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“E ele muda os

tempos e as estagdes;
ele remove os reis €
estabelece os reis; ele
da sabedoria aos sabios
e conhecimento aos
entendidos.”

Daniel 2:21
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RESUMO

As ferramentas de bioinformatica tem sido amplamente utilizada para o melhor
entendimento de diversos microorganismos. Neste trabalho foram realizados trés estudos
utilizando estas ferramentas para avaliar diferentes questdes biologicas. No primeiro
estudo realizou-se uma caracterizagdo molecular de 57 sequéncias do gene pol,
provenientes de pacientes infectados pelo HIV-1 de Salvador, Bahia, Brasil. Para
identificar os subtipos e formas recombinantes do HIV-1 circulante na cidade de Salvador
foi realizado andlises filogenéticas, e através do algoritmo do banco de dados Stanford
HIV resistance as mutagdes associadas a resisténcia aos ARVs foram detectadas. Entre as
57 sequéncias analisadas foram identificados neste estudo 45 (77,2%) pertencem ao
subtipo B, 11 (21,0%) recombinantes BF e uma (1,8%) do subtipo F1. Além disto, uma
alta frequéncia de eventos de recombinacao entre os subtipos B e F foram detectados com
5 padroes de recombinagdo, duas intergénicas e trés intragénicas, mostrando uma alta
diversidade. As mutacdes encontradas com uma maior prevaléncia foram: 154V (PI) em
7,0%; M184V (NRTI) em 14,0% e KI103N (NNRTI) em 10,5% das sequéncias
analisadas. Estes resultados contribuem para tragar o perfil da epidemiologia molecular e
diversidade do HIV-1 em Salvador. O segundo estudo avaliou a filodindmica do HIV-1
em pares de mae e filho infectados, e em diferentes fases da infeccdo, trés pares na fase
aguda e um na fase crdnica, ¢ que apresentavam sequéncias de diferentes tempos. Para
este fim foi realizado inferéncias filogenéticas bayesianas, onde a hipotese do relogio
molecular e de diferentes crescimentos populacional foram testadas. Nao foi possivel
observar uma diferenca entre a dindmica da populacdo viral da mae e a encontrada no
filho. Porém, quando observamos o crescimento populacional e o tamanho da populacao
efetiva, ao longo do tempo, sequéncias provenientes de pares em fase cronica da infec¢ao
tem um crescimento mais constante, enquanto as sequéncias dos pares na fase aguda da
infeccao se observa uma dinamica das populagdes virais, provavelmente devido a pressao
do sistema imune e a ndo adaptagdo destes virus. No terceiro estudo, 104 sequéncias do
genoma completo do WNV, disponiveis no Genebank, foram estudadas para identificar a
regido genOmica que apresenta maximo poder interpretativo para inferir relagdes
temporais e geograficas entre as cepas do virus. Alinhamentos de cada gene foram
submetidos a avaliagdo do sinal filogenético através do programa TREEPUZZEL. As
regioes NS3 e NS4 apresentaram um sinal filogenético acima de 70%, sendo as regides
mais indicadas para construcdo filogenética. Além disto, arvores bayesianas foram
inferidas utilizando as regides NS3, NS5 e E, onde os clados das arvores NS3 e NS5
apresentaram um maior suporte e estrutural temporal geografica, diferente da regido E.
Estes achados mostram que os genes NS3 e NS5 sdo os mais indicados para analises
filogenéticas. Neste trabalho foi demonstrando o uso de ferramentas de bioinformatica
para a melhor caracterizacdo da diversidade, epidemiologia molecular, dindmica
populacional e determinagao das relagdes temporal e geografica dos virus.

Palavras-chave: HIV, WNV, Bioinformadtica, Filodinamica, Filogeografia.



ABSTRACT

The bioinformatics tools have been widely used for better understanding of several
microorganisms. Here three studies were performed using these tools to answer different
biological questions. In the first study, it was conducted the molecular characterization of
57 HIV-1 pol gene sequences from infected patients from Salvador, Bahia, Brazil. To
identify the HIV-1 subtypes and recombinants forms, phylogenetics analyses were
performed and the Stanford HIV resistance Database were used to analyze the
antiretroviral susceptibility. Among all analyzed sequences, 45 of them were (77.2%)
subtype B, 11 (21.0%) were BF recombinant and one sequence was (1.8%) subtype F1.
Furthermore, a high frequency of recombination events between subtypes B and F was
detected with five different patterns: two intergenic and three intragenic. The mutations
found with higher prevalence were: 154V (PI) in 7.0%; M184V (NRTI) in 14.0% and
K103N (NNRTI) in 10.5% of the analyzed sequences. These results contribute for the
knowledge of the molecular epidemiology and diversity of HIV-1 in Salvador. The
second study have evaluated the HIV-1 phylodynamics in mother and child infected pairs
in different stages of infections: three pairs acutely infected and one chronically infected.
Phylogenetic inference was performed using the Bayesian framework were the molecular
clock and different population growth models hypothesis were tested. We did not find
any difference of the population dynamics between mother and child. However, when
observing the population growth and the effective population size through time, the
chronically infected pair sequences showed a constant growth, while the acutely infected
pair sequences showed a more dynamic population growth, probably due to the immune
system selective pressure. In the third study, 104 WNV full genome sequences were
selected from Genbank, to identify the best genomic region, which could provide the
maximal interpretative power to infer temporal and geographic relationships among the
virus strains. The phylogenetic signal was evaluated using the TREEPUZZEL program.
The results showed that the NS3 and NS5 regions are the best ones to infer phylogeny
since their phylogenetic signal was higher than 70%. Furthermore, Bayesian trees were
constructed using the NS3, NS5 and E regions, and the NS3 and NS5 tree clades showed
a higher support and a temporal geographic structure, different from the E region. These
findings show that the NS3 and NS5 genes are the most informative genes for
phylogenetic analyses. These studies demonstrated the use of bioinformatics tools for the
better characterization of the virus diversity, molecular epidemiology, and population
dynamics.

Key words: HIV, WNV, Bioinformatics, Phylodynamics, Phylogeography.
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1. INTRODUCAO

1.1 Virus da Imunodeficiéncia Humana

1.1.1 Descoberta do HIV

No inicio dos anos 80, foram relatados os primeiros casos da Sindrome da
Imunodeficiéncia Adquirida (AIDS- Acquired Immune Deficiency Syndrome) nos Estados
Unidos. Nesses casos, observou-se o aparecimento de Sarcoma de Kaposi, pneumonia por
Pneumocystis carinii ¢ comprometimento do sistema imune em individuos adultos, do sexo
masculino e que apresentavam comportamento homossexual. Em 1983 foi entdo identificado e
isolado o virus da imunodeficiéncia humana (HIV- Human Immunodeficiency Virus) como o
agente etioldgico da AIDS (BARRE-SINOUSI et al., 1983).

O HIV-1 (virus da imunodeficiéncia humana do tipo 1) ¢ um retrovirus que infecta
principalmente linfocitos T CD4+. A principal manifestagdo caracteristica desta infec¢do ¢ a
queda no numero desses linfocitos, levando a uma deficiéncia multipla do sistema imune,

deixando assim o organismo susceptivel a infec¢des oportunistas por outros patdgenos.

1.1.2 Epidemiologia do HIV

Atualmente, existe aproximadamente 33,3 milhdes de pessoas vivendo com o HIV no
mundo, nas quais dois tergos (22,5 milhdes) vivem na Africa sub-Saariana. Dos 30,8 milhdes de
adultos vivendo com o virus, 15,9 milhdes sdo mulheres, e entre as criangas e jovens infectados,
2,5 milhdes estdo abaixo de 15 anos de idade. Dados mais recentes demonstram que apenas no
ano de 2009 ocorreram 2,6 milhdes de novas infeccdes e 2,8 milhdes de mortes pelo virus

(UNAIDS, 2010). No Brasil, estima-se que 630 mil pessoas vivam com o virus (MINISTERIO
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DA SAUDE, 2010), sendo que a maior parte concentra-se nas regides sul e sudeste do pais.
Apesar destes dados alarmantes, e segundo a Organizacao Mundial da Satde, o Brasil mantém a
sua posicao de pais com a epidemia controlada.

A infecgao pelo HIV-1 no Brasil iniciou-se entre homens homossexuais, depois passando
para usudrios de drogas endovenosas, e entdo para a populacdo geral, aumentando
significativamente o nimero de mulheres infectadas no pais (DOURADO et al., 2007). Este
aumento da propor¢do da infec¢do entre as mulheres provavelmente estd atribuida ao

comportamento dos seus parceiros sexuais masculinos (SILVA; BARONE, 2006).

1.1.3 Transmissao vertical do HIV-1

A transmissao vertical do HIV-1 ocorre quando a mae infectada pelo virus transmite para
seu filho durante a gestagcdo, no parto ou através da amamentacao. A taxa de transmissao vertical
pode chegar a 20%, porém com medidas de prevencdo ela pode chegar menos de 1%. Essa
medidas inclui o diagnostico precoce da gestante, uso de drogas antirretrovirais durante a
gravidez e no recém-nascido, parto cesariano programado e substituicdo da amamentacdo da
crianga com o leite materno por leite artificial (MINISTERIO DA SAUDE, 2010).

Uma mulher gravida infectada pelo HIV-1 tem de 5 a 10% de chance de infectar o seu
bebe in utero, de 10 a 20% durante o parto e 10 a 20% na amamentacdo (LEHMAN et al. 2007).
Sabe-se que a cepa do virus transmitido da mae para o filho ndo ¢ necessariamente o mais
abundante na mae (WOLINSKY ef al., 1992). Desta forma, o isolado do HIV-1 prevalente no
filho pode ter uma evolugdo diferente daquele encontrado na mae. Essa diferenga também se da
pelas diferentes condi¢des de cada individuo, como a resposta imune de cada um. O virus pode
ser transmitido na forma de virus livre ou associado a uma célula e, dependendo do tipo de
transmissao vertical, uma dessas formas terd uma participagdo maior, podendo assim, também
variar a dindmica da evolucdo do virus no individuo. Na transmissao in utero e pela
amamentagdo, o virus transmitido, em sua maior parte, ¢ associado a uma célula e, durante o

parto, ¢ virus livre (LEHMAN et al., 2007).
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1.1.4 Epidemiologia Molecular do HIV

O HIV ¢ um Lentivirus pertencente a familia Retroviridae e em sua classificacao
filogenética apresenta-se dividido em dois tipos, o HIV-1 e o HIV-2. O HIV-1 ¢ dividido em 3
grupos: M (“major”, principal), O (“outlier”, atipico) ¢ N (“new”, novo, ndo-M e nado-O). O
grupo M ¢ responsavel pela pandemia mundial e apresenta 9 subtipos (subtipos A, B, C, D, F, G,
H, J e K (MCCUTCHAN, 2000)), além das suas, aproximadamente, 49 formas recombinantes
circulantes (CRF) descritas (LOS ALAMOS), mostrando, assim, a alta diversidade genética do
virus.

Os subtipos do HIV-1 apresentam uma distribuicdo diferente pelas diversas regides
mundiais. O subtipo C, que é o mais encontrado na Africa Sub-Saariana, ¢ responsavel pelo
maior numero de infeccdes no mundo seguido pelos subtipos A e B. O subtipo B, mesmo nado
sendo o responsadvel pelo maior numero das infec¢des, atualmente, € o mais estudado no mundo,
pois € o mais encontrado na América do Norte, Europa e Australia (Figura 1.4.1).

No Brasil, o subtipo predominante ¢ o B, seguido dos subtipos F (MORGADO et al,
1994) e C (SOARES et al, 2003), e, em menor freqiiéncia, os subtipos D (MORGADO et al,
1998) e A (CARIDE et al., 2001), além de formas recombinantes B/F ¢ B/C (SABINO et al.,
1994; GUIMARAES et al., 2001) (Figura 1.4.1). Apesar da grande parte das cepas virais
encontradas no Brasil hoje ainda serem do subtipo B, tem se observado um grande crescimento

do subtipo C, mostrando a importancia de se ter um controle epidemiologico.
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Figura 1.1.4.1: Distribuicao dos subtipos do HIV-1 no mundo. Adaptado de Woodman e

Williamson, 2009.

1.1.5 Estrutura do HIV

A estrutura do HIV-1 possui um formato icosaédrico com 110nm de didmetro. Seu

capsidio viral ¢ coberto por uma camada lipoprotéica (envelope) derivada da membrana do

hospedeiro. Este envelope apresenta duas glicoproteinas: a glicoproteina 120 (gp120), que ¢ de

superficie e a glicoproteina 41(gp41), que ¢ transmembranar (Figura 1.5.1) (CHAN, 1998).

A matriz viral localizada abaixo do envelope, ¢ formada pela proteina pl17 (MA). No

centro esta o capsidio em forma de cone que ¢ formado pela proteina p24 (CA). Ja o

nucleocapsidio ¢ formado pelas proteinas p7 e p9 (NC) onde se localizam as duas fitas simples de

RNA, material genético do virus (Figura 1.5.1).
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Figura 1.1.5.1: Desenho esquematico da estrutura morfologica do HIV-1. Adaptado de

http://tutor.Iscf.ucsb.edu/instdev/sears/immunology/images/figure19-08a.jpg

No interior do capsidio do HIV-1 também estdo localizadas as enzimas transcriptase
reversa (p66/51, TR), integrase (p31, IN) e protease (pl1, PR) que estdo envolvidas no processo
de replicacdo, integracdo do genoma viral e maturacdo respectivamente (Figura 4.1.1). As

chamadas proteinas acessorias VIF, VPR e NEF também sdo encontradas no capsidio.
1.1.6 Estrutura genética do HIV-1

O genoma do HIV-1 ¢ formado por duas fitas simples de RNA com um comprimento de
aproximadamente 9,5 kb. Este genoma ¢ composto por 9 genes que sdo flanqueados por duas
regides com sequéncias repetitivas denominadas de longas regides terminais repetidas (LTR)

(Figura 1.6.1). Estas regidoes LTR sdo necessarias para a integracdo do genoma viral ao do
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hospedeiro e ¢ onde estdao localizados os sitios responsdveis pela transcri¢ao génica das proteinas
virais (GREENE, 2002).

O HIV-1 apresenta 3 genes estruturais: gag (gene antigeno de grupo), pol (polimerase) e
env (envelope). O gene env codifica a glicoproteina 160 (gp160) que sofre o processo de
clivagem gerando a gpl120 e a gp41. Essas proteinas estdo localizadas no envelope viral e sdo
responsaveis pelo reconhecimento e fusdo da célula alvo (CHAN, 1998). O gene pol ira codificar
as enzimas transcriptase reversa (TR), integrase (IN) e protease (PR). A TR ¢ responsavel pela
transcri¢cdo reversa do RNA viral em particula de cDNA, a IN ira integrar o cDNA ao genoma da
célula hospedeira e a PR iréd participar do processo de maturagdo da particula viral. O gene gag
codifica a proteina precursora p55 que sofrerd processo de clivagem dando origem as proteinas
da matriz (p24), do capsidio (p17) e do nucleocapsidio viral (p9 e p7).

Os genes reguladores sdo fat e rev. A proteina TAT ¢ transativadora da transcri¢do viral
tendo um papel importante na replicagdo do HIV. J4& a proteina REV ¢ responsavel pela
exportacdo de mRNAs viral para o citoplasma da célula (HOPE, 1997).

Os genes acessorios do HIV-1 sdo vif, vrp, vpu e nef. A proteina VIF esté relacionada com
o transporte de componentes virais. A VRP participa do processo de transporte do cDNA para ser
integrado ao genoma da célula alvo. A VPU atua no brotamento da particula viral. J& a proteina
NEF esta relacionada com processos de escape viral, pois reduz a expressdo de CD4 e das

moléculas de HLA de classe I e 1I.
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Figura 1.1.6.1: Desenho representando o genoma do HIV-1. Adaptado de:

www.aids.harvard.edu/research/discoveries.html.
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1.1.7 Ciclo de Replicacao do HIV-1

Para o HIV-1 entrar na célula-alvo ele precisa reconhecer o receptor CD4 e os co-
receptores CCRS e CXCR4 (UGOLINI ef al., 1999). A proteina de superficie do envelope viral
gp120 reconhece e se liga ao receptor CD4 (KEDZIERSKA et al., 2003). Esta ligacdo provoca
uma mudan¢a conformacional permitindo a ligagdo da gpl20 com o co-receptor CCRS ou
CXCR4 resultando em uma segunda mudanga conformacional (UGOLINI et al., 1999). Esta
segunda mudanca na conformagdo ird expor a proteina transmembranar do envelope viral, gp41,
permitindo que esta se ligue a membrana plasmatica da célula-alvo, promovendo a fusdo da
membrana plasmatica com o envelope viral e permitindo a entrada do capsidio viral.

Apos a entrada do capsidio viral, ocorrera decapsidagdo liberando o material genético e as
enzimas virais no citoplasma da célula. A enzima transcriptase reversa comeg¢a a atuar
sintetizando uma molécula de cDNA dupla fita a partir do RNA viral. Juntamente com a enzima
integrase, o cDNA viral sera transportado para o ntcleo da célula hospedeira, onde a integrase ira
atuar integrando o cDNA ao DNA da celular.

Utilizando o maquinario da célula-alvo, o cDNA do virus seré transcrito, levado para o
citoplasma da célula, onde serdo entdo sintetizadas as proteinas virais. A enzima protease ira
clivar as proteinas precursoras virais iniciando o processo de maturagdo. Essas proteinas clivadas
migrardo para os sitios de maturagdo préximos a membrana plasmatica, juntamente com o RNA
gendmico, onde as novas particulas virais sairdo por brotamento. A figura 1.7.1 ilustra todo o

ciclo de replicagao.
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Figura 1.1.7.1: Figura esquematica resumida do ciclo de replicagdo do HIV-1. Adaptado de:

http://www.biology.arizona.edu/immunology/tutorials/AIDS/graphics/hiv_biology.gif

1.1.8 Aspectos clinicos e imunologicas do HIV-1

A transmissdo ocorre a partir do contato com o sangue, s€émen, leite materno e outras
secrecOes de individuos HIV infectados. Durante o inicio da infec¢do (2 a 6 semanas), ocorre um
pico da replicagdo viral, com consequente aumento da carga viral, um aumento de linfocitos T
CD8+ no sangue periférico (FAUCI, 1993) e uma pequena queda de linfocitos T CD4+
(PANTALEO; FAUCI, 1996). Durante esta infeccdo primdria, cerca de 50% dos pacientes
infectados apresentam sintomas semelhantes aos de uma gripe que dura uma ou mais semanas
(COHEN et al., 1997). Durante esta fase nao ¢ possivel diagnosticar a infecgdo com o uso de
testes para deteccdo de anticorpos, pois os seus niveis sao muito baixos e nao detectados nos
testes de triagem atuais (FAUCI, 1993).

Apoés a infeccdo primdria, inicia-se a fase de laténcia clinica. Nesta fase, o niimero de

células T CD4+ volta ao normal e vai diminuindo gradativamente ao longo deste periodo. Esta
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fase também se caracteriza pela alta de anticorpos especificos contra o HIV, grande aumento de
células T CD8+ (CTL) contra o virus, o que ird controlar a replicagdo viral e, consequentemente,
ha uma queda da carga viral. Esta fase dura entre 2 a 10 anos dependendo do paciente (COHEN
et al.,1997).

Quando os niveis de cé¢lulas T CD4+ chegam a valores inferiores a 200 células/uL, inicia-se a
fase sintomatica, caracterizada pela Sindrome da Imunodeficiéncia Adquirida (AIDS) (COHEN
et al., 1999). Durante este periodo, além da queda de células T CD4+, também ocorre a queda de
células T CD8+ e anticorpos neutralizantes, ¢ um aumento da carga viral do individuo. Nesta
fase, ocorre o aparecimento de infecgdes oportunistas, neoplasias secundarias e manifestagdes
neurologicas (COFFIN et al., 1995; KAHN et al., 1998). A figura 1.8.1 representa dinamica

imunolodgica da infeccao.
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Figura 1.1.8.1: Historia natural da Infec¢do pelo HIV. Adaptado de Poignard et al.,
1996.
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1.1.9 Terapia com antirretrovirais

A primeira droga terapéutica contra o HIV surgiu em 1987. Conhecida como zidovudina,
esta droga ¢ um andlogo de nucleosidio que age inibindo a atividade da enzima transcriptase
reversa impedindo a replicacdo viral (YARCHOAN et al., 1986). Subsequentemente, muitas
outras drogas que agem sobre a transcriptase reversa, protease e integrase comegaram a surgir no
intuito de controlar a carga viral e aumentar a sobrevida do paciente. Em 1996, surgiu a chamada
terapia antirretroviral de alta poténcia (“Highly Active Anti-Retroviral Therapy”- HAART) ou
“Coquetel Anti-AIDS”, que se baseia na combinag¢do de trés drogas de classes diferentes.
(PERELSON et al., 1996; SEPKOWITZ, 2001; PALELLA et al, 1998).

Com o uso da HAART nao foi possivel eliminar completamente o virus. Porém, foi
possivel reduzir a carga viral, reconstruir o sistema imune do paciente, retardando assim, a
progressdo para AIDS, além de melhorar a qualidade de vida dos portadores do virus
(PERELSON et al., 1996; SEPKOWITZ, 2001; PALELLA et al, 1998).

Existem trés tipos mais importantes de antirretrovirais, que compdem o coquetel de
tratamento: os inibidores de protease (PI), os inibidores da transcriptase reversa nucleosidico
(NRTI) e os inibidores da transcriptase reversa nao nucleosidico (NNRTI). Os inibidores da
protease sdo drogas que se ligam ao sitio ativo da enzima, ou mimetizam o estado de transi¢do
durante a clivagem do peptideo, ou, ainda, agem como um complemento simétrico ao sitio ativo
da enzima, inibindo a acdo da protease, impedindo a maturacao da particula viral. Os PIs em uso
hoje sdo atazanavir (ATV), darunavir (DRV), fosamprenavir (FPV), indinavir (IDV), lopinavir
(LPV), nelfinavir (NFV), saquinavir (SQV) e tipranavir (TPV). Os inibidores da transcriptase
reversa analogos de nucleosidios sdo substancias analogas de nucleosidios que ndo apresentam o
grupo hidroxila no carbono 3’. Devido a esta modificagdo, durante a transcricdo reversa o
nucleosidio modificado ir4d se ligar a nova fita que estd sendo sintetizada, impedindo que a
enzima transcriptase reversa continue a sintese do cDNA e inibindo, assim, a replicacdo viral. Os
NRTIs em uso clinico hoje sdo lamivudina (3TC), abacavir (ABC), zidovudina (AZT),
estavudina (D4T), didanosina (DDI), emtricitabina (FTC) e tenofovir (TDF). Ja os inibidores da
transcriptase reversa nao nucleosidico sdo drogas que agem se ligando reversivelmente a um sitio

proximo ao sitio ativo da enzima transcriptase reversa, inibindo a sua acao, impedindo, assim, a
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replicacdo do HIV-1. Essas drogas tem acdo especifica na transcriptase reversa do HIV-1. As
drogas da classe dos NNTRIs em uso clinico sdo: delavirdina (DLV), efavirenz (EFV), etravirina
(ETR) e nevirapina (NVP).

Apesar desta terapia estar contribuindo para que os pacientes mantenham uma baixa carga
viral e nimeros mais altos de linfocitos T CD4+, retardando a progressdo para AIDS, muitos
pacientes apresentam falha terap€utica. Esta falha pode ser em decorréncia da ndo adesdo do
paciente a terapia, a dificuldade do paciente a ter acesso ao medicamento € a0 acompanhamento
médico. No entanto, a falha terapéutica ocorre principalmente devido a mutagdes no gene pol nas
regides que codificam as enzimas-alvo dos antirretrovirais (protease e transcriptase reversa) que
levam a resisténcia (COFFIN, 1995). A identificagdo destas mutagdes pode ajudar a definir qual
o melhor e mais eficaz tratamento para o paciente.

A falha na terapia pode ser detectada pelo aumento da carga viral, pela queda da
contagem de linfocitos T CD4+ ou pela progressao clinica. No Brasil, ao ser detectado esta falha
na terapia a multiplos esquemas terapéuticos ¢ realizada a deteccdo da resisténcia pela
genotipagem por sequenciamento, onde € possivel detectar as mutagdes que conferem resisténcia

tanto na enzima transcriptase reversa quanto na protease.

1.2 Virus do Oeste do Nilo

O virus do Oeste do Nilo (West Nile Virus — WNV) pertence a familia Flaviviridae do
género Flavivirus. Apresenta um tamanho de aproximadamente 50nm e seu material genético ¢
composto de RNA de fita simples sentido positivo de 11 a 12 mil pares de base. Seu genoma ¢
composto por quatro gene estruturais: nucleocapsideo (NC), pré-membrana (prM), membrana
(M) e envelope (E) e sete ndo-estruturais (NS1, NS2A, NS2B, NS3, NS4A, NS4B e NS5).

O WNV foi primeiramente isolado em 1937 na Uganda, regido do oeste do rio Nilo
(SMITHBURN et al., 1940). Apds isto foi encontrado em diversas regides da Africa. Em 1957
ocorreram um surto em Israel. No inicio dos anos 60 foi encontrado em cavalos na Franga, se
espalhando assim em seguida pela Europa (MURGUE et al., 2002). Somente em 1999 o WNV

foi encontrado no continente americano primeiramente em um surto na cidade de Nova lorque e
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regido (LANCIOTTI ef al., 1999). A partir dai o virus se espalhou por todo os Estados Unidos,
Canada, México, America Central e Caribe.

Sua transmissdo ocorre principalmente pela picada de mosquitos do género Culex
infectados. Estes se infectam ao picar passaros infectados, que sdo os reservatdrios naturais do
virus, transmitindo assim para o homem e outros animais. O virus € transmitido em periodos
quentes em lugares de clima tropical e temperado (CDC). A transmissdo também pode ocorrer,
em poucos casos, através de transfusdo sanguinea, transplantes de 6rgdos e de mae para filho

(CDC).

1.2.1 Epidemiologia Molecular do WNV

A reconstrucdo da historia evolutiva do WNV utilizando analises filogenéticas foram
feitas em diversos estudos sendo estes agrupados em dois principais linhagens genéticas. A
linhagem 1 contém isolados da Europa, Estados Unidos, Israel, India, Russia e Australia. Ja a
linhagem 2 contém isolados da Africa subsaariana e Madagascar (BERTHET et al., 1997;
LANCIOTTI et al., 2002).

A linhagem 1 ¢ subdividida em trés sub-clados: 1a que inclui isolados da Africa, Europa,
Estados Unidos, Oriente Médio e Russia; 1b que consiste de isolados Kunjin da Australia; e Ic
com isolados da India (LANCIOTTI et al., 2002; SCHERRET et al., 2001).

Dentro dos Estados Unidos, dois clados tem sido descritos: um contendo isolados do surto
de 1999 a 2000 ocorrido no nordeste do pais, e o segundo com isolados de 2002 até o presente

que estao distribuidos por todo o pais (LANCIOTTI et al., 2002).

1.2.2 Sintomatologia e Tratamento do WNV

Apos serem picadas pelo mosquito infectado pelo WNV os individuos levam de trés a 14

dias para desenvolverem alguma sintomatologia. Cerca de 80% dos individuos nao desenvolvem
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sintomatologia. Porém, aproximadamente 20% apresenta sintomatologia moderada que inclui
febre, dor de cabeca, dores no corpo, ndusea, vomitos, € as vezes aumento dos ganglios linfaticos
ou erup¢ao cutanea no toérax, barriga e dorso; e alguns caso pode desenvolver sintomas graves
apresentando febre alta, dor de cabeca, rigidez do pescoco, torpor, desorientagdo, coma, tremores,
convulsoes, fraqueza muscular, perda de visdao, entorpecimento e paralisia (CDC).

Nao existe tratamento especifico contra 0 WNV. Nos casos moderados a infec¢ao cura por
si sO, porém ¢ necessario um tratamento de suporte com fluidos intravenosos e auxilio na

respiracdo para os casos mais graves de doenga (CDC).

1.3 Bioinformatica

A bioinformatica ¢ a ciéncia que utiliza a informadtica, a estatistica ¢ a matemadtica na
biologia molecular. O termo “Bioinformatica” foi primeiramente usado por Pauline Hogeweg em
1979 para estudos de processos de informatica em estudos de biologia sistemacional. Desde entao
o seu principal uso tem sido nos ramos da genética e da gendmica em especial para auxiliar no
manejo da grande quantidade de dados gerado no sequenciamento de DNA, RNA e aminodacidos.

Hoje, a bioinformatica tem sido utilizada em diversas areas como a constru¢do de banco
de dados e a mineracdo de dados; andlises de sequéncias; para identificar gene, predizer sua
fungdes e demonstrar relagdes entre genes e proteinas; prever a conformagao tridimensional das
proteinas; construir arvores filogenéticas e modelos evolutivos; construir bibliotecas gendmicas;

estudar as funcdes bioldgicas; design de drogas entre muitas outras.

1.3.1 Analise filogenética

A historia evolutiva entre espécies e gene pode ser representada por uma filogenia. A
arvore filogenética ¢ um diagrama que representa essas relagdes e € assim chamado pela sua

similaridade com a estrutura de uma arvore. Os nds externos representam os taxons existentes e
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0s nods internos o hipotético ancestral comum de um conjunto de taxons. A extensdo dos ramos
representa o numero de substituicdes por sitio ou uma estimativa de tempo de divergéncia de um
taxon para o outro. Os tdxons com o mesmo ancestral sio chamados de grupo monofilético. O
padrao de ramos de uma arvore filogenética representa a relagdo evolutiva entre os tdxons e esse
padrao ¢ chamado de topologia. A topologia sera diferente para cada conjunto de dados
analisados dependendo do seu grau de similaridade (VANDAMME, 2009).

Obter uma reconstrugdo filogenética que represente a relagdo verdadeira entre os tdxons
estudados ¢ algo muito dificil de se atingir. Existem muito modelos evolutivos e métodos de
construgdo da filogenia disponivel e a escolha do melhor para os seu dados nao ¢ uma garantia de
que obteve a arvore verdadeira. Diante disto, o que se busca ¢ chegar o mais perto possivel do
que seria a verdadeira construgdo filogenética. Os métodos mais utilizados hoje sdo os que se
baseiam em distancia: Agrupamento de pares ndo ponderados baseado na média aritmética
(UPGMA, do inglés: Unweighted Pair Group Method with Arithmetic Mean) e agrupamento de
vizinhos (NJ, traducao de neighbor-joining); analises de estado de carater: maxima parcimdnia,
maxima verossimilhanga (ML, do inglés: Maximal likelihood), e inferéncia Bayesiana com
analises de cadeias markovianas de Monte Carlo (MCMC do inglés, Markov chain Monte Carlo).
Além disto todos estes métodos dependem de um modelo matematico que representa como a

evolugdo ocorreu a partir do alinhamento de sequéncias de nucleotideo ou aminoacido.

1.3.2 Filodinamica

A filodindmica ¢ o wuso de analises filogenéticas em estudos da dinamica de
microorganismos na combinacdo de processos evolutivos e ambientais. Estudos da dindmica de
populagdes irdo observar as mudancas que ocorrem na populacdo ao longo do tempo e a fixagdo
dessas mutagdes (PYBUS e RAMBAUT, 2009).

Quando mutagdes que ocorrem em um gene sdo passados para a geracdo seguinte
coexistindo com o seu gene original tem como resultado um polimorfismo. Em um sitio
polimorfico, dois ou mais variantes de um gene circulam na populagdo simultaneamente. A

dindmica da frequéncia dessas mutacdes na populacao pode mudar ao longo do tempo. Quando
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uma mutagao surge, e sua frequéncia aumenta até 100% essa mutacao se torna fixa na populagao.
A taxa de fixacdo ¢ o numero de mutagdes novas pelo tempo que se torna fixa. Ja a taxa de
mutacao ¢ o numero de mudanca de nucleotideo, ou aminoécido, por sitio por ciclo de replicagao.
A razdo com que uma mutagdo se torna fixa em uma populacdo depende do tamanho da
populagdo efetiva, além de eventos ambientais como migracdo ou catastrofes que pode gerar o
efeito do gargalo de garrafa (VANDAMME, 2009).

Os virus sdo microorganismos ideais para estudos de filodinamica por sofrerem mutagdes
e se adaptarem ao seu ambiente em um periodo de tempo mais rapido. Nestes estudos a relacao
do surgimento de novas mutagdo e sua fixa¢do podera fornecer informagao sobre o virus e o
ambiente dessas populagdes virais. Este ambiente envolve genética, sistema imune, forma de
transmissao, tratamento, dentre outros fatores que pode contribuir para a adaptacdo ou nao do

virus mutado (PYBUS e RAMBAUT, 2009).

1.3.3 Filogeografia

Filogeografia ¢ o estudo da relacdao entre as populacdes e sua localizacao na Terra. Estes
estudos auxiliam a investigagdes de eventos histéricos e geograficos e seus efeitos na distribuicao
de genes e microorganismos, descrevendo sinais genéticos geograficamente estruturados dentro e
entre espécies (AVISE, 2000).

O uso de ferramentas filogenéticas tem sido amplamente utilizada para tragar a rota e
histéria de doencas virais como dengue, raiva, influenza ¢ HIV (HOLMES, 2004). Os virus,
principalmente de RNA, apresentam uma alta taxa de mutagdo em um periodo de tempo
relativamente curto sendo assim ideais para estes estudos (HOLMES, 2004). Através destas
analises ¢ possivel correlacionar os processos historicos e geograficos com migracoes, guerras, €
catastrofes, entendendo melhor a migracao do virus entre populagdes e prever possiveis rotas de

virus, contribuindo assim para a prevencao e controle de doengas virais.
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2. JUSTIFICATIVA

A bioinformatica ¢ uma ciéncia que disponhe de diversas ferramentas que podem auxiliar
em diferentes estudos de microorganismos como os virus. Diversos estudos tem utilizado essas
ferramentas para um melhore entendimento do genoma, evolugdo, migragdo entre regions, além
de outras fatores virais importantes. Devido a isto, essas ferramentas sdo de grande auxilio em
estudos para a melhor caracterizacdo da diversidade, epidemiologia molecular, dindmica
populacional e determinacao das relagdes temporal e geografica dos virus.

Inimeros trabalhos realizados em todo mundo, buscam uma vacina e terapias mais
eficazes contra HIV-1. Baseando-se na literatura, sabe-se que este virus ¢ muito variavel e com
uma distribui¢cao mundial diferente e especifica para cada regido geografica. Devido a isto, sdo de
extrema importancia estudos para mapear as caracteristicas moleculares dos isolados do HIV-1
que circulam em cada regido. A caracterizacdo das cepas virais circulantes no Brasil podera
contribuir para o desenho de uma vacina, bem como o entendimento do comportamento das
cepas de nosso pais. Informacdes de grande valor a respeito da diversidade e variabilidade viral
das sequéncias brasileiras podem ser obtidas através de analises utilizando as ferramentas da
bioinformatica. Isto, em conjunto com o cruzamento de sequéncias consensos do genoma viral e
com as caracterizacdes biologicas e fenotipicas das variantes do HIV-1 (subtipos B, C, F e
formas recombinantes) facilitardo, significantemente, o desenho de uma vacina.

A avaliacdo da dindmica evolucionaria dos isolados do HIV-1 podera contribuir para o
conhecimento do fitness viral. Reconstrucoes filogenéticas podem revelar a dindmica da evolucao
viral intra e inter hospedeiros. Estas investigacdes inter-hospedeiros permitem avaliar o
movimento das cepas do HIV-1 entre diferentes locais e o curso da transmissao, além de estimar
mudancas no tamanho da populagdo viral efetiva, ao longo do tempo. Os estudos da resposta
imune, pressao seletiva e taxa de replicagdo viral contribuira para o conhecimento da dinamica e
adaptacao viral (GRENFELL et al., 2004; LEMEY et al., 2006). As regides variaveis do
envelope viral sdo alvos para a resposta imune celular e humoral, e aqueles individuos infectados
com a mais alta resposta serdo capazes de controlar o virus por um maior tempo. O principal
mecanismo de escape viral e a grande quantidade de substituicdes sinonimas, quando comparadas
com as substituigdes nao-sindnimas (pressao seletiva positiva), no gene env do HIV-I,

contribuindo para a alta diversidade desta regido em diferentes tempos num hospedeiro
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(WILLIAMSON et al., 2003). Considerando que o tempo e mecanismo de infeccdo sao
conhecidos num estudo de transmissdo vertical, utilizando as analises e ferramentas ideais é
possivel inferir sobre a dinamica evoluciondria do HIV-1 intra e inter pacientes, em tempos
diferentes.

Inimeros estudos reconstruiram a historia evolutiva do Virus do Oeste do Nilo (WNV)
utilizando filogenia (BRETHET et al., 1997; LANCIOTTI et al., 2002). Porém, tem se
encontrado dificuldades para determinar essa historia nas amostras mais recentes encontradas em
diversas regidoes dos Estados Unidos (BERTOLOTTI et al., 2007; TANG et al., 2008). Observa-
se também que ndo had estudos que indique a melhor regido a ser utilizada em andlises
filogenéticas e para conseguir estudos melhores tem sido necessario o sequenciamento do
genoma total (DAVIS et al., 2005; PARREIRA ef al., 2007). Para isso, € necessario um estudo
que determine qual a regido do genoma mais indicada para se analisar reduzindo assim o custo e
tempo desses estudos. Além disto, com o uso da regido e ferramentas corretas sera possivel

conhecer mais sobre as relagdes temporais e geograficas deste virus.



32

3. OBJETIVOS

3.1. Objetivo Geral

Demonstrar a aplicagdo de ferramentas de bioinformatica em estudos de epidemiologia
molecular do HIV-1, melhor entendimento das dinamica das populagdes virais ao longo do tempo

e das suas relagdes temporais e geograficas.

3.2. Objetivos Especificos

3.2.1. Caracterizacio Molecular do Gene pol do HIV-1 de Individuos Infectados de

Salvador, Bahia, Brasil.

* Subtipar os isolados de HIV-1 em pacientes do Hospital Professor Edgar Santos,
Salvador, Bahia, através da analise do gene pol;

* Verificar a presenga de recombinagdes intersubtipos e os padrdes dessas recombinagdes;

* Verificar a presenca de mutagdes, no gene pol do HIV-1, associadas a resisténcia aos

antirretrovirais.

3.2.2. Avaliacio filodinamica de isolados do HIV-1 na transmissdo materno-fetal.

* Avaliar as diferencas evolutivas (estudo filodindmico) no gene env de diversos clones do
HIV-1, em trés tempos diferentes, provenientes do PBMCs, de maes e filhos infectados;

* Avaliar essas diferencas evolutivas nos subtipos B, provenientes de Feria de Santana, e C
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da Zambia, como também em maes com infec¢ao aguda e cronica.

3.2.3. Caracterizacio evolutiva do genoma total do Virus do Oeste do Nilo.

* Avaliar os padrdes evolutivos de cada gene a fim de determinar qual regido apresenta
maximo poder interpretativo para inferir relacdes temporais e geograficas entre as cepas

do WNV.
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4. MATERIAL E METODOS

4.1 Caracterizacao Molecular do Gene pol do HIV-1 de Individuos Infectados de Salvador,
Bahia, Brasil

4.1.1 Populacao de Estudo

Neste trabalho foram analisadas 57 amostras de pacientes infectados pelo HIV-1
atendidos no ambulatorio de retrovirus do Hospital Universitario Professor Edgard Santos
(HUPES) da cidade de Salvador, Bahia. Foram coletados 10 mL de sangue e realizada uma
entrevista para a obtencdo de dados étnicos, socioecondmicos e da historia da infeccao destes
individuos. Os prontudrios também foram analisados para a obtencdo dos dados clinicos,
laboratoriais e de tratamento dos pacientes. A realizacdo da coleta de dados e da amostra do

paciente so foi executada apos a assinatura do Termo de Consentimento Livre e Esclarecido.

4.1.2 Aspectos Eticos

Essas amostras sdo provenientes do projeto ‘“Caracterizagdo étnica/geografica da
populacdo de Salvador e de portadores do HIV-1 e a correlagdo entre o indice de ancestralidade
africana e vulnerabilidade a HIV/AIDS”, que tem a aprovacio do Comité de Etica em Pesquisa

do Centro de Pesquisas Gongalo Moniz da Fundagdo Oswaldo Cruz, de parecer N° 84/2006
(Anexo A).
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4.1.3 Procedimentos Experimentais

Extraciao de DNA

Com a obtenc¢do das amostras, 0 DNA foi extraido a partir do sangue total utilizando o kit
QIAamp DNA (QIAamp DNA minikit, Hilden, Diisseldorf, Alemanha). Este método utiliza
primeiramente a proteinase K que ird realizar a digestdo das proteinas, eliminando
completamente a atividade de enzimas como RNAse e DNAse. Depois, a amostra ¢ incubada
com um tampao de lise e centrifugada em uma coluna contendo uma membrana silica. As
condi¢gdes do tampao de lise permitem que ocorra adsor¢cao da molécula de DNA a membrana
silica. Entdo sdo utilizados dois tampdes de lavagem que removem qualquer residuo
contaminante, sem afetar a ligagdo do DNA a membrana. As condi¢des de salinidade e pH do
lisado asseguram que proteinas e outros contaminantes que podem inibir a reagdo da PCR nao
fiquem retidos na membrana. Para finalizar o método ¢ utilizada 4gua bidestilada a 37°C para que

o DNA aderido na coluna passe para o tubo onde serd armazenado o DNA extraido.

Reacao em Cadeia de Polimerase (PCR)

O fragmento do gene pol estudado apresenta aproximadamente 1000 pb, correspondendo
aos nucleotideos de 2253 a 3260 do isolado referéncia HXB2. Esta regido foi amplificada pela
utilizacao da nested PCR (PCR aninhado) com primers especificos (Tabela 4.1.4). A nested PCR
ocorre realizando duas reagdes sucessivas de PCR com dois pares de primers diferentes. A
primeira reacdo ou primeiro round ocorre utilizando o par de primers mais externo. Ja a segunda
reacdo ou segundo round ocorre utilizando o produto do primeiro round e o par de primers mais

internos.
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O protocolo utilizado para os primeiro e segundo rounds foi: 5,0ul de tampao de reacao
10X; 2,5 ul de MgCl, 50 mM; 12 ul de ANTP 1,25 mM; 0,5 ul de cada um dos primers direto e
reverso a 20,0 pmoles/ul; 0,3 ul de Tag polimerase (LGC); 5 ul (100 ng/ul) de DNA e H,O
bidestilada estéril na quantidade suficiente para 50 ul final. As condi¢des de amplificagdo
utilizadas no termociclador (Applied Biosystens) foram: 3 ciclos de 95°C por 3min, 55°C por
Imin, 27°C por Imin; 35 ciclos de 95°C por Imin, 55°C por 45s e 72°C por 1min; 72°C por
10min.

Os produtos da PCR foram analisados em gel de agarose a 1%, com brometo de etideo e

visualizado em luz ultravioleta.

Purificacdo e Sequenciamento

O produto da PCR foi purificado utilizando o kit QIAquick PCR (QIAquick Gel
Extraction Kit, Hilden, Diisseldorf, Alemanha), conforme instrugdes do fabricante. Os produtos
amplificados nas PCR e purificados foram sequenciados no sequenciador automatico ABI3100
utilizando o kit Tag FS Dye terminator cycle sequencing kit (APPLIED BIOSYSTEMS). Nas
reacoes de sequenciamento utilizamos os primers internos da PCR e primers especificos do
sequenciamento (Tabela 4.1.3).

As sequéncias geradas foram analisadas no programa SeqScape (APPLIED
BIOSYSTEMS) para definicdo das sequéncias-consenso de cada amostra. Devido a extrema
sensibilidade das técnicas de amplificagdo de sequéncias nucleotidicas, as sequéncias geradas
passaram por um rigoroso controle de qualidade para evitar a contaminacdo das amostras deste
estudo entre si, € com amostras de outros estudos previamente conduzidos no mesmo laboratdrio,

ou com cepas usadas em procedimentos laboratoriais.
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Tabela 4.1.3.1: Primers utilizados na PCR e no sequenciamento.

Primer Regiio Sequéncia

EDSF (1° round) env 5> ATGGGATCAAGCCTAAAGCCATGTG 3°
MMIR (1° round) env 5’GGTGAATATCCCTGCCTAA 3’

ED31F (2° round e sequenciamento) env 5’ CCTCAGCCATTACACAGGCCTGTCCAAAG 3’
MMA4R (2° round e sequenciamento) env 5’CCTCCTACTATCATTATGAA 3’

ES7 (sequenciamento) env 5 CTGTTAAATGGCAGTCTAGC 3’

ED14 (sequenciamento) env 5> TCTTGCCTGGAGCTGTTTGATGCCCCAGAC 3°
DP10 (1° round) pol 5° TAACTCCCTCTCAGAAGCAGGAGCCG ¥
LRS54 (1° round) pol 5" TAGGCTGTACTGTCCATTTAT 3°

DP16 (2° round e sequenciamento) pol 5> CCTCAAATCACTCTTTGGCAAC 3°

RT12 (2° round e sequenciamento) pol 5> ATCAGGATGGAGTTCATAACCCATCC 3°
LRS51(sequenciamento) pol 5’TGTGG TATTCCTAATTGAACTTCCC 3°
LR49(sequenciamento) pol 5" CAATGGCCATTGACAGAAGA 3’

4.1.4 Analises das Sequéncias

Apos a obtengdo das sequéncias foram realizadas as andlises utilizando programas de

bioinformatica disponibilizados na unidade de bioinformatica do LASP/CPqGM/Fiocruz

(http://lasp.cpqgm.fiocruz.br).
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Alinhamento Multiplo

As sequéncias consenso geradas foram alinhadas utilizando-se o programa CLUSTAL-X
(THOMPSON et al., 1997), juntamente com amostras de referéncia de todos os subtipos e
principais formas recombinantes do grupo M do HIV-1 obtidas no banco de dados do Laboratorio
Nacional de Los Alamos, Estados Unidos (http://www.hiv.lanl.gov/). O alinhamento gerado foi

entdo manualmente editado utilizando o programa GENEDOC (NICHOLAS et al., 1997).

Analises Filogenéticas

Para a determinagdo dos subtipos do HIV-1 as sequéncias geradas foram submetidas a
analise filogenética. Como grupo externo foi utilizada a sequéncia gendmica do virus da
imunodeficiéncia humana do tipo 1 do grupo O de ntiimero de acesso MVP5180. As inferéncias
filogenéticas foram realizadas pelos métodos “neighbor-joining” (NJ) e maxima verossimilhanca
(“Maximum Likelihood”-ML), utilizando o modelo de substitui¢do de nucleotideos GTR (que
assume frequéncias de base diferentes, bem como um viés transicao-transversdao, com taxas
diferentes para cada uma das quatro transversdes) com taxa de variagdo ao longo dos sitios
obedecendo a uma distribuicdo gama (0=0,82), além de uma fracdo dos sitios tida como
invariavel (I=0,31) (GTR+I+G), selecionado pelo ModelTest implementado no programa PAUP*
versao 4.02 (SWOFFORD, 2002). O céalculo de bootstrap, baseado em 1000 reamostragens, foi
utilizado para determinacdo da consisténcia dos ramos e as arvores foram visualizadas utilizando-
se o programa FigTree. A ferramenta de subtipagem REGA (DE OLIVEIRA et al., 2005)
também foi utilizada para confirmacgao dos subtipos.

As sequéncias referéncias utilizadas para a analise filogenética e seus numeros de acesso
sao: AF004885 (A); AF069670 (A); AF286237 (A); AF286238 (A); AY173951 (B); AY331295
(B); AY423387 (B); K03455 (B); AF067155 (C); AY772699 (C); U46016 (C); AY253311 (D);
AY371157 (D); K03454 (D); U88824 (D); AF005494 (F1); AF075703 (F1); AF077336 (F1);,
AJ249238 (F1); AF377956 (F2); AJ249236 (F2); AJ249237 (F2); AY371158 (F2); AF061641
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(G); AF061642 (G); AF084936 (G); U88826 (G); AF005496 (H); AF190127 (H); AF190128
(H); AF082394 (J); AF082395 (J); AJ249235 (K):; AJ249239 (K); AF385934 (CRF12 BF);
AF385935 (CRF12 BF); DQ085873 (CRF28 BF); DQ085872 (CRF28 BF); DQ085876
(CRF29 BF); DQ085871 (CRF29 BF); EU735534 (CRF39 BF); EU735535 (CRF39 BF);
EU735538 (CRF40 BF); EU735539 (CRF40 BF).

Identificacdo de Recombinantes

Para o estudo de presenca de recombinagdo intersubtipos, todas as sequéncias geradas
foram, uma a uma, avaliadas através do método de bootscanning implementado no programa
SIMPLOT, versao 2.5 (SALMINEN, 1995). Este programa compara a nova sequéncia com um
conjunto de sequéncias referéncia de cada subtipo do grupo M e CRFs BF, para avaliar a
similaridade de cada regido da nova sequéncia com as referéncias. Desta forma, o programa gera
um grafico onde € possivel observar se had presenga de recombinacao intersubtipos na sequéncia
analisada e o ponto onde ocorre esta recombinacgdo. Neste trabalho, esta analise foi conduzida em
uma janela deslizante de 200 nucleotideos de extensdao da sequéncia, em um estudo movendo-se,
através de incrementos de 20 bases, frente a um alinhamento de sequéncias de referéncia,
representativas dos diversos subtipos do grupo M. Para cada janela, 100 ciclos de replicacao de
bootstrap foram conduzidos através do algoritmo de neighbor-joining usando os programas
SEQBOOT, DNADIST (usando o modelo de dois parametros de Kimura (KIMURA, 1980)),
NEIGHBOR, ¢ CONSENSE contidos no pacote PHYLIP (FELSENSTEIN, 1989), e os valores
de bootstrap foram visualizados frente as posi¢des nucleotidicas do alinhamento de sequéncias
referéncia. As sequéncias referencia utilizadas nesta andlise foram as mesma da constru¢do da
arvore filogenética. O programa GENEDOC (NICHOLAS et al., 1997) foi utilizado para analisar
visualmente o ponto de mudanca de subtipo nos recombinantes encontrados. Para cada parte da
estrutura dos mosaicos foi construida uma arvore NJ para confirmar o perfil de cada
recombinante. Além disto, as sequéncias também foram submetidas a ferramenta online

SCUEAL (Subtype Classification using Evolutionary Algorithms) (POND, 2009).
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Mapeamento de mutacées que levam a resisténcia aos antirretrovirais

O nivel de susceptibilidade das sequéncias foi inferido através do algoritmo do banco de
dados Stanford HIV resistance (SHAFER, 2000). Foi submetido o arquivo contendo as
sequéncias em formato fasta ao sitio eletronico http://hivdb.stanford.edu/. O algoritmo de
Stanford atribuiu para cada mutacao um escore de resisténcia. O conjunto dos escores ¢ traduzido
em 5 patamares de susceptibilidade inferida a cada farmaco: susceptivel, susceptibilidade
potencialmente diminuida em baixo grau, baixo grau de resisténcia, resisténcia intermediaria e
alta resisténcia. A partir das informacdes geradas foi possivel observar quais as mutagdes mais
encontradas nas sequéncias estudadas e a qual medicamento essas mutagdes conferem maior
resisténcia. Estes dados também foram comparados com o tratamento que cada paciente esta
submetido. A frequéncia de mutacdes dita secundarias para resisténcia aos inibidores da protease
foi observada em pacientes virgens de tratamento. Estas mutagdes, que ndo devem ser
confundidas com resisténcia secundaria ao tratamento, por si s6 ndao provocam queda da
sensibilidade e geralmente emergem no gene da protease apds o surgimento das mutagdes
primarias, uma vez que tendem a melhorar o fitness da replicagdo viral. As mutacdes secundarias
na protease também sdo comumente encontradas como polimorfismos em variantes nunca antes
expostas aos antirretrovirais. Consideraremos como mutagdes secundarias na protease aquelas

descritas na mais recente revisao da International AIDS Society (JOHNSON, 2006).

4.2 Avaliacao filodinaAmica de isolados do HIV-1 na transmissao materno-fetal.

Populacio de estudo

4.2.1 Populacao de Estudo

Para este estudo foram incluidos oito pares de mae e filho infectados pelo HIV-1

provenientes do Centro de Referéncia em Doencas Sexualmente Transmissiveis
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(CDST/HIV/AIDS) da Secretaria Municipal de Saude, na cidade de Feira de Santana, Bahia,
Brasil. Dos oito pares, apenas foi possivel coletar amostras de trés tempos diferentes, com
intervalo médio de cinco meses de uma coleta para a outra, de dois pares (Tabela 4.2.1). Os
demais pares foram excluidos do estudo pois, em dois, apenas dois tempos foram coletados, € em
quatro, apenas um tempo. A analise dos prontudrios para a coleta dos dados clinicos, laboratoriais
e de terapia dos pacientes foi realizado. A coleta foi realizada apos a assinatura de um termo de
consentimento informado. As criangas foram incluidas no estudo mediante consentimento dos
responsaveis maiores de idade.

Dos dois pares em que foi possivel obter os trés tempos, o par 131+88 foi excluido do
estudo por problemas no sequenciamento dos clones.

Foram também incluido nesse estudo trés pares de mae e filho infectados pelo HIV-1 da
Zambia (HOFFMANN, 2008). Essas sequéncias sao provenientes do GenBank (BENSON, 2008)
e cada paciente apresenta de trés a cinco tempos diferentes com intervalo médio de seis meses

entre cada tempo (Tabela 4.2.1).
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Tabela 4.2.1.1: Tempos das coletas em meses a partir do nascimento da crianca

Nome Coletas™ Local
MIP834 M Mae 4, 12 e 18 meses Zambia

MIP834 1 Filho 4,6, 12 ¢ 18 meses Zambia
MIP2660 M Mae 18, 24 e 30 meses Zambia
MIP2660 1 Filho 18, 24, 30, 36 e 42 meses Zambia
MIP2953 M Mae 11, 18, 24, 30 € 39 meses Zambia
MIP2953 1 Filho 18, 30 € 39 meses Zambia

FS17 Mae 116, 124 e 129 meses Feira de Santana
FS16 Filho 116, 124 e 129 meses Feira de Santana
FS8&8 Mae 44, 50 e 54 meses Feira de Santana
FS131 Filho 45, 50 e 60 meses Feira de Santana

* em meses apOs nascimento da crianga

4.2.2 Aspectos Eticos

Este projeto foi aprovado pelo Comité de Etica e Pesquisa da Escola Bahiana de Medicina
e Saude Publica com protocolo de nimero 86/2007 intitulado “Variabilidade genética dos
isolados do HIV-1 em mulheres e criangas infectadas de Feira de Santana” e posterior adendo
datado de 19/08/2008 com objetivo de titulo “Estudar a dindmica evolutiva do gene env do HIV-
1”. O termo de consentimento livre e esclarecido foi assinado por todos os individuos

participantes da pesquisa (Anexo B).
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4.2.3 Procedimentos Experimentais

Estes procedimentos foram realizados apenas nas amostras de Feira de Santana.

Separacido de PBMCs

As células mononucleares de sangue periférico (PBMC) dos pares para a analise da
filodindmica foram isoladas a partir de 10 mL de sangue total por meio do método de
centrifugacdo em gradiente de densidade Ficoll-Hypaque (Histopaque Sigma, EUA). As células
foram recuperadas e lavadas, ¢ em seguida realizada a contagem do numero total de células

viaveis, armazenando em aliquotas de 10° células a 4°C.

Extraciao de DNA

O DNA foi extraido a partir de PBMCs utilizando o kit QIAamp DNA (QIAamp DNA

minikit, Hilden, Diisseldorf, Alemanha).

Reac¢ao em Cadeia de Polimerase (PCR)

O fragmento do gene env estudado apresenta aproximadamente 1480pb. Esta regido foi
amplificada pela utilizacdo da nested PCR (PCR aninhado) com primers especificos (Tabela
4.1.3).

O protocolo utilizado para os primeiro e segundo rounds foi: 5,0 uL de tampao de reacao

10X; 2,5 uL de MgCl, 50 mM; 12 uL de ANTP 1,25 mM; 0,5 uLL de cada um dos primers direto e
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reverso a 5 pmoles/ul; 0,3 uL de Taq polimerase (LGC); 5 uL (100 ng/ul) de DNA (primeiro
round) ou produto do primeiro round (segundo round) e H,O bidestilada estéril na quantidade
suficiente para 50 uL final. As condi¢des de amplificacdo utilizadas no termociclador (Applied
Biosystens) foram: 1 ciclo a 97° C por um minuto; 35 ciclos a 94° C por 1 minuto, 55° C por 45
segundos e 72° C por 2 minutos; e um ciclo final a 72° C por 10 minutos.

Os produtos da PCR foram analisados em gel de agarose a 1%, com brometo de etideo e

visualizado em luz ultravioleta.

Clonagem

A clonagem foi realizada a partir de produto fresco de PCR utilizando o vetor de
clonagem TOPO TA 2.1 (Invitrogen) e posterior transformagado utilizando células competentes
DH5a (Invitrogen). Apos verificar a presenca do fragmento nos clones, aproximadamente vinte
clones, de cada amostra contendo o fragmento clonado, foram selecionados e transferido para
crescimento em meio de cultura liquido. A partir da cultura com o clone, foi realizada a extracao
do DNA plasmidial utilizando o kit PureLink Quick Plasmid Miniprep (Invitrogen). Estas
técnicas foram realizadas na Fundagao Hemocentro de Ribeirdo Preto com a supervisao da Dra

Simone Kashima.

Sequenciamento dos Clones

O sequenciamento dos clones contendo o fragmento de 1480 pb do gene env foi realizado
Laboratorio do Servico de Sequenciamento Gendmico da Universidade da Florida, Gainesville,
Florida, EUA (Genome Sequence Service Laboratory, University of Florida) sob supervisao do

Dr. Marco Salemi.
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4.2.5 Analises das Sequéncias

As andlises das sequéncias foram realizadas no Departamento de Patologia e Imunologia
da Universidade da Florida (Department of Pathology and Immunology, University of Florida),

Gainesville, Florida , EUA, sob supervisao do Dr. Marco Salemi.

Alinhamento multiplo

As sequéncias dos pares de Feira de Santana e da Zambia foram entdo alinhados cada par
de mae com seu respectivo filho e cada paciente separadamente utilizando o programa ClustalX
(THOMPSON et al., 1997). O alinhamento foi entdo editado utilizando o software BioEdit
(http://www.mbio.ncsu.edu/BioEdit/bioedit.html). Apos a edicdo o tamanho final da sequéncia de
cada dataset foi: de 1350 pb para FS17, 1434 pb para FS16, 987 pb para o 834, 912 pb para o
2660 e 906 pb para o0 2953.

Teste de Hudson

Para verificar se o virus encontrado em cada tempo dentro do mesmo paciente € o
encontrado na mae e filho eram de subpopulagdes diferentes foi realizado o teste de Hudson
(HUDSON, 1992). Esse teste ¢ realizado online
(http://wwwabi.snv.jussieu.fr/achaz/hudsontest.html) no qual inseri-se o alinhamento das duas
populagdes que se deseja comparar e a ferramenta fard o teste estatistico baseado nas diferencas

par a par entre os conjuntos de dados.
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Teste para verificar presenca de recombinantes intra-paciente

A presenca de recombinantes intra-paciente cria o chamado genoma mosaico, interferindo
assim na correta representacao da evolucdo por uma arvore. Devido a isto, para verificar a
presenca de recombinantes intra-paciente foi realizado o teste estatistico PHI (pair-wise
homoplasy index) (BRUEN et. al., 2006), implementado no programa SplitsTree (HUSON e
BRYANT, 2006). Dado um alinhamento, o programa cria uma rede de ligacdes entre as
sequéncias, permitindo assim a identificagdo de incertezas filogenéticas, e o teste PHI calcula o
indice de homoplasia par a par. As sequéncias sdo entdo progressivamente retiradas até que o
valor do teste PHI ndo seja mais significativo (p>0,05) Os recombinantes encontrados foram

retirados do conjunto de dados para as analises posteriores (SALEMI, 2008).

Analises filogenéticas

Para verificar a relacdo entre as sequéncias de cada tempo de cada paciente e a relagao
entre as sequéncias presentes na mae com as presentes no filho, primeiramente foi inferida um
arvore filogenética utilizando o método de maxima verossimilhanca. As arvores foram inferidas
utilizando a ferramenta online PhyML (GUINDON e GASCUEL, 2003) onde foi inserido o
alinhamento e a ferramenta estima o modelo a ser utilizado, o valor da distribuigdo gama e dos
sitios invariaveis. Além disto o PhyML também realiza o célculo do bootstrap, com 1000 de
reamostragem para dar suporte estatistico aos ramos. As arvores foram visualizadas utilizando o
programa FigTree v.1.2.2.

Arvores Bayesianas onde as datas de coletas sdo levadas em consideragdo na sua
constru¢do foram inferidas utilizando o programa BEAST (Bayesian Evolutionary Analysis
Sampling Trees) versao 1.4.8. (DRUMMOND AND RAMBAUT 2007, DRUMMOND et al.

2005). Foram testados os modelos de reldégio molecular rigido e relaxado com o conhecimento a
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priori da taxa de crescimento demografico constante, além do relogio molecular relaxado com
conhecimento a priori da taxa de crescimento demografico exponencial e Bayesian skyline plot
(BSP), para estimar o crescimento da populacdo efetiva. Os parametros para cada modelo foi
estimando usando o Método de Monte Carlo com Cadeias de Markov (MCMC) rodando
50.000.000 de geragdes, com amostragem a cada 5.000 geragdes. Os resultados das analises
foram visualizados no software Tracer v.1.4 e a convergéncia da Cadeia de Markov foi acessada
a partir do calculo do tamanho efetivo de amostragem para cada parametro, onde o valor ideal ¢ >
500, indicando amostragem suficiente (DRUMMOND e RAMBAUT, 2007). Para cada conjunto
de dados a arvore com maxima credibilidade do clado, que ¢ a arvore com o maior produto da
probabilidade posterior do clado, foi selecionada a partir da distribuicdo das arvores posteriores
apos um burnin de 50% utilizando TreeAnnotator v 1.4.8. As arvores foram visualizadas e
manipuladas no programa FigTree v.1.2.2.

Os diferentes modelos utilizados foram comparados para selecionar o modelo mais
adequado para cada conjunto de dados, calculando o Fator de Bayes (Bayes Factor-BF), que ¢ a
razao de verossimilhanga marginal (marginal likelihood) dos dois modelos comparados (KASS e
RAFTEY, 1995; SUCHARD, WEISS e SINCHEIMER, 2001). Para cada modelo coalescente foi
calculado o valor aproximado de verossimilhanca marginal através de amostragem (1000
bootstraps) usando a média da amostragem de verossimilhanca. A diferenga em log dos valores
de verossimilhang¢a marginal entre os dois modelos ¢ o log do Fator de Bayes. Evidéncias contra
o modelo nulo (o que apresentar o menor valor de verossimilhanca marginal) ¢ indicado quando
o valor de 2 log(BF) for > 3 (moderado) e >10 (forte). Esses céalculos foram realizados no
software BEAST v 1.4.8 e Tracer v.1.4.

A estimativa da taxa de crescimento populacional foi obtida utilizando as analises
bayesianas implementadas no BEAST, que utilizaram o modelo do relégio molecular relaxado e
crescimento exponencial. Se o intervalo de confianga de 95% da taxa de crescimento contiver
zero, o modelo constante nao pode ser rejeitado.

Para estimar o tamanho da populagdo efetiva foi realizado a anélise Bayesiana com o
modelo do relogio relaxado utilizando o conhecimento a priori BSP. A reconstru¢do do BSP foi

entdo realizado no programa Tracer v.1.4.
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Mapeamento de epitopos

Nas sequéncias dos pacientes de Feira de Santana, que sdo do subtipo B, foram mapeados
os epitopos de CTL e células B pertencentes ao subtipo B descritos em Los Alamos (BETTE,
2006/2007). Para as sequéncias provenientes dos pares da Zambia, que sdo do subtipo C, foram
mapeados apenas os epitopos de células B do subtipo C descritos em Los Alamos, e ndo os de

CTL pois esse pacientes encontravam-se na fase aguda da infeccdo ndo apresentando resposta

CTL.

4.3 Caracterizacgao evolutiva do genoma total do Virus do Oeste do Nilo.

4.3.1 Conjunto de dados utilizados

Todas as sequéncias (104) de genoma completo do WNV disponiveis no Genbank até o
dia 15 de outubro de 2008 que apresentavam local e ano da coleta foram baixadas. Esse conjunto
de dados foi entdo dividido em quatro grupos nao exclusivos: completo, contendo todas as 104
sequéncias do estudo; America do Norte, com 76 sequéncias; Linhagem 1, com 95 sequéncias;
Linhagem 2, com 9 sequéncias. Cada um destes conjuntos de dados foi entdo dividido em
alinhamentos separados por gene: estruturais (M, prM e E) e ndo-estruturais (NC, NS1, NS2a,
NS2b, NS3, NS4a, NS4b e NS5). Dois conjuntos de dados também foram criados com genes
concatenados apresentando mais de 2000 pb de tamanho para comparacao: NC, prM, M ¢ E
(denominado 5°); E + NSI. Todos os alinhamentos foram realizados utilizando o programa

ClustalX (THOMPSON et al., 1997) e editado manualmente.
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4.3.2 Analises das sequéncias

Determinacio do modelo evolutivo

O melhor modelo de substituicdo de nucleotideos foi testado para cada gene dos
diferentes conjunto de dados. Foi realizado um teste de razdo de verossimilhanca hierarquica
onde a taxa da matriz, o parametro de sitios invaridveis e a distribuicdo das razdes foram
estimados em um arvore-base Neigbor-joining com corre¢ao de distancias LogDet. Estas analises

foram realizadas no software PAUP* versdao 4.02 (SWOFFORD, 2002).

Mapeamento de verossimilhanc¢a

Para investigar o sinal filogenético de cada gene nos diferentes conjunto de dados foi
realizado o mapeamento de verossimilhanga analisando 10.000 quartetos randomizados
utilizando o programa TREE-PUZZLE (SCHMIDT et al., 2002). Esta andlise avalia grupos de
quatro sequéncias randomicamente selecionadas utilizando maxima verossimilhanga. Para cada
quarteto as trés possiveis arvores nao enraizadas sdo pesadas. Esses pesos a posteriore sao entao
plotados em uma superficie triangular. As topologias das arvores altamente resolvidas sdo
plotadas nas pontas do triangulo, que indica presenga de um sinal filogenético tipo arvore, € os
quartetos nao resolvidos por uma arvore filogenética sdo mostrados no centro do tridngulo. Um
sinal filogenética tipo estrela ocorre quando mais de 30% das medidas dos quartetos ficam no
centro do triangulo, indicando assim um baixo sinal filogenético (STRIMMER e HAESELER,
1997).
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Analises Filogenéticas Bayesianas

Para estimar a genealogia e a escala evolutiva temporal dos genes E, NS3 e NS5 do
conjunto de dados da America do Norte andlises Bayesianas foram realizadas através do pacote
do software BEAST versao 1.4.8 (DRUMMOND e RAMBAUT, 2007) utilizando o modelo do

relogio molecular relaxado log-normal, com o modelo de substituigdo nucleotidica GTR+I e

crescimento populacional constante. As analises foram realizadas como descrito anteriormente

(4.2.5, analises filogenéticas). As arvores foram visualizadas e manipuladas no FigTree v.1.1.2.

Avaliacido da Hipotese do Relégio Molecular

Analises do reldégio molecular foram realizadas nos genes E, NS3 e NS5 dos conjuntos de
dados Mundo e America do Norte. O relogio molecular estrito assume que todos os ramos na
arvore tem a mesma taxa evolutiva, enquanto o reldogio molecular relaxado permite taxas
diferentes construida com uma distribuicao especifica para todos os ramos da arvore. Esses dois
modelos foram comparados calculando o Fator de Bayes (BF) como explicado anteriormente

(4.2.5, analises filogenéticas).
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5. RESULTADOS

Os resultados estao descritos em trés artigos com os resultados de cada estudo realizado.

5.1 Caracteriza¢ao Molecular do Gene pol do HIV-1 de Individuos Infectados de Salvador,

Bahia, Brasil.

Manuscrito em preparacao: SANTOS, L.A.; MONTEIRO, J.P.; ARAUJO, A.F.; BRITES, C,;
GALVAO-CASTRO, B.; ALCANTARA, L.C.J. Detection of
distinct Human Immunodeficiency Virus type 1 (HIV-1) Cirulating

Recombinant Forms (CRFs) in Northeast Brazil.

Figuras que nao foram incluidas neste artigo, mas que melhor detalham o perfil dos

recombinantes, encontram-se no Apéndice A.
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Abstract:

The HIV-1 is characterized by great genetic diversity, therefore it is important to characterize the
circulating strains in different geographic regions. The enzymes encoded by the pol gene are the
major target for antiretroviral therapy that can lead to drug resistance associated mutations. This
study performs the molecular characterization of the pol gene of 57 HIV-1 infected individuals
from Salvador, Bahia, Brazil. DNA sequences were obtained by PCR, followed by sequencing.
The subtypes were determined by phylogenetic analyses and intersubtype recombination was
investigated using the bootscanning method. The pol subtypes were compared with gag and env
subtypes. Antiretroviral susceptibility was evaluated through the Stanford HIV resistance
Database. The subtypes frequencies were: 77.2% of subtype B, 1.8% of subtype F and 21.0% of
BF recombinant. Comparing with gag and env regions, two intergenic and three intragenic
recombinant patterns were observed. Among the nine BF recombinants detected in the pol
fragment six (10.5%) viruses were related to CRF28/CRF29, two were related to CRF12 (3.5%)
and one (1.8%) virus was related to CRF39. The antiretroviral resistance analyses showed that
24.6% of the strains had resistance to nucleoside reverse transcriptase inhibitors (NRTIs), 21.0%
to Non-nucleoside reverse transcriptase inhibitors (NNRTIs) and 7% to the Protease Inhibitors
(PI). This HIV-1 characterization could contribute to the better understanding of the circulate

strains in Salvador. They could also support the search for better treatment monitoring.
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Introduction

Today approximately 33 million people are infected with Human Immunodeficiency Virus (HIV)
worldwide [UNAIDS, 2009]. The characteristics of the viruses found in each geographic region
are different, mainly due to the HIV high diversity, host genetic factors and the selective pressure
of antiretroviral therapy (ARV). The HIV is classified in two types: HIV-1 and HIV-2. The HIV-
1 is highly spread through the world and is responsible for the virus pandemic. The type 1 HIV is
divided in three groups: group M, N and O. The group M is then divided in 9 subtypes (A, B, C,
D, F, G, H, J and K) [Mccutchan, 2000] and 49 Circulating Recombinant Forms (CRF). Besides,
there are many Unique Recombinant Forms (URF) with different patterns of recombination,
increasing the HIV diversity. The distribution of these subtypes is different around the world. In
Brazil, the subtype B is the most frequent, followed by the BF recombinants and subtypes F and
C, with remarkable differences among the geographic regions. It is important to monitor the
subtype frequencies distribution and the emergence of new CRF in the country for the better

understanding of the HIV behave and history in Brazil.

There is no vaccine today against the HIV. Its diversity is one of the major difficulties for the
development of an effective vaccine. Although the ARVs are able to reduce the viral load,
increase the TCD4 cell count, slowing the progression to AIDS and improving the patients
quality of life, many patients develop treatment failure [Perelson et al., 1996; Sepkowitz, 2001;
Palella et al, 1998]. This failure is caused mainly by mutations at the po/ gene, which encodes the
ARV target enzymes (protease and reverse transcriptase), leading to resistance [Coffin, 1995].
The resistance mutation monitoring is important for the better understanding of the HIV diversity
and epidemic, controlling the transmission of strains with anti-retroviral resistance mutation and

finding better treatments.
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In this study we performed the molecular characterization of the HIV-1 pol gene in infected
patients from Salvador, Bahia, Brazil. We subtyped the pol region checking for inter-subtype

recombinants and the presence of anti-retroviral resistance mutations.
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Methods

Population

Fifty-seven HIV-1 infected patients followed at the Hospital Professor Edgar Santos in Salvador,
Bahia, Brazil were included in this study. Ten mL of whole blood samples were collected during
the year of 2006. Samples were stored at -20°C at the Advanced Laboratory of Public Health
(LASP)/CPqGM/FIOCRUZ in Salvador, Bahia, Brazil. All patients included in this study signed
the letter of informed consent. The clinical data available for each patient were collected from

medical records. The CPqGM/FIOCRUZ Ethics Committee approved this study.

DNA extraction and PCR

The genomic DNA of all samples was extract using Qiagen extraction kit (QIAGEN,
Valencia, CA). The pol fragment was amplified using a nested polymerase chain reaction (PCR).
The primers used were DP10 and LR54 for the first round and DP16 and RT12 for the second
round. The PCR cycling conditions were as follow: three cycles of denaturing at 95°C for 3 min,
annealing at 55°C for 1 min and primer extension at 72°C for 1 min; another 35 cycles of
denaturing at 95°C for 1 min, annealing at 55°C for 45 sec and primer extension at 72°C for 1 min
and a final extension at 72°C for 10 min. The PCR products were then purified using the Qiagen
columns (QIAGEN, Valencia, CA) and sequenced in an ABI 3100 Genetic Analyzer (Applied
Biosystems, Foster City, CA) using a Big Dye Terminator kit (Applied Biosystems, Foster City,
CA). The primers used for sequencing were the DP16 and RT12 with the inner primers LR49 and

LRS51.
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Sequence analyses

The sequences were analyzed using the SeqScape v2.1.1 software (Applied Biosystems,
Foster City, CA) to define the consensus sequence for each sample. We used BLAST search

against the HIV-1 sequences database (http://blast.ncbi.nlm.nih.gov) to check for contamination.

Phylogenic analyses were performed to subtype each sequence. Reference sequences
form all HIV-1 subtypes were downloaded from Los Alamos database, aligned with the new
sequences using CLUSTAL-X [Thompson et al., 1997] and manually edited using GENDOC
[Nicholas et al., 1997]. One sequence of the HIV-1 group O (MVP5180) was used as outgroup.
Phylogenic reconstruction was performed using the PAUP* software v4.02" [Swofford, 1997] to
generate neighbor-joining (NJ) and maximum likelihood (ML) trees applying the GTR nucleotide
substitution model with invariable sites and gamma distribution. The bootstrap value (1000
replicates) was calculated to check the node reliability and was considered significant when
above 70%. To calculate de statistical support for the tree branches the likelihood-ratio test was
used. All trees were visualized using FigTree v1.2.2. Intersubtype recombination was identified
using Bootscanning implemented in SIMPLOT software, version 2.5 [Salminen, 1995] and the
GENEDOC software was used to analyze the crossover points by visual inspection of the
alignment. Each part of the mosaic structure was confirmed by the reconstruction of bootstrapped
NJ trees as described above. The BF recombinant forms determined were aligned with reference
sequences of CRFs from the Los Alamos database and analyzed by phylogenetic reconstruction
as described above. All sequences were submitted to the REGA subtyping tool [De Oliveira et.

al., 2005].
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Drug resistance analyzes

All  sequence was submitted to the Stanford HIV resistance database

(http://hivdb.stanford.edu/.) to check for the presence of antiretroviral resistance mutation.
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Results

The HIV-1 pol sequences of 57 HIV-1 infected patients were included in this study. The
mean age was 42.41 ranging from 12 to 64 year old. Thirty-six individuals (63.2%) were male
and 21 (36.8%) were female. The major risk behavior identified was heterosexual transmission
with 59.65% (34), followed by men who have sex with men (MSM) with 15.79% (9), vertical
transmission with 5.26% (3), intravenous drug user (IDU) with 5.26% (3), bisexual with 3.51%
(2) and blood transfusion with 1.75% (1). The risk behavior was unknown in 8.77% (5) of the
patients (Table 1). The CD4 cell count was bellow 200 cells/ul in 12 (21.1%) patients and the
viral load was higher than 10,000 copies/ml in 20 (35.1%) patients. Eleven (19.3%) of the
patients were treatment naive and 44 (77.2%) were using antiretroviral treatment, but the drug
regimen information was only available for 14 patients. Two patients (3.5%) had no information

regarding ARV therapy.

The protease and reverse transcriptase regions of the pol gene were used to subtype the
sequences of 57 individuals included in this study. Fourty-five (78.9%) of the sequences were
subtype B, three (5.3%) were subtype F1 and nine (15.8%) were BF recombinant in pol (Table
1). The NJ tree constructed had similar topology with the ML tree. Each subtype formed a
monophyletic clad that were well supported with a bootstrap support higher than 70% with the
exception of the subtype B+BF clad (Figure 1). The subtype B+BF clad with the study isolates
had a bootstrap support of 57% probable due to the CRF sequences. When this analysis was
performed only with the pure subtypes the clad bootstrap support were 95% (data not showed).
The bootstrap support of subtype F clad were 70% and 100% in the pure subtype tree. The B clad

had a high significant ML value (p<0.001) and the F clad ML value of 0.002.
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The pol subtypes were compared with the subtypes found for the same samples in a previous
study [Araujo et al, 2010] using gag and env regions. Three sequences were intergenic BF
recombinants. One subtype B sequence in pol/ was F1 in env and two subtype F sequences in pol
were BF in gag and B in env. Therefore the subtype prevalence in this population was 77.2% (44)

of B, 1.8% (1) of F and 21.0% (12) of BF recombinants.

Among the nine (15.8%) BF recombinants detected in the po!/ fragment, three different
mosaic patterns were observed. Six viruses (BROSBA, BR15BA, BR23BA, BR46BA, BR69BA
and BR79BA) showed the same recombination pattern and breakpoints in the SIMPLOT analysis
and clustered together with CRF28 BF and CRF29 BF sequences. Two viruses (BR75BA and
BR81BA) were closely related to each other and to CRF12 BF in all analysis, presenting the
same recombination profile and breakpoints and one sequence (BR42BA) was classified as
CRF39 BF. The sequence alignment was divided based on the related CRF breakpoints and each
subregion was analyzed. NJ and ML analyses of the individual fragments confirmed the

Bootscanning recombination results (Figure 1).

The sequences subtypes were compared with the gender of the patients. The ratio of male-to-
female was 0.71:1 (5 males and 7 females) for the BF infected individuals and 2.14:1 (30 males

and 14 females) for subtype B infected individuals. The subtype F infected patient was a male.

The antiretroviral resistance analyses showed that 43 (75.4%) isolates were susceptible to NRTTs,
45 (79.0%) to NNRTIs and 53 (93.0%) to PIs. The NRTIs drugs lamivudine (3TC) (10, 17.5%)
and zidouvudine (AZT) (11, 19.3%) and the NNRTI drugs delavirdine (DLV) (12, 21.1%),
nevirapine (NVP) (12, 21.1%) and efavirenz (EFV) (12, 21.1%) presented the highest numbers of

sequences with associated-drug resistance mutations. All PI drugs had the same number of
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sequences, four (7%) sequences, with mutations that confer resistance. All patients with
resistance mutations were under ARV therapy, with the exception of patient BR28BA that were
not under treatment at sampling time, but used ARVs approximately five years before. This
patient strain presents the V1081 mutation that causes low-level resistance to each of the NNRTIs
except etravirine (ETR). The most frequent mutations found that confer resistance to each class
of drugs was: 154V for the PI with 4 sequences (7.0%), M184V for the NRTI with 8 sequences
(14%) and K103N for the NNRTI with 6 sequences (10.5%). Minor PI mutations were also found

in a few sequences (Table 2).
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Discussion

The study of the HIV-1 molecular epidemiology and diversity is of great importance for the
better understanding of its epidemic in Brazil. The HIV-1 molecular profile in Brazil is of a
majority of the subtype B and the presence of subtypes F1, C, D, A and recombinants forms BF
and BC [MORGADO et al, 2002]. However, in the south of the country the subtype C is found in
a much higher prevalence than in other regions of the country [SOARES et al, 2003]. Due to this,
the identification of the HIV-1 circulating forms in Salvador city is necessary for the monitoring
of the emergence of new recombinant forms, the migration of subtype C from the south of the
country and the introduction of new subtypes from different geographic regions. In this study we
found 77.2% of subtype B, 21.0% of BF recombinant and 1.8% of subtype F. In agreement with
previous studies of the Northeast Brazil epidemiology, no subtype C was found. A study with 83
patients from Santos, Sdo Paulo, Sa-Filho and collaborators identified a subtype frequency of
65.1% of subtype B, 28.9% of BF recombinants, 4.8% of subtype F and 1.2% of subtype C, using
the pol gene. However, in a different study with 93 HIV infected blood donors from Salvador,
Fortaleza and Goidnia from 2001 to 2003, using three different genes (gag, pol and env) the
subtypes frequencies were: 75,9% of subtype B, 22.7% BF recombinants, 2.3% of subtype and
1.2% of subtype C [Brennan et al., 2007]. These subtype frequencies were more similar to the
frequencies found in this study probably due to the geographic location and the use of different

genome regions, giving a more consistent result.

Five different recombination structures were found in this population. Two of them were
intergenic recombinant patterns: one represented by BROIBA (Bp./Fleny) and the other
represented by BR26BA and BRY6BA (BFue/F1,01/Beny,). These two sequences presented the

same genotype in all three genes, and therefore could be representatives of the same recombinant



63

ancestral. However, they showed distinct intra-gag breakpoints [Araujo et al., 2010], which
points to different recombination events or, less likely, to a common ancestral that went through
subsequent recombination processes. In fact, BR26BA and BR96BA did not show a direct
phylogenetic relationship in the trees based on gag, pol or env fragments. The other three
recombination patterns were represented by intragenic recombinant viruses. Analyzing their pol
sequences, six (10.5%) were related to CRF28/CRF29, two (3.5%) were related to CRF12 and
one (1.8%) was related to CRF39. Out of the six CRF28/29 representatives, five were previously
characterized in env (positions 6945 to 8183 relative to HXB2 genome) as subtype B, the same
genotype found in CRF28/29 sequences [Araujo et al., 2010]. However, the gag region (positions
898 to 1968 relative to HXB2 genome) of the two viruses with available sequences (BROSBA
and BR79BA) were also classified as pure subtype B, while CRF28/29 sequences present a
crossover point (1323) in this fragment. Similarly, samples BR75BA and BR81BA showed the
same recombination pattern as CRF12 in po/, but had subtype B in gag, while CRF12 have a
breakpoint at position 952 and are mostly subtype F in this fragment. Moreover, BR81BA was B
in env, while CRF12 is F in the same fragment. BR75BA was not amplified in gag. On the
contrary, sample BR42BA showed the same recombination pattern in po/ and the same env
genotype (subtype F) as CRF39. The above observations suggest that different BF CRFs are co-
circulating in Northeast Brazil and that they are undergoing further recombination processes. In
addition, all the intragenic recombinants identified in this study were previously classified as pure
subtypes in the study based on gag and env regions [Araujo et al., 2010]. This reinforces the
importance of multiple genomic region characterization in order to obtain a reliable profile of the

HIV-1 molecular epidemiology, especially in regions with high diversity of genotypes.

The transmission of anti-retrovirus resistance mutations can be a public heath problem. Therefore
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it is important to monitor the rising of these mutations on the HIV infected population. The
frequency of strains with resistance to ARVs may vary among populations. In this study, 24.6%
of the strains showed some level of resistance to the NRTI drugs, 21.0% to the NNRTI drugs and
7.0% to the PI. The mutations 154V (PI), M184V (NRTI) and K103N (NNRTI) were the most
frequent mutations found in 7.0%, 14.0% and 10.5% of the patients, respectively. When
compared with mutations found in other studies these mutations are also found but with different
prevalence. [SA-FILHO et al., 2008; LLOYD et al., 2008 and MARCONI et al., 2008]. In studies
with patient that use different treatment regimes or with treatment failure these mutations were
found in a higher prevalence: 154V in 24% and M 184V in 88% of the sequences; and M184V/I in
64.3% and K103N in 51.3% of patients, respectively [SA-FILHO et al., 2008; MARCONI et al.,
2008]. However, a study with treatment naive patients presented a much lower prevalence,
M184V in 6.0% and K103N in 3.0% of the patients [LLOYD et al., 2008], showing that these
mutations are being transmitted, limiting the possible treatment regimes. The mutation M184V
confers high levels of resistance to the NRTIs drugs lamivudine, emtricitabine and low level of
resistance to the abacavir, that are important drugs used in treatment regimes, being an important
mutation to monitor. Most of the mutations that lead to NNRTIs resistance will confer reduce of
susceptibility of at least 3 of the 4 NNRTIs. The K103N mutation reduces susceptibility to all
NNRTIs and confers high levels of resistance to 3 of the NNRTIs drugs, delavirdine, efavirenz,
nevirapine. Mutations with this type of characteristic can make the therapy harder because
patients with one single mutation probably will not be able to use any of the NNRTIs drugs in

their treatment regimen.

These finding can contribute for the better understanding of the HIV-1 molecular epidemiology

of Salvador. The identification and characterization of subtypes, recombinant forms and ARV
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resistance mutation found in Salvador contributes for the knowledge of HIV-1 molecular

diversity in Brazil and better treatment strategies.
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Table 1: Epidemiologic and clinical characteristics of the HIV-1-infected individuals

Parameters Number of patients (n=57) Percentage (%)
Age (years)* 4241
Gender
Male 36 63.2
Female 21 36.8
Transmission route
Heterosexual 34 59.65
MSM? 9 15.79
Bisexual 2 3.51
Vertical 3 5.26
Blood transfusion 1 1.75
IDU° 3 5.26
Unknown 5 8.77
Subtype (pol)
B 45 78.9
BF 9 15.8
F1 3 53

a Men who have sex with men; b Intravenous drug user; *mean
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Table 2. Number of mutations/polymorphisms at anti-retroviral HIV-1 resistance-associated
positions, in 57 samples from Salvador, Bahia, Brazil.

PI N (%) NRTI N (%)  NNRTI N (%)
Mutation I54V/L 4 (7.0) MI184V 8(14.0) KIO3N/E/S 6 (10.5)
V82A  3(5.3) V1181 5(8.8) V9Ol 3(5.3)
M46UL 2 (3.5) K70R/I 5(8.8) Y188L 2 (3.5)
LOOM 2 (3.5) M41L 5(8.8) V108I 2 (3.5)
L33F 2(3.5)  L210WE  5(8.8) V181C 2 (3.5)
L241 1 (1.8) D67N 4(7.0) L1001 2 (3.5)
FS3L 1(1.8) T215Y/F 4(7.0) V106l 2 (3.5)
L231 1(1.8)  K2I9N/Q  3(5.3) G190A 1(1.8)
150V 1(1.8) T69N/A 2 (3.5) V179D 1(1.8)
N88D  1(1.8) E44D 2 (3.5)
D177E 1(1.8)
ATIT/V*  5(8.8) T200A 1(1.8)
F53V* 1 (1.8) R211K 1(1.8)
V32M* 1 (1.8) K49R 1(1.8)
G73C*  1(1.8) 1135T 1(1.8)
T748*  1(1.8) $162C 1(1.8)
K43T*  1(1.8) A62V 1(1.8)

N88H*  1(1.8)

n Number of sequences with anti-retroviral resistance mutation; (%) percentage of sequences analyzed with the
mutation. *Minor mutations.
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FIG 1: Neighbor-joining (NJ) phylogenetic tree constructed using the GTR+I+G model of
nucleotides substitution, showing the phylogenic relationship among the HIV-1 pol strains from
this study (red tips) and HIV-1 group M reference sequences from different subtypes (subtypes:
A in brown; B in green; C in light blue; D in magenta; F in blue; G in orange; H in purple; K in
yellow; J in salmon) and CRFs BF (CRF12 BF; CRF28 BF; CRF29 BF; CRF39 BF and
CRF40 BF, all in cyan). The sequence OMVP5180 from the HIV-1 group O was used as
outgroup. The 1000 replicate bootstrap values that were >70% are indicated in the branches. The
ML method branches statistic support are indicated with one asterisk (*) when significant

(p<0.05), and with two asterisks (**) when highly significant (p<0.001).
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Abstract:

The HIV vertical transmission can occur in utero, during delivery or while breastfeeding. Besides
this, the immune system response and the use of anti-retroviral drugs can influence the
evolutionary dynamics of the virus in each patient. In this report, the phylodynamics of the HIV-
1 env gene in mother-to-child transmission was investigated. One chronically infected pair from
Brazil and three acute infected pairs from Zambia, available at Genbank, with three to five time
points, were studied. Sequences from 25 clones from each sample were obtained, aligned using
Clustal X and manually edited. Maximum likelihood trees were constructed in PhyML using the
best evolution model for each dataset. Bayesian analyses testing the relaxed and strict molecular
clock, to check which is the best-fitted one, were performed using BEAST. Bayesian Skyline Plot
(BSP) was construed for each patient. We also searched for previously described epitopes, from
Los Alamos, and compared the epitope sequence and found mutations, in each time point, and
between mother and child. We have found that the relaxed molecular clock was the best-fitted
model for all datasets. Comparing the tree topology from each analysis, we did not find any
difference in the evolutionary dynamics that could differ the mother from the child. In the BSP,
the effective population size is more constant along the time in the chronically infected patients
while in the acute patients it is possible to detect bottlenecks from one time point to the other.
The epitopes and mutations found in the epitope region were different between mother and child
chronically infected pair, while the acute infected pairs showed similar epitope profile. These
results contribute to the better understanding of the HIV-1 evolutionary dynamics in mother to

child transmission.
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Introduction

To date, there are 2.5 million children under the age of 15 years old living with the Human
immunodeficiency virus (HIV) in the world and approximately 15.5 million of women. The
majority of these women and children live in the Sub-Saharan Africa (UNAIDS, 2007). In Brazil
the vertical transmission rates is decreasing due to the country Ministry of Heath efforts to

prevent the mother to child transmission.

The HIV vertical transmission occurs when the infected mother transmit the virus to the child
during pregnancy, at delivery or breastfeeding. Without prevention the transmission rate can be
of 20%, however using the right measures it can be less than 1%. These measures include the use
of anti-retroviral drugs during pregnancy and when the baby is born, choose for cesarean delivery

and substitution of breastfeeding for artificial milk (MINISTERIO DA SAUDE, 2008).

It is known that the virus strain transmitted from the mother to the child is not, necessarily, the
most prevalent strain found in the mother (WOLINSKY et al., 1992). The HIV-1 strain found in
the child may have a different evolutionary history when compared with the virus found in the
mother. This difference is also due to each individual different environment like immune
response, that can differ from one individual to the other and depending on the phase of infection,
and the use of therapy. The virus can be transmitted as cell-free or cell-associated virus. The
majority of the virus transmitted in utero and by breastfeeding is cell-associated virus, while
during delivery is cell-free virus, which indicates that depending on how the virus was

transmitted the HIV-1 intra-host evolution may change (LEHMAN et al., 2007).

The HIV evolutionary dynamics study can contribute to the understanding of virus fitness.

Phylogenetic reconstructions can reveal the dynamics of HIV evolution intra-host and inter-host.
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These inter-host evaluations are able to investigate the movement of HIV lineages between
locations, course of transmission, and estimate changes in viral effective population size over
time. The immune response, selective pressure and viral replication rates will contribute to
understand the viral adaptation and dynamic, when performing within host analyses
(GRENFELL et al., 2004; LEMEY et al., 2006). Variable regions of the envelope (env) gene are
target of humoral and cellular immune responses and those patients with the strongest response
will be able to control the virus infection for a longer period of time. The major consequence of
this HIV escape mechanism is the great amount of synonymous substitutions comparing to
nonsynonymous substitutions (positive selective pressure), into the env gene, contributing to the

high diversity of this region in different time points within a host (WILLIAMSON, 2003).

Considering that the time and mechanism of transmission is known when studying vertical
transmission it is possible to infer about the HIV-1 evolutionary dynamics. In this study, we have
evaluated the evolutionary dynamics differences of the HIV-1 env gene in vertical transmission.
We have studied sequences from different time points of mother and child belonging to subtypes

B and C, and in different phase of infection.
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Materials and Methods

Study population

In this study we have included one mother and child pair from Feira de Santana, Bahia, Brazil
and 3 pairs from Zambia, Africa. It were collected samples from three different time points from
the mother and child Brazilian pair, that were assisted at the Sexually Transmitted Disease
Reference Centre in Feira de Santana. Each patient had sequences from three different time
points with the interval of, approximately, six month from one sample to the other. The samples

were collected after signature of letter of informed consent.

We also studied three pairs from Zambia. The env sequences from these pairs (mother and child)
were downloaded from the GenBank (BENSON, 2008). Each individual had viral sequences
from three to five different time points with the interval of, approximately, six month from one

sample to the other.

The Bahiana School of Medicine and Public Heath Ethics Committee approved this study.

Laboratory experiments

For the Brazilian pair samples PBMCs were isolated from 10mL of total blood using the Ficoll-
Hypaque method. The DNA was extract from the PBMCs using QIAGEN kit (QIAamp® DNA
Blood Kit). Nested PCR, using specific primers, was performed in order to obtain an HIV-1 env
(1200pb) gene fragment. The PCR product was purified using QIAquick PCR Purification kit
(QIAGEN) and then cloned by TOPO TA Cloning kit. From each sample, approximately 25
clones were selected and sequenced at the Genome Sequence Service Laboratory, University of

Florida, Gainesville, Florida, USA.
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Sequence analyses

The sequences generated from all time points, for each patient, were aligned using Clustal X
(THOMPSON et al., 1997) and manually edited. For the Zambia pairs we also aligned the child

sequences with the respective mother sequences from the first time point.

Hudson test was performed to check if sequences from each different time point represent

different subpopulations (HUDSON, 1992).

The presence of intra-patient recombinants can disturb the tree construction. To identify the
recombinants sequences, the PHI (pair-wise homoplasy index) test (BRUEN et al., 2006),
implemented in SplitsTree program (HUSON & BRYANT, 2006), was performed. Recombinant
sequences were excluded until that the p value had not been significant (p>0.05) (SALEMI,

2008). All the recombinants detect were excluded from the dataset for posterior analyses.

Maximum Likelihood trees were generated using the online tool PhyML (GUINDON &
GASCUEL, 2003) using the GTR evolution model to estimating the proportion of invariable sites

and gamma shape parameter. The branch support was obtained by the bootstrap (1000 replicates).

Bayesian analyses were performed with the BEAST v1.4.8 package (DRUMMOND &
RAMBAUT, 2007) testing the strict molecular clock with constant population size prior and the
relaxed molecular clock using the constant population size, Bayesian skyline plot (BSP) and
exponential growth priors. The parameters for each model were estimated using the Monte Carlo
Markov Chain (MCMC) method (50.000.000 generations with sampling every 5000 generations).
The analysis results were visualized using Tracer v1.4 software and the MCMC convergence was
assessed calculating the effective sampling size (ESS) for each parameter, admitting that the

sampling size were significant when ESS > 500 (DRUMMOND & RAMBAUT 2007). The
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models tested were compared calculating the Bayes Factor (BF): the ratio of the marginal
likelihood of the compared models. Evidence against the null model, the one with the lower
marginal likelihood, is indicated by 2.log..(BF) >3 is consider moderate evidence and > 10 strong
evidence. The BF was calculated to compare the strict molecular clock with the relaxed
molecular clock model, both using the constant population growth prior, and than, the relaxed
molecular clock with the constant prior against the BSP prior and the exponential growth prior.
The calculations were performed using BEAST v1.4.8 and Tracer v1.4 programs. Bayesian
framework, using the relaxed molecular clock with the BSP prior, estimated the effective
population size, an informative method of assessing the pathogen evolutionary history. Tracer
vl.4 were used to perform the BSP reconstruction. Using TreeAnnutator v1.4.8 program,
included in the BEAST package (DRUMMOND & RAMBAUT 2007), the maximum clade
credibility tree were selected from the posterior tree distribution after a 50% burnin, for each

dataset and all trees were visualized using FigTree v1.2.2.

For the Brazilian pair sequences, which are subtype B, CTL and B-cell subtype B epitopes,
previously described in Los Alamos database, were mapped (BETTE, 2006; 2007). For the
Zambia pairs, subtype C, B-cell previously described subtype C epitopes were mapped. However,

due to the fact that these pair are in the acute phase of infection, CTL epitopes were not checked.
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Results

In this study one mother and child pair from Feira de Santana, FS16 FS17, and three pairs from
Zambia, MIP834, MIP2660 and MIP2953 were analyzed. The FS16 and FS17 isolates were HIV-
1 subtype B and were chronically infected at the first time point. However, the three isolates pairs
from Zambia were subtype C and the first sample time point were the first HIV positive sample
for the mother and child, showing that the transmission from the mother to the child and, then,

the sampling, happened during the acute phase of infection.

The Hudson test was performed in all datasets to check if the different time points were different
subpopulations. All datasets showed a value of p<0.01, indicating that each time point of the

mother and the represents different subpopulations.

The PHI test did not show different patterns in the percentage of recombination along time points
when comparing the mother to child or the acute infected with the chronically infected sequences
datasets. In most patients it was found a great number of recombinant sequences at the last time
point. The sequences from the mother MIP834 M was the one with the lower number of
recombinant sequences presenting only one (3%) recombinant sequence ate the second time

point.

Maximum likelihood trees inferred using the online tool PhyML did not showed a statistic branch
support. The topology showed a higher relation between the child and mother at first time point,
in the Zambia pairs, due to these sequences time points being close to the time of transmission.
However the chronically infected pair showed distant relation among the mother and child

sequences.

To study the HIV phylodynamics in these patients Bayesian trees were constructed taking into
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account the sampling time. First, for each dataset, we used the strict molecular clock model,
which fix evolutionary rate for the analyzed gene during time, and the relaxed molecular clock,
that assigns different evolutionary rates for the different branches on the tree, both with the
constant size prior. The Bayes Factor was calculated comparing the strict clock analyses with the

relaxed clock and the relaxed molecular clock were chosen the best fitting model for all datasets.

The datasets were then analyzed using the relaxed molecular clock with the BSP and exponential
population growth. Each model was then compared with the constant size prior, calculating the
Bayes Factor. For all datasets the BSP were selected over the constant size, and the acute pairs
were strongly selected while the chronic pair was moderate selected. However, the exponential
growth showed strongly evidence over the constant model for the MIP834 1 (child), and
moderate evidence in the MIP2953 M (mother), MIP29531+M (child + mother first time point)
and FS17 (child). The confidence intervals of the growth rate of MIP2662 1, MIP2953 I, FS16
and FS17 included the zero, indicating that there is no exponential growth in these viral

populations (Table 1).

Figure one shows the Bayesian tree constructed with the relaxed molecular clock model. We did
not find any pattern or different behavior of the tree topologies between mother and child neither
among subtypes or phase of infection. Some of them presented a perfect temporal structure like:

MIP834 M and MIP2953 I (Figure 1).

The BSP graphics that estimates the viral effective population size showed different pattern for
each pair, although the size had been around 2000. The pair from Feira de Santana showed a
more constant growth over time, while in the Zambia pairs it was possible to observe the

bottleneck between time points especially at the MIP2660 and MIP834 pairs (Figure 2).
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Out of the 22 subtype C B-cell epitopes searched at the Zambia pairs sequences, only three of
them were present in the mother and child of the MIP834 and MIP2660 pairs and one epitope at
the MIP2953 pair. Most of the mutations found in the mother sequences epitope region were the
same ones found in the child sequences. However, for the subtype B pair, the epitopes and
mutations found were different between mother and child sequences for the CTL epitopes and B-

cell epitopes.
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Discussion

The results found in this study did not show any pattern that differs the mother to the child at
HIV-1 dynamics. However, the trees and the BSP show that the strains from the mother are more
closely related to the child strains in the acute infected mothers when transmitted the virus to

their child.

The macrophages have an important role in the recombination process (LAMERS et al., 2009).
Since the HIV infects the macrophages during a more posterior phase of infection, it was
expected to find a larger percentage of recombinants intra-patient in the chronically infected
patient. However these differences were not found in these analyzes. Even though the MIP834
and MIP2660 showed a lower number of recombinants the MIP2953 pair presented similar

percentages with the chronically infected pair.

Studies have shown that during chronic HIV-1 infection only a few variants of quasispecies are
transmitted (WOLINSKY, 1992; ZHANG, 2006; ZHANG, 2005; DERDEYN, 2004). However,
acute infected mothers transmit multiple close related variants to their child (HOFFMANN et al.,
2008), which is possible to visualize in the trees constructed using the child sequences with the
mother first time point. In the acute infected pairs, the first time point of the mother and their
child are mixed, showing different variants giving rise to the next population, while at the chronic
infected pair the mother and the child presents two different virus populations. The transmission
of lineages from the mother to the child without selection in the mother and the possible multiple
transmissions during breastfeed are some of the possible explanations (HOFFMANN et al.,

2008).
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The effective population size reflects evolutionary relationship among strains and changes in the
number of effectively infectious virus, rather than absolute number of circulating virions and
viral load. Several studies have estimated the effective population size of HIV-1 quasispecies
intra-patient (ACHAZ et al., 2004; SEO et al., 2002; BROWN, 1997; SHRINER et al., 2004). In
this study the calculus of the Bayes factor selected the BSP over the constant population growth
in all dataset, while the exponential growth were only selected in a few datasets showing that the
BSP is a better fitting model to estimate the effective population size. The population growth
estimative using different models indicate that the chronically infected pair has a more constant
growth. Although the BSP model had been moderate selected over the constant, the BSP graphic
shows a more constant effective population size over time, and the exponential growth rate did
not exclude the zero, indicating constant growth. This is probably due to that in the chronic phase

of infection the virus is more adapted and in this pair the immune system is more compromised.

The BSP of the acute infected pairs shows a more dynamic growth so that the effective
population size suffers a rapid decrease followed by growth, bottleneck event, due to the strong
immune system pressure, from the beginning of the infection, selecting the more adapted strains
overtime. A perfect temporal structure was found at MIP834 M (mother) dataset visualized in
the tree and in the BSP, where the bottleneck events are clearly showed from one time point to

the other.

The epitope mapping is also evidence that the chronically infected mother presents a different
population from the child. Their different immune response and the long time of infection leads
to this very different population, while the acute pairs presents a more similar sequences with

similar epitopes between the mother and the child.
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These findings show how HIV-1 intra-host population dynamics can differ depending on the
phase of infection and transmission, contributing for the better understanding of the virus

dynamics over time.
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Table 1: Relaxed molecular clock comparison using Bayes Factor of the constant population size

Marginal  Bayes Root Growth
Sample Clock Model Lik* Factor  Height Root Height** Rate Growth Rate**
MIP834 1 RC  CONT 3826.945 554.55  490.13 - 648.06
MIP834 1 RC BSP  3817.284 19.322  468.63  449.66 - 497.08
MIP834 1 RC EXP  3818.659 16.574 560.88  494.78 - 655.11 4.89E-03  2.879E-3 - 7.25E-3
MIP834 M RC  CONT 2859.562 525.64  448.40 - 634.77
MIP834 M RC BSP  2841.519 36.086 481.35  449.06 - 530.86
MIP834 M RC EXP  2859.037 1.05 542.41  462.54-659.80 2.17E-03  2.113E-4 - 4.14E-3
MIP834 I+M RC  CONT 4269.614 550.13  491.40 - 634.32
MIP834 I+M RC BSP 4252346 34.54 47427  452.10 - 503.95
MIP2660 1 RC  CONT 4354.726 1053.53 837.92 - 1408.02
MIP2660 1 RC BSP  4345.188 19.076  832.49 766.76 - 1061.32
MIP2660 1 RC EXP  4354.002 1.448 1055.383 836.24-1357.98 9.34E-04 -3.057E-5-2.035E-3
MIP2660 M RC CONT 2738.816 594.57  461.16 - 833.29
MIP2660 M RC BSP  2744.967 12.3 468.77 414.66-570.39
MIP2660 M RC EXP  2737.876 1.88 583.24  470.58-715.23 7.90E-03 4.085E-3 - 1.253E-2
MIP2660 [+M  RC  CONT 4689.241 995.78  844.78 - 1230.25
MIP2660 I+M  RC BSP  4680.955 16.572 857.033 772.43-981.95
MIP2953 1 RC CONT 3275.053 844.28 726.36 - 1038.67
MIP2953 1 RC BSP  3119.374 311356 763.25  698.66 - 858.17
MIP2953 1 RC EXP 3274.22 1.664 844.02 729.81-1038.23 7.22E-04 -5.48E-4-2.006E-3
MIP2953 M RC CONT 4417.711 979.87 910.18-1101.23
MIP2953 M RC BSP  4409.993 15436 877.09  860.29 - 900.21
MIP2953 M RC EXP  4415.083 5256 958.844 898.29-1062.54 2.30E-03 1.194E-3 - 3.509E-3
MIP2953 I+M  RC  CONT 3493.517 940.46  888.45-1026.05
MIP2953 I+M  RC BSP  3485.655 16.536 871.85  856.52-891.62
MIP2953 I+M  RC EXP 3491391 5.064 940.15 882.07-1029.57 1.62E-03 5.378E-4 - 2.734E-3
FS16 RC CONT 3962.271 1049.218 601.255-1662.772
FS16 RC BSP  3963.902 3.262 940.166 501.642-1459.25
FS16 RC EXP 3963.07 1.598  953.383 539.301-1416.94 1.19E-03 -7.382E-4 - 3.391E-3
FS17 RC CONT 3592.213 1271.931 696.586-2248.081
FS17 RC BSP  3589.511 5.406 1297.749 603.121-2730.772
FS17 RC EXP 3594902 5378 1187.25 692.726-2032.158 6.87E-04 -9.871E-4 - 2.582E-3

The selected models are highlighted. Marginal Likelihood (*); confidence intervals (**); RC = Relaxed
Molecular Clock; CONT = Constant Growth; EXP = Exponential growth; BSP = Bayesian skyline plot; I
= child; M = mother
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Figure 1: Bayesian maximum clade credibility phylogenetic trees. The trees were constructed
using the relaxed molecular clock model and constant population size model. The branch support
are giving by the posterior probability > 0.80 and are indicated with an asterisk (*). The subtitles
for the meaning of each branch color of the trees are indicated in each panel. The panels in the
left side are the child trees and on the right side the panels with each respective mothers tree.

Figure 2. Bayesian Skyline Plots to estimate the effective population size. Each graphic shows
the BSP mean value of the mother (M and FS17) and the child (I and FS16). For the Zambia pairs
it is also found in the graphics the BSP of the child with the first time point of the mother (M+I).
These analyses were performed in BEAST using all available time point for each patient.
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The spatial dynamics of the West Nile Virus epidemic in North America are largely unknown. Previous
studies that investigated the evolutionary history of the virus used sequence data from the structural
genes (prM and E); however, these regions may lack phylogenetic information and obscure true evolu-
tionary relationships. This study systematically evaluated the evolutionary patterns in the eleven genes
of the WNV genome in order to determine which region(s) were most phylogenetically informative. We
found that while the E region lacks resolution and can potentially result in misleading conclusions, the
full NS3 or NS5 regions have strong phylogenetic signal. Furthermore, we show that geographic structure
of WNV infection within the US is more pronounced than previously reported in studies that used the
structural genes. We conclude that future evolutionary studies should focus on NS3 and NS5 in order
to maximize the available sequences while retaining maximal interpretative power to infer temporal

and geographic trends among WNV strains.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

West Nile Virus (WNV) is a mosquito-borne Flavivirus with a
natural reservoir in birds, and incidental infection in humans and
horses. The WNV genome is comprised of one long open reading
frame that includes four 5’ structural genes (nucleocapsid [NC],
pre-membrane [prM], membrane [M] and envelope [E]) and seven
3’ non-structural [NS] genes (NS1, NS2A, NS2B, NS3, NS4A, NS4B,
and NS5). The virus was first isolated in Uganda in 1937 (Smith-
burn et al., 1940). During the remainder of the century the virus re-
mained confined to the African and Asian continent (Murgue et al.,
2002), and was only detected in North America in 1999 (Lanciotti
et al.,, 1999b). Numerous studies have reconstructed the evolution-
ary history of the virus outside and within North America using
phylogenetic analyses. Based on these studies, WNV has been
grouped into two major genetic lineages (Berthet et al., 1997;
Lanciotti et al., 2002). Lineage 1 contains strains from United
States, Europe, Israel, India, Russia, and Australia, while the Lineage
2 contains strains from sub-Saharan Africa and Madagascar (Lanc-
iotti et al., 2002). Lineage 1 is further divided into 3 sub-clades: 1a
(including strains from Africa, Europe, US, Middle East, and Russia),
1b (Kunjin strain from Australia), and 1c (India) (Lanciotti et al.,
2002; Scherret et al.,, 2001). Within North America, two major
clades have been described: one that contains the strains isolated

* Corresponding authors. Fax: +1 352 273 8284.
E-mail addresses: grayr@pathology.ufl.edu (R.R. Gray), salemi@pathology.ufl.edu
(M. Salemi).

1055-7903/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.ympev.2010.01.019

from the northeastern US during 1999-2000 (Lanciotti et al.,
2002), and those sampled from 2002-present. The 2002-present
clade, including sequences from geographically diverse areas in
the US replaced the 1999-2000 one (Davis et al., 2005; Snapinn
et al., 2007).

Although temporal structure is clearly evident in comprehen-
sively sampled phylogenetic reconstructions, several studies re-
ported a lack of geographic structure in the US based on
phylogenetic analysis (Bertolotti et al., 2007, 2008; Tang et al.,
2008). These studies used sequences from the structural genes
(prM and E) to infer evolutionary relationships, as have many other
phylogenetic studies (Anderson et al., 2001; Banet-Noach et al.,
2003; Blitvich et al., 2004; Briese et al., 2002; Davis et al., 2003,
2007; Ebel et al., 2004; Lanciotti et al., 1999a; Savini et al., 2008).
However, a comprehensive assessment of the reliability of each
gene has not yet been reported. In fact, a lack of phylogenetically
informative sites in the prM and E regions has been noted (Davis
et al., 2005) and comprehensive studies that used full genome se-
quences from the US noted the improved resolution (Davis et al.,
2005; Grinev et al., 2008; Herring et al., 2007). Interestingly, full
genome sequencing has revealed geographic structure in the Med-
iterranean (Parreira et al., 2007) and Africa (Botha et al., 2008).
However, sequencing the full genome is expensive, both from a
computational and a laboratory perspective. Furthermore, for
many computationally intensive analyses, utilizing the full genome
is unfeasible. It would be, therefore, beneficial to use only those
genomic regions that contain the highest phylogenetic signal to
reduce cost without losing valuable information. This study
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systematically evaluated the evolutionary patterns in each gene in
order to determine which region(s) provided the maximal inter-
pretative power to infer temporal and geographic relationships
among WNV strains.

2. Methods
2.1. Sequence data

We downloaded all full genome sequences (104) available at
Genbank as of 10/15/08 (http://www.ncbi.nlm.nih.gov/) for which
the sampling year and country of collection was recorded. The
dataset was divided into four non-mutually exclusive groups: full
(104 sequences), North America (76 sequences), Lineage 1 (95 se-
quences) and Lineage 2 (9 sequences). Each of those datasets was
then divided in different alignments by gene: structural (pre-
membrane, membrane, E) and non-structural (nucleocapsid,
NS1, NS2a, NS2b, NS3, NS4a, NS4b ad NS5). We created two addi-
tional concatenated datasets >2000 nucleotides for comparison:
(1) NC, PM, MEM, and ENV (denoted as 5'); (2) ENV + NS1. Se-
quences were aligned using Clustal (Thompson et al., 1997) and
manually edited.

2.2. Maximum likelihood determination of the model of evolution

The best fitting nucleotide substitution model was tested for
each gene and each of the four datasets. A hierarchical likelihood
ratio test in which the rate matrix, a parameter of invariable sites,
and the distribution of rates were estimated on a neighbor-joining
(N]) base-tree with LogDet corrected distances (Swofford and Sul-
livan, 2009). The analyses were conduced with PAUP* 4.02 version
(Swofford, 2002).

2.3. Likelihood mapping

To investigate the phylogenetic signal of each dataset, likeli-
hood mapping was performed using TREE-PUZZLE program by ana-
lyzing 10,000 random quartets (Schmidt et al., 2002). According to
this strategy, groups of four sequences (quartets), randomly cho-
sen, are evaluated using maximum likelihood. For each quartet,
the three possible unrooted tree topologies are weighted. The pos-
terior weights are then plotted into a triangular surface. The fully
resolved tree topologies are plotted in the three corners, which
indicate the presence of tree-like phylogenetic signal, and the
unresolved quartets are shown in the central region of the triangle.
A star-like signal occurs when more then 30% of the dots fall within
the central area (Strimmer and von Haeseler, 1997).

2.4. Bayesian MCMC phylogenetic analyses

To estimate the genealogy and the evolutionary timescale of E,
NS3 and NS5 alignments using the North American dataset, we
used the Bayesian framework implemented in BEAST software
package version 1.4.8 (Drummond and Rambaut, 2007) under
an uncorrelated log-normal relaxed clock model, the GTR+T"
model of nucleotide substitution, and a constant population size.
The MCMC analysis was run until convergence with sampling
every 10,000th generation. The results were visualized in Tracer
v.1.4, and convergence of the Markov chain was assessed by cal-
culating the effective sampling size (ESS) for each parameter
(Drummond and Rambaut, 2007). All ESS values were >500 indi-
cating sufficient sampling. For each dataset, the maximum clade
credibility (MCC) tree, which is the tree with the largest product
of posterior clade probabilities, was selected from the posterior
tree distribution after 50% burnin using the program TreeAnnota-

tor version 1.4.8. Final trees were manipulated in FigTree v.1.1.2
for display.

2.5. Evaluation of the molecular clock hypothesis

Molecular clock analyses were performed based on the E, NS3
and NS5 worldwide and North American datasets. The strict
molecular clock assumes the same evolutionary rates along all
branches in the tree, while the relaxed molecular clock allows dif-
ferent rates drawn from a specified distribution for all tree
branches. These two models were compared by calculating the
Bayes Factor (BF), which is the ratio of the marginal likelihoods
(marginal with respect to the prior) of the two models being
compared (Kass and Raftey, 1995; Suchard et al., 2001). We calcu-
lated approximate marginal likelihoods for each coalescent model
via importance sampling (1000 bootstraps) using the harmonic
mean of the sampled likelihoods (with the posterior as the impor-
tance distribution). The difference (in log. space) of marginal like-
lihood between any two models is the log. of the Bayes Factor,
log.(BF). Evidence against the null model (i.e. the one with lower
marginal likelihood) is indicated by 2-log.(BF) > 3 (moderate) and
>10 (strong). The calculations were performed with BEAST
version 1.4.8 and Tracer v.1.4.

3. Results
3.1. Phylogenetic signal using likelihood mapping

For each gene in each of the four datasets, the phylogenetic
noise was calculated using likelihood mapping analysis (Schmidt
et al., 2002). Simulation studies have shown that datasets with less
than 30% noise are usually reliable for phylogenetic inference
(Strimmer and von Haeseler, 1997). In the analysis including all
worldwide sequences (Table 1), the phylogenetic noise ranged
from 21.4% (NS3) to 76% (NC). Only two individual genes (NS3
and NS5) contained <30% noise. These were also the longest genes
(1857 and 2715 nt, respectively). E, the third longest gene
(1503 nt), contained 32.2% noise, while prM (276 nt) contained
45.8% noise. The percentage of constant sites (54.4-61.1%), as well
as the alpha value of the gamma-distribution (0.14-0.26), was sim-
ilar among different genes, suggesting that the length of the region
was the most important factor contributing to lower levels of phy-
logenetic noise. To confirm this observation, we tested the concat-
enated 5 and E+NS1 regions of length 2373 and 2559 nt,
respectively. 5 also showed <30% noise (25.4%), while E+ NS1
was slightly higher (30.6%).

For the Lineage 1 and North American dataset, the noise for
each gene was higher, yet a similar pattern emerged as in the full
dataset. In Lineage 1, NS3 and NS5 showed the lowest noise
(27.5% for both), while E and prM were quite high (52.7% and
59.8%). The 5’ region was also low (24.2%), while the E + NS1 re-
gion was higher (37.6%). In the North American dataset, NS3 and
NS5 again were lowest (26% and 26.7%, respectively), and E and
prM much higher (40.6% and 50.9%, respectively). Interestingly,
both 5 and E +NS1 were above 30% (36.7 and 52.2%, respec-
tively), even while being of a longer length than NS3. In Lineage
2, all genes contained <30% noise, likely due to the high diversity
among these variants. The relationship between nucleotide length
and phylogenetic signal was plotted for the worldwide and North
American datasets (Fig. 1). The linear correlation was significant
in both cases (worldwide: R?>=0.64, p=0.001; North American:
R?=0.58, p = 0.003). These results suggest that while length is sig-
nificantly correlated with phylogenetic signal, NS3 and NS5 con-
tain the greatest phylogenetic signal for geographically reduced
datasets. For the North American dataset in particular, E alone
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Table 1
Determination of phylogenetic signal/noise by Likelihood Mapping analysis.
Dataset Gene Length % Noise Constant sites Alpha
WORLDWIDE NC 369 76.0 60.7 0.18
WORLDWIDE PM 276 45.8 533 0.21
WORLDWIDE MEM 225 70.0 55.6 0.29
WORLDWIDE ENV 1503 322 54.8 0.22
WORLDWIDE NS1 1056 49.8 55.2 0.23
WORLDWIDE NS2a 693 44.5 54.4 0.26
WORLDWIDE NS2b 393 52.8 61.1 0.14
WORLDWIDE NS3 1857 214 59.0 0.19
WORLDWIDE NS4a 447 46.2 56.8 0.21
WORLDWIDE NS4b 768 35.9 55.2 0.22
WORLDWIDE NS5 2715 224" 54.4 0.24
WORLDWIDE ENV +NS1 2559 30.6 54.9 0.22
WORLDWIDE 5 2373 254 55.6 0.20
LINEAGE 1 NC 369 85.0 73.2 0.29
LINEAGE 1 PM 276 509 67.0 0.24
LINEAGE 1 MEM 225 80.9 67.6 0.37
LINEAGE 1 ENV 1503 40.2 69.3 0.17
LINEAGE 1 NS1 1056 66.5 66.6 0.17
LINEAGE 1 NS2a 693 57.0 69.1 0.16
LINEAGE 1 NS2b 393 62.1 65.6 0.19
LINEAGE 1 NS3 1857 26.0° 69.4 0.14
LINEAGE 1 NS4a 447 57.9 68.2 0.17
LINEAGE 1 NS4b 768 45.8 67.4 0.23
LINEAGE 1 NS5 2715 26.7 70.4 0.14
LINEAGE 1 ENV +NS1 2559 37.6 63.2 0.19
LINEAGE 1 5/ 2373 24.2° 65.1 0.23
NORTH AMERICA NC 369 99.8 94.9 97.9
NORTH AMERICA PM 276 59.8 93.8 0.14
NORTH AMERICA MEM 225 99.3 92.0 0.69
NORTH AMERICA  ENV 1503 52.7 91.0 0.70
NORTH AMERICA  NS1 1056 88.8 93.0 8.46
NORTH AMERICA NS2a 693 75.7 93.8 0.10
NORTH AMERICA  NS2b 393 83.1 92.4 0.53
NORTH AMERICA  NS3 1857 27.5 93.6 0.02
NORTH AMERICA  NS4a 447 62.1 93.7 0.08
NORTH AMERICA  NS4b 768 51.5 91.3 0.30
NORTH AMERICA NS5 2715 27.5 93.5 0.03
NORTH AMERICA ENV +NS1 2559 52.2 93.0 0.51
NORTH AMERICA 5’ 2373 36.7 93.3 0.33
LINEAGE 2 NC 369 24.6" 67.5 0.23
LINEAGE 2 PM 276 20.6° 59.4 0.25
LINEAGE 2 MEM 225 13.5° 61.3 0.19
LINEAGE 2 ENV 1503 5.6 61.2 0.23
LINEAGE 2 NS1 1056 8.7 62.2 0.28
LINEAGE 2 NS2a 693 17.5° 61.3 0.21
LINEAGE 2 NS2b 393 23" 68.4 0.16
LINEAGE 2 NS3 1857 7.9 65.3 0.14
LINEAGE 2 NS4a 447 19.0° 63.1 0.22
LINEAGE 2 NS4b 768 103" 60.2 0.18
LINEAGE 2 NS5 2715 6.3 64.2 0.27
LINEAGE 2 ENV +NS1 2559 2.4 59.1 0.23
LINEAGE 2 5 2373 48" 59.5 0.22

" Strong phylogenetic signal (<30% noise).

does not contain enough phylogenetic signal to infer reliable evo-
lutionary relationships.

3.2. Model of evolution

The rate matrix, the alpha parameter in the gamma-distribu-
tion, and the proportion of invariable site (Pinv) were calculated
for each gene (NC, prM, M, E, NS1, NS2a, NS2b, NS3, NS4a, NS4b,
NS5) in the four datasets (Table S2). The estimated rate matrix
was similar between genes within each dataset, particularly within
the full and Lineage 1 datasets. For all datasets, the best model of
evolution for the E, NS3 and NS5 genes were essentially the same
(ABACDA, +T, suggesting that differential evolutionary patterns
are not responsible for the increased signal in NS3 and NS5. Fur-
thermore, these results indicate that a concatenated alignment of

multiple genes analyzed under the same nucleotide substitution
model is appropriate.

3.3. Evolutionary rate and TMRCA of the North American clade

To compare the effect of the reduced phylogenetic signal on the
estimation of the evolutionary rate for the E, NS3, and NS5 genes in
the North American and worldwide datasets, the strict clock (SC)
and relaxed molecular clock (RC) hypotheses were compared using
a Bayesian framework implemented in the program BEAST (Drum-
mond and Rambaut, 2007) that incorporated the year of sampling
for each sequence (Drummond et al., 2002). Analyses were con-
ducted using a constant coalescent prior and the GTR + G model
of evolution. For all three genes in the worldwide dataset, the SC
hypothesis was strongly rejected (Bayes Factors >70) when com-
pared to the RC model (Table 2) suggesting rate heterogeneity
among branches. The mean evolutionary rate estimated under
the relaxed clock assumption was one order of magnitude faster
than under the strict clock assumption, and was slightly faster
for E (2.01 x 103) than for NS3 (1.5 x 10~3) and NS5 (1.18 x
1073), although the 95% high posterior density intervals (95%
HPDs) were overlapping. The TMRCA of the North American data-
set was estimated for each gene/clock model (two additional se-
quences from Hungary [DQ118127] and Israel [AF481864] were
included because for some analyses they clustered in the North
American clade). Under the relaxed clock assumption, the TMRCA
was similar for all genes (E: 12.8 years before present [YBP], NS3:
12.7 YBP, NS5: 10.2 YBP). The apparent inconsistency in the E gene
(slightly older TMRCA and faster evolutionary rate) is likely due to
the larger 95% HPDs for the TMRCA. Under the strict clock assump-
tion, the estimated TMRCAs vary widely, likely due to the poor fit
of this model.

For the North American dataset, the relaxed clock was again fa-
vored over the strict clock for all three genes (BF > 10). The mean
evolutionary rate was again slightly higher for E (8.18 x 10~4) than
NS3 (7.67 x 10~*) and NS5 (7.88 x 10~*), but again the HPDs were
overlapping. The mean rate was ~0.5 order of magnitude lower
than in the worldwide dataset; however, the 95% HPDs were much
larger and overlapped with those of the worldwide dataset. The
estimates of the TMRCA of the North American clade (in this case,
the root of the entire tree) were similar to those in the worldwide
dataset. The estimate for the E gene under the relaxed clock model
(8.7 YBP) was lower than NS3 (12.1 YBP) and NS5 (13.0 YBP), con-
sistent with the faster evolutionary rate.

For both the worldwide and the North American dataset, the
NS3 and NS5 genes were concatenated to determine whether HPDs
would be reduced with longer sequences. However, multiple anal-
ysis with the chain run for 3 x 108 generations failed to converge
(data not shown), suggesting that current computational resources
are insufficient for large (in this case, a dataset with 104 taxa and
>4500 nt) alignments. This result highlights the need to carefully
select phylogenetically informative regions rather than using the
full genome.

3.4. Phylogenies for the North American datasets

In order to determine how the topology and support for the gene-
alogies differed between genes with strong phylogenetic signal (NS3
and NS5) and weak signal (E), we inferred the maximum clade cred-
ibility (MCC) tree for the E, NS3, and NS5 genes for the North Amer-
ican dataset under the relaxed molecular clock and the constant size
coalescent prior (Fig. 2). The MCC is the tree with the maximum
product of the posterior clade probabilities. To the extent that the
posterior probabilities of different clades are additive, this definition
is an estimate of the total probability of the given tree topology
(http://beast.bio.ed.ac.uk/Summarizing_posterior_trees). To compare
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Fig. 1. Correlation between nucleotide length and phylogenetic noise. Length of each region tested for phylogenetic signal (n = 13) is plotted on the x axis, and phylogenetic
noise as measured using Tree Quartet Puzzling is plotted on the y-axis. Open circles indicate measurements from the worldwide dataset, and filled circles indicate
measurements from the North American dataset. A linear regression was performed on each dataset and the best-fit line is shown (dashed = worldwide, solid = North
American). The grey filled region at the bottom of the graph denotes phylogenetic noise <30%.

Table 2
Bayesian estimation of the molecular clock, evolutionary rate, and height of the US clade.
Dataset Gene Clock Model Bayes Factor Evolutionary rate Lower CI Upper CI Height of US clade Lower CI Upper CI
Worldwide Env Strict 2.11E-04 1.33E-04 2.90E-04 343 204 53.6
Relaxed 77.6 2.01E-03 1.09E-03 3.02E-03 12.8 7.8 20.5
NS3 Strict 2.78E-04 2.11E-04 3.50E-04 20.9 14.8 294
Relaxed 81.6 1.50E-03 8.97E-04 2.20E-03 12.7 8.3 18.6
NS5 Strict 2.37E-04 1.80E-04 3.00E-04 15.0 10.7 20.2
Relaxed 74.4 1.18E-03 6.79E-04 1.77E-03 10.2 7.2 14.1
North American Env Strict 7.99E-04 5.16E-04 1.10E-03 7.8 39 12.2
Relaxed 16.6 8.18E-04 5.22E-04 1.16E-03 8.7 45 135
NS3 Strict 7.70E-04 5.43E-04 1.00E-03 11.5 6.7 17.0
Relaxed 12.2 7.67E-04 5.31E-04 1.02E-03 12.1 7.2 17.2
NS5 Strict 7.52E-04 5.60E-04 9.47E-04 114 6.9 16.34
Relaxed 19.8 7.88E-04 5.75E-04 1.00E-03 13.0 8.1 183

the degree of posterior support for the MCC tree inferred for each
gene, we calculated the sum and the product of the posterior support
for all internal nodes of the MCC tree. Each dataset comprised the
same number of taxa (n = 76), and each tree is a bifurcating rooted
tree, so the number of internal nodes (including the root) is the same
in each case (n—1). NS5 had the highest sum and product of
posterior clade probabilities, while E had the lowest (Table 3). This
suggests that the support for the topology based on the NS5 is the
highest.

In order to compare particular aspects of the topologies of each
genealogy, clades with relatively high posterior support (>0.80)
were assigned based on the NS5 tree, A-G (Fig. 2). “A” contains
the sequences from the main 2002 “replacement” clade, while

non-A sequences were sampled from the northeastern US (NY,
MD, CT) from 1999 to 2001). “A” is comprised of bifurcating lin-
eages “B” (including six sequences from NY, FL, LA, OH and MX)
and “C” (including sequences sampled from 2002 to 2004 from
NY, TX, CO, CA, MX, IN, GA, FL, ND, IL, WI, AZ, and NM). A sequence
from NY sampled in 2000 is basal to “B” and “C”. Within “C” are
two well-supported clades “D” and “E”. “D” contains sequences
from the western US and Mexico (TX, CO, CA and MX). “E” is com-
prised of two clades “F” (all MX sequences sampled in 2003) and
“G” (western US: AZ, CA, NM, and CO). Because the same strains
were used in all analyses, the presence or absence of these clades
could be evaluated on the NS3 and E trees. Clades A, B, C, D, and
F were found with high posterior values on the NS3 tree
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Fig. 2. Bayesian maximum clade credibility phylogenetic trees based on NS5 (left), NS3 (middle) and E (right) genes for the North American clade. The relaxed clock and
constant population size model were assumed. Branch lengths are scaled in years. Branches with posterior support >0.80 are starred. Well-supported clades were assigned
based on the NS5 tree and labeled A-G. Sequences within each clade are colored consistently across genes. Clades that are present in the E and NS3 trees are labeled
consistently with the NS5 tree. Sequences are labeled with the accession number followed by a one-letter symbol indicating the host from which it was sampled (B, bird; H,
human; [, insect), a two-letter symbol indicating the country (US or MX, Mexico), the standard two-letter code for the US state from which it was sampled, and the year. (For
interpretation of color mentioned in this figure the reader is referred to the web version of the article.)

Table 3

Sum and product of the posterior probabilities for all internal nodes for major clades in the env, NS3, and NS5 Bayesian phylogenies of the North American datasets.
GENE Sum of posterior probabilities Product of posterior probabilities A? B C D E E G
Env 20.52 4.85 x 107112 na® na na na na 1.0 na
NS3 25.91 121 x 10778 0.93 0.98 0.91 0.81 na 1.0 na
NS5 29.14 7.05 x 1077° 0.81 1.0 0.99 0.94 1.0 0.99 0.98

2 Clades A-G were assigned based on the NS5 tree and colored in Fig. 2.
" na, clade not present.

(Table 3). The exception was a 2004 sequence from TX, which was
placed outside of the “A” clade in the NS3 tree. For the E tree, only
clade “F” was present. The sequences in the other clades were
either scattered throughout the tree (clades “B”, “C”, and “D”) or
contained additional sequences not present in the NS5 tree (clades
“E”, and “A”). Furthermore, the posterior support in general for the
tree was very low, with most values for internal branches <0.1.

4. Discussion

Although many phylogenetic studies have been performed on
WNV datasets, a comprehensive analysis has not been performed
to determine which genes are the most appropriate for such stud-
ies. We evaluated all eleven genes separately for each of four data-
sets that included (1) the full dataset of all available complete
genomes (worldwide); (2) only sequences in Lineage 1; (3) only
Lineage 2; and (4) only North American sequences. We determined
that in three of four datasets (worldwide, Lineage 1 and North
America), the phylogenetic signal was >80% in the NS3 and NS5
genes. The diversity of the sequences in Lineage 2 provided suffi-
cient signal for all genes. The rate matrix, proportion of invariable
sites, and the alpha value for the gamma-distribution of rates was
similar among genes for all datasets, in particular for E, NS3 and
NS5, suggesting that differential evolutionary patterns among the
genes was not responsible for the varying phylogenetic signal;
rather the longer length of the NS3 and NS5 most likely contributes
to the increased signal. However, length did not completely predict

the phylogenetic signal, as two concatenated datasets contained
>30% noise for the North American dataset despite the comparable
length to NS5.

The lack of phylogenetic signal in E could potentially affect the
estimation of the evolutionary rate and the topology of the geneal-
ogies. We found a slightly faster evolutionary rate in E as compared
to NS3 and NS5 for both the worldwide and North American data-
sets, although the 95% HPDs overlapped. The estimate of the
TMRCA for the North American clade was similar among all analy-
ses, though slightly younger for E, and consistent with previously
reported rates (Snapinn et al., 2007). We therefore conclude that
the temporal signal in E is strong enough to infer the evolutionary
rate with similar accuracy as the NS3 and NS5 genes. Interesting,
analyses in which NS3 and NS5 were concatenated failed to con-
verge even after 300,000,000 generations, highlighting the need
to carefully select phylogenetically informative regions to repre-
sent the full genome.

To investigate how this difference affected the topology and the
statistical support for the phylogeny, we compared the E, NS3, and
NS5 MCC trees obtained using only the North American dataset.
Similar clades with high posterior support were found for the
NS3 and NS5 trees, indicating a consistent phylogenetic history
and strong signal. However, the E tree was very poorly supported,
and the clades present in the NS3 and NS5 trees were absent from
the E tree. Furthermore, the clades present in the NS3 and NS5, but
not E, trees contained sequences from specific geographic regions
(i.e. west, southwest, and east), which corresponded to well-sup-
ported clades in a previous study that used full genome sequences
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(Herring et al., 2007). Therefore, it is likely that the reports of no
geographic structure in North America (Bertolotti et al., 2007,
2008; Tang et al., 2008) suffered from a lack of resolution in the
dataset (which were based on E and prM).

Since 1999, WNV has spread from the initial point of entry in
the northeastern United States to the rest of the US, Mexico, Can-
ada and the Caribbean (Davis et al., 2005; Estrada-Franco et al.,
2003; Komar et al., 2003; Lanciotti et al., 1999b). Phylogeographic
inference of the routes and rates of the dissemination are impor-
tant to understand in order to plan effective intervention, particu-
larly for new and potentially much more deadly infectious
diseases. Until now, only a few studies that used full genome se-
quences were able to define meaningful geographic structure in
North America (Davis et al., 2005; Grinev et al., 2008; Herring
et al., 2007). However, because of the lack of full genome se-
quences available, and the enormous computational time required
for long sequences, comprehensive phylodynamic analyses have
been unfeasible. The present study demonstrates that spatial infor-
mation can be recovered from only the NS3 or NS5 genomic re-
gions, which are shorter in length and more numerous in the
database. This finding now allows the possibility for landscape
phylodynamic analysis, which incorporates phylogenetics and geo-
graphic information system (GIS) frameworks (Gray et al., 2009), to
provide a holistic interpretation of the causes and consequences of
epidemics.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.ympev.2010.01.019.
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6. DISCUSSAO

A utilizacdo das ferramentas de bioinformatica tem crescido a cada dia, e com ela, o
surgimento de novos e mais eficientes métodos e programas para responder diversas perguntas
biologicas. Neste trabalho foi demonstrando o uso de algumas destas ferramentas para a melhor
caracterizacdo da diversidade, epidemiologia molecular, dindmica populacional e determinagao
das relagdes temporal e geografica dos virus.

Antes de iniciar as andlises filogenéticas ¢ muito importante a escolha da regido genomica
que sera utilizada. Esta regido tem que fornecer informacgdo suficiente para a que arvore
filogenética seja o mais proximo possivel da relacdo real das sequéncias. Para isto, dois fatores
podem influenciar na escolha desta regido: o tamanho da sequéncia e a sua diversidade genética.
Uma sequéncia muito pequena ird fornecer pouca informacao porém, o uso de sequéncias muito
grandes pode aumentar muito o tempo da analise. Além disto, sequéncias muito conservadas
também ndo fornecem informacdes suficientes, enquanto uma alta diversidade pode levar um
chamado ruido filogenético muito alto, ndo sendo possivel relacionar a histéria evolutiva dessas
sequéncias.

Neste trabalho, o genoma completo do WNYV foi utilizado para identificar a melhor regiao
para ser utilizada, a que apresenta um melhor sinal filogenético. Foi encontrado que as regides
NS3 (1857nt) e NS5 (2715nt) apresentaram sinal filogenético superior a 70% em todos os grupos
de sequéncias estudados (linhage 1, linhage 2, America do Norte e mundo). Estas regides
referem-se aos dois maiores genes virais sendo este um dos fatores que explicam este bom sinal.
A regido E (envelope) (1503nt) que € a regido mais usada em diversos estudos (ANDERSON et
al., 2001; BLITVICH et al, 2004; DAVIS et al., 2003, 2007; LANCIOTTI et al., 1999;
BERTOLOTTI et al., 2007, 2008; TANG et al., 2008), € o terceiro maior gene, porém nao foi
considerada uma regido adequada para ser usada apresentando um sinal filogenético inferior a
70%. Além disto, analises com genes concatenados demonstraram que nao ¢ apenas o tamanho
da sequéncia que ¢ importante, mas também a sua diversidade. Dos diversos grupos de
sequéncias estudadas, as pertencentes a linhagem 2 do WNV apresentaram bom sinal filogenético
para todas as regides mostrando que a diversidade desta linhagem foi suficiente para obter o

sinal.
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Para determinar a qualidade das andlises ndo ¢ apenas a escolha da melhor regido
genOmica, mas também o uso de ferramentas, métodos e modelos mais adequados para o
conjunto de dados, que irdo garantir a veracidade dos resultados encontrados. Neste trabalho, a
hipdtese do relogio molecular foi testada para identificar qual o modelo mais adequado, estrito ou
relaxado, para cada conjunto de dados nas analises do WNV e da filodinamica do HIV-1. A
selecdo do melhor modelo possibilita a inferéncia de como a historia evolutiva de cada virus
ocorre ao longo do tempo. A hipotese do relogio molecular relaxado foi selecionado para todos
os conjuntos de dados sugerindo uma heterogeneidade da taxa evolutiva no gene estudado ao
longo dos ramos da arvore.

Arvores foram construidas utilizando as regides do genoma do WNV com melhor sinal
filogenético, NS3 e NS5, e com a regido mais utilizada, E (envelope), utilizando o modelo do
relogio molecular relaxado. A topologia dessas arvores mostrou que os clados similares, com um
alto suporte da probabilidade posterior, foi encontrado nas arvores NS3 e NS5 demonstrando uma
historia filogenética consistente. J4 a arvore construida com a regido E apresentou um baixo
suporte dos clados e nao foi possivel encontrar os clados encontrados nas arvores NS3 e NSS5.
Além disto, estes clados encontrados em NS3 e NS5 contém sequéncias de regides geograficas
especificas que corresponde a clados encontrados em um estudo anterior usando sequéncias do
genoma completo (HERRING et al., 2007). Estes resultados mostram que provavelmente, a nao
estrutura geografica nas sequéncias da América do Norte encontrada em outros estudos
(BERTOLOTTI et al., 2007, 2008; TANG et al., 2008) se deve a escolha da regido gendmica
inadequada (baseados nas regides E e prM).

Em analises com sequéncias de pares de mae e filho infectados pelo HIV-1, nas fases
aguda e cronica, de amostras de tempos diferentes foi possivel observar a dindmica da populagao
viral intra-paciente. Na topologia das arvores Bayesianas, construidas utilizando o modelo do
relogio molecular relaxado, ndo foi possivel observar uma diferenca entre a estrutura da mae e a
encontrada no filho. Porém, quando observamos o crescimento populacional e o padrdo do
tamanho da populacdo efetiva, ao longo do tempo, foi possivel concluir que as sequéncias
provenientes de pares em fase cronica da infeccdo tem um crescimento mais constante. Em
contrapartida, nas sequéncias dos pares na fase aguda da infeccdo se observa uma dinamica das
populagdes virais, com eventos de ‘“gargalo de garrafa” (bottleneck), provavelmente devido a

pressao do sistema imune e a ndo adaptacao destes virus.
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Ferramentas de bioinformatica também sao de grande utilidade na detec¢dao de sequéncias
recombinantes, principalmente em retrovirus. O HIV-1 tem uma frequéncia de recombinac¢ao de
2,4x10™ por nucleotideo, por ciclo de replicagio. Isto equivale a cerca de 2-3 eventos de
recombinagdo, por ciclo de replicacao, e pode ocorrer por todo o genoma (JETZ et al., 2000).
Esta recombinagdo pode ocorrer entre diferentes genomas do mesmo subtipo ou de subtipos
diferentes, recombinantes inter-subtipos, que infectam uma mesma célula, simultaneamente, ou
até mesmo entre cepas diferentes do mesmo individuo gerando recombinantes intra-paciente
(SUBBARAO; SCHOCHETMAN, 1996). A presenca do genoma mosaico de recombinantes
pode perturbar a constru¢cdo da arvore filogenética por apresentar regides com histéria evolutiva
diferente (SCHIERUP & HEIN, 2000). Diante do exposto, ¢ importante a detec¢do destes
recombinantes antes de iniciar as analises. Nas analises, realizadas neste trabalho, avaliando a
dindmica do HIV-1, intra-paciente, com amostras de diferentes tempos foi utilizado o teste
estatistico de PHI, que detecta recombinantes de sequéncias de relacdo préxima (SALEMI,
2008). Foi encontrada sequéncias recombinantes variando de 0% a 57,9% em cada tempo. A
deteccao e exclusdo dessas sequéncias permitiram a melhor representacao filogenética.

A identificacdo de recombinantes inter-subtipos € importante para tragcar o perfil
epidemiologico das cepas circulantes no mundo, além de fornecer informagdo quanto a
diversidade viral por ser um evento responsavel pelo aumento desta diversidade. Para identificar
esses recombinantes sdo utilizados métodos de comparacdo com sequéncias referéncias dos
diversos subtipos ou por inferéncia filogenética. Neste trabalho, foi realizada a caracterizacao
molecular do gene pol do HIV na cidade de Salvador. Das 57 sequéncias estudadas, nove
(15,8%) delas apresentaram recombinag¢do dentro do gene pol e trés (5,3%) apresentaram
recombinac¢do intergénica, com a subtipagem dos genes gag e env realizado em outro estudo
(ARAUIJO, 2010). Das trés recombinantes intergénicas, uma foi caracterizada com subtipo B em
pol e F1 em env (Bpo/Fleny) € 0s outros dois foram BF em gag, F1 em pol e B em env
(BFgag/F1p01/Beny,). As trés sequéncias foram caracterizadas com subtipo puro em pol, porém
eram recombinantes, mostrando a importancia da utilizagdo de multiplos genes na subtipagem de
uma amostra € que o nimero de recombinantes circulantes pode estd subestimado devido a maior
parte dos estudos utilizarem apenas uma regido gendmica. Analisando o perfil dos recombinantes
intragénicos encontramos seis (10,5%) sequéncias relacionadas com o CRF28/CRF29, duas

(3,5%) com o CRF12 e uma (1,8%) com CRF39. O mosaico da regido pol apresentou pontos de
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recombinacdo semelhantes aos CRFs, porém quando observado subtipo da regido gag e/ou env, o
subtipo encontrado nao era o0 mesmo da CRF com exce¢do da sequéncia BR42BA que apresentou
o mesmo perfil de recombinagdo em pol e o mesmo subtipo de gag (F1), quando comparados a
CRF39. Isto mostra que diferentes recombinantes BF estdo co-circulando na cidade de Salvador,
sob diferentes eventos de recombinagao, aumentando a diversidade do HIV-1 na regido.

A filogenia ¢ importante também para deteccao dos subtipos circulantes em uma regiao,
além da identificacdo de recombinantes, tracando o perfil molecular do virus em uma
determinada regido. Foi identificado que entre as 57 sequéncias analisadas neste estudo 44
(77,2%) pertencem ao subtipo B, 12 (21,0%) recombinantes BF e uma (1,8%) do subtipo F1
concordando com a epidemiologia da regido nordeste. Conhecer o perfil molecular das
sequéncias que circulam em cada regido geografica ¢ importante para conhecer as caracteristicas
da epidemia e identificar a migracdo de diferente genotipos para outras regides. Além disto,
também ¢ importante tracar as mutagdes que levam a resisténcia aos ARVs circulantes na regiao
e se estas mutacdes estdo sendo transmitidas, auxiliando estratégias de terapia e de saude publica.

Neste trabalho, ao utilizarmos diversas ferramentas de bioinformatica, em diferentes areas
de atuagdo, como o uso de ferramentas na construgao filogenética e outras diferentes aplicagdes,
foi possivel construir um amplo espectro de alcance dessa ciéncia na obtencao de respostas para

diversas perguntas biologicas.
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7. CONCLUSAO

As ferramentas de bioinformatica sdo de grande utilidade para analises de sequéncias
virais em estudos de epidemiologia molecular do HIV-1, filodindmica das populacdes virais e das

suas relagdes temporais e geograficas.

7.1 Caracteriza¢ao Molecular do Gene pol do HIV-1 de Individuos Infectados de Salvador,

Bahia, Brasil.

A epidemia do HIV-1 em Salvador apresenta uma alta diversidade genética apesar de ser sido
encontrada predominancia do subtipo B, seguidos de diferentes formas recombinantes BF,

CRF 39 e subtipo F1.
Alta freqiiéncia de eventos de recombinacdo entre os subtipos B e F, circulantes em cidade de
Salvador, onde 5 padrdes de recombinagdo, 2 intergénica e 3 intragénica, foram observados,
mostrando uma alta variabilidade.
As sequéncias estudadas apresentaram uma alto nimero de mutacgdes associadas a resisténcia
aos antiretrovirais, mostrando a importancia do monitoramento.

7.2 Avaliacao filodinAmica de isolados do HIV-1 na transmissao materno-fetal.
O perfil da dindmica do HIV-1 nos pares mae-filho foi bem semelhante, ndo tendo sido

encontradas diferencas na dinamica evolutiva.

O par cronicamente infectado apresentou um perfil mais constante de crescimento
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populacional, enquanto que os pares na fase aguda da infeccao apresentam eventos de gargalo
de garrafa, visualizados nas arvores e BSP, sugerindo uma dindmica maior devido a

processos de selecao.

7.3 Caracterizacgao evolutiva do genoma total do Virus do Oeste do Nilo.

As regioes NS3 e NS5 do genoma do WNV apresentaram melhor sinal filogenético sendo as
regides que podem fornecer mais informagdo para inferir relagdes geograficas e temporais

entre as diferentes cepas que circulam no mundo.
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Arvore NJ com base no fragmento 2319-2572 dentro do gene pol do HIV-1. Seis amostras da
Bahia agruparam dentro do grupo F, juntamente com seqiiéncias das CRF28 e 29.
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Amostras que apresentaram padrao CRF12
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F15703
K9235
K9239
D3454
‘D1157

I: D8824
D3311

— B3951%- N
L.B3387
{IQBF AF34

'_|_|

T

E

|- BR81BAc
~—— B1295
- 12BF AF35
- BR75BAc J

_|:'A26237
2 -A26238

42394
8_E2395

1
— 6016

C7155 -

OMVP5180

-‘B3455 >
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Arvore NJ com base no fragmento 2473-2640 dentro do gene pol. As amostras BR75 ¢ BR81

agruparam com o grupo do subtipo B, no qual as seqiiéncias da CRF12 estdo incluidas.



2641-3025

F17336
— F15703
F15494
12BF AF34
12BF AF35
; ‘BR75BAc
9 g BR81BAc
———— F19238
‘D1157
——— D3341
D3454
D8824
B3455 -

B1295
—— B3951 -
—B3387

G1641

- G1642-
5 ‘{ G8826

G4936

7 [T——————-H0127
o9 L Ho128 -

H5496
K9235
— K9239
J2394
-J2395
— A26237

9

A26238
A14885

A19670

———— 66016

— C7165

C2699

OMVP5180

~—
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Arvore NJ com base no fragmento 2641-3025 dentro do gene pol. As amostras BR75 ¢ BR81

agruparam com o grupo do subtipo F, no qual as seqiiéncias da CRF12 estao incluidas.



3026-3202

—— A14885
— A19670

— H5496

5 F HO127
4 HO128

G4936
———[::;G1641

] — 8826

L 'G1642

— C2699
—— C7155

\IOO|

K9235
2 K9239
— F17336

|- F15703
2 {— F15494

————— F19238

—— D3454
D1157

B3387

B1295

BR75BAc
BR81BAc
12BF'AF35
B3951

12BF AF34
B3455

D8824

—— D33171

J2394
8 [—J2395

A26237

A26238

C6016

OMVP5180
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Arvore NJ com base no fragmento 3026-3202 dentro do gene pol. As amostras BR75 ¢ BR81

agruparam com o grupo do subtipo B, no qual as seqiiéncias da CRF12 estdo incluidas.



2665-2814

F15703
E'F19238
—— 12BF AF35
BR8TBACc

‘BR75BAc
—— F17336

{ 12BF AF34
F15494

B3951

| g |A26237
3 \— A26238

B1295

D8824
D1157

— D3454
D3311

lf K9235

K9239 ™
12394

—l— J2395

8
7
G

1641

T A14885
A19670

— G8826

—L— G4936
G1642

————— H5496

— C6016

Arvore NJ com base no fragmento 2665-2814 dentro do gene pol. As amostras BR75 ¢ BR81
agruparam com o grupo do subtipo F, no qual as sequéncias da CRF12 estdo incluidas.

OMVP5180
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Comparacdo do perfil de recombinagdo entre amostra BR42BA e duas sequéncias da CRF39

BR42 e

sy YV RNBBANERBAIANRRTE

Wi S By, S 8 g, e e, g 4, s i), T L8, B iubely

CRF39 EU34 . s,

(R LA RN AN AR AN

Wi S By, S 8 g, e e, g 4, s i), T L8, B iubely

(RALE LA RN AN AR AN

CRF39 FU35  memdSotmre..

.,l

Wi S By, S 8 g, e e, g 4, s i), T L8, B iubely

BR42 x CRF39 . szt o

20 40 60 B0 100 120 140 160 150 200 220 240 260 260 300 320 340 360 380 400 420 440 460 430 500 520 540 56D 580 60D 620 64D 650 680 700 720 740 760 760 600 520 64D 660 550
Positon

Window: 200 b, Step: 20 bo, GapSir: On, Reps: 100, Kimura (2-parameter), T 2,0, Neighbor-Joiing
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2319-2836

93

71
79

B3455

B1295
B3951

— B3387
BR42BA
39BF EU34
96 39BF EU35

D1157

D8824

D3454

D3311

F27956
F19238
85
— F15703
89 F15494
80 F17336

T'K9235
K9239°

| —QOE A14885 ..
A19670

— A26237
99 = A26238
G1641
— G1642
- (58826
G4936

E J2394
99 J2395

HO0128
H5496
HO0127

C6016
-C7155
-'C2699

OMVP5180

>B
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Arvore NJ com base no fragmento 2319-2836 dentro de pol. CRF39 ¢ classificada como subtipo

B ao longo de toda a extensdo deste fragmento. BR42BA agrupou junto com CRF39 (Bootstrap
= 95) dentro do cluster do subtipo B.
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5 39BF EU35

—— BR42BA

F15703

—F15494 > F

F17336

— F19238

| ———— F27956 )
— D1157~

D3454

-D8824

‘D3311

-B1295

~'B3951

B3455

— B3387

—L_ K9235
9 K9239

—'A14885
“A19670
—'A26237
A26238
C2699

— C6016
C7155
G1641
‘G4936
~'G8826

— (1642

2319-2520

HO0128
— H5496
HO0127

— J2395
J2394

OMVP5180

Arvore NJ com base no fragmento 2319-2520, dentro de pol. Nesta analise, tanto a amostra
BR42BA como as sequéncias CRF29 agruparam junto com o subtipo F, confirmando o perfil
encontrado no SIMPLOT. Entretanto, a CRF29 neste fragmento, esta classificada como B
segundo a publicagdo original. Porem, o SIMPLOT desta amostra confirma que ha

recombinacdo neste ponto.
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39BFEU34 )
39BF EU35

F17336

F15703 > F
F19238
5 F15494
L BR42BA J
—— D8g24

2837-3020

A14885

A19670

— A26237

i A26238
7 C2699

7 g_[:-'Ceme

L C7155

“H0127

H0128"

~ H5496

K9235

K9239

= J2394

9 142395
D1157

I: B3455
= B1295

G8826

— G1642

G1641

— G4936

OMVP5180

Arvore NJ com base no fragmento 2837-3020, dentro de pol. Nesta analise a amostra BR42BA
agrupou com o subtipo F, mas ndo no mesmo subgrupo da CRF39.



68

A14885
A19670

A26237
A26238

89 = C6016
G8826

G1642

‘G1641

G4936

K9235
K9239
F17336
———— F19238

l__ F15494
F15703

D3454

D1157

B3387

B3455
B1295
-B3951

BR42BA

65 _|: 39BF EU34
91 39BF EU35

—I: D8824 ..
D3311

>B

OMVP5180
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Arvore NJ com base no fragmento 3020-3202 dentro do gene pol. Neste fragmento, a amostra

BR42BA agrupou dentro do grupo B, assim como a CRF39.
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Anexo A

Parecer do comiter de ética:

“Caracterizagdo €tnica/geografica da populacio de Salvador e de portadores
do HIV-1 ¢ a correlacao entre o indice de ancestralidade africana e

vulnerabilidade a HIV/AIDS”



Ministério da Satde

FIOCRUZ
Fundacao Oswaldo Cruz

Centro de Pesquisas Gongalo Moniz

PARECER N° 84/2006

Protocolo: 180

Projeto de Pesquisa: Caracterizagdo étnica/geografica da populacdao de
Salvador e de portadores do HIV-1 e a correlagdo entre o indice de
_ ancestralidade africana e vulnerabilidade a HIV/AIDS

Pesquisador Responsavel: Dr. Bernardo Galvao Castro Filho
Instituicdo ou Departamento: LASP/FIOCRUZ

Consideracoes:

Apoés analise ética do projeto e realizacao dos esclarecimentos solicitados pelo
responsavel, o CEP considera que o projeto atende acs principios éticos de
autonomia, beneficiéncia, ndo maleficiéncia, equidade e justica. -

Diante do exposto, o Comité de Etica em Pesquisas do Centro de Pesquisas
Gongalo Moniz da Fundagéo Oswaldo Cruz (CEP-CPqGM/FIOCRUZ), conforme
atribuigées conferidas pela CONEP/CNS/MS (Carta Doc.32/04/97), com base na
Resolugéo 196/96, julga aprovado o projeto supracitado.

Salvl_a or, 20 de marco de 2006

Dra. arild lGongalves

oetdenadora
CEP — CPqGM/FIOCRUZ

Comité de Etica em Pesquisa - Rua Waldemar Falcao, n® 121, Candeal, Salvador, Bahia
CEP 40296-710, Brasil
Tel: (71) 3176-2239 Fax: (71) 31 76-2326
e-mail: cep@cpagm.fiocruz.br
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Anexo B

Parecer do comiter de ética:

“Variabilidade genética dos isolados do HIV-1 em mulheres e criancas

infectadas de Feira de Santana”



S BAHIANA

ESCOLA BAHIANA DE MEDICINA E SAUDE PUBLICA

COMITE DE ETICA EM PESQUISA

OF{CIO N° 139/2008

Salvador, 20 de agosto de 2008.

Senhor Orientador,

Com referéncia ao seu prezado oficio, datado de 19 de agosto corrente, no qual solicita
a este CEP a inclusdo dos nomes das estudantes Luciana Amorim Santos e Giselle de
Souza Costa no Protocolo de Pesquisa n° 86/2007 e, também, acrescentar ao citado
protocolo de pesquisa os seguintes objetivos especificos:™ estudar a dindmica evolutiva
do gene env do HIV de mdes e filhos infectados através da utilizacdo de amostras de
sangue destes individuos e analisar mutagdes no gene da glicoproteina Langerina e
das regides N-terminal, C-Terminal e no segundo loop extracelular (ECL2) do gene da
proteina CCR5 nos pares de mdes e filhos infectados pelo HIV,” vimos informar que
esta Coordenadora, depois de revisar o Parecer dado no citado protocolo, concluiu que o

mesmo ¢ um Protocolo de Pesquisa Viral, podendo ser ACEITAS as modificagdes

solicitadas.

Cordialmente,

Profa. Dra. Luciola
/

Coordenadora do CEPABDC.

Ilmo. Sr.

PROF. DR. LUIZ CARLOS JUNIOR ALCANTARA
Rua Cicero Simdes, 225 — Apart. 301 — Pituba
CEP.41.830-475 — Salvador-Bahia.

Av. D. Jodo VI, 274 — Brotas / CEP 40285-001 — Salvador-BA
Fones: (071) 2101-1900 — Email: bahiana@bahiana.edu.br - www.bahiana.edu.br
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