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RESUMO

As mutacdes de resisténcia aos anti-retrovirais e a diversidade genética do
HIV-1 s&o os principais obstaculos na luta contra a AIDS. O objetivo deste estudo
foi descrever a diversidade genética do gene pol do HIV-1 bem como determinar o
perfil de mutagdo de resisténcia as drogas em individuos infectados e sob falha
terapéutica no estado do Rio Grande do Sul. Foram colhidas 183 amostras de
plasma de pacientes infectados com HIV-1 durante o periodo de outubro de 2004
a setembro de 2005 para a realizagcdo do teste de resisténcia genotipica no
Laboratério da Rede Nacional de Genotipagem do Rio Grande do Sul (Fundagao
Estadual de Producdo e Pesquisa em Saude). Para a genotipagem foi utilizado o
sistema Viroseq™ (Celera Diagnostic-Abbott, EUA). A subtipagem e a avaliagdo
das mutagdes de resisténcia para o HIV-1 foram baseadas no gene pol (regiao da
protease e da transcriptase reversa). O subtipo B (53,2%) foi o mais prevalente
nos pacientes HIV-1 acompanhados para avaliacdo de falha terapéutica no Rio
Grande do Sul, seguido pelo subtipo C (31.6%) e subtipo F (6.5%). Dos genomas
que formaram um grupo monofilético com o subtipo C, 32% tiveram um segmento
curto do subtipo B na regido da transcriptase reversa, formando um subgrupo com
um padrao similar de recombinacdo e carreando uma nova assinatura de
aminoacidos para a regido da transcriptase reversa. Outros padrdes de
recombinagao também foram observados (8.2%). Nenhum parametro laboratorial
ou caracteristicas sécio-demograficas foi associado a qualquer subtipo especifico.
Todos os pacientes infectados com virus recombinantes foram provenientes da
regiao metropolitana. O perfil genotipico das mutagdes de resisténcia associadas
aos inibidores da transcriptase reversa mostrou uma alta frequéncia da mutacao
M184V seguida das mutag¢des associadas a timidina. A mutagdo K103N foi a mais
prevalente para os inibidores da transcriptase reversa ndo nucleosidicos e o perfil
de mutagdes associado aos inibidores da protease, mostrou as mutacées L63P,
M361/V, e L10V/I como as mais prevalentes. Uma clara associagao entre os
subtipos e mutacdes de resisténcia e polimorfismos associados aos inibidores da
protease e da transcriptase reversa foi observada. A manutengao do programa de
genotipagem para pacientes infectados pelo HIV-1 é importante para o manejo da
terapia anti-retroviral e para o monitoramento da peculiar epidemia molecular do
HIV-1 nesta regido do Brasil.



ABSTRACT

The anti-retroviral resistance mutations and viral genetic diversity are the
main obstacles in the fight against AIDS. The objectives of the present study are to
describe the genetic diversity of HIV-1 pol gene and to determine the drug
resistance profile among infected individuals failing highly active antiretoviral
therapy in the state of Rio Grande do Sul, Brasil. Plasma samples from 183
patients were collected during the years 2004 and 2005 to perform the viral
resistance genotyping at RENAGENO Laboratory from Rio Grande do Sul
(Fundagao de Produgéo e Pesquisa em Saude). Viral resistance genotyping was
performed using Viroseq™ Genotyping System (Celera Diagnostic-Abbott, US).
The subtyping and evaluation of the anti-retroviral resistance mutations were
based on polymerase gene (pol) sequences (protease and reverse transcriptase-
RT regions). The subtype B was the most prevalente (53.2%) in HIV-1 patients
from Rio Grande do Sul failing HAART, followed by subtype C (31.6%) and
subtype F (6.5%). Thirty-two percent of the genomes clustering in clade C have a
small clade B segment at the reverse transcriptase, forming a sub-cluster within
clade C with a similar CB recombinant structure and carrying new amino acid
signatures. Other mosaic genomes were also observed (8,2%). No laboratory
parameter or social-demographic issues was associated with any specific subtype.
However the infected individuals whit pol recombinants viruses were founded only
in metropolitan region. The genotyping profile associated to the reverse
transcriptase inhibitors showed a high frequency of the M184V mutation followed
by the timidine-associated mutations. The K103N mutation was the most prevalent
for the non-nucleoside RT inhibitor and the resistance associated to protease
inhibitor showed the minor L63P, M361/V and L10V/I mutations as the most
prevalent. A clear association between subtype and drug resistance mutations or
molecular polymorphisms was observed in this study at protease and transcriptase
genes. The maintenance of resistance genotyping programs for HIV-1 patients
failing HAART is of great importance for the management of ARV therapies and to
monitor the peculiar HIV-1 molecular epidemy in this region of Brazil.
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INTRODUGAO

1. Historico

Durante toda a histéria da humanidade, os microorganismos tém suscitado
um constante desafio a sobrevivéncia das espécies. Todavia, ocasionalmente, a
emergéncia ou re-emergéncia de um microorganismo resulta em catastroficas
pandemias com consequéncias sérias para a saude publica mundial. No século
XX, a pandemia causada pelo influenza A (1918) foi devido a um ja conhecido,
mas re-emergente, microbio o qual causou a morte de aproximadamente 25
milhdes de pessoas em todo o mundo (Fauci, 1999). A outra pandemia, a
sindrome da imunodeficiéncia adquirida (AIDS), foi primeiramente descrita em
1981 em homens homossexuais jovens que apresentavam uma redugao
dramatica dos linfécitos T e diminuicdo da relagao linfécitos T auxiliares e
linfécitos T supressores (Prusiner, 2002). A divulgagao desta imunodeficiéncia
concomitantemente a explosdo de novos casos em diferentes grupos de pessoas,
deu inicio a busca incessante pela descoberta da sua causa. Em 1983, Barré-
Sinoussi e colegas do Instituto Pasteur em Paris, foram os primeiros a publicar a
etiologia viral da AIDS e, apds receber uma série de denominagdes diferentes,
hoje o virus & conhecido como Virus da Imunodeficiéncia Humana (HIV). Robert
Gallo e seus colegas do Instituto Nacional de Saude dos Estados Unidos foram
igualmente importantes por mostrar que o virus encontrado pelos pesquisadores

franceses era a causa da AIDS (Gallo et al., 1984; Schupbach, 2003).



2. Epidemologia

Passados mais de vinte anos desde a identificacdo da etiologia viral da
AIDS, ocorreram aproximadamente 25 milhdes de mortes devido a esta sindrome
(UNAIDS 2005). Estima-se que mais de 50 milhdes de individuos estejam hoje
infectados pelo HIV em todo o mundo. Cerca de 12000 novas infeccdes
ocorreram diariamente no ano de 2006 e 95% destes novos casos estdo
localizados nos paises em desenvolvimento. Destes novos casos, 86%
abrangeram pessoas com idade entre 15 e 49 anos, dos quais quase 50% sé&o
mulheres e cerca de 50% tém idade entre 15 e 24 anos (UNAIDS, 2006).
Portanto, o impacto negativo desta pandemia no desenvolvimento econémico e
social, especialmente nestes paises, atinge hoje propor¢cdes sem precedentes.

No Brasil, segundo os registros do Ministério da Saude, foram notificados
entre janeiro de 1980 e junho de 2006, 433.067 casos de infeccdo pelo HIV
(Ministério da Saude, 2007). A evolugado da epidemia da AIDS no Brasil entre a
ultima década do século XX e os primeiros anos do século XXI, caracteriza-se por
variagcbes nas taxas de transmissdo em relagdo aos modos de transmisséo
corrente. Durante a primeira fase da epidemia, a transmissdo do HIV-1 ocorreu
principalmente entre homossexuais masculinos. Na segunda fase, uma via de
transmissao adicional, a do uso endovenoso de drogas, assumiu uma posi¢ao de
destaque no processo de disseminacgao da infeccdo. A compilacdo das tendéncias
sécio-demograficas da epidemia de AIDS no Brasil aponta como principais
eventos o aumento da incidéncia da infeccdo em jovens, mulheres,
heterossexuais, individuos de menor poder aquisitivo, bem como a interiorizagcao
da doenga no Pais (Ministério da Saude, 2007). O desenvolvimento da

multiterapia anti-HIV altamente ativa (Highly Active Anti-retroviral Therapy -



HAART) baseada na administragdo concomitante de drogas pertencentes a
classe dos inibidores de protease e da RT, teve um grande avango para a
melhoria da qualidade de vida dos pacientes infectados. No Brasil, a distribuicdo
gratuita de drogas anti-retrovirais como a zidovudina, tem sido feita desde 1987, e
os inibidores da protease desde 1996, sendo o Brasil um dos raros paises que
adotaram este tipo de programa de distribuicdo gratuita. Porém, os frequentes
casos de intolerancia e a emergéncia de mutacdes de resisténcia aos anti-
retrovirais, somando-se ao alto custo do tratamento, constituem fatores limitantes
para a contencao da evolugao da epidemia. A supressao incompleta da replicacao
viral e a natureza nao corretiva da enzima viral transcriptase reversa sdo os
principais motivos para o aparecimento destas cepas resistentes (Coffin, 1992; Ho

et al.,1995; Schacker et al. 1998).

3. Histéria Natural da Infec¢ao pelo HIV-1

O HIV-1 infecta preferencialmente os linfécitos T CD4 e as demais células
que apresentam esta molécula de membrana, como mondcitos/macréfagos,
células dendriticas, entre outras (Dalgleish et al., 1984).

A progressao da infecgdo pelo HIV-1 encontra-se resumida na figura 1. As
primeiras manifestagcdes clinicas podem aparecer entre 3 e 6 semanas apoés a
infeccdo e constitui a chamada fase aguda (Schupbach, 2003; Pantaleo et
al.,1993). As manifestacgdes clinicas nesta fase s&o transientes e aparecem em 50
a 70% dos pacientes infectados, caracterizando-se por sinais clinicos de
imunoativagao e disfungéo sistémica (Schupbach, 2003). Os pacientes costumam
procurar assisténcia médica devido a aparente sintomatologia de quadro viral ou

Mononucleose Infecciosa (Schipbach, 2003). A disseminagdo hematoldgica leva



a infeccdo a todos os tecidos linféides do corpo e na auséncia de uma resposta
imune especifica, ocorre um rapido aumento na producdo e liberagcdao de
particulas virais € no numero de células infectadas para o sangue (Schipbach
2003). Laboratorialmente, a contagem de linfécitos T CD4 decai caracterizando
uma linfopenia, seguida de um aumento dos linfécitos T CD8 e um pico de
producao viral que pode variar amplamente de 10* a 10’ cépias/mL (Schiipbach,
2003; Pantaleo et al., 1993; Schacker, et al., 1998). E logo apds a fase aguda que
ocorre a soroconversao do portador, ou seja, produgao de anticorpos especificos
pelo hospedeiro, direcionados contra o envelope viral, os quais sdo detectaveis
por meio de testes imunoenzimaticos. Com o estabelecimento de uma resposta
imune ativa, ocorre uma queda significativa nos niveis de carga viral plasmatica,
aproximadamente apds o segundo més de infeccdo, mantendo-se em niveis
estaveis durante um periodo de tempo que pode variar desde alguns meses até
alguns anos. Este periodo € conhecido como assintomatico ou de laténcia clinica.
A média de tempo para a progressao a AIDS, em pacientes adultos ndo tratados,
€ de 10 a 11 anos, mas o tempo de incubacdo é consideravelmente variavel
(Schipbach, 2003; Pantaleo et al., 1993). Em 5 a 10% dos pacientes
considerados progressores rapidos, a AIDS se desenvolve entre 2 e 3 anos apos
a infeccdo. Por outro lado, 5 a 10% dos pacientes ndo progressores sao
assintomaticos apos 7 a 10 anos de infecgdo, com contagem de linfocitos T CD4
estavel embora abaixo dos niveis normais (Schupbach, 2003). Durante todo o
periodo assintomatico, ocorre uma tentativa de equilibrio dindmico entre producéao
de anticorpos e a proliferagdo do patdgeno nas células T. O deslocamento deste
equilibrio em favor do virus, por esgotamento da resposta imune ou qualquer
outro fator que propicie ao mesmo tempo sobrepujar as defesas orgéanicas, pde

fim ao periodo assintomatico havendo uma elevacéo significativa da carga viral.



Nesse momento, inicia-se o periodo sintomatico com aparecimento das infeccdes

oportunistas e tumores, caracterizando um quadro clinico de AIDS (Schupbach,

2003). Além disso, a infecgdo no sistema nervoso central pode levar a doengas

associadas ao HIV, como deméncia, mielopatia vacuolar e neuropatia sensorial

(Petito et al., 1999).
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Figura 1 Parametros virolégicos e imunolégicos na progressao
infecgao pelo HIV-1. (conforme Pantaleo et al.,1993).

4. Morfologia e Organizagao Genémica do HIV-1
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O HIV-1 é um virus do género Lentivirinae da familia Retroviridae. Este

grupo dos retrovirus esta associado as infecgbes persistentes com longos

periodos de laténcia clinica (Gelderblon et al.,1987). A principal caracteristica dos

membros desta familia é a complexidade de sua organizagao genética contida em



duas cépias idénticas de fitas simples de RNA de polaridade positiva (Schupbach,
2003). As particulas infecciosas (virions), séo esféricas, tém didmetro médio de
100 nanbémetros e sao constituidas externamente por um envoltério de natureza
lipoprotéica, associado as glicoproteinas do envelope, cujo massa molecular de
suas unidades € de 120 KDa (gp720) para a proteina externa e 41 KDa (gp417)
para a porgao transmembranar (Schipbach, 2003). Internamente, as proteinas
que integram a matriz (p77, 17 KDa) circundam o nucleocapsideo, o qual alberga
0 genoma viral, incluindo as enzimas associadas: a transcriptase reversa, a
integrase e as proteases (Schupbach, 2003).

Embora possua genes comuns a todos os retrovirus, como 0s genes
estruturais gag, pol e env, os membros desta familia apresentam diversos genes
envolvidos com o controle de sua replicagao e de suas fungdes celulares (figura
2). Estes genes, somados aos genes estruturais, formam os 9,8 Kb do genoma
HIV-1 (Schupbach, 2003). A primeira regido estrutural gag codifica para duas
poliproteinas precursoras: uma de 160 KDa e outra de 55 KDa, sintetizadas a
partir de um unico RNA mensageiro (MRNA), que nao sofre processamento de
corte e jungdo. No momento da incorporagao destas proteinas as novas particulas
infecciosas, a poliproteina p55 é clivada pela protease viral em trés subunidades
distintas que incluem a proteina de matriz (p77 MA), a maior proteina do capsideo
(p24 CA) e a proteina do nucleocapsideo (p7/9 NC). A segunda regido € a pol, a

qual codifica todas as enzimas virais necessarias para a replicagao do HIV.
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Figura 1 Estrutura gendmica do HIV-1 e localizacao dos genes em relagao a
cepa referéncia HXB2.

A protease (p77) (PR), a transcriptase reversa (p66/p51) (RT) e a integrase
(p32) sdo inicialmente sintetizadas sob a forma de um precursor Pr160KDa%9'°!
que, no momento da montagem de novos virions, sofre autocatalise da PR viral,
liberando-a do restante do precursor. A PR ira clivar todas as demais proteinas
contidas no precursor, iniciando o processo de maturagao viral. Assim como todos
0s outros retrovirus, o HIV-1 possui a enzima transcriptase reversa (RT). A fungéo
desta enzima é multipla e consiste em sintetizar uma molécula de DNA
complementar (cDNA) ao RNA viral, degradar o RNA do heteroduplex cDNA-
RNA, bem como agir na duplicacéo da fita de cDNA.

A terceira regido génica estrutural, env, codifica a por¢gdo mais externa da
particula viral, cujo precursor € uma glicoproteina de 160 KDa, o qual é clivado
para originar as glicoproteinas do envelope gp120 e gp41.

Uma sobreposi¢cao de fases abertas de leitura (ORFs) codifica para o trans-
ativador transcricional tat e para o regulador da expressao viral rev. Os genes
tidos como acessorios, vif, vpu, vpr e nef tém suas sequéncias intercaladas dentro

de outros genes do HIV-1 e sdo transcritos por meio de complexos processos de

7



corte e jungao (splicing) diferencial. Todos estes genes s&o delimitados por
regides denominadas LTR-3' e LTR-5 (Long Terminal Repeats) as quais
desempenham importante fungao de integragao entre o genoma viral e o celular,
durante o ciclo replicativo do virus. Além disso, as LTR 5’ e 3’ (U3-R-U5) contém

sequéncias promotoras e aceleradoras dos genes virais (Schipbach, 2003).

5. Ciclo de Infec¢ao e Replicagao do HIV-1

A entrada do virus na célula hospedeira inicia-se com a ligagao das
proteinas de superficie viral (gp7120 e gp41) aos co-receptores celulares de
quimiocinas (CCR5, CXCR4) e ao antigeno de diferenciagdo celular (CD4)
presentes em linfécitos T, mondcitos/macrofagos, eosindfilos, células dendriticas
e células da microglia do sistema nervoso central, entre outras (Dalgleish et al.,
1984; Deng et al., 1996). A interagdo da gp720 com CD4 induz uma mudanga
conformacional e exposi¢cao de outros sitios da gp720 para tornar possivel uma
interacao eficiente da alga V3 da gp7120 com o respectivo co-receptor (Deng et al.,
1996). A ligacdo da gp120 ao CD4 nao é apenas um passo crucial para a
adsorcdo do virus na superficie celular, mas também interfere com as vias
intracelulares de transdugéo de sinal e promove a apoptose das células T CD4".
Apés esta ligacéo, ocorre a insergdo do dominio de fusédo hidrofébico da proteina
viral transmembrana (gp47) com a membrana celular, permitindo a unido da
membrana celular e o envelope viral e a consequente internalizacdo do
nucleocapsideo contendo o genoma e as enzimas virais, no citoplasma celular
(Schipbach, 2003). Neste compartimento, a enzima transcriptase reversa
transcreve o RNA viral em uma fita negativa de cDNA, etapa crucial no ciclo de

replicacéo viral. O cDNA é transportado ao nucleo da célula para integrar-se ao



genoma celular através da agdo da enzima integrase, recebendo agora o nome
de pro-virus. A partir deste momento, fazendo uso da maquinaria
biossintetizadora da célula além da sua propria maquinaria, o pro-virus é
repetidamente traduzido em suas proteinas. Os precursores das proteinas virais
sdo clivados pela agcdo das PRs, migrando em seguida para os sitios de
maturacdo, nas imediacbes da membrana plasmatica, de onde brotam as

particulas virais maduras.

6. Patogénese da Infecg¢ao do HIV-1

Apesar das promissoras descobertas quanto a biologia viral e a
patogénese da infeccdo pelo HIV-1, estas ainda nao foram suficientes para
determinar as razdes da falha da resposta imunolégica do hospedeiro em suprimir
0 virus e por que o sistema imune entra em colapso no final do periodo de
laténcia clinica, seguida da progresséo para o curso terminal da doenga (Romano
et al., 1999). A caracteristica principal da doenca causada pelo HIV-1 é uma
imunodeficiéncia severa resultante de um comprometimento progressivo,
qualitativo e quantitativo dos linfécitos T auxiliares, que expressam na sua
superficie uma grande quantidade da molécula CD4, que € o receptor primario do
HIV-1. Multiplos sdo os fatores que determinam a progressdo da infecgao,
conjugando fatores virais e do hospedeiro os quais ainda ndo estédo
completamente elucidados.

Sabe-se que a variabilidade fenotipica das diferentes clados virais, isoladas
de um mesmo hospedeiro, pode refletir na patogénese da infecgdo. Esta
variabilidade ¢é traduzida no tropismo celular e receptores de quimiocinas,

infecciosidade, citopatogenicidade, cinética de replicagdo, indugdo da formagao



de sincicios e sensibilidade ao CD4 soluvel (Berger et al., 1999). Devido a esta
heterogeneidade, tem sido possivel demonstrar, no HIV-1, a existéncia de
variantes virais com tropismo para os macrofagos (M-tropicos), para linhas
celulares continuas T-CD4+ (T-trépicos) e com tropismo misto para macréfagos e
linhas celulares (M/T-tropicos). Estudos longitudinais envolvendo individuos em
varias fases da infecgao demonstraram a existéncia de uma evolugao do tropismo
viral ao longo da infecgdo. Assim, os virus M-tropicos séo isolados logo apds a
transmissao e ao longo de todas as fases da infec¢gdo. Ao contrario, as variantes
T-tropicas e M/T-trépicas séo detectadas em cerca de 50% dos individuos nas
fases mais avancadas da infecgdo (Picchio et al., 1998). As diferencas de
tropismo celular, entre estirpes de HIV-1, correlacionam-se com alteracdes
estruturais das glicoproteinas do invélucro. Pequenas alteragées das sequéncias
de amino acidos da terceira regido variavel (alga V3) da glicoproteina de
superficie gp 120 podem determinar uma alteragdo no tropismo celular (Picchio et
al., 1998).

A partir de estudos usando modelos in vivo foi possivel propor um modelo
no qual os variantes M-tropicos sado os responsaveis pela transmissdo entre
individuos, além de desempenharem um papel extremamente importante nos
processos patogénicos da infecgdo pelo HIV. Parecem ser estes variantes os
responsaveis pela degradagdo gradual e irreversivel do sistema imunoldgico
durante a fase assintomatica da infecgdo. As variantes T e M/T-trépicas surgem
nas fases mais avancadas da infeccdo como consequéncia e ndo como a causa
dessa imunodeficiéncia, associadas a um rapido declinio dos linfocitos T-CD4+
(Picchio et al., 1998; Yurasov et al., 1999).

O uso de receptores de quimiocinas como co-fatores para a infecgao

celular e o bloqueio da mesma, mediado pelos ligantes naturais destes
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receptores, sdo atualmente duas das linhas de maior impacto nos estudos de
fenotipagem do HIV-1, da histéria natural da infecgdo, e de novas estratégias
profilaticas e terapéuticas (Berger et al., 1999).

A identificacdo do CXCR4 como co-receptor para os virus T-tropicos, a sua
relacdo com a familia dos receptores das quimiocinas e a descoberta de que as
quimiocinas RANTES, MIP-1a e MIP-1b inibiam a infecgdo pelos virus com
tropismo para os macrofagos, levou a identificagcdo da molécula CCR5 como
principal co-receptor para as estirpes M-trépicas (Feng et al., 1996; Alkhatib et al.,
1996). O CCRS5 é expresso em varias células entre elas as células T e os
macrofagos (Berger et al., 1999). A importancia do CCRS na infecgéo in vivo do
HIV-1 foi reforcada pela descoberta de que aproximadamente 1% dos
Caucasianos tem uma delecdo homozigética de 32 pares de bases no gene
CCRS5, que lhes confere resisténcia a infecgao pelo HIV-1. Assim, o CCR5 parece
ser o co-receptor mais importante na transmisséo in vivo do HIV-1 (Liu et al.,
1996).

A expressdo de co-receptores nos linfocitos T CD4" depende do seu nivel
de ativacdo. Além disso, em linfécitos completamente ativados a replicagdo do
HIV-1 é rapida e eficiente e invariavelmente leva as células infectadas a morte. Ja
as células que se encontram no estagio Gy do ciclo celular, abrigam virus em um
estado latente ou dormente. Quando esta célula subseqlientemente torna-se
ativada, ocorre também a continuidade da replicagdo viral (Zack et al., 1990).
Para além dos mondcitos, macréfagos e células da microglia, as células T CD4"
quiescentes infectadas, em laténcia, que contém DNA proviral ndo integrado,
representam importantes reservatorios celulares de vida longa para o HIV,
constituindo o principal obstaculo para a erradicagdo do virus na vigéncia do

tratamento anti-retroviral altamente potente (HAART).
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7. Drogas Anti-Retrovirais

Para os diversos alvos criticos onde se poderia bloquear a replicagao viral,
apenas um numero restrito de compostos foram aprovados para a
comercializagdo. No Brasil, o Ministério da Saude passou a distribuir
gratuitamente trés classes de anti-retrovirais, a partir de 1996. Os anti-retrovirais,
atualmente em uso em larga escala, sdo drogas que agem nas etapas da

transcrigdo reversa e da maturagao viral.

7.1 Drogas que agem na etapa da transcrigao reversa

Os inibidores da transcriptase reversa representam uma importante
estratégia contra o HIV. Estes podem ser subclassificados como:

A- Inibidores Nucleosideos da RT (INTR): sdo moléculas semelhantes aos
nucleosideos em estrutura, porém com a substituicio de um radical
hidroxila na posigdo 3’ por outro grupamento quimico, impedindo a
polimerizagdo da cadeia de cDNA. As seguintes drogas pertencentes a
esta classe, as quais sao distribuidas na rede publica de saude, sao as
seguintes: Zidovudina (AZT), Lamivudina (3TC), Didanosina (ddl) Abacavir
(ABC), Zalcitabina (ddC), Stavudina (d4T) e Tenofovir (TDF), sendo este
ultimo um inibidor nucleotideo da RT.

B- Inibidores Nao Nucleosideos da RT (INNRT): sdo moléculas que entram no
sitio ativo da enzima transcriptase reversa, mudando sua conformacao e

impedindo a elongagdo da cadeia de cDNA. Os INNTR s&o derivados da
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piridona e das benzodiazepinas. Exemplos: Nevirapina (NVP), Delaverdina

(DLV), Efavirenz (EFV).

7.2 Drogas que atuam na maturacgdao viral

Esta classe de drogas tem como alvo a enzima PR viral, ou seja, atua
bloqueando o processo de montagem da particula viral, impedindo a clivagem dos
precursores protéicos. Estas drogas estdo entre os anti-retrovirais mais usados
clinicamente, com diversos compostos comerciais disponiveis. Exemplos:
Amprenavir (APV), Indinavir (IDV), Saquinavir (SQV), Lopinavir (LPV), Ritonavir

(RTV), Fosamprenavir (FOS), Atazanavir (ATV) e Nelfinavir (NFV).

8. Resisténcia Viral as Drogas

A resisténcia viral as drogas € a causa e a consequéncia inevitavel de uma
supressado incompleta da replicagdo do HIV-1 (Shafer et al., 2000). Mesmo a
terapia altamente potente, ou seja, regime de trés ou quatro drogas, ndo é capaz
de erradicar o virus, até mesmo em pacientes com aparente supressao completa
da replicagéo viral (viremia abaixo de 50 copias/mL) (Schrager & Souza, 1998).
No caso das drogas anti-retrovirais usadas contra o HIV-1, a resisténcia é
causada mais frequentemente por mutagdes nos genes alvo, ou seja, 0s genes
que codificam para as enzimas RT e PR (Schupbach 2003).

Existem dois tipos de mutacbes de resisténcia: as principais e as
acessorias. As mutagdes principais situam-se no sitio ativo da enzima ou em local
proximo a ele e alteram a ligagdo da droga ao seu sitio alvo, reduzindo
diretamente a suscetibilidade de uma enzima aos anti-retrovirais, além de serem

relativamente especificas para cada droga e aparecer logo apos o inicio da
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terapia (Schupbach, 2003). As mutagbes secundarias, ou ditas acessorias,
aparecem para compensar uma perda da atividade da enzima, causada pela
alteragao estrutural gerada pelas mutagdes principais e podem assim restaurar a
capacidade replicativa do virus mutante contribuindo para a resisténcia
(Schipbach, 2003).

A evolucéao desta resisténcia dentro de um individuo depende da geragao e
selecdo de variantes genéticos do HIV-1 com suscetibilidade reduzida as drogas
durante a terapia (Ho et al., 1995). Quando a droga inibe parcialmente o HIV-1, a
pressao evolucionaria resultante seleciona as cepas resistentes que possuem
uma vantagem adaptativa em relacéo as cepas selvagens. E evidente que toda e
qualquer mutacdo pode estar presente antes do inicio da terapia anti-retroviral,
numa mistura de variantes genéticas da populagdo infectante chamadas
quasispecies (Wain-Hobson, et al., 1992).

Outros fatores, tais como baixa aderéncia, fatores farmacolégicos, além das
caracteristicas celulares proprias do paciente podem contribuir para o insucesso

terapéutico (Schupbach, 2003).

9. Teste Genotipico para Determinagao de Resisténcia as Drogas Anti-

retrovirais

A complexidade dos esquemas terapéuticos anti-HIV e o crescente numero
de individuos portadores de virus resistentes tornaram os testes de determinagéo
de resisténcia importante ferramenta para a manutencdo de uma terapéutica
eficaz por periodos longos de tempo. Quando combinados com um historico
detalhado do paciente em aderir ao tratamento, este ensaio pode maximizar os

beneficios da terapia.
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Os testes de genotipagem buscam determinar a resisténcia as drogas, por
meio da investigagao de alteragbes genéticas ocorridas no genoma viral, capazes
de modificar substancialmente a estrutura das proteinas resultantes, bloqueando
ou diminuindo a eficiéncia com que as drogas inibitérias ligam-se as mesmas.
Neste método, portanto, a determinacao da resisténcia se da de forma indireta e
depende de uma minuciosa analise de mutacbes para a determinacdo da
resisténcia. As mutacbes de resisténcia sao definidas através de estudos
cruzados de genotipagem e fenotipagem, os quais fornecem dados mais
detalhados sobre as combinacdes de mutacdes e os fendtipos de resisténcia as
drogas. No Brasil, foi implementada pelo Ministério da Saude a Rede Nacional de
Genotipagem (RENAGENO) no final de 2001. Na pratica clinica, o resgate da
terapia parece ser mais significativo quando se tem a informagdo gerada pelo
teste genotipico de resisténcia as drogas, como ja foi comprovado por estudos

prospectivos controlados (Shaffer, 2002).

10. Diversidade das Sequéncias Virais

No curso da infeccdo, o elevado indice de replicacdo do HIV-1, com
producado de 10'° particulas virais ao dia em condigdes nao inibitorias, leva a uma
taxa de mutagao do virus de cerca de 3,5 x 10™° nucleotideos por ciclo (Coffin et
al.,, 1992). O principal mecanismo gerador destas mutagdes reside na enzima
transcriptase reversa, a qual ndo é capaz de atuar com revisora corrigindo 0s
nucleotideos incorporados erroneamente, permitindo assim o aparecimento de
diferentes cepas (Coffin et al., 1992). Outro mecanismo que contribui para a
diversidade viral € a recombinagcdo genémica, o que pode ocorrer apés uma co-

infeccdo de uma célula com dois virus diferentes e encapsidacdo de ambos os
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RNAs na mesma particula (Schipbach, 2003). Durante a transcrigdo reversa, a
enzima pode produzir uma cepa recombinante ao alternar entre um pro-virus e
outro (Schupbach, 2003).

Esta enorme variabilidade genética, caracteristica do HIV-1, é observada
tanto nas populagdes virais que infectam um unico individuo quanto entre isolados
de diferentes regides geograficas (Schupbach, 2003).

A classificagdo dos isolados virais, baseada nas relagbes filogenéticas,
subdivide o HIV-1 em grupos, subtipos, sub-subtipos e formas recombinantes
circulantes (CRFs). Trés grandes grupos foram designados: grupo M (major),
compreende a maioria das cepas responsaveis pela pandemia de AIDS; o grupo
O (outlier), reune virus altamente divergentes dos isolados do grupo M; o grupo N
(new ou non-M non-0O) é o grupo que apresenta a menor dispersédo dentre os trés
(Robertson et al., 2000). A maioria dos subtipos de HIV-1 encontra-se no grupo M,
os quais foram subdivididos de A-D, F-H, J e K, além das 32 formas
recombinantes circulantes (CRFs) (Leitner et al., 2005), incluindo duas
recentemente descritas no Brasil (De Sa Filho et al., 2006).

No inicio desse novo milénio, o subtipo C se alastrou por vastas regides do
mundo, representando hoje o mais importante dos subtipos, por contribuir com
56% do numero de casos de AIDS em todo o mundo (Esparza et al., 2000). Este
subtipo foi primeiramente detectado no sul da Africa e Etidpia e recentemente
ultrapassou o subtipo A, predominante na década de 80 e inicio dos anos 90 na
Africa sub-sahariana. Embora o subtipo B provavelmente tenha precedido o
subtipo C como o subtipo fundador na india e na China, a maioria das novas
infecgdes nestes paises € atribuida ao subtipo C ou recombinantes intersubtipos,

como por exemplo B/C (Essex, 1999). Uma tendéncia similar tem sido verificada
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em paises da América do Sul como Argentina e Brasil (Brindeiro et al., 2003;
Soares et al., 2003)

Muitos estudos no Brasil sobre epidemiologia molecular do HIV-1 tém
demonstrado a predominancia do subtipo B na maioria das regides brasileiras,
seguido pelo subtipo F1, C, D e mais recentemente, a presenga do subtipo A
(Morgado et al., 1994; Morgado et al., 1996; Morgado et al., 2002; Tanuri et al.,
1999a, 1999b, Tanuri et al., 2001; Caride et al., 2001, Soares et al., 2003). Além
destes subtipos, formas recombinantes B/F, B/C e F/D ja foram descritas (Sabino
et al., 1994; Tanuri et al., 1999b; Guimaraes et al., 2002; De Sa Filho et al., 2006).
Adicionalmente as diferengas encontradas entre subtipos, outro estudo brasileiro
identificou um subtipo B variante chamado “B” brasileiro, o qual difere do subtipo
B classico pela presengca de um motivo GWGR na parte superior da alga V3 do
envelope gp720, ao invés da assinatura molecular GPGR (Morgado et al., 1994;
Morgado et al., 1996).

A distribuicdo geografica destes subtipos apresenta um padrdo bastante
diverso no Brasil. Um exemplo disso foi demonstrado em um estudo recente,
onde foram analisadas amostras da cidade de Porto Alegre, observando-se uma
frequéncia de 37% do subtipo C (Soares et al., 2003). Esses dados contrastam
com o padrao da distribuicdo dos subtipos de HIV-1 verificado em outras regides
do pais, onde o subtipo ndo-B mais prevalente é o F1, com prevaléncia de 10%,
seguido do subtipo C, observado em torno de 3% das cepas circulantes (Bongertz
et al., 2000). Outro estudo realizado recentemente, o qual analisou quase a
totalidade do genoma do subtipo C, confirmou a relagdo monofilética deste grupo.
Uma distancia nucleotidica de apenas 5,4% foi verificada, sugerindo uma
introdugdo derivada de uma unica fonte ou de uma mistura de cepas muito

relacionadas entre si (Sanabani et al., 2006).
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O fendmeno de recombinagédo genética entre as cepas circulantes pode ter
tido papel chave na evolugao recente do HIV-1 uma vez que a mistura de subtipos
locais tem fomentado a emergéncia de uma maior variedade de cepas
recombinantes. Apesar dos diversos esforgos na tentativa de se relacionar o
polimorfismo do HIV-1 com suas caracteristicas fenotipicas, ainda nao esta clara
a associagao entre os componentes genéticos dos diferentes subtipos com
atributos biolégicos, tais como aumento da transmissibilidade e infectividade,
velocidade de progressao para AIDS, sensibilidade a agentes neutralizantes e
terapéuticos e demais relagdes entre virus e hospedeiro, embora muitos estudos
tenham relatado diferengas genotipicas entre eles (Ball et al., 2003). Portanto, ndo
se pode descartar que esta diversidade do HIV-1 possa representar um fator
limitante tanto a efetividade da resposta imune normal do hospedeiro a infecgao,
quanto a eficacia de vacinas e agentes terapéuticos. Ha evidéncias de que certas
alteragdes na sequéncia gendmica podem alterar a capacidade replicativa do
virus. Por exemplo, a maioria dos isolados do subtipo C apresentam um terceiro
centro promotor NF-Kappa3 nas regides LTR, fator este que pode levar a um
aumento na transcricdo e consequentemente na replicagdo viral (Sanabani et al.,
2006).

A ocorréncia de micro-epidemias envolvendo o subtipo C, além de outros
subtipos n&o-B e seus recombinantes, como vém ocorrendo na nossa regido (em
consonancia com outros paises como China e india), aponta para a necessidade
de um monitoramento sistematico e continuo da epidemia na regido Sul do Brasil,
para um melhor entendimento da dindmica de evolucdo dos virus circulantes.
Todavia, faz-se necessaria uma avaliacdo da emergéncia do aparecimento e/ou
recrudescimento de mutagdes de resisténcia em individuos infectados com

subtipos ndo-B do HIV-1. Nao se sabe ao certo o efeito dos subtipos de HIV-1 e
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da terapia na evolugao de resisténcia genotipica, principalmente em regides onde
predominam cepas nao-B e onde o acesso a terapia anti-retroviral expandiu,
como € o caso da regiao sul do Brasil.

A avaliacdo de isolados virais de uma populagcdo que esta sob falha
terapéutica é particularmente importante para uma analise da evolugao do HIV-1
sob pressdo exercida pela terapia multi-drogas (HAART). Tais dados podem
fomentar a elucidacdo dos mecanismos genéticos de resisténcia as drogas, os
quais sao dificeis de serem avaliados através de testes de susceptibilidade in

vitro.
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OBJETIVOS

Principal

Descrever a diversidade genética do HIV-1 no gene pol, bem como
identificar perfis de mutacdes de resisténcia aos anti-retrovirais em pacientes

sob falha terapéutica no Estado do Rio Grande do Sul.

Especificos

Identificar os diferentes subtipos do HIV-1 através de inferéncia filogenética;
Identificar a presenca de cepas candidatas a recombinantes;

Determinar as mutagcbes de resisténcia as trés classes de drogas anti-
retrovirais, associando-as aos diferentes subtipos e formas recombinantes

encontrados.
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RESULTADOS

ARTIGO 1

Human immunodeficiency virus type 1 (HIV-1) genotyping in Rio Grande do Sul,
Brazil: high prevalence of non-B subtypes and polymerase drug-resistance

mutations among infected individuals failing highly active anti-retroviral therapy

A ser submetido ao periédico Journal of Acquired Immune Deficiency Syndromes.
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ABSTRACT

Resistance mutations to antiretroviral drugs associated to the complex diversity of
viral genetics is one of the main obstacles in the fight against Acquired Immune
Deficiency Syndrome (AIDS). The aims of present study were to describe the HIV-
1 subtypes in 183 viral sequences of the pol gene and to determine the resistance
profile in infected individuals, who live in the state of Rio Grande do Sul, Brazil
failing highly active antiretroviral therapy (HAART). The viral genotyping test was
performed using Viroseq™ Genotyping System. Subtype B (54%) was the most
prevalent in this population, followed by subtype C (24%) and subtype F (6.5%).
Of the genomic sequences that clustered with subtype C, 32% showed a small
segment belonging to subtype B located in the gene of the reserve transcriptase
forming a subcluster with a similar recombinant structure characterized by a likely
amino acid signature. No laboratorial parameter or social-demographic features
were subtype-specific; however, there was a clear association between subtypes
and prevalence of resistance mutations. The maintenance of the genotyping
program for patients failing therapy is essential for monitoring both resistance to
antiretroviral drugs (ARV) and the peculiar molecular epidemic of HIV-1 in the

south of Brazil.

Keywords: HIV-1, subtype C, recombinant, resistance mutations.
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INTRODUCTION

Subtype B of HIV-1 remains the predominant subtype in AIDS epidemic in
developed countries, and the antiretroviral drugs used in the treatment of infected
individuals have been developed using characteristics of this subtype only.
However, the pandemic in developing countries is represented by non-B subtypes,
mainly subtype C, which presently is the most prevalent subtype in the world (1).
In the south region of Brazil, the prevalence of a monophyletic subtype C and the
emergence of recombinant genomes have increased throughout the years (2-5).
Highly active antiretroviral therapy (HAART) has revolutionized the treatment of
infected individuals (6). Moreover, not all treated patients respond to therapy, and
one of the most difficult obstacles for maintaining HIV-1 suppression is the
appearance of resistance mutations associated to drug resistance (7, 8). Also,
genetic diversity may generate virus with greater resistance to drugs (9), increased
replication capacity (9), or change the expression of antigenic epitopes (10). The
monitoring of HIV resistance through the genotyping test guides the rescue of the
antiretroviral therapy and allows the vigilance of the genetic diversity of HIV-1 in
different geographic regions. In Brazil, the public health network provides access
to antiretroviral therapy. Moreover, the Ministry of Health, through the National
STD and AIDS Program, has established a network for viral genotyping that
includes patients with therapeutic failure. In the present study, we analyzed the
resistance profile to antiretroviral drugs of 183 patients living in the state of Rio
Grande do Sul, Brazil. These patients were selected according to the criteria of
therapy failure in order to correlate patients’ profile to the different circulating

subtypes.
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METHODS

Population and Sample Collection

Sample population was composed by patients who live in Rio Grande do Sul state,
Southern Brazil. Inclusion criteria was therapy failure (HAART) according to
parameters pre-established by the national genotyping network, i.e., for those
patients whose quantification of viral load remained high (>5,000cp/mL) despite
the use of three or more antiretroviral drugs including at least one protease
inhibitor (Pl). Details on treatment criteria and definition of therapy failure
established for the public network in the country are available on the page of the

PN-DST/AIDS, MS (http://www.aids.gov.br).

Blood samples were collected in the Central Laboratory of Rio Grande do Sul
(LACEN) between September 2004 and October 2005. Blood was colleted in two
5ml tubes containing EDTA and plasma was obtained, aliquoted and stored at -

70°C until the genotypic test was performed.

All patients were followed in public health centers where they had free access to
antiretroviral drugs financed by the Ministry of Health. Each patient signed a free
and informed consent. Laboratorial and sociodemographic parameters were
obtained from a form completed in the health unit where each patient was

followed.

The National Research Ethical Committee (CONEP) under approval number

00020118165-05 approved this study.
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Genotypic Resistance Test for HIV-1, Determination of Viral Subtypes, and

Phylogenetic Analysis

ViroSeq™ HIV-1 Genotyping System version 2.6 (Celera Diagnostic, Abbott
Laboratories, USA) was used to determine the resistance mutations located in the
pol gene following manufacturer’s instructions. In short, viral RNA was isolated in a
pellet by ultracentrifugation (21.000g x 120min), followed by cDNA synthesis and
genomic amplification by PCR. Fragments were sequenced in an ABI PRISM®
3100 Genetic Analyzer (Applied Biosystems Inc, Foster City, USA).

ViroSeq™ HIV-1 Genotyping System import sequences automatically and those
are compared to the reference HXB2 cepa. Following a manual edition and the
establishment of a consensus sequence, software analyses mutations and
generate resistance mutation profiles according to different drugs classes. These
results are analyzed based on a algorithm that determine mutation impact
transcriptase reverse and protease in open reading frame in the development of
anti-retroviral drugs.

All sequences were submitted to quality control using BLAST (Basic Local
Alignment Search Tool Analysis) to certify the absence of sample mixtures or

contamination (http://aids.gov.br/renageno).

Qui-square test was applied to estimate association of mutations and sub-types
Multiple comparisons were performed using PEPI program. Yates corrected or
Fisher's test (SPSS14evaIuationTM) were used when appropriate; P<0.05 was

considered significant.
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All subtype classifications were screening with an automatic method (11) and to
genetic subtyping confirmation all sequences were aligned by ClustalX v.1.83
program (12) against a reference set extracted from Los Alamos National
Laboratory (http://hiv-web.lanl.gov/content/hiv-db/mainpage.html). BioEdit v.
5.0.9.1 software was used for manual edition. To phylogenetic inference the
Neighbor-Joining (NJ) trees were built over HKY 85 matrixes by means of PAUP*
410b (13) and visualized with Treeview program (Rod Page,
http://taxonomy.zoology.gla.ac.uk/rod/treeview.html). HIV-1 group O was used as
an outgroup to root the trees. Bootstrap values (1,000 replicates) higher than 70%
were considered significant. In addition, maximum likelihood trees were also
constructed to corroborate the neighbor-joining trees (14), and the nucleotide
substitution model was suggested through Modeltest 3.7 (15).

Sequences that showed an outlier behavior in the NJ tree were selected for
bootscanning analysis using Simplot software v.3.5.1 (16) (Stuart Ray,
http://www.med.jhu.edu/deptmed/sray/download/). Recombination points were
also defined using this program. These points were more precisely mapped by
signature inspection of subtype-specific amino acids through alignments built by
BioEdit v. 5.0.9.1 software. Signatures that discriminated local subtypes B and C,

were defined as those amino acids found in at least 50% of the isolates.
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RESULTS

Frequencies of subtypes classified in the pol region

Majority of sequences analyzed (54%) grouped with subtype B, followed by
subtype C (24%), and subtype F (6%). Figure 1 illustrates the phylogenetic
relations found among samples, whose topography was built including samples
representative of the casuistic of this study. Moreover, many of the sequences that
grouped with subtype C (32%) also formed among themselves a monophyletic
subgroup with a confidence level of 83% (Figure 2). Bootscanning showed that
this subgroup has a mosaic structure that is similar in itself, with a small portion
related to subtype B in the RT region. These mosaics had coinciding intersection
points (Figure 3a), located between nucleotides 2953-3162 approximately (relative
to HXB2) of the RT region. One sequence (0.6%) grouped with the Argentine
CRF12_BF (Figure 1). A sample (highlighted in Figure 1 and 3c) showed
intersection points related to the CRF07_BC and grouped with the reference
sequence of the Chinese recombinant. Other mosaics presented different
recombinant patterns (URF, unique recombinant form) between clade C and F
(n=3; 1.6%), C and B (n=4; 2.5%), and between clade B and F (n=6; 3.3%).
Alignments of consensus amino acid sequences against isolates of this study are
represented in Figure 4. The sequence of mosaics Cb in the protease region, that
is, the C portion where there was no recombination, retained the signature specific
for the Brazilian C, such as S12T, 119L, N37K, and K41N, with the selection of one
L63P resistance polymorphism in over 50% of C isolates (Figure 4a). In the RT

region of subtype C and in the portion C of mosaic Cb, sequences also showed
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polymorphisms present in over half of the isolates, such as E39D and G123D. For
mosaics Cb, in the portion that supposedly belongs to clade B (beginning indicated
by the big arrow in Figure 4c), same polymorphisms present in the consensus of
isolates B of the present study were observed, with an additional T215F
polymorphism. Besides, 90% of the Cb isolates presented the consensus motif for

subtype B, FRKQNPD (indicated by the small arrow in Figure 4c).

Lack of association between HIV-1 subtype infections and epidemiological

or laboratory parameters

Table 1 shows a comparative analysis of epidemiological and laboratorial
characteristics of patients included in the present study; patients were distributed
according to their infection by subtypes B and C and mosaic Cb, and classified
based on the pol region most frequently found in the studied population. None
population characteristic was statistically associated with any of the three subtypes
compared. Curiously enough, no subtype classified as mosaic Cb was from the

interior of the state.

Profiles of genotypic resistance

The profile of mutations defined by this study is represented in Figure 5. Three
samples (1.6%) did not show any resistance mutation, and other three samples
(1.6%) were multiresistant, that is, showed resistance to three classes of
antiretroviral drugs. Main substitutions in the RT region of HIV-1, which are related
with resistance to the nucleoside inhibitors of the reserve transcriptase (NRTI),

were M184V/l (68%), T215F/Y (50%), D67N/G (48%), M41L (39%), T219Q/E/N
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(33%), L210W (29%), K70R (28%), and V118l (28%) (Figure 4). In general, 35%
of the strains from subtypes B, C or Cb showed an association of D67N/G +
M184V/I + T215F/Y. Mutations V118l (P = 0.012), M184V (P = 0.007), and L210W
(P = 0.045) were associated to subtype B. No resistance mutation for that drug
class was associated with subtype C and mosaics Cb. For the class of non-
nucleoside inhibitors of RT (NNRTI), mutation K103N/S, which provides a high
level of resistance to all NNRTI, was the most prevalent (39%), followed by
mutations Y181C/I/V (12%), 1188L (9%), V106M (6%), F227L (5%), and P225H
(5%). Mutation V106M (P = 0.004), which provides high resistance to nevirapine
and efavirenz, was associated to subtypes C and mosaic Cb, while mutation
F227L, which contributes to the resistance to nevirapine (P = 0.01), was
associated to subtype C only. Resistance mutations for NNRTI to subtype B were

not associated.

The resistance profile associated to protease gene for subtypes C, B and mosaics
Cb (Figure 5a) was polymorphism L63P, present in 62% of samples, followed by
polymorphisms M361/V (53%), L10V/I (36%), A71VIT (33%), V771 (28%), and
K20M/R (19%), and by secondary mutations M46I/L (21%), N88D (12%), and
G73C/SITIA (12%). The most frequent primary resistance mutation was L90M
(29%), followed by mutation D30ON (21%), which acquires high resistance to
nelfinavir, and 154V (18%), which acquires resistance to most protease inhibitors.
An association of M361/V + L63P + L90M was observed in 30% of samples. There
was a clear association of mutations L10V (P < 0.001), M46l (P = 0.001), L63P (P
< 0.001), A71V (P = 0.001), and G73C (P = 0.01) with subtype B. The association
of mutation M361 (P < 0.001) and subtype C and mosaic Cb was also clear. No

resistance mutation was associated exclusively to mosaic Cb. In general, the main
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mutations together with the mutations of secondary importance to PI resistance
were around three times more prevalent in subtype B when compared to subtype
C. Mosaic Cb showed an intermediary number of resistance mutations when

compared to previous groups.
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DISCUSSION

In the present study, a high frequency of non-B subtypes for pol genomic region of
HIV-1 was observed among individuals with therapy failure followed in Rio Grande
do Sul, Brazil. Of a total of 183 strains sequenced, 46% were classified as non-B.
This percentage is different from other regions in the country; for instance, in the
southeast region frequency of these subtypes is around 15% (17,18), while in the
northeast and center-west regions frequency of non-B stains is less than 10%
(19). Frequency of clade C found in this study (36%) was slightly lower than
frequencies of this subtype in other studies performed in Rio Grande do Sul
carried out with recently diagnosed HIV-1 positive individuals (2,3,5). One possible
explanation is that HIV-1 subtype C viruses are at least 100-fold less fit than any
HIV-1 A, B, D, F, CRF01_AE, CRF02_AG, and CRF12_BF isolates and, as a
consequence, disease progression would probably be slower for subtype C

infected individuals (20).

Moreover, recombinant forms of F1 and cepas B of HIV-1 was observed in seven
cases, but only one case showed the same pattern of recombination of CRF12_BF
(Figure 1) from Argentina, country whose epidemiological profile has shown to be
similar to that of Brazil (21). Another quimeric form found in one individual who
lives on the border between Uruguay and Argentina was the CR07_BC that was
previously described in China (22). The epidemiological impact of the introduction

of these variants in low prevalence regions remains unknown.
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The phylogenetic analyses in the pol region allowed finding an independent group
within subtype C (Figures 1 and 2). A more detailed analysis of that region was
performed aiming to confirm mosaicisms and to determine recombinant points
(Figures 3a and 4c). A recombinant region was defined that represented
coincident intersection points with all mosaics Cb, in other words, a region of
approximately 210 nucleotides within the 3’ portion of the RT gene belonging to
subtype B. During the time we were preparing this paper, a new Brazilian
CRF31_BC was described (23), which presents exactly these same breakpoints
observed in our study at the RT region. This recombinant group accounted for
32% of the total of group C, and for 14% of the total, which shows that a large
number of recombinant events are taking place between the two most frequent
subtypes in that geographical region. This can suggest that these recombinant
events can reach epidemic proportions in a near future, as it happened with
CRF08 BC in China (22). These findings are in agreement to another study
performed with samples from city of Porto Alegre, which found 43% of
recombinants within group C (5). Based on the fact that half of infected individuals
with these mosaics Cb virus included in this study was diagnosed in the 1990s and
that the other half was infected more recently (data not showed), we can suggest a
not so recent introduction of these recombinant strains between virus C and B in
the state of Rio Grande do Sul. An additional analysis of the amino acids located
in the protease region of subtype C and of portion C of mosaic Cb showed the
presence of specific mutations that match to the signature previously published for
the Brazilian subtype C, such as S12T, I119L, N37K, and K41N. However, in the
present study, an additional polymorphism, L63P, was found in isolates C, which is
not present in reference sequences of subtype C and is more frequently found in

subtype B (9). This polymorphism contributes to resistance only when is present in
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combination with other resistance mutations. The presence of a specific signature
of subtype C in the C portion of the quimeric form found in this study supports the
evidence that a recombinant event occurred between locally circulating subtypes B
and C; therefore, it does not represent an introduction via migration of strains that
recombined outside the country. A specific signature for subtype C in the protease
region could contribute to greater enzymatic vitality for this subtype when
compared to subtype B in in vitro assays. Moreover, these substitutions in the
protease gene may be involved in the process of viral resistance to Pl. Additionally
to the polymorphisms found in the protease region for subtype C, 4 substitutions
located in the RT gene were found that were present in over half of the C isolates
of this study (A36E, E39D, G123 D, A173T). The high prevalence of these
polymorphisms in the RT region might be a result of the selection exerted by
antiretroviral drugs through genetic mechanisms still unknown. Data on the
specific phenotypic or biochemical role of these substitutions remains unknown;
consequently, studies to define the impact that those substitutions in the viral
resistance to ARV are required. Polymorphisms in mosaics Cb were also found
and could represent a signature for this recombinant, characterized by mutations
E39D, G123D, I1135T, A173K, E177D, A200T, E207Q, and T215F. Analyzing
polymorphisms that belong to portion B, coinciding amino acids with circulating B
consensus were identified, such as 135T, 173K, 177D, 200T, and 207Q.
Moreover, 90% of the mosaics presented the motif of isolates B consensus,
FRKQNPD (Figure 4b), which supports the observation that the recombinant
phenomenon happened between locally circulating subtypes B and C. No
association between specific subtypes and patients characteristics, such as sex,
number of therapeutic failures, place of origin, and well as laboratorial parameters

of viral load and CD4 cells count, was found. This finding is in agreement to data
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from previously conducted study (3). However, the absence of mosaics in inland of
the state may suggest that the phenomenon of recombination tends to happen in

regions of greater demographic concentration.

The present study also defined the profile of resistance mutations (when
compared to the wild strain HXB2) for each class of antiretroviral drug for a
population exposed to highly potent therapy. It has to be highlighted that this
profile of mutations is associated to continuous viral replication with selective
influence of antiretroviral therapy. Several studies have demonstrated that the test
of resistance to drugs generates substantial benefits for therapeutic management
of HIV-1 infected patients (24, 25). According to Kantor et al., around 80% of
resistance mutations in non-B subtypes are selected by antiretroviral therapy and
do not happen spontaneously (26). In the present study, it was possible to detect a
high prevalence of mutations related to resistance to antiretroviral drugs in the RT
gene and/or in the protease gene, and differences between the profiles of mutation
for specific subtypes were found. Of the 21 sites located in the protease gene and
associated to resistance to treatment, 8 showed significant differences between
the specific subtypes, although all sites are considered only secondary, that is,
they must be associated to other mutations in order to lead to resistance.
However, the presence of multiple accessory mutations may lead to a decrease in
the genetic barrier and allow for a rapid selection of resistance, when compared to
wild isolates. Still for protease region, the secondary residue M361/V was clearly
associated to subtype C (84%) and was found in all isolates of the quimeric group
Cb. These substitutions have been previously reported by other studies, but
experimental evidences with non-B isolates are still required in order to evaluate

their impact in resistance (25, 27). In a worldwide study that compared thousand of
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non-B isolates and B isolates, polymorphism M36! was considered subtype-
specific and represented a consensus for groups A, C, D, F, G, CRF01_AE, as
well as CRF02_AG and B, isolated from naive persons (26). Nevertheless, when
treated patients and non-treated patients were compared, this polymorphism was
not associated to treatment (26). On its turn, polymorphism L63P, which was the
most frequent in subtypes C and B in the present study, seems to be a substitution
selected by the use of Pl broadly used by the population of this study (data not

shown).

For the RT region, 31 sites related to resistance to NRTI and NNRTI were
analyzed, and polymorphisms and mutations specific for each subtype were found.
The most frequent substitution found in this region was M184V for both subtypes
C and B. This substitution is present in around 70% of isolates and is associated
to early virological failure due to the widespread use of lamivudine (3TC) in this
population (data not shown). The second most prevalent group of substitutions in
the RT region was the thymidine associated mutations (TAM), which are selected
predominantly by drugs analogue to timidine, such as zidovudine (AZT), and
stavudine (d4T), but cause cross-resistance to most NRTI. Mutations V118lI,
M184V, and L210W were associated to subtype B; however, no resistance

mutation was associated to NRTI subtype C and mosaics Cb.

Mutation K103N/S (39%) was the most prevalent within NNRTI class and leads to
high resistance to these drugs. Mutation V106M was associated to subtypes C
and Cb, while mutation F227L was associated to subtype C only. No NNRTI
mutations were associated to subtype B. This difference in associated resistance

mutations among subtypes is probably due to different genetic mechanisms that
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lead to resistance during treatment selective pressure; therefore, these
mechanisms may influence resistance progression. In general, an association
between HIV-1 subtypes and different profiles of resistance mutations as to Pl and
RTI was clearly observed in the present study. Moreover, a high prevalence of
these mutations was found in 98.4% of the patients in this study. Nevertheless, a
relevant piece of data is the incidence of resistance mutations for PIl, which was
around three times higher for subtype B. Another finding was a group of

polymorphisms still not associated to resistance in the RT region.

Further studies in order to evaluate the impact of these mutations in viral
replication or vitality and in the progression of resistance to antiretroviral drugs in
non-B subtypes are required. These studies may contribute to improve the

knowledge on resistance mechanisms.
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FIGURE LEGENDS

Figure 1: Neighbor joining tree of sequences representative of subtypes of this study.
Phylogenetic tree constructed with HKY distance matrix implemented in PAUP 4.10b and based in
the pol region of HIV-1 of some representative set. Reference sequences were extracted from the
Los Alamos database. Sample designation started with country of origin followed by year of
collection (BR for Brazil). Reliability was tested with 1000 replicates bootstrap; values considered
significant (above 70%) are shown. Branch sizes are relative to the scale. The scale bar represents
0.1 substitutions per nucleotide.

Figure 2: Neighbor joining tree including reference subtype C sequences and subtype C
sequences of this study. Reference sequences were extracted from the Los Alamos database.
Branch sizes are relative to the scale. The scale bar represents 0.1 substitutions per nucleotide.

Figure 3: Bootscanning plot of pol sequences representing different mosaicisms. (a)
Bootscanning plot (SIMPLOT) of a pol sequence representative of a mosaic Cb (query 169) against
the references of subtypes of the HIV-1 M group represented in the legend by different colors and
letters. Recombination points are observed in lines intersection, and probability of correspondence
with subtype specified by the line color is shown on x axis. (b) Bootscanning plot (SIMPLOT) of a
sequence representative of BF mosaic which showed recombination points coinciding with the
Argentine CRF12 that is represented by number 1 in brown. (¢) Bootscanning plot (SIMPLOT) of a
sequence representative of a mosaic CB which showed recombination points coinciding with the
Chinese CRF 7.

Figure 4: Alignments of amino acid consensus of protease and reverse transcriptase
regions in different subtypes. Alignment (Bioedit 5.0.9.1) of the amino acids of: (a) consensus of
the protease of subtype C (Cons C), representative of the Brazilian subtype C (CBR92), consensus
of isolates C and Cb of the present study; (b-d) consensus of the reserve transcriptase with the
same sequences than the previous plus one consensus of subtype B of this study (B) and a
representative of subtype B (HXB2). The red arrow indicates the amino acid shift closest to the
beginning of the recombination, suggested by bootscanning; the blue arrow indicates the beginning
of the amino acids shifts in the FRKQNPD functional domain that supports the relation with subtype
B (local). The amino acids represented in consensus C, Cb, and B follow the rule of the minimum
50%.

Figure 5: Prevalence of mutations associated to viral resistance in the reverse transciptase
and protease genes compared to the HXB2 reference. Mutations associated with the specific
subtypes are marked with an asterisk.
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Table 1 Epidemiologic and laboratorial characteristics of HIV-1 positive individuals
according to viral subtypes.

Characteristics Subtype B Subtype C Subtype Cb P
Sex
Female 34 (34.7%) 17 (38.6%) 6 (42.9%) 0.791
Male 64 (65.3%) 27 (61.4%) 8 (57.1%)
Median viral load ® 16.488 28.094 17.048 0.156
(copies/mL) (7.162-57.413) (8.940-134.810) (8.034-44.832)
Median CDA4-T cell 251 (112-371) 193 (90-378) 308 (205-461) 0.160

count ® (mm?®)

Number of triple therapy 2.3 (1.06) 2.0 (1.21) 1.8 (0.72) 0.184
failure (SD)
Origin
Greate Porto Alegre 69 (60.0%) 33 (28.7%) 14 (11.3%)
Inland of State 0.072
29 (72.5%) 11 (27.5%) 0 (0.0%)
Subtypes frequencies ° 98 (53.6%) 44 (24.0%) 14 (7.7%) <0.01

a. P values were calculated for a confidence interval of 95%.

b. The last viral load and CD4 were performed at most two months before the genotyping test;
percentis of 25 and 75%, respectively.

c. The remaining 27 sequences analyzed (14.7%) had other classifications for the pol gene.
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Figure 2
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Figure 5

*

T
o
o
—

(5a)

T T T T T T T T
o O O O O O o o
A O M~ © v < ®©

abejuasiad

IN0671

assN

AV8I

V/4Z8A

1LLA

VILISIO€LD

LIALLY

dea

T/IN/APSI

Iesd

AOSI

A8YO

ALYI

TI9YN

TNI9EN

4€€1

IZEA

Noed

e

A/INOZH

d/1/A0L7

Protease Mutations

m=B
oC
B Cb

*

RT Mutations

100 -

(5b)

90 -

80 -
70

abejuaoiad

T
o (=} o
©

.2ed
HSZZd
VI/S061LO
1881l
ANIIDL8LA
ae6llLA
I80LA
IN90LA
S/NEOLA
10T
100111
O86V
3€€€0
N/3/0/6121
AIdS1ZL
moie
IINY8LIN
NLSLO
IBLLA
A9LLd
4SLLA
L4
IN/ISLA
AV LI
A0LMA
Naesl
9/N.9d
AN
iYA:) 4
arva
TN

NNRTI

NRTI

49



CONCLUSOES

» Houve prevaléncia do subtipo B, seguido do subtipo C na populagdo sob
falha terapéutica, no estado do Rio Grande do Sul. E provavel que o
subtipo C n&o esteve majoritariamente presente devido a introdugéo e
fixacdo mais recente deste na populacdo estudada ou ainda devido as
diferencgas bioldgicas entre os dois subtipos;

» Comparativamente com outras regides do pais, os subtipos nao-B (46%)
presentes nesta populacdo tiveram uma prevaléncia significantemente
maior;

» A presengca de um grupo de sequéncias que estdo recombinando
localmente indica a insurgéncia de uma microepidemia causada por uma
nova forma recombinante no estado do Rio Grande do Sul;

» A selecdo distinta de polimorfismos entre os subtipos indica que pode
haver diferengas nos mecanismos genéticos que envolvem a aquisigdo da
resisténcia viral as drogas e consequentemente na progresséo da doenga;

» Em geral, as diferengas apresentadas neste estudo quanto a prevaléncia
dos diversos subtipos e entre o perfil de resisténcia aos farmacos anti-
retrovirais contribui para um melhor entendimento da dindmica de evolugéo
dos virus circulantes e ressalta a importancia do monitoramento
epidemioldgico e de resisténcia do HIV-1 devido ao comportamento distinto

da epidemia nas diversas regides do pais.
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ANEXOS

RESULTADO DA ANALISE DE CONTAMINAGAO ENTRE AS AMOSTRAS
SEQUENCIADAS NO ESTUDO

Resultado

Sequéncias COM contaminacao: 0

Sequéncias SEM contaminacdo: 183

Laboratério Avangado de Banco de Dados - IME - USP
Quarta, 23/ Novembro / 2005 as 20:01:43 h.
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standard unit of measure.
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The authors are responsible for the accuracy of the references. Key the references (double-
spaced) at the end of the manuscript. (If using End Note, set the style output to JAMA.) Cite
references in text in order of appearance. Cite unpublished data, such as papers submitted but not
yet accepted for publication, or personal communications, in parentheses in the text. If there are
more than three authors, list only the first three authors and then use et al. Refer to the List of
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Figures: Cite figures consecutively in the text, and number them in the order in which they are
discussed. We encourage authors to submit their figures through Editorial Manager, but if this is
not possible, authors may send hard copies of the figures to the editorial office for scanning. On the
hard copies, be sure to write the first author's last name, the figure number and figure part (1A, 1B,
1C), and an arrow to indicate the top edge of the figure on a label pasted to the back of each figure.
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Editorial Manager may submit figures as separate electronic files. High-quality hard copies may be
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enough that it will remain legible after figure reduction; typewritten or unprofessional lettering is
unacceptable. Figure parts (A, B, C) may be left unlabeled (but clearly marked on back) for
professional placement by the journal's printer.
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Figure legends: Legends must be submitted for all figures. They should be included in the
manuscript file, should be brief and specific, and should appear on a separate manuscript page
after the references. Use scale markers in the image for electron micrographs, and indicate the
type of stain used.

Color figures: The journal accepts for publication color figures that will enhance an article. Authors
who submit color figures will receive an estimate of the cost for color reproduction. If they decide
not to pay for color reproduction, they can request that the figures be converted to black and white
at no charge.

Digital figures: Electronic art should be created/scanned and saved and submitted as either a TIFF
(tagged image file format), an EPS (encapsulated postscript) file, or a PPT (Power Point) file. Line
art must have a resolution of at least 1200 dpi (dots per inch), and electronic photographs—
radiographs, CT scans, and so on—and scanned images must have a resolution of at least 300
dpi. If fonts are used in the artwork, they must be converted to paths or outlines or they must be
embedded in the files. Color images must be created/scanned and saved and submitted as CMYK
files. All electronic art must be accompanied by high-resolution laser prints of the images. Files
may be submitted electronically through the Editorial Manager interface, or on a 3'z-inch high-
density disk, a CD-ROM, or an lomega Zip disk. Please note that artwork generated from office
suite programs such as Corel Draw and MS Word and artwork downloaded from the Internet
(JPEG or GIFF files) cannot be used.

Tables: Create tables using the table creating and editing feature of your word processing software
(eg, Word, WordPerfect). Do not use Excel or comparable spreadsheet programs. Group all tables
at the end of the manuscript, or supply them together in a separate file. Cite tables consecutively in
the text, and number them in that order. Key each on a separate sheet, and include the table title,
appropriate column heads, and explanatory legends (including definitions of any abbreviations
used). Do not embed tables within the body of the manuscript. They should be self-explanatory and
should supplement, rather than duplicate, the material in the text.

Style: Pattern manuscript style after the American Medical Association Manual of Style (9th
edition). Stedman's Medical Dictionary (27th edition) and Merriam Webster's Collegiate Dictionary
(10th edition) should be used as standard references. Refer to drugs and therapeutic agents by
their accepted generic or chemical hames, and do not abbreviate them. Use code numbers only
when a generic name is not yet available. In that case, supply the chemical name and a figure
giving the chemical structure of the drug. Capitalize the trade names of drugs and place them in
parentheses after the generic names. To comply with trademark law, include the name and location
(city and state in USA,; city and country outside USA) of the manufacturer of any drug, supply, or
equipment mentioned in the manuscript. Use the metric system to express units of measure and
degrees Celsius to express temperatures, and use Sl units rather than conventional units.

Genbank Accession Numbers: When manuscripts include or describe original nucleotide or amino
acid sequence data, the sequence must be submitted to the GenBank or EMBL Data Library
nucleotide sequence database and an accession number obtained from them. This accession
number must be returned to the journal, where it will be placed after the Key Words on the title
page in the printed article.

Instructions on how to submit data may be found in the printed submission information sheet made
available by our editorial offices at the time of acceptance or by the staff at GenBank or EMBL (see
addresses below). An accession number will be sent to you by GenBank within 7 days (48 hours, if
received via electronic mail) once a submitted sequence has been received, processed, and the
annotation accompanying it deemed complete and internally consistent with the sequence data. It
is essential that the sequence data be submitted in computer-readable form.

Please note, acceptance of a manuscript by this journal assumes that the submitted data are to be
made public upon receipt by the databank. Though there is every reason that data should be
released immediately, many authors are concerned that submission of data before appearance of a
manuscript may compromise their work. GenBank will, upon request, withhold release of the
submitted data up to a specified date with a maximum of 6 months after submission.

You may contact the GenBank staff for further information, help, or submissions at: Electronic mail:
genbank@genome.lanl.gov; Electronic mail, submissions only: gb-sub@genome.lanl.gov; U.S.A.
telephone number: (505) 665-2177; Postal service: GenBank Submissions, Group T-10 Mail Stop
K710, Los Alamos National Laboratory, Los Alamos, NM 87545, USA. You may contact EMBL
Data Library for further information, help, or submissions at Electronic mail, data submission:
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datasubs@embl.bitnet; Telephone: 49(6221)387258; FAX: 49(6221)387306; Postal Service: EMBL
Data Library Sybmissions, Postfach 10.2209, Meyerhofstrasse 1, 6900 Heidelberg, Germany.

Rapid Communications:

Articles accepted as Rapid Communications will normally be published within 8 weeks of
acceptance. When submitting a paper for consideration as a Rapid Communication, please adhere
to the following guidelines:

Submit your paper to Editorial Manager and designate the article type as "Rapid Communication."
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no abstract)).
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the copyedited and typeset article before publication. Portable document format (PDF) files of the
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accepted material will not be allowed. The publisher reserves the right to deny any changes that do
not affect the accuracy of the content. Authors may be charged for alterations to the proofs beyond
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Reprints: Authors will receive a reprint order form and a price list with the page proofs. Reprint
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TERMO DE CONSENTIMENTO

O Ministério da Saude e a Coordenagdao de DST e AIDS, em conjunto com outras
instituicbes publicas, procurando detectar a ocorréncia de resisténcia do Virus da
Imunodeficiénia Humana (HIV) em individuos que estejam utilizando medicamentos anti-
retrovirais, vém procurando implantar uma rede nacional de laboratorios aptos a executar
0 exame conhecido como genotipagem. A realizagdo deste exame, além de possibilitar a
obtencdo de informagdes ligadas a capacidade desse virus de resistir aos medicamentos
anti-retrovirais disponiveis, também podera contribuir nas acbes de combate a AIDS. A
resisténcia do HIV aos medicamentos pode comprometer a capacidade dessas drogas no
tratamento das pessoas infectadas.

Para a realizacao desse estudo, é necessario que seja colhido 10 mL do seu sangue. O
sangue por vocé doado, além de permitir o isolamento e a caracterizacdo do HIV,
também devera ter uma parte preservada para analises posteriores em instituicbes
ligadas ao Ministério da Saude ou a Organizacdo Mundial da Saude porém, sempre
dentro dos objetivos descritos acima. Caso alguma metodologia nova venha usar o
material por vocé doado e isto traga informagbes que possa beneficia-lo, essas
informacgdes estardo a sua disposi¢cao, sendo repassadas a unidade de saude onde vocé
esta sendo acompanhado, apds aprovagdo de um comité de bioética. Vocé néo tem
nenhuma obrigagéo de contribuir para esse estudo, e sua recusa nao ocasionara nenhum
prejuizo em seu atendimento médico. A eventual concordancia agora nao implica em
nenhuma obrigacao de coletas futuras. Se vocé concordar em participar dessa pesquisa,
acontecera o seguinte:

Um dos pesquisadores, seu médico ou alguém da equipe de saude podera fazer uma
breve entrevista e, apds consulta ao seu prontuario, devera preencher um formulario de
solicitacdo de exame de genotipagem no qual devera constar o seu nhome, dados de
identificagcao, entre outras informacgoes.

Todas essas informacgdes serdo anotadas de forma confidencial. Mesmo participando do
estudo, vocé podera recusar a fornecer algumas das informagdes solicitadas, desde que
isso ndo comprometa a avaliagdo do exame. Em momento algum seu nome sera
associado a entrevista em publicagcbes do estudo. O resultado dessa pesquisa, se
divulgado, ira garantir o total anonimato e a confidencialidade dos participantes.

Sera coletado 10 mL de sangue do seu brago. Como em qualquer coleta de sangue,
costuma haver desconforto local e risco da formagao de hematomas leves. Todas as
medidas habituais serdo tomadas para que isso ndo aconteca. Sempre que possivel,
essa coleta sera realizada junto aos exames de rotina, evitando assim, coletas extras.

Os resultados dos exames de genotipagem serdo encaminhados para a unidade onde
vocé é acompanhado.

Obs:

Mesmo apés assinatura desse documento, o seu exame podera néo ser colhido se suas
condi¢cdes nao preencherem os critérios de inclusdo na RENAGENO.

Qualquer duvida favor contatar seu médico em sua unidade de saude ou a Unidade de
Assisténcia, Diagnostico e Tratamento (UDAT) da CN DST/Aids pelos fones: 0xx-61-448
8008 ou 448 80009.

Apos a leitura do texto acima, afirmo ter compreendido o propdsito do estudo e concordo
em participar dessa pesquisa.
Nome do médico responsavel pelo paciente na unidade de saude:

Eu, abaixo assinado, responsabilizo-me pelo cumprimento das condi¢cbes aqui expostas.

Assinatura do Paciente:
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