para as proteinas VP7, VP4 (Artigo 1), VP1, VP2
e VP3 (Artigo 2) e VP6, NSP1, NSP2, NSP3, NSP4 e NSP5 (apéndice).

A andlise filogenética do gene que codifica para a proteina VP7, os resultados da
analise filogenética e das distancias genéticas entre as trés linhagens descritas (linhagem
I, linhagem 11 e linhagem 111) sugerem que as cepas brasileiras humanas de genotipo G5
sdo resultado de dois eventos de transmissdo zoonGtica independentes: a) uma,
resultando na linhagem humana detectada no Brasil (linhagem 1); b) o outro resultando
na linhagem que circula na Asia e Africa. As cepas suinas sdo encontradas nas posicoes
mais basais dentro de cada cluster, sugerindo que 0s suinos sdo o principal reservatorio
natural e fonte de cepas de RVA G5 tanto para humanos quanto para outras espécies de

animais, como suinos, bovinos e equinos.

Embora um estudo prévio com andlise de cepas brasileiras humanas de gendtipo
G5 (Alfieri et al., 1996) relatar uma estreita relacdo genética com cepas suinas de
gendtipo G5 através das técnicas de hibridizacgdo RNA-RNA e sequenciamento dos
genes VP7 e VP8", h4 poucos estudos envolvendo o sequenciamento dos 11 genes de
cepas humanas G5. Até o presente momento, somente uma cepa humana brasileira de
gendtipo G5P[8], o protdtipo isolado em S&o Paulo no ano de 1992 (1AL28), possui 0
seu genoma completamente sequenciado e disponivel em bancos de sequéncias online.
Este isolado serviu de base comparativa para as analises realizadas neste estudo. A
caréncia de sequéncias dos 11 genes de cepas humanas de genoétipo G5 pode explicar o
motivo pelo qual estudos anteriores ao novo sistema de classificagdo para 0s RVA
correlacionarem sequéncias de VP7 de gendtipo G5 provenientes de cepas humanas

com o prototipo OSU, de origem suina, isolado os USA em 1975.

Dados na literatura descrevem casos de GA em criancas por infeccdo com RVA
de gendtipo G5P[6] em paises como Bangladesh (Hashizume et al., 2008) Bulgaria
(Mladenova et al., 2012), China (Duan et al., 2007), Japdo (Komoto et al., 2013) e
Vietnam (Ahmed et al., 2007) As analises realizadas demonstraram que estas cepas
apresentam alguns genes de origem suina na sua constelacdo genética, de modo que as

cepas G5P[6] que estdo infectando criangas nos continentes africano, asiatico e europeu
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sdo fruto de eventos de reassortment entre cepas humanas e suinas. Diferentemente do
encontrado nestes continentes, as cepas brasileiras de gendétipo G5 sdo de especificidade
G5P[8] e, para todos os demais genes, foi encontrada uma maior identidade genética
com cepas de origem humana de diferentes continentes e gendtipos, porém todos
caracteristicos da constelacdo genética Wa-like (G1P[8], G3P[8], G4P[8], G9P[8] e
G12P[8]). Os resultados sugerem que o geno6tipo G5 ja se encontrava bem adaptado em
humanos no Brasil em 1986, de modo que se houve um evento de reassortment entre
RVA humanos e suinos que deu origem a estas cepas aconteceu anteriormente ao ano de
1986.

As analises filogenéticas revelaram que o gene VP7 das cepas humanas
Brasileiras circulou no Brasil a partir de 1986 (linhagem 1I), sofreu poucas alteracdes
entre as sequéncias de aminodcidos deduzidas das cepas Brasileiras até o ano de 2005,
ano em que foi descrita a Gltima cepa humana G5 no Brasil, ndo havendo evidéncias de
introducdo de novas linhagens deste gendtipo no pais. Estudos envolvendo o gene que
codifica para a VP7 de cepas de RVA de genétipo G5 infectando criancas na Africa,
Asia e Europa demonstram a estreita relagio com cepas G5 de origem suina, como TJ4-
5, CMP178 e CC134, demonstrando que a linhagem Ill de G5 esta circulando nestes
continentes atualmente (Ahmed et al., 2007; Duan et al., 2007; Mladenova et al., 2012;
Komoto et al., 2013).

Na literatura foram descritas quatro linhagens para o gendtipo P[8] (P[8]-1, P[8]-
2, P[8]-3 e P[8]-4), referente & proteina VP8* (Gouvea et al., 1999; Cunliffe et al.,
2001; Avrista et al., 2005). Estudos prévios demonstraram a circulacéo de trés linhagens
de P[8] (P[8]-1, P[8]-2, e P[8]-3) em associacdo com diferentes gendtipos G circulando
no Brasil nas ultimas décadas (Gouvea et al., 1999; Araujo et al., 2007; Tort et al.,
2010). Néo existem estudos demonstrando a circulacdo de P[8]-4 na América Latina
(Espinola et al., 2008; Silva et al., 2013). Corroborando os resultados prévios, dentre as
diferentes linhagens de P[8] descritas no pais, P[8]-1, P[8]-2 e P[8]-3 foram detectadas
em associagdo com o genétipo G5 no Brasil. Cepas coletadas até o ano de 1990
agruparam no mesmo cluster de outras cepas G5 Brasileiras (IAL28, BR1054 e BRH8)
dentro da linhagem P[8]-2. As cepas coletadas entre 1991 e 2005 agruparam na
linhagem P[8]-1, juntamente com prot6tipos humanos de gendtipo G1P[8]: Wa, Phim e
L8. A Unica excecdo foi a cepa rj454-96, que foi coletada no Rio de Janeiro em 1996,

que agrupou juntamente com os protétipos B3458 (Matthijnssens et al., 2008a),
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MW279 e OP351 (Cunliffe et al., 2001), ITA-MAR37 (Ansaldi et al., 2007), rj4956/01
(Araujo et al., 2007), rj1527/98, rj1609/98 e rj11759/98 (Tort et al., 2010) (bootstrap de
100%), na linhagem P[8]-3. Estes resultados demonstram a grande variabilidade
genética do gendtipo P[8], que é encontrado em associagdo com 0s genotipos G mais
detectados mundialmente nas Gltimas décadas. Essa diferenciacdo em linhagens pode
ser uma explicacdo para o sucesso da fixacdo deste gendtipo na populagdo por tantos
anos, porém sdo necessarios estudos envolvendo a realizagdo de ensaios de

soroneutralizacdo para se comprovar esta hipotese.

As sequéncias parciais dos genes que codificam para as proteinas VP1, VP2,
VP3 e VP6 das cepas brasileiras de genotipo G5 pertencem ao genotipo R1, C1, Ml e
11, respectivamente, e apresentaram grande identidade genética com cepas protétipo de
RVA humano de diferentes genétipos, como o 1AL28 (G5P[8]), Hosokawa (G5P[8]),
Wa (G1P[8]), P (G3P[8]), entre outros. As analises dos quatro genes demonstraram um
padrdo de agrupamento das cepas coletadas entre 1986 e 1996 e a cepa prototipo 1AL28,
enquanto as cepas coletadas entre 1998 e 2005 agruparam com 0s protétipos de RVA
humano dos gendtipos G que mais circulavam no pais durante este periodo, como
G1P[8], G3P[8], G4P[8] e GIP[8] (Leite et al., 2008). Os resultados do alinhamento das
sequéncias aminoacidicas destes genes demonstrou a existéncia de substituicbes nédo
sindnimas entre cepas coletadas no mesmo periodo (cepas coletadas entre 1986-1996; e
1998-2005), sugerindo a existéncia de uma diferenciacdo genética de ordem temporal
entre as sequéncias dos genes que codificam para VP1, VP2, VP3 e VP6.

A andlise dos segmentos que codificam para as proteinas ndo estruturais das
cepas G5 Brasileiras, assim como para 0s demais genes, demonstrou uma grande
identidade genética entre as cepas brasileiras de genétipo G5 e protétipos humanos
coletadas em diferentes continentes, porém caracteristicos ao genétipo Wa-like. As
analises dos genes de NSP1, NSP2 e NSP5 mostrou que as cepas Brasileiras G5
agrupam em duas linhagens distintas dos genotipos Al (Ala e Alb), N1 (Nla e N1b)e
H1 (Hla e H1b).

Concluindo, os resultados apresentados neste estudo demonstram que as cepas
humanas de RVA de gendtipo G5 sdo consequéncia de dois eventos independentes de
transmissdo, possivelmente de suinos. As cepas brasileiras apresentaram uma

constelacdo genotipica estritamente Wa-like, com elevada identidade genética com
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prototipos humanos de diferentes genotipos circulantes mundialmente ao passo que as
cepas detectadas recentemente nos continentes Africano, Asiatico e europeu apresentam

alguns genes de origem suina, sendo fruto de eventos de reassortment humano-suino.

1.3. Anadlise das linhagens de P[8] de rotavirus da espécie A circulando no Brasil de
1986 a 2011 (artigo 3)

No presente estudo, um total de 135 cepas de genotipo P[8] associado aos
gendtipos G1, G3, G5 e G9 foi sequenciado, a fim de se avaliar a dindmica das
linhagens de P[8] circulantes no Brasil antes e ap0s a introducéo da vacina RV1 no PNI.
O estudo envolveu cepas coletadas em diferentes regides brasileiras durante o periodo
de 1986 até 2011 e os resultados demonstraram que as linhagens P[8]-1, P[8]-2, e P[8]-
3 circularam no pais nas trés ultimas décadas em associagdo com 0s genotipos G mais
detectados mundialmente (G1, G3, G4 e G9), corroborando dados da literatura, que
reportaram a circulacdo das linhagens P[8]-1, P[8]-2 e P[8]-3 ao longo das ultimas
décadas em todo o mundo (lturriza-Gomara et al., 2000; Espinola et al., 2008;
Contreras et al., 2011; Chaimongko et al., 2012; Stupka et al., 2012). A linhagem P[8]-
4 ndo foi detectada no presente estudo e ndo ha dados na literatura relatando a sua
deteccdo na Ameérica do Sul (Araujo et al., 2007; Espinola et al., 2008; Tort et al.,
2010).

A andlise filogenética do gene que codifica para VP8* das cepas brasileiras de
gendtipo P[8] demonstrou a cocirculacédo de P[8]-1, P[8]-2 e P[8]-3 ao longo do estudo,
especialmente em 2001, quando as trés linhagens foram detectadas simultaneamente no
Brasil e, at¢é 0 momento este € o Unico relato da cocirculagdo simultanea das trés
linhagens na América do Sul. Este fendmeno foi descrito em estudos realizados no
Reino Unido (P[8]-1 /P[8]-2 /P[8]-3) (lturriza-Gomara et al. 2006, 2007) e Malawi
(P[8]-2 /P[8]-3 /P[8]-4) (Cunliffe et al.,, 2001). Ndo ha estudos na literatura
demonstrando a cocirculagdo das quatro linhagens de P[8] simultaneamente na mesma

regido.

Os resultados demonstraram que na linhagem P[8]-1 agruparam onze cepas
brasileiras de gendtipo G5 coletadas na década de 1990, cinco cepas brasileiras de
genotipo G1 da década de 2000, incluindo trés cepas de criangas vacinadas (se15901-
08, mal9006-10 e bal3391-10), juntamente com a cepa vacinal (RV1). Na linhagem

P[8]-2 agruparam dezesseis cepas brasileiras de genotipo G5 detectadas nas décadas de
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1980/1990, oito cepas brasileiras de genotipo G1 coletadas entre 1986 e 1991 e trés
cepas Brasileiras de gendtipo G9 coletadas em 2001. Parra et al. (2009) descreveu a
deteccdo exclusiva do gendtipo G9 associado a linhagem P[8]-3, diferindo dos
resultados encontrados no presente estudo, onde G9 foi descrito em associacdo com
P[8]-2 e P[8]-3.

A maioria das cepas brasileiras agrupou na linhagem P[8]-3 com protétipos
isolados em diferentes continentes, corroborando estudos prévios que descreveram a
circulagdo mundial desta linhagem em associagdo com diferentes genétipos G (Espinola
et al., 2008; Parra et al., 2009; Tort et al., 2010; Oh et al., 2012). Esta linhagem foi
descrita pela primeira vez no Brasil em uma amostra de gen6tipo G5 coletada no Rio de
Janeiro em 1996 e a partir de entdo se mantém na populacio Brasileira. E importante
destacar que, com excecdo de alguns casos de sequéncias de criangas vacinadas, a
linhagem P[8]-3 é a Unica linhagem detectada no Brasil apds a introducdo da RV1, de
especificidade P[8]-1.

Mediante a variabilidade encontrada na linhagem P[8]-3, no presente estudo foi
proposta a classificacdo desta linhagem em seis diferentes sublinhagens (P[8]-3.1 —
P[8]-3.6). E importante ressaltar que as sublinhagens P[8] -3.5 e P[8]-3.6 so circularam
no Brasil apds a introducdo da RV1. Imbert-Marcille et al. (2013) descreveram a
circulacdo das sublinhagens P[8]-3.5 e P[8]-3.6 na Franca em cepas de criangas
hospitalizadas com GA entre 0s anos de 2011 e 2013. A analise dos sitios antigénicos
ndo demonstrou substituicdes especificas entre as sublinhagens descritas. Séo
necessarios mais estudos envolvendo a anélise de cepas de genotipo P[8] circulando no
Brasil e mundialmente para se entender o padrao de dispersao das sublinhagens de P[8]-
3.

O presente estudo contribui para uma melhor compreensao da dindmica e padrao
de circulacéo das linhagens e sublinhagens de P[8]-3 no Brasil. As duas vacinas RVA
licenciadas no pais (RV1 e RV5) contém o gendtipo P[8] em suas composi¢cdes, no
entanto a linhagem que circula atualmente (P[8]-3) difere das linhagens contempladas
nas duas vacinas RV1 (P[8]-1) e RV5 (P[8]-2). Esta diferenciacdo de P[8] em
linhagens/sublinhagens pode ser resultado de um ou mais mecanismos geradores de
variabilidade e os presentes resultados sugerem que o gendtipo P[8] possa estar

escapando do sistema imunoldgico se diferenciando em linhagens e sublinhagens
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através do mecanismo de mutacdo pontual. Porém, estudos envolvendo ensaios de

soroneutralizacdo dessas cepas sdo necessarios para melhor elucidar estas observagoes.

1.4. Analise da constelacdo génica de cepas brasileiras de genotipo G1P[8]
circulando no Brasil entre 1986 e 2013

Dados epidemiologicos vém demonstrando na literatura a circulagéo do gendtipo
G1P[8] mundialmente nas ultimas décadas, com taxas de deteccdo varidveis sendo
detectado em maior propor¢do nos paises desenvolvidos quando comparado aos paises
em desenvolvimento, onde ha uma maior variabilidade genotipica entre as cepas de
RVA (Gentsch et al., 2005; Parashar et al., 2006; lturriza-Gomara et al., 2011; De
Grazia et al., 2014; Pursem et al., 2014). Estudos envolvendo analises de cepas de RVA
Brasileiras descrevem a circulacdo do genotipo G1P[8] em todo o territorio Brasileiro
desde a década de 1980 (Araujo et al., 2007; Leite et al., 2008; Munford et al., 2009).
Os resultados demonstraram a flutuacdo do genotipo G1P[8] entre criangas Brasileiras
com GA evidenciando o sucesso da fixacdo deste gendtipo na populacdo, uma vez que
circula no pais ha trés décadas e permanece sendo detectado, mesmo apds a introducéo

da vacina RV1 (especificidade G1P[8]) no calendéario nacional de imunizagdes.

Durante os 27 anos de monitoramento, a prevaléncia do genétipo G1P[8] variou
anualmente, com variacdo na sua frequéncia relativa. Os resultados demonstram picos
de detec¢do de G1P[8] nos periodos de 1994-1995, 1997-1998, 2000-2004 e 2008-2009.
Em um estudo prévio, Giammanco et al. (2014), demonstraram as combinacdes
genotipicas GP[ ] mais detectadas em Palermo, Italia, no periodo compreendido entre
1985 e 2011, descrevendo que o genotipo G1P[8] apresentou um perfil de flutuacéo de
deteccdo ao longo do tempo semelhante ao encontrado no presente estudo. E
interessante mencionar que, apesar da prevaléncia de G1P[8] semelhante entre as
populagdes brasileiras e italianas, as criancas brasileiras sdo vacinadas com RV1, de
especificidade G1P[8], desde margo de 2006, a0 passo que as criangas italianas ndo séo
vacinadas contra RVA, sugerindo que a vacinacdo em massa pela RV1 no Brasil pode
ndo ter afetado a circulacdo do gendtipo G1P[8] no pais. Entretanto, Palermo € a maior
cidade da ilha da Sicilia e a quinta cidade mais populosa de toda a Italia (cerca de
1 036 954 habitantes), além de ser uma regido que recebe muitos turistas anualmente e

esse importe de turistas ndo permite a exclusdo do efeito de vacinagdo em rebanho entre
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as criancas de Palermo. Sdo necessarios mais estudos com uma coorte maior de criangas

italianas para se confirmar esta hipdtese.

As analises das constelagBes genéticas de noventa cepas brasileiras de gendtipo
G1PJ[8] coletadas em diferentes regifes do pais nos periodos pré e pds-vacinagdo em
massa pela RV1 demonstraram que todas as cepas pertencem ao genoétipo Wa-like, com
a constelacéo 11-R1-C1-M1-A1-N1-T1-E1-H1, com excecdo de duas cepas (rj14055-07
e bal9030-10) coletadas apds a introducdo da RV1 no pais que apresentaram o genotipo
T3 (NSP3), com 100% de identidade com o protétipo felino AU-1, caracteristico do
gendtipo AU-1-like. Estudos descreveram a importancia do novo sistema de
classificacdo baseado na andlise dos onze genes para demonstrar a ocorréncia de
eventos de reassortment entre cepas de gendtipos caracteristicamente animais, como 0
AU-1-like e humanos, como o Wa-like (Heiman et al., 2008). Matthijnssens & Van
Ranst (2012) sugerem que apenas cepas de duas constelacdes genotipicas (Wa-like e
DS-1-like) foram bem sucedidas em se fixarem na populacdo humana ao longo dos
anos, de modo que o processo de formacdo destas constelacbes génicas heterdlogas
precisa ser mais estudado.

O fenbmeno de reassortment entre cepas selvagens e vacinal ja foi descrito para
a RV1 no Brasil (Rose et al., 2013) e para a RV5 em diferentes paises como Australia
(Donato et al., 2012), Finlandia (Hemming & Vesikari, 2013b), Nicaragua (Bucardo et
al., 2012) e USA (Payne et al., 2010).

No presente estudo, uma cepa (se15901-08) foi coletada de uma crianca de dois
meses de idade que foi imunizada com RV1 sete dias antes de ser hospitalizada. A
analise dos 11 segmentos do genoma desta cepa demonstrou a identidade nucleotidica
de 100% com a cepa vacinal RV1, evidenciando o evento de shedding vacinal.
Anderson et al. (2008) descreveram o shedding vacinal entre 35-80% das criancgas
saudaveis sete dias ap0s receberem a primeira dose e 11-29% ap0s a segunda dose.
Desta maneira, a cepa vacinal eliminada na natureza pelas criangas vacinadas pode
oferecer uma protegdo as criangas ndo vacinadas, consequentemente amplificando a
cobertura vacinal a partir do “efeito rebanho” (Rivera et al., 2011). Além disso, estudos
realizados na Australia, Austria, Brasil, e El Salvador descreveram a diminui¢do de
casos de GA graves por RVA tanto em criangas vacinadas quanto em crian¢as nédo

vacinadas sugerindo que a reducdo da transmissdo de RVA pela populagdo vacinada
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pode beneficiar os membros nao vacinados da comunidade (Patel et al., 2012). Durante
um estudo de vigilancia epidemioldgica de cinco anos realizado na Hungria, Laszlo et
al. (2012) identificaram 55 cepas de genétipo G1P[8] coletadas de criangas nédo
vacinadas apresentando uma elevada identidade nucleotidica com a cepa vacinal RV1,

sugerindo a ocorréncia do efeito rebanho da vacinacdo em criangas hungaras.

A analise filogenética do gene que codifica para a proteina VP8* revelou que o
genotipo G1 circulou associado a diferentes linhagens de P[8] no Brasil durante os 27
anos de estudo. Os resultados demonstraram que a linhagem P[8]-3 parece ser a Unica
linhagem circulando no pais, enquanto a linhagem de P[8] contida na vacina RV1 é a
P[8]-1. Em um estudo realizado na Finlandia, Hemming & Vesikari (2013) também
reportaram uma grande circulacéo de P[8]-3 associado a G1 em um estudo de vigilancia
epidemioldgico de vinte anos. Resultados semelhantes foram descritos por Imbert-
Marcille et al. (2013) demonstrando a circulacdo de duas sublinhagens de P[8]-3 em 62

criancas com GA na Francas nos anos de 2010, 2011 e 2012.

O presente estudo contribui para um melhor entendimento a respeito da
dindmica, do padrdo evolutivo de cepas de gendtipo G5P[8] e G1P[8] e reforca a
importancia de estudos de constante vigilancia dos genétipos de RVA circulantes no
intuito de se monitorar os genotipos circulantes, a caracterizagdo de novas variantes
genotipicas ou até o surgimento de novos genotipos e o potencial de dispersdao na
populacdo. Estes estudos deveriam ser implementados, principalmente, em paises que
adotaram ou estudam a adocdo de um esquema de vacinagdo em massa contra RVA
como medida preventiva em seus calendarios de vacinacdo, uma vez que com O
conhecimento prévio a respeito do perfil epidemioldgico da populacdo pode-se avaliar a
escolha da vacina mais adequada ou até mesmo a proposta do melhoramento de uma
vacina disponivel. No caso brasileiro, o genétipo G5 estd circulando em diferentes
continentes em associa¢do com o genotipo P[6] e ndo existem estudos a respeito da
eficacia das duas vacinas utilizadas mundialmente (RV1 e RV5) frente ao gendtipo
G5P[6], além do genotipo G1P[8], que mesmo fazendo parte da composicdo das duas

vacinas disponiveis permanece sendo descrito mundialmente.

Portanto, a melhoria dos programas de vigilancia de RVA através de estudos que
incluam a analise dos 11 segmentos génicos das cepas circulantes no pais contribuira

para entender melhor alguns pontos ainda ndo esclarecidos a respeito da biologia dos
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virus, como de que maneira a introducdo de um esquema de vacinacdo em massa pode
influenciar na circulagdo de RVA em humanos e animais e a real frequéncia de deteccéo
de eventos de reassortment entre cepas de espécies diferentes ou entre cepas selvagem e

vacinal na populacéo.
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2. CONCLUSOES

e A anélise de cepas de RVA de geno6tipo G5 baseada no gene que codifica
para a proteina VP7 identificou a circulacdo de trés linhagens

mundialmente;

e Todas as cepas brasileiras de genotipo G5P[8] analisadas apresentaram
uma constelacdo genética Wa-like: G5-P[8]-11-R1-C1-M1-A1-N1-T1-
E1-H1;

e No Brasil, G5 circulou em associacdo com trés linhagens de P[8] entre
1986 e 2005 (P[8]-1, P[8]-2 e P[8]-3), demonstrando um padrdo de

agrupamento de ordem temporal para alguns dos genes analisados;

e A andlise da dindmica do gen6tipo P[8] no Brasil demonstrou que trés
linhagens circularam no pais entre 1986 e 2013 (P[8]-1, P[8]-2 e P[8]-3);

e Foi demonstrado que a linhagem P[8]-3 que circula no Brasil atualmente,
difere da linhagem contida na vacina RV1 (P[8]-1) e uma nova

classificacdo de P[8]-3 em seis sublinhagens foi proposta;

e A andlise dos 11 genes das cepas de RVA de gendtipo G1P[8]
demonstrou que todas apresentam constelacdo genética Wa-like, de
especificidade 11-R1-C1-M1-A1-N1-T1-E1-H1, com excecdo de duas
cepas que apresentaram reassortment no gene de NSP3, sendo de

genotipo T3, comum a cepas do gendétipo AU-1-like;

e A introducdo da vacina RV1 no calendario de vacina¢bes no Brasil
parece ndo ter influenciado na circulagdo do gendtipo G1P[8] no pais,
uma vez que a flutuacdo deste genotipo demonstrou ser semelhante a de

paises onde a vacinagdo nao foi introduzida.
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3. PERSPECTIVAS

No intuito de contribuir para os avangos nos estudos da diversidade
genética dos RVA, constituirdo objetivos futuros: i) monitoramento da
diversidade genotipica dos RVA no Brasil, em especial os genotipos G1P[8],
gendtipo contido nas duas vacinas licenciadas no pais e G5, que possivelmente
pode reemergir no pais uma vez que esta circulando na Africa, Asia e Europa; ii)
vigilancia de cepas de RVA de criangas imunizadas com a RV5, no intuito de se
detectar eventuais casos de reassortment em criangas brasileiras, como ja
descrito em outros paises; iii) analise filogenética de cepas brasileiras de
gendtipo G12, cuja expansao global tem sido demonstrada na ultima década; e
iv) monitoramento de possiveis casos de reassortment entre cepas selvagem de

origem humana e origem animal.
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APENDICE: Andlises dos genes que codificam para as proteinas VP6, NSP1, NSP2,
NSP3, NSP4 e NSP5 cepas brasileiras de gen6tipo G5P[8]
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Genomic Constellation

VP7 VP4 VP6 VP1L VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5
mg28018-86 G5
mg30582-86 G5
df30726-86 G5
df30730-86 G5
df30737-86 G5
sp30844-86 G5
sp30845-86 G5
sp30846-86 G5
sp30850-86 G5
sp30851-86 G5
sp30860-86 G5
sp30936-86 G5
sp30950-86 G5
rj35400-87 G5
rj36700-88 G5
rj40644-90 G5
Sp46798-91 G5
sp46855-92 G5

Strains

[454-96 G5
[j552-96 G5
[j717-96 G5
[j749-96 G5

[1625-98 | G5
[1713-98 | G5
f1716-98 | G5
f1719-98 | G5
[1861-98 | G5

rj10998-05 G5
Genomic constellation of Brazilian rotavirus A G5P[8] strains, according to the recommendations of the Rotavirus Classification Working Group. Wa-like genotypes are

shown in green. — represents the absence of data.
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5 _|. RVA/Human-wt/BRA/sp30936-86/1986/G5P8
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[ J RVA/Human-wt/BRA/mg28018-86/1986/G5P8
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100 ! RVA/Human/Bethesda/DC2109/1976/G3P8

RVA/Human-tc/USA/D/1974/G1P1A8
100 RVA/Vaccine/USA/Rotarix/1988/G1P8
100 ' RVA/Human-wt/BEL/BE00048/2009/G1P8
100 —— RVA/Human-tc/JPN/YO/1977/G3P8
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100 gg[RVA/Human-wt/BGDIDhaka16/2003/GlP8
RVA/Human-wt/BGD/Dhaka25/2002/G12P8

9

- RVA/Human-tc/USA/LB2719/20052006/G1P8
- @ RVA/Human-wt/BRA/rj10998-98/1998/G5P8
89F RVA/Human-wt/USA/VU050662/2005/G1P8
93} RVA/Human-wt/USA/VU050647/2005/G1P8
RVA/Human-wt/USA/US9951/20012002/G1P8

87

- @ RVA/Human-wt/BRA/j717-96/1996/G5P8
10b | @ RVA/Human-wt/BRA/j1716-98/1998/G5P8

-IO RVA/Human-wt/BRA/Ij1719-98/1998/G5P8
— @ RVA/Human-wt/BRA/I|749-96/1996/G5P8
@ RVA/Human-wt/BRA/1j1625-98/1998/G5P8
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RVA/Porcine-tc/USA/OSU/1975/G5P7
100 —'_— RVA/Porcine-wt/CAN/CE-M-06-0005/2006/G5P6
98 RVA/Porcine-wt/CAN/CE-M-05-0081/2005/G5P27

RVA/Porcine-tc/USA/Gottfried/1975/G4P6

P
0,1

Phylogenetic analysis based on the VP6 gene nucleotide sequences of Brazilian RVA G5 strains and
sequences from the GenBank database. Numbers at the nodes indicate bootstrap values; only values
above 70% are shown. The scale bar at the bottom represents the number of substitutions per nucleotide
position (nt.subst./site). Brazilian G5 strains are marked with a filled circle.
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® RVAHuman-wBRA/sp20850-86/1888/G5P8

# RVAHuman-wi/BRA/mg30582-86/1886/G5PS
W RVAHuman wiBRA/GR0726-86/1986/G5P8
100! @ RVAHuman-w/BRA/JF0730-86/1988/G5P8
& RVAHuman-wiBRAI5400-87/1087/G5PE

¥ RVAHuman-wiBRA/sp20860-26/1 088/G5PE
# RVAHuman-wBRA/sp30851-86/1086/G5P8

# RVAHuman-wiBRAH40644-001200/G5PE

100! RVAHuman-wiBRA/sp46708-01/1001/G5P8

& RVAHuman-wBRAmg22018-86/1086/G5PE

RVAHuman-wiBELBEDOD322008/G1P8

100 | RvAHuman-wiBEL/BED00ZE/2007/G 1F8
RVAHuman-wiBELBEDID4D2008/G1 P8
RVA/Human-w{BEL/BEONO0Y/2005/G1P8
RVAHuman-w/DEUIGER126-08/2008/G3G12P8

# RVAHuman-wiBRA/j 10998-05/2005/G5P8
& RVAHuman-wi/BRAI]1861-98/1898/G5P3

# RVAHuman-wi/BRA] 1625-28/1008/G5P2
a7

RVAHuman-wt/BGD/Dhaka25/2002/G12P8

W RVAHuman-wi/BRA1713-08/1008/G5P8
RVAHuman-wiBGD/Dhaka16/2003/G1PE

W RVAHuman-wi/BRAK]1716-08/1902/G5P8
908 RVAHuman-whBRAK]1718-08/1908/G5P8

100) ™ RVAHuman-wiBRAIH454-08/1088/G5P8
W RVAHuman-wtBRAI552-08/1088/G5P8

RVAHuman-tc/USAWA/NB74/G1P1AS
100 ’{

7 RVAHuman-w/USAIDC22411877/G4P8

RVAHuman-wiUSADCS1151077/G4P8
@ RVAHuman-wtBRAKT 17-98/1906/G5P8
# RVAHuman-wiBRAN]740-26/1906/G5P8

100 | RVAHuman-tc/USA/P/1074/G3P1AB
RVAHuman-wiUSADC1563/1874/G3P8

g3 RVAHuman-wt/USANVUDE-07-2712008/G1PS

VAHuman-wUSALB2T 18/2005/G1P8
RVAHuman-wiiAUS/CKD0047/2008/G1P8

RVAHuman-wi/USANUDB-08-27/2008/G3P2
93| RVAHuman-wt/USAIDC21711976/GIPE
RVAHuman-wt/USADC1331976/G3PS
RVAHuman-wi/USA/DCE404/1001/G1P8
gq| | RVAVaccine/ISA/Rotarix/ 1888/G1PE

78 RVAHuman-wtBELIBEO0048/2000/G1PS

e RVAHuman-w/CHNR470/2004/G4PE
10 EE RVAHuman-wi/IND/RMC321/2001/GaP 18

005

RVAHuman-wt/JPNIAU-1/1882/G3-P38

Phylogenetic analysis based on the NSP1 gene nucleotide sequences of Brazilian RVA G5 strains and
sequences from the GenBank database. Numbers at the nodes indicate bootstrap values; only values

above 70% are shown. The scale bar at the bottom represents the number of substitutions per nucleotide
position (nt.subst./site). Brazilian G5 strains are marked with a filled circle.
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Phylogenetic analysis based on the NSP2 gene nucleotide sequences of Brazilian RVA G5 strains and
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Phylogenetic analysis based on the NSP3 gene nucleotide sequences of Brazilian RVA G5 strains and
sequences from the GenBank database. Numbers at the nodes indicate bootstrap values; only values
above 70% are shown. The scale bar at the bottom represents the number of substitutions per nucleotide
position (nt.subst./site). Brazilian G5 strains are marked with a filled circle.
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Phylogenetic analysis based on the NSP4 gene nucleotide sequences of Brazilian RVA G5 strains and
sequences from the GenBank database. Numbers at the nodes indicate bootstrap values; only values
above 70% are shown. The scale bar at the bottom represents the number of substitutions per nucleotide
position (nt.subst./site). Brazilian G5 strains are marked with a filled circle.
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Phylogenetic analysis based on the NSP5 gene nucleotide sequences of Brazilian RVA G5 strains and
sequences from the GenBank database. Numbers at the nodes indicate bootstrap values; only values
above 70% are shown. The scale bar at the bottom represents the number of substitutions per nucleotide

position (nt.subst./site). Brazilian G5 strains are marked with a filled circle.
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