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RESUMO

Introducéo e Objetivos: Uma das caracteristicas marcantes do HIV-1 é o seu extenso
polimorfismo genético baseado no qual pode ser classificado em quatro grupos (M, N,
O e P). O grupo pandémico M pode ser dividido em nove subtipos (A-D, F-H, J, K),
seis sub-subtipos (Al-A4, F1-F2), dezenas de formas recombinantes circulantes (CRFs)
e incontaveis formas recombinantes Unicas (URFs). A epidemiologia molecular do
HIV-1 no Brasil é complexa e dindmica e é caracterizada pela cocirculagdo dos subtipos
B, F1 e C e de recombinantes BF e BC. Estudos anteriores sobre sequéncias do gene pol
de isolados de HIV-1 de seis estados Brasileiros (Goias, Mato Grosso, Mato Grosso do
Sul, Tocantins, Maranhdo e Piaui) indicaram grande variabilidade de formas
recombinantes intersubtipos BF, BC, BFC e CF. Esta Tese apresenta caracterizacgéo
molecular destes recombinantes com reclassificagdo dos isolados em pol, genoma
completo/quase completo/parcial de formas recombinantes representativas. Os
resultados desta tese estdo apresentados na forma de artigos, sendo que um ja esta
publicado e dois estdo na forma de amnsucritos a serem submetidos. Métodos: O DNA
proviral foi extraido do sangue total e quatro fragmentos sobrepostos que compde o
genoma completo do HIV-1 foram amplificados por “nested”-PCR. As sequéncias
geradas foram alinhadas (BioEdit 7.2.0) e as analises filogenéticas realizadas (MEGA 6,
Neighbor-Joining, Kimura 2 parametros). Os perfis de recombinagdo foram
identificados por andlises de pontos, arvores filogenéticas de fragmentos e andlise de
bootscan (SIMPLOT v3.5.1). O tempo do ancestral comum mais recente (time of the
most recent common ancestor, Tyrca) dos clados HIV-1 BF1 foi estimado (Bayesian
Markov Chain Monte Carlo, BEAST v1.8). Resultados: Artigo 1; PlosOne:Dentre 828
isolados de HIV-1 dos seis estados Brasileiros, as analises filogenéticas identificaram,
87 isolados recombinantes BF em pol: 48% (42/87) se agruparam em cinco clusters
distintos (Cluster #1-5), 21% (18/87) eram CRF_BF-like e 31% (27/87) foram
classificadas como URFs_BF. Dentre os 22 isolados BF do maior cluster (#5),
obtivemos seis genomas completos, um genoma quase completo e quatro genomas
parciais. Estes 11 isolados, obtidos de pacientes sem vinculo epidemioldgico,
compartilharam perfil de recombinacdo idéntico em toda a extensédo do seu genoma,
permitindo a caracterizagdo de uma nova CRF. Esse recombinante denominado

CRF90_BF1 esta circulando nos estados de Goias, Mato Grosso e Tocantins. Dentre 0s
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vinte isolados BF que compunham os outros quatro clusters BF obtivemos: trés
genomas completos, quatro genomas quase completos e cinco genomas parciais. As
analises destas sequéncias permitiram a caracterizacdo de trés URFs_BF (Clusters #1,
#2 e #3), circulantes na regido Centro-Oeste. Estimativas sugerem que o ancestral
comum mais recente destes recombinantes BF/Tyrca data o inicio da década de 90.
Analises de BLAST permitiram a identificacdo de outras sequéncias que compartilham
0 mesmo padrédo de recombinacdo de pacientes das regides Norte e Sul, sugerindo que
estes recombinantes podem representar potenciais CRFs, ainda ndo descritas.
Identificamos também taxa moderada de isolados semelhantes a CRF28/CRF29_BF
(16,1%, 14/87) em Goiads, Mato Grosso e Mato Grosso do Sul. Manuscritos 1 e 2:
Foram também detectados recombinantes BC, BFC e CF (2,9%; 24/828): BC (2,3%,
19/828), BFC (0,4%, 3/828) e CF (0,2%, 2/828). Dentre estes 24 isolados, 19 se
agruparam em seis clusters enquanto cinco (BRGO4156, BRMT2509, BRMT3086,
BRMS43 e BRPI34) ndo se agruparam em nenhum cluster. Seis clusters foram
identificados (Clusters #1-6): dois apresentavam sete isolados com perfil de
recombinagdo semelhante a CRFs_BC ja descritas (29,2%, 7/24). O Cluster
#4/CRF31_BC-like continha cinco isolados (20,8%) e dois isolados eram do Cluster
#5/CRF60_BC-like (8,3%). A maioria dos pacientes infectados com isolados BC, BFC
e CF era virgem de tratamento antirretroviral (23/24) e 21,7% (5/23) apresentaram
mutacOes associadas a resisténcia transmitida a drogas. Conclusdes: Nossas analises em
isolados das regides Centro-Oeste, Norte e Nordeste do Brasil permitiram a
caracterizacgao de uma nova CRF_BF (CRF90_BF1) e de URFs_BF e BC diferentes das
descritas, além da deteccdo de isolados semelhantes & CRFs ja descritas
(CRF28/29_BF-like, CRF31_BC-like, CRF60_BC-like). Estes resultados indicam que a
coinfeccdo/superinfeccdo e a recombinacdo entre subtipos diferentes podem ser mais
frequentes que reportado. Além disso, nossos resultados destacam a geragdo continua de
recombinantes na epidemia Brasileira que se desenvolve em centros urbanos distantes
do epicentro da epidemia. Estudos de vigilancia incluindo genoma completo/quase
completo em amostragem abrangente sdo necessarios para identificar o surgimento e
disseminacdo de novos recombinantes e a implicacdo destes na transmissdo e controle
do HIV-1 no pais.

Palavras-chave: HIV-1; Formas recombinantes; Genoma completo.
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ABSTRACT

Background and objectives: One of the most striking features of HIV-1 is its extensive
genetic polymorphism which allows its classification into four groups (M, N, O and P).
The pandemic group M can be classified into nine subtypes (A-D, F-H, J, K), six sub-
subtypes (Al-A4, F1-F2), dozens of circulating recombinant forms (CRFs) and
countless unique recombinant forms. The molecular epidemiology of HIV-1 in Brazil is
complex and dynamic and has been characterized by the cocirculation of subtypes B, F1
and C and BF, BC, BFC and CF recombinants. Previous studies on pol sequences of
HIV-1 isolates from six Brazilian States (Goias, Mato Grosso, Mato Grosso do Sul,
Tocantins, Maranhdo e Piaui) have shown great variability of BF, BC and FC
recombinant viruses. This thesis describes the molecular characterization of these
mosaic genomes including reclassification in pol and generation of full length/near full
length/ partial genomes of representative isolates. The results of this thesis are presented
as articles, one of them is already published and two other are presented as manuscripts
to be submitted. Methods: Proviral DNA was extracted from whole blood and four
overlapping fragments that compose HIV-1 whole genome were amplified by “nested”-
PCR. The generated sequences were aligned (BioEdit 7.2.0) and phylogenetic analysis
performed (MEGA 6, Neighbor-Joining, Kimura 2 parameters). The recombination
profiles were identified by point analysis, phylogenetic analysis of fragments, and
Bootscan analysis (SIMPLOT v3.5.1). The time of the most recent common ancestor
(Tmrca) of HIV-1 BF clades was estimated (Bayesian Markov Chain Monte Carlo,
BEAST v1.8). Results: Article 1/Plos One: Among 828 HIV-1 isolates from six
Brazilian States, phylogenetic analysis of pol identified 87 BF recombinant isolates:
48% (42/87) grouped into five different clusters (Cluster #1-5), 21% (18/87) was
CRF_BF-like and 31% (27/87) were classified as URFs_BF. Among 22 isolates that
composed the largest BF cluster (#5), we have obtained six full length genomes, one
near full length genome and four partial genomes. These 11 isolates, obtained from
patients that did not have any epidemiological link shared identical recombination
profile in their genomes, allowing the description of a new CRF. This recombinant
named CRF90_BF1 is circulating in Goiés, Mato Grosso e Tocantins states. Among 20
BF isolates from the other four clusters we have obtained: three full length genomes,
four near full length genomes and five partial genomes. Analysis of these sequences

characterized three URFs (Clusters #1, #2 e #3), circulating in the Central West region.
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The estimated Tmrca for these BF clades was the beginning of the 90’s. BLAST search
analysis identified other sequences sharing the same recombination pattern among
isolates from the North and South regions, suggesting that they may represent other
potential, unidentified CRFs. A moderate rate of CRF28/CRF29_BF-like isolates was
seen (16.1%, 14/87) in Goias, Mato Grosso and Mato Grosso do Sul states. Manuscripts
1 and 2: BC and BF recombinant isolates were also detected (2.9%; 24/828): BC
(2,3%, 19/828), BFC (0,4%, 3/828) and CF (0,2%, 2/828). Among these 24 isolates, 19
grouped into six clusters while five (BRGO4156, BRMT2509, BRMT3086, BRMS43,
BRPI34) did not cluster. Six clusters were identified (Clusters #1-6): two clusters
contained 7 isolates with recombination profiles similar to already identified CRFs_BC
(29.2%, 7/24). Cluster #4/CRF31_BC-like comprised 5 isolates (20.8%) and two
isolates were Cluster #5/CRF60_BC-like (8.3%). Most patients infected with BC and
FC isolates was antirretroviral naive and (23/24) and 21.7% (5/23) had mutations
associated with transmitted drug resistance. Conclusions: Our analyses of isolates from
Central West, North and Northeast regions allowed the characterization of the new
CRF90_BF1 and different URFs_BF and BC from already described ones. Also isolates
sharing recombination profiles with already described ones were also observed
(CRF28/29_BF-like, CRF31_BC-like, CRF60_BC-like). Altogether our results indicate
that coinfection/ superinfection and intersubtype recombination may be more prevalente
that reported. Also, our results indicat the continuing generation of recombinants in the
Brazilian epidemic that is taking place in urban centers located away from the epicenter
of the epidemic. Continued surveillance studies including full/near full genomes in
larger sample sizes are necessary to identify emerging and disseminating recombinants

and their implication in the transmission and control of HIV-1 in Brazil.

Key words: HIV-1; Recombinants forms; Full length genomes
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APRESENTACAO

O curso de Biomedicina me apresentou esse mundo tdo extenso que é o ambiente dentro
do laboratério. Sou formada pela Pontificia Universidade Catolica de Goias (PUC/GO)
em Ciéncias Biologicas, modalidade médica, desde 1995. Em 1993, fiz um estagio no
laboratério da Organizacdo de Salde do Estado de Goias (antiga OSEGO), onde fui
treinada para realizar exame de baciloscopia: eu coletava linfa no I6bulo auricular e no
cotovelo de pacientes com suspeita de Hanseniase, preparava e corava as laminas. Ao
término do meu estdgio fui convidada para substituir, por seis meses, uma funcionaria
na sessdo de parasitologia de um laboratério da iniciativa privada. Em 1994, fiz um
concurso e fui aprovada para o cargo de técnico de laboratorio no Hospital das Clinicas.
Ao me formar em 1995, comecei trabalhar em laborat6rio particular (carga horéria: 6
horas) e, no final de 1996 fui chamada para tomar posse da vaga de técnico de
laboratdrio no Hospital das Clinicas. Entretanto, ndo tomei posse do cargo e abri méo da
vaga.

Trabalhei dez anos na iniciativa privada, até que em 2005, resolvi concorrer novamente
ao concurso de técnico de laboratdrio no Hospital das Clinicas. O concurso oferecia
quatro vagas e eu fui aprovada em quarto lugar. A quarta vaga foi disponibilizada ao
IPTSP/UFG, logo, eu comecei a trabalhar com a professora Maria de Fatima Costa
Alves e a professora Mariane Martins A Stefani. Em 2007, fui convidada a participar do
Estudo de Prevaléncia de Doencas Sexualmente Transmissiveis (DST) em adolescentes
e jovens do sexo feminino do Estado de Goias, sob a coordenagdo da Prof.2 Maria de
Fatima Costa Alves. Neste projeto fui responsavel pelas coletas de sangue e plasma na
cidade de Inhumas/Goiéas, bem como pela realizagdo dos exames de VDRL e FTA-
ABS, que foram realizados no IPTSP.

No mesmo ano, comecei curso de especializagdo Latu Sensu em “Tratamento e
Disposicao Final de Residuos Solidos e Liquidos” na Escola de Engenharia Civil/UFG.
Ao final de 2009, defendi minha monografia, intitulada: “Proposta de Controle e
Tratamento de Residuos Liquidos dos Laboratérios da Faculdade de Farmacia da
Universidade Federal de Goias”. Os resultados deste trabalho foram apresentados no VI

Congresso de Pesquisa, Ensino e Extensdo-CONPEEX em 2009:
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REIS, M.N.G., SANTIAGO, M.F. Proposta de Controle e Tratamento de Residuos no
Estado Liquido dos Laboratérios da Faculdade de Farmécia da Universidade Federal de
Goias. Goiania, 2009.

Os resultados referentes ao Estudo de Prevaléncia de Doengas Sexualmente
Transmissiveis (DST) em adolescentes e jovens do sexo feminino do Estado de Goiés
foram apresentados em Congresso internacional (14th International Congress on
Infectious Diseases em 2010):

GARCIA, F.L.B., TURCHI, M.D., GUIMARAES, E.M.B., CARVALHO, N.R,
RIBEIRO, C.T., REIS, M.N.G., ALVES, M.F.C. Syphilis among young woman: a

population based survey in Central Brazil. Flérida, 2010.

Este estudo resultou em publicacdo cientifica na International Jounal of Infectious
Diseases:

LIMA, Y.A.R.,, TURCHI, M.D., FONSECA, Z.C., GARCIA, F.L.B., CARDOSO,
F.A.B., REIS, M.N.G., GUIMARAES, E.M.B., ALVES, R.R.F., CARVALHO, N.R.,
ALVES, M.F.C. Sexually transmitted bacterial infections among young women in
Central Western Brazil. International Journal of Infectious Diseases, v. 25: p. el6-e21,
2014.

Trabalhando no “Laboratério de Imunologia da AIDS e da Hanseniase/LIAH”
coordenado pela professora Mariane Martins A Stefani, tive a oportunidade de
participar de diversos projetos de pesquisa referentes ao HIV-1. Em 2009, comegamos
um projeto em HIV-1 entre os detentos da Agéncia Prisional (CEPAIGO) localizado no
municipio de Aparecida de Goiania em parceria com o HDT (Hospital de Doencas
Tropicais). Neste projeto participei de cinco visitas ao CEPAIGO quando o HDT
suspendeu os trabalhos de assisténcia nesse local. Neste projeto coletamos amostras de
nove detentos e os resultados juntamente com resultados de detentos de Campo
Grande/MS, geraram artigo cientifico publicado no periddico Aids Research and

Human Retroviruses:

CARDOSO, L.P.V., da SILVEIRA, A.A., FRANCISCO, R.B.L, REIS, M.N.G,,
STEFANI, M.M.A. Molecular Characteristics of HIV Type 1 Infection Among
Prisoners from Central Western Brazil. AIDS RESEARCH AND HUMAN
RETROVIRUSES, v. 27, p. 1349-53, 2011.
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Em 2011, ingressei no mestrado no Programa de P6s-Graduagdo em Medicina Tropical
e Saude Publica (PPMTSP), sob orientagdo da Prof.2 Dr.2 Mariane Martins de Araljo
Stefani e coorientacdo da Prof.2 Dr.2 Ludimila de Paula Vaz Cardoso. O titulo da
dissertacdo era Resisténcia Natural ao T-20 em Gestantes Infctadas pelo HIV-1 do
Estado de Goiés. Os resultados dessa dissertacéo foram publicados no periddico Journal

of Medical Virology:

REIS, M.N.G., ALCANTARA, K.C., CARDOSO, L.P.V.,STEFANI, M.M.A..
Polymorphisms in the HIV-1 gp41 env gene, natural resistance to enfuvirtide (T-20)
and pol resistance among pregnant Brazilian women. Journal of Medical Virology
(Print), v. 86, p. 8-17, 2013.

Em 2013, iniciei o doutorado no PPMTSP, sob orientacdo da Prof.2 Dr.2 Mariane
Martins de Araljo Stefani e coorientacdo da Dr.2 Monick Lindenmeyer Guimardes,
FIOCRUS/RJ. O tema do meu projeto foi: “Genoma completo de formas recombinantes
BF1 e BC do HIV-1 circulantes nos estados de Goiés, Mato Grosso, Mato Grosso do
Sul, Tocantins, Maranhdo e Piaui”. Em agosto de 2013 fiz um treinamento no
Laboratdrio de AIDS e Imunologia Molecular na FIOCRUZ/RJ referente aos
procedimentos laboratoriais envolvidos no sequenciamento do genoma completo do
HIV-1. Alguns projetos foram desenvolvidos durante esses anos de doutoramento

dentro do LIAH, rendendo outras publicages:

LIMA, Y.AR., CARDOSO, L.P.V., REIS, M.N.G., STEFANI, M.M.A. Incident and
long term HIV-1 infection among pregnant women in Brazil: Transmitted drug
resistance and mother-to-child transmission. Journal of Medical Virology, v.88, n. 11, p.
1936-43, 2016.

LIMA, Y.AR., REIS, M.NN.G, CARDOSO, L.P.V., STEFANI, M.M.A. HIV-1
infection and pregnancy in young women in Brazil: socioeconomic and drug resistance
profiles in a cross-sectional study: Table 1. BMJ Open, v. 6, p. €010837, 2016.

MOURA, M.E.S. REIS, M.N.G,, LIMA, Y.AR., EULALIO, K.D., CARDOSO,
L.P.V., STEFANI, M.M.A. HIV-1 transmitted drug resistance and genetic diversity
among patients from Piaui State, Northeast Brazil. Journal of Medical Virology,
87(5):798-806, 2015.
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MOURA, M.E.S. REIS, M.N.G, LIMA, Y.AR., EULALIO, K.D., CARDOSO,
L.P.V., STEFANI, M.M.A. Low Rate of Transmitted Drug Resistance May Indicate
Low Access to Antiretroviral Treatment in Maranhdo State, Northeast Brazil. AIDS
Research and Human Retroviruses, 31(2):250-4.2014.

ALCANTARA, K.C.,REIS, M.N.G., CARDOSO, L.P.V.,BELLO, G., STEFANI,
M.M.A. Increasing heterosexual transmission of HIV-1 subtype C in Inland Central
western Brazil. Journal of Medical Virology, v. 85, p. 396-404, 2013.

Outras parcerias foram desenvolvidas durante esses anos: com a prof.2 Sheila Teles/FEN
sequenciando amostras HIV-1" em profissionais do sexo, com a prof.2 Megmar
Carneiro/IPTSP, sequenciando amostras HIV-1" de usuarios de Crack, com a prof.2
Keila Alcantara/FF, no projeto de pesquisa: “Doencas sexualmente transmissiveis, HIV-
1, hepatites B e C e 0 uso de alcool e drogas de abuso em caminhoneiros que trafegam

pela BR153 passando pelo Estado de Goias no Centro-Oeste Brasileiro”.

Colaboramos com a professora Ludimila Cardoso no sequenciamento de alguns

isolados de HIV-1 gerando resultados que foram apresentados em trés eventos:
1. no 13° Congresso de Pesquisa, Ensino e Extenséo da UFG:

SILVA, P.R., REIS, M.N.G., STEFANI, M.M.A., CARDOSO, L.P.V. Avalia¢do do
curso da infecgdo pelo HIV em pacientes com falha terapéutica sobterapia orientada por

genotipagem para resisténcia no municipio de Jatai/Goias. 2016.

2. no XIIlI Seminario de Patologia Tropical e Saude Publica/VI Semana de

Biotecnologia:

DIAS, R.F.G.,, BENTO, L.O, TAVARES, C. REIS, M.N.G., FILHO,
H.R., STEFANI, M.M.A., MORELI, M.L., CARDOSO, L.P.V. Perfil Clinico-
Epidemiolégico Da Infecgdo pelo HIV no periodo de 2005 a 2015 em Pacientes do

Sudoeste Goiano Brasileiro e Resisténcia a Terapia Antirretroviral. 2015.
3. no XIX Congresso Brasileiro de Infectologia:

DIAS, R.F.G., BENTO, L.O., REIS, M.N.G., SILVA, P.R., SA, P.P.D., FILHO,
H.R., STEFANI, M.M.A., MORELI, M.L., CARDOSO, L.P.V. RESISTENCIA AS
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DROGAS ANTIRRETROVIRAIS E DIVERSIDADE GENETICA EM PACIENTES
HIV+/AIDS DO SUDOESTE GOIANO. 2015.
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ORGANIZACAO DA TESE

Esta Tese sera apresentada no formato de “Modalidade Artigos cientificos”, atendendo a
Norma CPGMTSP No 04/2009 do Programa de Pds-Graduacdo em Medicina Tropical e
Saude Publica do Instituto de Patologia Tropical e Saiude Publica da Universidade
Federal de Goias.

Esta Tese se trata da caracterizagdo das formas recombinantes do HIV-1 circulando em
seis estados Brasileiros e é composta pelos seguintes itens:

-Introducéo/Revisdo da literatura;

-Justificativa;

-Objetivos;

-Artigo I: O primeiro artigo intitulado: Characterization of HIV-1 CRF90_BF1 and
putative novel CRFs_BF1 in Central West, North and Northeast Brazilian regions,
foi realizado em colaboragdo com Dra Monick Lindenmeyer Guimarées e Dr Gonzalo
Bello do Laboratério de AIDS e Imunologia Molecular na FIOCRUZ/RJ. Esse artigo foi
publicado na PLOS One. 2017 Jun 19;12(6):e0178578;

-O Manuscrito | intitulado: Characterization of three new URFs_BF identified in
Brazil estid em fase de finalizagdo para posterior submisséo para publicacéo;

-O manuscrito 11 intitulado: HIV-1 subtype C and F1 infections and extensive
variability of BC, BFC and CF mosaics in Central West, North and Northeast
Brazil, realizado em colaboragdo com Dra Monick Lindenmeyer Guimardes do
Laboratdrio de AIDS e Imunologia Molecular na FIOCRUZ/RJ estd em fase de
concluséo para posterior submisséo para publicacéo;

-Discusséo geral,

-Conclusdes

-Referéncias

-Anexos.
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1. INTRODUCAO/REVISAO DA LITERATURA

11 V_|’rus da Imunodeficiéncia Humana - Morfologia Viral e
organizagao gendmica

O Virus da Imunodeficiéncia Humana (HIV, do inglés Human
Immunodeficiency Virus) retrovirus da familia Retroviridae do género Lentivirus, é o
responsavel pela sindrome da imunodeficiéncia adquirida (SIDA/AIDS) (BARRE-
SINOUSSI et al., 1983; BARRE-SINOUSSI, 1996). Segundo as analises filogenéticas,
existem dois tipos de HIV: o HIV-1 e 0 HIV-2, sendo que o HIV-1 é o responsavel pela
pandemia global (HEMELAAR, 2012).

O virion, particula viral infecciosa do HIV-1 tem formato esférico de 100 a 120
nandmetros (nm) de didmetro, apresenta um genoma dipl6ide de duas moléculas de
RNA de fita simples, polaridade positiva, cujo comprimento é de 9719 kb. O genoma do
HIV-1 apresenta nove genes que codificam quinze proteinas. Este genoma contem trés
genes estruturais: gag, pol e env, dois genes reguladores: tat e rev, quatro genes
acessorios: nef, vif, vpu e vpr e duas regiGes de repeticbes terminais longas (LTRS)
(BARRE-SINOUSSI, 1996; WYATT e SODROSKI, 1998; LI et al., 2015) (Figura 1).

A estrutura de uma particula viral madura do HIV-1 é composta por um
envelope viral constituido de bicamada lipidica derivada da membrana da célula
hospedeira, na qual estdo inseridas aproximadamente 72 espiculas. Cada espicula possui
forma triangular e é composta pela glicoproteina transmembrana (gp41) que serve de
ancora para a glicoproteina de superficie (gp120). Envolvida pelo envelope encontra-se
a proteina matriz p17, internamente a ela esté localizado o capsideo viral composto pela
proteina principal do capsideo, p24. O nucleocapsideo que envolve o genoma do HIV-1
é composto pelas proteinas p7/p9 (FERGUSON et al., 2002; MAILLER et al., 2016)
(Figura 1).

Duas repeticOes terminais longas idénticas (LTRs, do inglés Long terminal
repeats) localizam-se nas extremidades 5’ e 3’ do genoma viral. As LTRs dividem-se
em trés porgdes: U3, R e U5 e auxiliam na integragdo do genoma viral ao genoma da
célula hospedeira, na expressao dos genes do virus e na sua replicacéo (LU et al., 2011).
A poliproteina gag, que possui 55 kD, é codificada pelo gene gag e é clivada em cinco
sitios especificos pela protease viral durante a maturagdo do virion. Neste processo sdo

geradas novas proteinas que constituirdo a proteina matriz (p17), a proteina do capsideo



(p24), do nucleocapsideo (p7) e as proteinas pl, p2 e p6 (TURNER e SUMMERS,
1999; BRIGGS e KRAUSSLICH, 2011). A proteina matriz € o componente N-terminal
da poliproteina gag, que esta internamente associada & membrana por meio da insercao
de trés grupos miristicos dentro da bicamada lipidica e também se associa com a
extremidade citoplasmética da gp4l (FRANKEL e YOUNG, 1998; SWANSON e
MALIM, 2008).
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Figura 1: A. Particula viral do HIV-1 identificando suas proteinas, glicoproteinas e
enzimas; B. Genoma completo do HIV-1 detalhando os seus nove genes.
(Adaptado de Robinson, 2002)

O capsideo apresenta-se sob a forma de cone e representa 0 segundo
componente da poliproteina e, circunda o nucleocapsideo. O nucleocapsideo se associa
intimamente com o genoma viral compactando-o e protegendo-o contra as nucleases,
além de transporta-lo para dentro do virion a ser montado. O peptideo p6 é composto

por 51 aminoacidos da porcdo C-terminal de gag e tem a funcdo de incorporar a



proteina vpr no virion durante a montagem do mesmo (FRANKEL e YOUNG, 1998;
SAKURAGI, 2011).

As enzimas virais codificadas pelo gene pol, protease (pl0), transcriptase
reversa (p51) e a integrase (p32) sdo cruciais para o ciclo replicativo. A protease viral
(p10) sofre auto-ativagdo, comecando a atuar sobre as proteinas do capsideo e as
enzimas ainda ndo clivadas. A protease viral é responsdvel pela clivagem da
poliproteina gag-pol no meio extracelular quando o virus imaturo é liberado da célula
hospedeira. A transcriptase reversa, composta pela p66 e p51, possui duas atividades
enziméticas: a DNA polimerase que copia a fita de DNA ou RNA e a RNAse H que
cliva o RNA quando o mesmo forma um hibrido com o DNA complementar (DNAC).
Desta maneira, a transcriptase reversa tem a funcéo de converter a fita simples de RNA
viral em uma fita dupla de DNA viral. O DNA viral se liga ao vpr, & integrase, a
proteina matriz e a outros elementos celulares, formando o complexo de pré-integracéo
(PIC). O PIC é conduzido ao nucleo, atravessa o poro nuclear por difusdo passiva, na
qual a integrase cliva o DNA da célula hospedeira e o0 DNA viral integra-se na
terminacdo 5’ do DNA da célula hospedeira com ajuda de enzimas da propria célula
gerando um DNA proviral estavel (FRANKEL e YOUNG, 1998; SARAFIANOS et al.,
2009).

A proteina precursora gpl60 € codificada pelo gene env e € produzida no
Reticulo Endoplasmaético e apds clivagem no Complexo de Golgi origina a gp120 e a
gp4l. A gp120 possui cinco regides varidveis e cinco regifes constantes e consiste de
trés dominios que ficam ancorados em trés dominios da gp41. A gp120 interage com as
moléculas CD4 das células alvo, que séo consideradas o receptor primario do HIV-1
enquanto os principais receptores secundarios sdo coreceptores para quimiocinas
(BERGER et al., 1999).

As proteinas reguladoras e acessorias do virus HIV-1 possuem diferentes
funcbes na replicacdo viral. As proteinas tat e rev sdo classificadas como proteinas
reguladoras. A proteina tat codificada pelo gene tat é trans-ativadora da transcri¢do do
genoma viral. Esta proteina contém aproximadamente 14 kD e esta localizada na regido
U3 da 5'LTR. Em conjunto com outras proteinas virais e celulares, a tat auxilia a RNA
polimerase 11 no momento da transcricdo do DNA proviral integrado ao cromossomo da
célula hospedeira, aumentando a taxa de iniciagdo da transcricdo e estabilizando o
alongamento da molécula de RNA mensageiro (RNAm). A proteina tat é considerada

essencial para a replicagdo viral e pode aumentar a produgdo de RNAm viral em
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aproximadamente 100 vezes (FRANKEL e YOUNG, 1998). A proteina rev é uma
fosfoproteina de 18 kD que participa do transporte do RNAm do nucleo para o
citoplasma (SEELAMGARI et al., 2004).

As proteinas acessorias sdo: nef, vif, vpu e vpr. A proteina nef é uma proteina de
27 kD, apresenta 206 aminodcidos na sua parte N-terminal miristica. A proteina nef
apresenta duas funcdes: aumentar a replicagéo viral e reduzir a quantidade de receptores
CD4 por endocitose. Logo ap6s, a infeccdo viral nef é expressa em altas concentracdes
(SWANSON e MALIM, 2008). A proteina vif (fator de infectividade viral) é uma
proteina de 23 kD que se localiza no citoplasma e € capaz de induzir a produgdo de
virions altamente infecciosos. Na auséncia da proteina vif, os virions apresentam
defeitos na sua infectividade sendo chamados de “semipermissivos” ou “ndo
permissivos” (SEELAMGARI et al., 2004; ENGELMAN e CHEREPANOV, 2012).

A Vpu é a proteina viral U (17 kD) que é responsavel por formar canais i6nicos
nas bicamadas lipidicas aumentando sua permeabilidade a varias moléculas. A vpu tem
as funcOes de induzir a degradagédo de CD4 junto com nef, aumentar a liberagdo dos
virions da célula infectada antagonizando o fator de restricdo intracelular humano
teterina e juntamente com tat, vpr contribui para o processo de apoptose
(SEELAMGARI et al., 2004; BELL et al., 2007). A proteina vpr composta por 99
aminodcidos apresenta inimeras fungdes no ciclo replicativo e na evolucdo da infeccéo
do HIV no hospedeiro. A proteina Vpr se liga ao DNA proviral juntamente com a
integrase e a proteina matriz conduzindo estas moléculas ao nucleo onde o DNA
proviral serd incorporado ao DNA da célula infectada. A proteina Vpr atua na
replicagdo viral, auxiliando na transcricdo juntamente com a tat e na patogénese no
inicio da doenga. Além disso, virus mutantes com defeitos na proteina vpr retardam a
evolugéo da doenga (SEELAMGARI et al., 2004).

1.2 Ciclo Replicativo do HIV-1

A interacdo entre o virus e a célula hospedeira ocorre 10 minutos apés a
inoculacdo do HIV-1 no hospedeiro (Figura 2). Ao infectar a célula alvo, o HIV-1,
estabelece ligacdo entre a gpl20 viral com o receptor primdrio CD4 da célula
hospedeira (linfocitos T auxiliares CD4*/LT CD4", macréfagos e células dendriticas), e
em seguida, a gp120 sofre uma mudanca conformacional expondo sitios que facilitam

sua ligagdo com os receptores secundarios ou correceptores dentre eles o CCR2, CCR3,
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CCR5 e CXCR4. Os correceptores CCR5, expresso pelos macrofagos e células
dendriticas e 0 CXCR4, expresso pelos LT CD4", sdo os mais utilizados pelo HIV-1
(CONNOR et al., 1997; GOTO et al., 1998). A escolha do correceptor celular é
determinada pelo virus, sendo este mecanismo denominado tropismo viral. Os virus
chamados de “R5-trdpicos” se ligam ao correceptor CCR5, enquanto os denominados
“X4-tropicos” ligam-se ao correceptor CXCR4 enquanto os denominados virus “duo-
tropicos” ou R5X4 interagem com os dois correceptores. No inicio da infec¢éo, a maior
parte da populacéo viral é constituida de “R5-tropicos” e com o0 passar do tempo, esses
virus diferenciam-se e passam a usar também os correceptores CXCR4 tornando-se
“X4-tropicos”. Essa alteracdo no tropismo viral em geral se relaciona com a progresséo
da doenca. Estudos indicam que o0s virus “R5-tropicos” sdo responsaveis pela maioria
das infeccdes (90% das infecgdes em todo o mundo) (BERGER et al., 1998;
SHATTOCK e ROSENBERG, 2012).

Apos a interacdo da gpl20 viral aos correceptores celulares ocorre mudanga
conformacional com exposicéo da gp 41. Os peptideos de fusdo da gp41l que séo ricos
em glicina sdo inseridos na membrana da célula hospedeira, aproximando as membranas
viral e celular, ocorrendo entdo a fuséo das mesmas. Este processo resulta na formagéo
de um poro de fusdo pelo qual o capsideo do HIV-1 é liberado no citoplasma da célula
hospedeira (WILEN et al., 2012).

Assim que o capsideo viral € liberado no citoplasma da célula hospedeira, ele se
desfaz liberando as fitas de RNA viral e inicia-se o processo de retrotranscri¢do das fitas
do RNA viral em DNAc promovida pela enzima transcriptase reversa. Em seguida, o
DNAc duplicado liga-se a outras proteinas formando o PIC, este é conduzido ao nucleo
onde sera integrado ao DNA da célula infectada, mediante acdo da integrase e a partir
desse momento o DNA viral pode ser denominado também de “provirus” (HU et al.,
1990; BARRE-SINOUSSI, 1996) (Figura 2).
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Figura 2: Infeccdo da célula alvo pelo HIV-1 e ciclo replicativo incluindo a entrada
viral, transcricdo reversa, integracdo de DNA viral, montagem de virions e
liberacdo das novas particulas virais.

(Adaptado de Taylor et al. 2008)

Quando a célula hospedeira infectada pelo HIV-1 € ativada inicia-se a
transcricdo de genes, incluindo os genes do HIV-1 integrados em seu genoma, a partir
do DNA proviral. A transcricdo produz uma Unica fita de RNA, essa fita & processada,
produzindo varios RNAm de tamanhos diferentes (~2 kb, ~4 kb e ~9 kb), 0 RNAm
menor consegue passar pelo poro da membrana nuclear e assim ocorre a traducéo de
suas proteinas: rev, tat e nef. A proteina rev retorna ao nucleo e auxilia na saida dos
RNAm restantes, 0 RNAm de 4kb traduzird as proteinas do envelope, vpu, vpr e vif, ja
o RNAmM maior sera traduzido nas proteinas virais gag e gag-pol ou sera usado como
RNA gendmico do novo virus. As duas fitas de RNA gendmico viral sintetizadas
podem fazer parte de um novo virion ou podem ser traduzidas em proteinas (FRANKEL
e YOUNG, 1998; SEELAMGARI et al., 2004). As poliproteinas longas virais gag e
gag-pol sdo sintetizadas proximas & membrana celular, enquanto que a poliproteina env
é sintetizada no Reticulo Endoplasmético (TURNER e SUMMERS, 1999).

No Reticulo Endoplasmético ocorre formacéo do complexo da poliproteina env

com o CD4, que posteriormente sera separado devido a acdo das proteinas vpu e nef que



degradam o CD4. Desta forma as glicoproteinas gp120 e gp41 sdo liberadas e migrardo
para a membrana citoplasmética revestindo a membrana externa dos novos virions
(FRANKEL e YOUNG, 1998). Proximo & membrana citoplasméatica da célula
hospedeira ocorre a montagem viral com a reunido das poliproteinas gag, gag-pol, as
proteinas vif, vpr e nef e 0 RNA gendmico viral, formando assim um virion imaturo. O
virion imaturo é liberado por brotamento e no meio extracelular, a protease viral (que
faz parte da poliproteina pl60) é auto-ativada e inicia o processo de clivagem das
poliproteinas virais. Este processo faz com que as particulas virais passem por
modificacdo morfoldgica conhecida como maturagdo (Figura 2) (BRIGGS e
KRAUSSLICH, 2011).

A poliproteina gag é clivada para formar as proteinas p24, pl7, p7/p9 e pé.
Primeiramente ocorre a separagdo das proteinas p7/p9, permitindo a condensacéo do
RNA viral revestido pelas mesmas. Logo apds, acontece nova clivagem que permite a
formacédo do capsideo que abriga 0 RNA, as proteinas e as enzimas virais. A proteina
pl7 fica ligada préoxima & membrana citoplasmatica viral. Simultaneamente, a
poliproteina pol também é clivada para formar as enzimas protease, transcriptase
reversa e integrase. O processamento dessas poliproteinas no virion completa o ciclo de
replicacdo do HIV-1 e assim as particulas virais maduras sdo capazes de infectar outras
células hospedeiras (BRIGGS e KRAUSSLICH, 2011) (Figura 2).

1.3 Variabilidade genética do HIV-1

O HIV-1 apresenta uma extensa variabilidade genética gerada a partir das altas
taxas de replicacdo, mutacBes e recombinagdo do virus HIV-1. Segundo essa
variabilidade genética foi estabelecido um sistema de classificacdo do HIV-1 que o
divide em grupos, subtipos, sub-subtipos, formas recombinantes as quais podem ser
circulantes (CRFs) ou Unicas (URFs) (ROBERTSON et al., 2000).
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Figura 3: Arvore filogenética ilustrando relagdes entre o HIV-1, o SIVcpz e
o SlVgor.
(Adaptado de D"Arc et al. 2015)

O HIV-1 é resultado de transmissdo zoondtica e acredita-se que ocorreram pelo
menos quatro transmissdes independentes entre primatas e o homem. O HIV-1 é
classificado em quatro grupos: M (main), N (non-M, non-O), O (outlier) e P (GAO et
al., 1999; THOMSON et al., 2002; PLANTIER et al., 2009). Os virus dos grupos M e
N estdo filogeneticamente relacionados com o SIVcpzPtt cujo reservatorio natural sdo
chimpanzés da espécie Pan troglodytes troglodytes que habitam as florestas equatoriais
em Camardes. Os virus do grupo O e P estdo relacionados com o SIVgor que infecta
gorilas da espécie Gorilla gorilla gorilla que habitam a regido centro-oeste do

continente Africano (Figura 3). N&o existe precisdo de quando esses eventos de



transmissdo interespécies ocorreram, mas mediante os calculos moleculares estima-se
que o grupo M tenha se originado no inicio do século 20, o grupo O por volta de 1920, o
grupo N em 1963; a origem do grupo P, apesar de poucas evidéncias, foi estimada ser
em 1980 (HAHN et al., 2000; PLANTIER et al., 2009; SHARP e HAHN, 2011,
MOUREZ et al., 2013).

O grupo M do HIV-1 é o responsavel pela maioria das infeccdes mundiais, e
segundo estimativas, por volta de 1920 ja existiam individuos infectados com HIV-1 M
na Republica Democratica do Congo, mais especificamente na sua capital, Kinshasa. A
partir desse periodo o HIV-1 M comecou a se disseminar para paises vizinhos. O grupo
M é responsavel por mais de 36 milhdes de infecgdes em todos os continentes e €
subdividido em nove subtipos virais (A, B, C, D, F, G, H, J e K) e seis sub-subtipos
(A1-A4, F1-F2), todos originados na Africa Central (THOMSON et al., 2002; MELONI
et al.,, 2004; VIDAL et al.,, 2006; FARIA et al., 2014; PEETERS et al., 2014;
JUNQUEIRA e ALMEIDA, 2016). O grupo O, descrito em 1990, provavelmente ja
circulava em 1960 segundo dados de sequenciamento de amostras de um marinheiro
noruegués e sua familia, coletadas em 1997 e que estavam estocadas e congeladas. O
grupo O representa 1% das infec¢cbes no mundo e a maioria dos individuos infectados é
oriunda de Camardes, Guiné Equatorial e Gabdo. Até o momento foram identificados
quinze isolados do grupo N, descrito pela primeira vez em 1998, e dois isolados do
grupo P, descrito em 2009, todos eles provenientes de Camardes (JONASSEN et al.,
1997; VALLARI et al., 2011; EBERLE e GURTLER, 2012; MOUREZ et al., 2013). E
possivel ocorrer recombinacdo entre grupos, a homologia entre os genomas dos
diferentes grupos é 65%. Em 1999 foi descrita a recombinacéo entre os grupos O e M
em uma mulher de Camardes (TAKEHISA et al., 1999).

1.3.1- Subtipos Puros do HIV-1

A epidemia de AIDS atinge em torno de 36 milhdes de pessoas mundialmente
(WHO, 2015). A prevaléncia e a diversidade do HIV-1 no mundo ¢é alta e abrange 0s
diferentes subtipos do HIV-1. O subtipo C é mais prevalente, sendo responsével por
mais de 48% das infecgdes por HIV-1. Em segundo lugar, aparece o subtipo A, com
12% das infecgdes pelo HIV-1, 11% pelo subtipo B, 5% pelo subtipo G e 2% pelo
subtipo D (SANTOS e SOARES, 2010; HEMELAAR et al., 2011).



A epidemia do subtipo B fora da Africa comegou a partir do Haiti nos anos de
1960, quando trabalhadores haitianos infectados pelo HIV retornaram ao seu pais,
vindos da Africa. Em seguida houve a expansdo do subtipo B para outros paises
caribenhos, para os Estados Unidos da América, América do Sul e outros paises do
mundo (GILBERT et al., 2007; MURILLO et al., 2013). Na Europa, o subtipo B foi
introduzido diversas vezes mediante usuarios de drogas injetaveis, turistas e por
comércio sexual, espalhando-se de diferentes formas, sendo que cada pais tem sua
epidemia peculiar (PARASKEVIS et al., 2009). Recentemente estudos mostraram que a
epidemia do subtipo B da América do Sul esta diretamente relacionada com a epidemia
do Caribe, sendo o Brasil, Argentina e Venezuela responsaveis pela expansdo da
infeccdo do HIV-1 dentro da América do Sul (JUNQUEIRA et al., 2011; MIR et al.,
2015; JUNQUEIRA e ALMEIDA, 2016).

O subtipo B apresenta algumas variantes circulando no mundo com padrdes de
assinaturas alternativos ou mutagdes diferenciadas. Quatro variantes do subtipo B foram
identificadas como responsaveis por epidemias regionais, dentre elas o subtipo B
coreando (“Korean B” ou B®) que apresenta o motivo GPGS atipico na alca V3, ou seja,
uma assinatura padrdo em 32 aminoacidos dispersos na gp160 em relacdo ao subtipo B.
Estima-se que o subtipo B" tenha sido originado por volta de 1967 (KIM et al., 2012).
O subtipo B tailandés (B’ Thailand, Thai-B ou Bb) exibe um motivo GPGQ distinto na
alca V3, além de mutagBes na pl7. Estima-se que este subtipo tenha surgido em 1983
(YE et al., 2014). O subtipo B de Trinidad e Tobago (B™") apresenta uma delego da
treonina na porgéo final da alca V3 (GILBERT et al., 2007). O subtipo B Brasileiro
apresenta a sequéncia GWGR na al¢a V3 no gene env (MORGADO et al., 1994; DIAZ et
al. 2008).

O subtipo B no Brasil foi introduzido por multiplas cepas, a partir da década de
60 quando se estabeleceu predominando em quase todas as regides do pais, com
excecdo da regido sul, onde predomina o subtipo C (BELLO et al., 2011). Os estados de
Sdo Paulo, Rio de Janeiro, Goids e Mato Grosso tem uma grande importancia na
transmissdo do subtipo B dentro do pais. Além disso, como S&o Paulo e Rio de Janeiro
recebem grande niimero de visitantes de varios lugares do mundo, estes estados podem
potencialmente contribuir para disseminacdo do subtipo B para outros paises
(JUNQUEIRA e ALMEIDA, 2016). No Brasil, duas variantes do subtipo B foram
identificadas: o clado B pandémico (Bpandemico) € 0 clado do subtipo B ndo pandémico do

Caribe. O clado B caribenho (Bcar) representa 1-4% das infecgdes causadas pelo
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subtipo B no Brasil, estando mais presentes nos estados de Roraima, Amazonas e
Maranh&o (DIVINO et al., 2016).

O subtipo C € responsavel pela maioria das infec¢fes do HIV-1 em todo mundo,
acredita-se que o ancestral do subtipo C originou-se no final da década de 30 na
Republica Democrética do Congo, em Kinshasa, e depois disseminou-se para 0s paises
africanos vizinhos (HEMELAAR et al., 2011; FARIA et al., 2015). Na década de 80 a
Africa do Sul recebeu milhares de imigrantes para trabalhar nas minas com
comportamento de alto risco para a infeccdo do HIV-1 contribuindo para a
disseminagdo do subtipo C no pais. Estes imigrantes permaneciam confinados em
dormitérios por longos periodos sem ter contato com suas familias e buscavam
multiplos parceiros sexuais em zona de prostituicdo (WILKINSON et al., 2015).

Na América do Sul, o subtipo C foi descrito inicialmente no Brasil em 1994, e
posteriormente na Argentina e Uruguai nos anos de 1999 e 2001, respectivamente.
Acredita-se que o subtipo C tenha se disseminado na América do Sul a partir do Brasil
(MONTEIRO et al., 2007; CARRION et al., 2004; GAO et al., 1994). Diversos estudos
apontam que a introducgdo do subtipo C ocorreu por um unico evento fundador ou por
vérias introducbes com variantes geneticamente muito proximas, na regido Sul
(FONTELLA et al., 2008; BELLO et al., 2008). Porém, existem controvérsias sobre o
local exato da origem do subtipo C Brasileiro. Em 2008, dois estudos sobre a origem do
subtipo C do Brasil foram publicados. Um deles propds que as variantes C do Brasil
teriam uma relacdo filogenética muito proxima com as cepas provenientes de Burundi
na Africa (BELLO et al., 2008). Por outro lado, outro estudo apontava que as cepas C
Brasileiras tinham uma relacéo filogenética muito proxima com as variantes do Quénia
(FONTELLA et al., 2008). Posteriormente, estes achados foram contestados baseados
na hipotese de origem do subtipo C Brasileiro em Mocambique devido a forte ligacéo
sociocultural entre os dois paises devido a intensa migracdo de mogambicanos para o
Brasil fugindo da guerra civil (BRIGIDO, 2009). Logo em seguida, andlises
filogenéticas refutaram esse argumento indicando que ndo havia nenhuma relagdo
filogenética proxima entre as variantes C Brasileiras e mogambicanas (FONTELLA et
al., 2009). Em conjunto, estas evidéncias apontam que as cepas C no Brasil estdo
relacionadas com as variantes do Leste Africano. Outro estudo propds que as cepas C
Brasileiras teriam se originado no Leste Africano, e foram introduzidas no Brasil pelo
Reino Unido. Porém, andlises filogenéticas posteriores mostram que o subtipo C teria

sido introduzido no Brasil a partir da Africa Oriental e posteriormente as cepas C teriam
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entrado no Reino Unido oriundas do Brasil (de OLIVEIRA et al., 2010; VERAS et al.,
2011; GRAF e PINTO, 2013).

Existem duas teorias sobre a introdugéo do subtipo C no Brasil, uma indicando
que o subtipo C tenha sido introduzido no Parand e disseminado para Santa Catarina e
depois para o estado do Rio Grande do Sul, por volta dos anos 1970. Posteriormente, na
década de 80, o subtipo C migrou do estado do Parana para as regides Sudeste e Centro-
Oeste e do estado de Santa Catarina para o estado do Rio de Janeiro. A outra teoria
sugere que o subtipo C Brasileiro tenha sido introduzido na cidade de Porto Alegre no
inicio dos anos 70. Inicialmente a migra¢do ocorreu nas cidades vizinhas. Na década de
80, o subtipo C alcangou as capitais das regides Sul e Sudeste e posteriormente alcancou
0 Centro-Oeste, Goiania por volta de 1981, Campo Grande em meados da década de 80.
No inicio dos anos 90, o subtipo C chegou até a regido Norte (Manaus e Palmas)
(DELATORRE et al., 2013; GRAF et al., 2015). O primeiro isolado do subtipo C
Brasileiro a ter seu genoma completo sequenciado foi a cepa 92BR025.8, pertencente a
uma paciente hemofilica, 23 anos, natural de Porto Alegre e sua amostra foi coletada em
1992 (GAO et al., 1998).

Grande parte das infec¢des por HIV-1 do subtipo F1 no mundo tem sido relatada
na Africa, mais especificamente em Angola e na Republica Democratica do Congo. A
sua origem ocorreu provavelmente por volta da década de 40 na Republica Democrética
do Congo quando entfo iniciou sua disseminacio da Africa para a Europa (Roménia) e
América do Sul (MEHTA. et al.,2011; LAI et al., 2014). Acredita-se que a Italia tenha
recebido cepas do subtipo F1 vindas da América do Sul e da Africa (GUIMARAES et
al., 2009; BELLO et al., 2012). Na América do Sul, as cepas do subtipo F1 estdo
relacionadas filogeneticamente com as cepas da Angola e da Republica Democrética do
Congo. Andlises filogenéticas sugerem que no Brasil, o subtipo F1 teve uma fase de
expansdo inicial, no final da década de 70 até o inicio dos anos 1990, que foi seguida de
recente desaceleracdo dessa taxa de expansdo (BELLO et al, 2012).

Provavelmente logo ap6s sua introducdo no Brasil, o subtipo F1 tenha se
recombinado com o subtipo B, e as formas recombinantes BF tenham se adaptado e
expandido no pais melhor que o subtipo F1. Na América do Sul, as formas “puras” do
subtipo F1 parecem estar restritas ao Brasil e apresentam uma prevaléncia variavel, na
maioria dos estados, baixa prevaléncia, com excec¢do dos estados do Amapa, Minas
Gerais e Pernambuco. E possivel que essa baixa frequéncia do subtipo F1 puro no Brasil

seja decorrente da vantagem adaptativa das formas recombinantes principalmente com o
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subtipo B, que em geral sdo mais frequentes. O subtipo F1 foi identificado no Brasil no
inicio da década de 90 mediante do genoma quase completo do isolado 93BR020.1 que
foi classificado como subtipo F puro (MORGADO et al., 1994; GAO et al., 1998;
BELLO et al., 2011).

Segundo o Boletim Epidemiolégico HIV/Aids (Departamento de Vigilancia,
Prevencao e Controle das Infeccbes Sexualmente Transmissiveis, do HIV/Aids e das
Hepatites Virais, Secretaria de Vigilancia em Salde, Ministério da Saide) em 2015
havia no Brasil cerca de 840 mil infectados com o HIV-1. Esses individuos estavam
distribuidos em cinco regides Brasileiras, sendo 52,9% no Sudeste, 20,1% no Sul,
15,1% no Nordeste, 6,0% no Centro-Oeste e 5,9% no Norte.

As caracteristicas da epidemiologia molecular do HIV-1 no Brasil diferem em
cada regido geogréfica. A regido Norte, composta por sete estados, corresponde a 45%
de todo territdrio Brasileiro e apresenta cerca de 50 mil infectados pelo HIV-1, porém
os dados moleculares do HIV-1 nesta regido ainda séo escassos. Baseando-se nos dados
disponiveis de estados da regido Norte observa-se predominio do subtipo B (84%)
variando de 63% no Amapa e 97% em Roraima. (CARVALHO et al., 2011; CUNHA et
al., 2012; LOPES et al., 2015; dos ANJOS SILVA et al., 2016; da COSTA et al., 2016,
ANDRADE et al., 2017; MACHADO et al., 2017; CORADO et al., 2017). Na regido
Norte a segunda forma mais prevalente é recombinante BF (8.0%) sendo que em
Rondodnia a prevaléncia alta de 18% de BF foi observada. Nesta regido, o subtipo F1
tem prevaléncia de 4,4% (Amapé apresenta uma frequéncia de 14%). A prevaléncia do
subtipo C foi 2,7%, ressaltando que Rond6nia teve uma prevaléncia de 7,8% de
sequéncias CRF31_BC-like e outros 0,9% (da COSTA et al., 2016).

Um resumo dos dados de epidemiologia molecular do HIV-1 na regido Nordeste
indica predominio do subtipo B (73% variando de 45% em Alagoas a 86% em Piaui). O
subtipo F1 representa 12,4% sendo que a frequéncia mais alta foi encontrada em
Pernambuco: 37%. As formas recombinantes BF representam 8,1%, principalmente em
Pernambuco, onde foram caracterizadas as CRF70/71 BF. Estudos recentes tém
mostrado uma frequéncia intermediaria das CRF70/71_BF (12%). O subtipo C
representou 2,7% e 3,8% dos virus correspondiam a outras formas recombinantes BC,
dentre elas CRF31 _BC-like e CRF60_BC-like, além da forma recombinante AG
(ARRUDA et al., 2011; CAVALCANTI et al., 2012; ALENCAR et al., 2013; de
MORAES SOARES et al.,2014; MOURA et al., 2015a; MOURA et al., 2015b;
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PESSOA et al., 2014b; PESSOA et al., 2016; LIMA et al., 2016%; DELATORRE et al.,
2017).

Na regido Centro-Oeste, a epidemiologia molecular do HIV-1 indica prevaléncia
do subtipo B: 71,5% sendo a menor frequéncia detectada em populacédo carceréria de
Goiés e Mato Grosso do Sul (59%) e a maior frequéncia detectada em Goiés (82%). Em
segundo lugar, observam-se formas recombinantes BF (13,2%). O subtipo C
correspondeu a 8,5% dos isolados do Centro-Oeste. Entretanto, esse subtipo tem uma
frequéncia alta em gestantes (16,6%). O subtipo F1 teve frequéncia de 4,6% e formas
recombinantes BC de 2,2% (CARDOSO et al., 2009; CARDOSO e STEFANI, 2009;
CARDOSO et al., 2010; CARDOSO et al., 2011; FERREIRA et al., 2011;
ALCANTARA et al., 2012; da SILVEIRA et al.,, 2012; da COSTA et al., 2013;
ALCANTARA et al., 2013; REIS et al., 2014; LIMA et al., 2016Db).

A regido Sudeste, responsavel por 52,1% das infec¢Bes no Brasil € caracterizada
por predominio do subtipo B (74% variando de 58% no S&o Paulo a 86% no Rio de
Janeiro) e formas recombinantes BF (11%). Nessa regido foram caracterizadas seis
CRFs: CRF28/29/46_BF em S&o Paulo, CRF39/40_BF no Rio de Janeiro e CRF72_BF
em Minas Gerais (DE SA-FILHO et al., 2006; GUIMARAES et al., 2008; SANABANI
et al., 2010; SANABANI et al., 2011; SANABANI et al., 2013; ALENCAR et al.,
2013; De MORAES SOARES et al., 2014; PESSOA et al., 2014a; PESSOA et al.,
2014b; PESSOA et al., 2016). Também nessa regido tém sido identificados subtipos C,
F1, D, CRF45_cpx e CRF02_AG-like (PILOTTO et al., 2013; PIMENTEL et al., 2013;
VELASCO-DE-CASTRO et al., 2014; GUIMARAES et al., 2015; DELATORRE et
al., 2016).

Na regido Sul, a epidemiologia molecular do HIV-1 difere de todas outras
regides do Brasil, sendo caracterizada pela alta prevaléncia do subtipo C e das formas
recombinantes BC. Estudos da regido Sul indicam que o subtipo C representa 52% e o
subtipo B 27,9%. As formas recombinantes BC representam 8,8% e CRF31_BC 5,6%.
A CRF31_BC tem alta prevaléncia em Porto Alegre e nas cidades da regido
metropolitana de Porto Alegre, apresentando uma prevaléncia de 35%. As formas
recombinantes BF correspondem a 3,7% e o subtipo F1 a 2% das infecgOes
(MEDEIROS et al., 2011; da SILVEIRA et al., 2012; LIBRELOTTO et al., 2015;
GRINBERG et al., 2015; GRAF et al., 2016).
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1.3.2- Formas Recombinantes do HIV-1

O HIV-1 é considerado um dos patdgenos emergentes mais polimoérficos que se
conhece. As principais causas da diversidade séo: a auséncia de atividade de corregéo da
enzima transcriptase reversa, a alta taxa de mutacdo, a extensa produgdo de virions
diaria e a recombinacéo viral que ocorre entre dois ou mais subtipos. Dentre elas o
processo de recombinacdo dentro de uma célula hospedeira durante a replicacéo viral
contribui de modo significativo para este polimorfismo. O processo de recombinacao
pode ocorrer entre virus com subtipos genéticos idénticos ou diferentes (recombinacéo
intra ou intersubtipos) ou entre virus de grupos diferentes (intergrupos). A
recombinagdo viral tem o potencial de contribuir para a grande variabilidade genética do
HIV-1 a qual pode influenciar o fitness viral e sua adaptagdo ao sistema imune
(TAKEHISA et al., 1999; DELVIKS-FRANKENBERRY et al., 2011).

A recombinagdo pode ocorrer durante 0s constantes “saltos” da enzima
transcriptase reversa entre as fitas de RNA viral durante a retrotranscricdo. A
transcriptase reversa pode comutar entre as fitas de 3 a 12 vezes por ciclo replicativo,
podendo gerar delecBes e inser¢Bes de nucleotideos (HU e SEEGER, 1996; TAYLOR et
al., 2008; DELVIKS-FRANKENBERRY et al., 2011).

Um individuo infectado pelo HIV-1 pode produzir aproximadamente 10%°
novos virions por dia. Apés multiplos ciclos replicativos, a populacdo viral pode ser
considerada uma “quasiespecie”, ou seja, uma populacdo que contém um grande
nimero de variantes genéticas proximamente relacionadas, mas distintas. Essas
variantes genéticas podem apresentar Varios polimorfismos ou mutagdes. Muitas
mutacBes introduzidas no genoma sdo letais ou deletérias para replicacdo viral
(ROBERTSON et al., 1995; EBERLE e GURTLER, 2012). A recombinacdo
intrasubtipos tem sido pouco detectada e citada na literatura, devido a alta similaridade
entre as sequéncias, o que faz com que esse fendbmeno nédo seja facilmente identificado
(GALLI et al., 2010).

Por outro lado a recombinagéo intersubtipos tem sido amplamente relatada na
literatura. Este processo ocorre quando uma célula hospedeira é infectada por dois ou
mais virus de subtipos diferentes, ndo necessariamente ao mesmo tempo, a coinfeccédo
pode ocorrer com intervalos de dias, meses ou anos. Nesta situacdo, os RNAs
gendmicos de ambos os virus diferentes sdo empacotados no mesmo nucleocapsideo de

forma que o material genético desse novo virus apresenta duas fitas de RNA distintos
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dos dois virus que causaram a coinfec¢do. Nessa primeira fase da infeccéo, ap0s o ciclo
replicativo, sdo liberados virions apresentando material genético de subtipos diferentes,
ou seja, possuem no seu material genético, fitas de RNA de diferentes subtipos. Quando
esse virus infecta uma nova célula, durante o processo de retrotranscricdo, a
transcriptase reversa pode comutar entre as duas fitas de RNA distinta. Desta forma é
gerada, uma fita de DNA viral com sequéncias de dois subtipos diferentes, ou seja, uma
fita de DNAc semelhante a um mosaico. Os futuros virions “hibridos” produzidos por
essa Célula serdo recombinantes intersubtipos e poderdo infectar outras células
(QUINONES-MATEU et al., 1999; TAYLOR et al., 2008) (Figura 4).

Ciclo de vida do HIV com coinfecgdo

Durante a retranscricdo das fitas de RNAX e Y,

.‘»~ a TR salta de uma fita para outra, produzindo “e ﬁ; '3
um mosaico cDNA viral -
. " O mosaicocDNAXeY
P viral é integrado no
*’- Célula v genoma da célula _.'f"‘ N
.

A
N ¢ e

Hospedeira
HIV P
Subtipo X
Segmentos do DNA (
viral de X e Y sdo

integrados no genoma
da célula hospedeira

\ \5h .‘
| \
N
LN ALY
5 . -
O mosaico DNA proviral Xe Y é
. transcrito para RNA e proteinas; o

RNA X e Y e as proteinas virais sao

-‘, P e por
,’ saem da célula hospedeira.

As fitas de RNA X e Y
s30 empacotadas
dentro do mesmo virus

Figura 4: Superinfecgdo ou coinfec¢do com diferentes subtipos do HIV-1: Ciclo
replicativo viral ilustrando as etapas envolvidas na recombinacéo e formagéo de
novos virions recombinantes.

(Adaptado de Taylor et al. 2008)

As formas recombinantes Unicas (URFs, do inglés Unique Recombinant Forms)
séo caracterizadas por genomas completos do HIV-1 contendo pontos de recombinagdo
idénticos entre dois ou mais subtipos identificados em até dois individuos ou em um
grupo de individuos com vinculo epidemiolégico (ROBERTSON et al., 2000;

THOMSON et al., 2002). Por outro lado, as formas recombinantes circulantes (CRFs,
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do inglés Circulating Recombinant Forms) séo caracterizadas em pelo menos trés
individuos sem vinculo epidemioldgico, baseadas em pelo menos dois genomas
completos com pontos de recombinagdo idénticos entre subtipos diferentes e um
terceiro genoma quase completo (ROBERTSON et al., 2000; NAJERA et al., 2002;
TAYLOR et al., 2008; LOS ALAMOS HIV DATABASE, 2016). Estima-se que as
CRFs sejam responsaveis por 16% das infec¢cBes por HIV-1 enquanto as URFs
contribuem para microepidemias (SANTOS e SOARES, 2010; HEMELAAR et al.,
2011)

A primeira recombinagdo entre subtipos diferentes foi relatada por Sabino e
colaboradores em dois individuos com vinculo epidemiolégico no Rio de Janeiro. O
sequenciamento na regido V1-V5 do envelope do HIV-1 mostrou coinfecgdo pelos
subtipos B e F1 (SABINO et al., 1994). Com o passar dos anos, técnicas de
sequenciamento mais acessiveis permitiram caracterizacdo de numero crescente de
formas recombinantes. Atualmente, existem 81 CRFs publicadas do HIV-1, cada uma
apresentando caracteristicas moleculares peculiares. As CRFs compostas por mais de
dois subtipos diferentes sdo denominadas cpx (complexa), e existem relatos de CRFs
formadas por seis subtipos diferentes, como por exemplo: CRF18_cpx e CRF27_cpx.
Além disso, outras CRFs representam uma segunda geracdo de CRFs, pois sdo
formadas pela recombinacdo entre CRFs ou entre uma CRF ja descrita e outros
subtipos, por exemplo: CRF30_0206, CRF36_cpx e CRF37_cpx. Por outro lado, a
CRF46_BF apresenta na sua quase totalidade o subtipo F1 e o subtipo B representa
apenas em uma pequena por¢do na regido 3’LTR (LOS ALAMOS HIV DATABASE,
2017) (Tabela 1).

A primeira CRF descrita foi a CRF01_AE, indicando a recombinacgéo entre os
subtipos A e E, embora o subtipo E “puro” nunca tenha sido descrito. Ela surgiu na
Africa Central e ¢é responsavel por 5% das infecgdes em todo mundo. Foi responsavel
por um surto na Tailandia na década de 80 e rapidamente alcangou 0s paises vizinhos
(CARR et al., 1996). Um estudo realizado na Austrdlia observou um aumento
consideravel da prevaléncia da CRFO01_AE. Enquanto entre 2000 a 2003 a sua
prevaléncia era de 6,6%, houve uma expanséo desta epidemia que nos anos de 2012 a
2014 alcangou prevaléncia de 20,4%. Possivelmente este aumento estaria ligado ao
turismo e a imigracdo frequente na Australia (CASTLEY et al., 2016). Estudos
realizados no Japdo, Suécia e Finlandia tém mostrado a disseminagdo da CRFO1_AE

entre usudrios de drogas injetaveis e entre os heterossexuais (SKAR et al., 2011; LAU e
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WONG, 2013; SHIINO et al., 2014). As CRF02_AG e CRF07_BC sao responsaveis
por infec¢bes pontuais em algumas regides do mundo. A CRF_02AG, responsavel por

8% das infeccbes mundialmente, tem sido descrita no Japdo, India, Paquistdo, Africa

Subsaariana. J& a CRFO07_BC tem sido prevalente na China e as CRF19 cpx,
CRF20_BG, CRF23 BG sdo responsaveis pela epidemia do HIV-1 em Cuba
(HEMELAAR et al, 2011; MACHADO et al, 2013; LOS ALAMOS HIV
DATABASE, 2017).

Tabela 1: Resumo das estruturas dos mosaicos das Formas Recombinantes Circulantes
(CRFs) do HIV-1 atualmente descritas mundialmente (Los Alamos, Agosto 2017).

Nome Mapa recombinante Subtipos Artigos Ano
CRF01_AE [son] K B r-'—l'.III - Carr et al 1996 1996
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Ed v _—M B
E = =i
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] el | B0 C—
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Considera-se que as formas recombinantes BF estejam circulando na América
do Sul desde os meados da década de 80. A primeira CRF descrita nas Américas
(Argentina e Uruguai) e, provavelmente, a CRF mais antiga originada fora de Africa, foi
a CRF12_BF. Esta CRF foi descrita em 2001, sendo a sua possivel origem estimada no
inicio dos anos 70 (CARR et al., 2001; DILERNIA et al., 2011). A CRF17_BF foi
relatada na Argentina, Bolivia e Uruguai; a CRF38_BF foi identificada no Uruguai e a
CRF44_BF caracterizada no Chile. Até o momento, doze diferentes CRFs_BF foram
descritas na América do Sul (CARR et al., 2001; RUCHANSKY et al., 2009; RIOS et
al., 2007, HEMELAAR et al., 2011; MACHADO et al., 2013; LOS ALAMOS HIV
DATABASE, 2017).

Estudos recentes tém mostrado que os recombinantes BF tém aumentado sua
prevaléncia na populacdo Brasileira. Um estudo mostrou que de cada seis sequéncias
recombinantes descritas no Brasil, cinco sequéncias sdo recombinantes BF (MELO et
al., 2012). Em 1998, Gao e colaboradores sequenciaram o genoma completo da primeira
URF_BF Brasileira. A amostra pertencia a uma adolescente (17 anos) da cidade de Séo
Paulo, coletada em 1993. Desde entdo, um nimero crescente de relatos de mosaicos BF
tém sido relatados no pais. Em algumas regides do Brasil, como no Centro-Oeste, mais
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especificamente no estado de Goids, as formas recombinantes BF representam a
segunda variante genética mais frequente do HIV-1 (CARDOSO et al., 2009;
CARDOSO et al., 2010; ALCANTARA et al., 2012; da COSTA et al., 2013; LIMA et
al., 2016b). Das 81 CRFs publicadas, catorze (17,3%) sdo recombinantes entre 0s
subtipos B e F1 e destas, oito foram descritas no Brasil. Seis CRFs_BF foram
caracterizadas na regido Sudeste e duas na regido Nordeste. No Brasil as primeiras
formas recombinantes circulantes reportadas foram as CRF28_BF e CRF29 BF
identificadas em pacientes da cidade de Santos, S&o Paulo (DE SA FILHO et al., 2006).
Posteriormente as CRF39_BF e CRF40_BF foram identificadas em pacientes da cidade
do Rio de Janeiro e a CRF46_BF foi identificada em pacientes da cidade de S&o Paulo
(GUIMARAES et al., 2008; SANABANI et al., 2010). As CRF70_BF1 e CRF71_BF1
foram identificadas mais recentemente em doadores de sangue do estado de
Pernambuco, no Nordeste enquanto que a CRF72_BF1 foi identificada também em
doadores de sangue de Minas Gerais no Sudeste (PESSOA et al., 2014a; PESSOA et
al., 2014b).
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2. JUSTIFICATIVA

Uma das linhas de pesquisa do Laboratério de Imunologia de Aids e Hanseniase
é a caracterizacdo da epidemiologia molecular do HIV-1 em diversos subgrupos
populacionais de estados do Centro-Oeste (Goiés, Mato Grosso, Mato Grosso do Sul),
do Norte (Tocantins) e do Nordeste (Maranhdo e Piaui) (STEFANI et al., 2000;
PEREIRA et al., 2006; STEFANI et al., 2007; ALCANTARA et al., 2009; CARDOSO
et al., 2009; CARDOSO e STEFANI, 2009; COSTA et al., 2009; CARDOSO et al.,
2010; CARDOSO et al., 2011; CARVALHO et al., 2011; FERREIRA et al., 2011;
ALCANTARA et al., 2012; da SILVEIRA et al.,, 2012; da COSTA et al., 2013;
ALCANTARA et al., 2013; REIS et al., 2014; MOURA et al., 2015a; MOURA et al.,
2015b; LIMA et al., 2016b).

Estes estudos realizados durante o periodo de 2000-2013 incluiram
sequenciamento automatizado de pol (750 pb do fragmento da transcriptase reversa-TR
e a protease inteira-PR) e mostraram diferengas regionais importantes na epidemiologia
molecular do HIV-1 e nas taxas de resisténcia transmitida a ARV. Em geral, nossos
resultados indicaram extensa diversidade genética do HIV-1, com predominio do
subtipo B e introducéo e disseminagdo do subtipo C, especialmente entre gestantes do
centro-oeste. Além disso, observamos um percentual significativo de formas
recombinantes BF enquanto que virus recombinantes BC foram também observados em
menor proporgdo. A principal justificativa do presente estudo se baseia na necessidade
de aprofundar estudos moleculares sobre HIV-1 recombinantes circulando em regides
distantes do epicentro da epidemia Brasileira. Estes dados sdo importantes para se
mensurar a real diversidade viral indicando a evolugéo desta diversidade no Brasil bem
como niveis e padrdes de resisténcia a ARV.

A caracterizagdo molecular de HIV-1 recombinantes identificados nestes seis
estados Brasileiros incluiu o0s seguintes parametros: identificagdo de subtipos
envolvidos, perfil de recombinagéo, identificagdo de CRFs novas ou descritas e de
novas URFs bem como mutagdes associadas a resisténcia a ARV. Além disso, sabe-se
que a identificacdo de virus recombinantes pode ser significativamente aumentada pela
analise de multiplas regides do genoma viral. Nosso estudo incluiu geracdo e anélise de
genomas completos, quase completos e parciais de HIV-1 recombinantes que

permitiram a caracterizagdo de uma nova CRF_BF (CRF90_BF1) e novas URFs_BF e
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BC identificadas nestes seis estados Brasileiros. Estudos de sequenciamento completo
destes isolados séo importantes para determinar a real prevaléncia de recombinantes do
HIV-1 fora do epicentro da epidemia de AIDS no Brasil.

A extensa diversidade genética do HIV-1 identificada nestes seis estados
Brasileiros reforga a importancia de estudos continuados para o monitoramento da
diversidade do HIV-1 que permitam identificar a introducéo e disseminacdo de distintos
subtipos virais e sua evolugéo em diferentes regides do Brasil. Estes estudos contribuem
para compor 0 mapa molecular do HIV-1 no Brasil identificando diferengas regionais na

epidemiologia molecular do virus no territério nacional.
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3. OBJETIVOS

3.1 OBJETIVOS GERAIS

Caracterizar isolados recombinantes intersubtipos BF e BC na regido pol de pacientes
de seis estados Brasileiros e mediante andlises de genoma completo/quase

completo/genoma parcial, identificar CRFs novas ou ja descritas e novas URFs.

3.20BJETIVOS ESPECIFICOS

-Caracterizar os isolados recombinantes BF, potenciais novas CRFs_BF, URFs_BF ou
“CRFs_BF-like” e avaliar a disseminagdo geogréfica das novas formas recombinantes

identificadas (artigo 1, publicado e manuscrito I).

-Caracterizar os isolados recombinantes BC, BFC e CF, CRF_cpx, CRFs_BC,

“CRFs_BC-like” ou novas URFs_BC e URF_CF (manuscrito II).
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Abstract

The Brazilian AIDS epidemic has been characterized by an increasing rate of BF1 recombi-
nants and so far eight circulating recombinant forms/CRFs_BF 1 have been described coun-
trywide. In this study, pol sequences (protease/PR, reverse transcriptase/RT) of 87 BF1
mosaic isolates identified among 828 patients living in six Brazilian States from three geo-
graphic regions (Central West, North, Northeast) were analyzed. Phylogenetic and boot-
scan analyses were performed to investigate the evolutionary relationship and mosaic
structure of BF1 isolates. Those analyses showed that 20.7% of mosaics (18 out of 87)
were CRFs-like isolates, mostly represented by CRF28/CRF29_BF-like viruses (14 out of
18). We also identified five highly supported clusters that together comprise 42 out of 87
(48.3%) BF1 sequences, each cluster containing at least five sequences sharing a similar
mosaic structure, suggesting possible new unidentified CRFs_BF1. The divergence time of
these five potential new CRFs_BF1 clusters was estimated using a Bayesian approach and
indicate that they probably originated between the middle 1980s and the middle 1990s.
DNA was extracted from whole blood and four overlapping fragments were amplified by
PCR providing full/near full length genomes (FLG/NFLG) and partial genomes. Eleven HIV-
1 isolates from Cluster # 5 identified in epidemiologically unlinked individuals living in Central
West and North regions provided FLG/NFLG/partial genome sequences with identical
mosaic structure. These viruses differ from any known CRF_BF1 reported to date and were
named CRF90_BF1 by the Los Alamos National Laboratory. This is the 9" CRF_BF1
described in Brazil and the first one identified in Central West and North regions. Our results
highlight the importance of continued molecular screening and surveillance studies, espe-
cially of full genome sequences to understand the evolutionary dynamics of the HIV-1 epi-
demic in a country of continental dimensions as Brazil.
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Introduction

Human Immunodeficiency Virus-1 (HIV-1) is a highly polymorphic and fast evolving patho-
gen [1]. Worldwide HIV-1 can be classified into groups (M, N, O and P), and the pandemic
group M is classified in subtypes (A-D, F-H, ] and K) and sub-subtypes (A1-A4, F1-F2) [2,3].
While mutation rates are similar to other RNA viruses, HIV-1 has a high recombinogenic
capacity and intersubtype recombination events are frequent in coinfected or superinfected
individuals from areas where two or multiple variants cocirculate [4]. Recombinant strains
exhibiting identical mosaic patterns identified in at least three epidemiologically unlinked
individuals have been classified as circulating recombinant forms (CRFs), while the ones dis-
playing unique mosaic structures or only infecting individuals with epidemiological link are
known as unique recombinant forms (URFs) [5,6]. Recombination has been recognized as a
driving force in shaping the diversity of HIV-1 globally since the mid 90°s [7]. Currently, 88
CREFs have been assigned and 81 of them have been published with public data available at the
Los Alamos HIV database [http://www.hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html].
CRFs together with URFs are estimated to account for at least 20% of HIV-1 infections world-
wide [8].

The Brazilian AIDS epidemic is characterized by the cocirculation of multiple HIV-1 sub-
types. Subtype B predominates in most regions followed by subtypes F1, C, and recombinants
among these subtypes [9-15]. The first Brazilian BF1 mosaics were identified in the early 90°s
in the Southeast region which is considered the epicenter of the epidemic [16,17]. Among the
14 CRFs_BF1 described so far, eight originated in Brazil (CRF28_BF, CRF29_BF, CRF39_BF,
CRF40_BF, CRF46_BF, CRF70_BF, CRF71_BF and CRF72_BF) [18-22]. The importance of
BF1 recombinants in Brazil is further corroborated by the description of countless URFs in all
country regions [23-26]. Previous studies from our research group in different study popula-
tions in Central West, North and Northeast Brazilian States showed variable prevalence of BF1
recombinants in the pol subgenomic fragment: (Goias: 3.7-18.1%, Mato Grosso: 11.9%, Mato
Grosso do Sul: 8.2-25.9%, Tocantins: 7.7%, Maranhio: 7.5%, Piaui: 4.5% [11,27-37].

In this study, previously produced pol sequences of BF1 mosaic isolates circulating in Cen-
tral West, North and Northeast Brazil were reclassified into possible CRFs or URFs. Full/near
full-length genome (FLG/NFLG) and partial genome sequences were obtained for the most
representative potential CRF detected. These analyzes allowed the identification of the novel
CRF90_BF1 that is circulating in Central West and North Brazil, away from the epicenter of
the epidemic. Other putative novel CRFs_BF1 are also described. The median time of origin of
these mosaics was also estimated. The detailed molecular characterization of recombinant
forms circulating countrywide contributes to the mapping of HIV-1 diversity in Brazil.

Material and methods
Study population

Previous studies from our group recruited from 2003 to 2013 a total of 828 individuals infected
with HIV-1 residing in six Brazilian States located in three geographic regions (Central West:
Goias/GO, Mato Grosso/MT, Mato Grosso do Sul/MS; North: Tocantins/TO; Northeast: Mar-
anhdo/MA, Piaui/PI) (S1 Table) [11,27-37]. These studies have identified a total of 87 (10.5%)
BF1 recombinant isolates based on sequencing of pol subgenomic fragment covering the
protease (PR) and partial reverse-transcriptase (RT) (positions 2253-3251 relative to HXB2
genome). The related research protocols were approved by the institutional Ethics Committee
review boards (Goias: protocols #073/05, #003/2008, #163/2010 at CEPMHA/HC/UFG, Mato
Grosso: protocol #435/07 at Universidade Federal do Mato Grosso/UFMT, Mato Grosso do
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Sul: protocol #1143 at Universidade Federal do Mato Grosso do Sul/UFMS, Piaui; protocol
#022/2011 at Universidade Estadual do Piaui/UESPI, Maranhio: protocol #16/2011 at Hospital
de Doencas Tropicais Dr Natan Portela). All patients signed an informed consent form before
blood collection for HIV-1 molecular studies.

Amplification of HIV-1 PR/RT

RNA extraction, reverse transcription into complementary DNA (cDNA) and amplification
by nested polymerase chain reaction (nested-PCR) of the PR/RT regions were previously
described [11,27-37].

Amplification of HIV-1 full length genomes

Genomic DNA was extracted from whole blood samples (QIAamp® DNA Blood Mini Kit/
QIAGEN, Qiagen, Hilden, Germany). The complete HIV-1 genome was amplified by nested-
PCR employing Platinum Taq DNA polymerase enzyme (Invitrogen, Carlsbad, CA) into

four overlapping fragments using HIV-1 specific primers, as following: fragment 1- SCAOSD/
LR51 external primers and SCANSD/DP11 internal primers (408-2594), fragment 2- DP10/
SCCNAS external primers and DP16/SCCOAS internal primers (2253-4830); fragment 3-
MMINTS/ED14 external primers and MMINT3/ED12 internal primers (4653-7811); frag-
ment 4- ED5/SCDOAD external primers and JH44/LTR2 internal primers (6954-9625) (S2
Table) [38-40], all positions were relative to HXB2 genome. Isolates with all four fragments
completely sequenced were considered full length genomes (FLG); isolates with three complete
fragments were considered near full length genomes (NFLG), and isolates with one or two
fragment sequences were referred as partial genomes.

DNA sequencing

The amplified DNA fragments from the nested-PCR products were separated by gel electro-
phoresis, purified (kit QIAquick® PCR Purification Kit/QIAGEN, Qiagen, Hilden, Germany)
and sequenced with the Big Dye Terminator Sequencing Kit v. 3.1 (Applied Biosystems, Foster
City, CA) in an automated ABI Prism 3100 Genetic Analyzer (Applied Biosystems, USA).
Chromatograms were analyzed and edited using the SeqMan software from the package
DNASTAR Lasergene (MA, USA).

Phylogenetic and recombination analyses

Sequences were aligned using Clustal X 2.0 implemented in BioEdit 7.2.0 program [41]. Refer-
ence sequences of HIV-1 group M subtypes (A-D, F-H, ] and K) and CRF-BF1 sequences
were obtained from the Los Alamos HIV database (http://hiv.lanl.gov/). Phylogenetic trees
were generated using the neighbor-joining (NJ) method [42] under the Kimura two-parameter
model [43] using MEGA 6.0 software [44]. Bootstrap values (BP, 1.000 replicates) above 70%
were considered significant. Recombination analyses were performed in all viral isolates using
bootscan implemented in Simplot v3.5.1 software with the following parameters: 200nt or
300nt window, 20nt increments, NJ method under Kimura’s two-parameter correction with
100 bootstrap replicates [45]. In this study the parameters used for bootscan analyses of recom-
binant viruses differed for smaller and larger fragments: for the analyses of pol fragments
(998nt) a smaller sliding window of 200nt was used whereas for larger fragments of near full-
genomes (>6670nt) a larger sliding window of 300nt was adopted. To better characterize the
recombination breakpoints suggested in the previous analyses, the putative recombinants were
subjected to informative site analyses as described elsewhere [39]. For this purpose, consensus
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sequences from Brazilian HIV-1 subtypes B and F were generated in the DAMBE program
[46]. Fragments of sequences assigned to specific HIV-1 subtypes were finally confirmed by
separate NJ phylogenetic analysis as described above.

Representative samples from the HIV-1 BF1 Brazilian clusters herein identified were sub-
mitted to a Basic Local Alignment Search Tool (BLAST) analysis in order to recover other Bra-
zilian sequences with high similarity (>>95%) and probably similar recombination profile. The
BLAST analysis was done sequences using sequences obtained from the Los Alamos HIV data-
base (http://hiv.lanl.gov/).

Evolutionary analyses of BF1 recombinants

The time of the most recent common ancestor (Tyrcs) of HIV-1 BF1 clades was estimated
using a Bayesian Markov Chain Monte Carlo (MCMC) approach implemented in BEAST v1.8
[47,48] with BEAGLE to improve run-time [49]. Analyses were performed using the GTR+I
+G nucleotide substitution model, a Bayesian Skyline coalescent tree prior [50] and a relaxed
uncorrelated lognormal molecular clock model [51] with an informative uniform prior inter-
val (1.0-3.0 x 10> nucleotide substitutions per site per year). One MCMC chain was run for
1x10” generations. Convergence and uncertainty of parameter estimates were assessed by cal-
culating the effective sample size (ESS) and the 95% highest probability density (HPD) values,
respectively using Tracer v1.6 [52]. The maximum clade credibility (MCC) tree was summa-
rized with TreeAnnotator v1.8 and visualized with FigTree v1.4.0.

Data availability

All HIV-1 sequences generated in this study were deposited in the GenBank database
(KY628215-KY628225).

Results
Phylogenetic and evolutionary analyses of BF1 pol recombinants

Initial phylogenetic analyses of 87 HIV-1 isolates previously characterized as BF1 recombi-
nants in the PR/RT region (S1 Table) classified 18 (21%) sequences as CRF_BF-like (14
CRF28/CRF29_BF-like, two CRF17_BF-like, one CRF12_BF-like and one CRF47_BF-like)
and 27 (31%) sequences as URFs_BF (Fig 1). The remaining 42 (48%) sequences were distrib-
uted in five clusters comprising between five and 22 sequences, sharing the same mosaic struc-
ture and were classified as potential news CRFs_BF1 (Fig 1). Clusters # 1, 3 and 4 displayed
high supports (BP > 99%) at initial analysis. For Clusters # 2 and 5, however, high supports
were obtained only after exclusion of the URFs_BF MS251, BRGO3127 and BRGO4162
sequences (Fig 1). Cluster # 1 had six sequences, from three different States (two from Goias,
three from Maranhio and one from Piaui). Cluster # 2 had five sequences, all from Goias
State. Cluster # 3 comprised four sequences from two States (two from Mato Grosso and two
from Goias). Cluster # 4 had five sequences from three States (one from Goias, three from
Maranhéo and one from Piaui). Cluster # 5 contained 22 sequences from three States (20 from
Goias, one from Mato Grosso and one from Tocantins).

A Blast search analysis was performed to identify sequences similar to the five potential new
CRF_BF1 Brazilian clusters. The recovered sequences were included in the phylogenetic and
recombinant analysis, bootstrap values higher than 87% and similar mosaic profiles compared
to those previously classified in Clusters # 3, 4 and 5 was verified (Fig 2). Eighteen sequences
branching within Custer # 3 were recovered from patients recruited in four States from the
North region (seven from Amazonas, five from Rondoénia, three from Roraima and one from

PLOS ONE | https://doi.org/10.1371/journal.pone.0178578 June 19, 2017 4/16


http://hiv.lanl.gov/
https://doi.org/10.1371/journal.pone.0178578

@° PLOS | ONE

Novel HIV-1 CRF90_BF1 detected in Central-West, North Brazil

2253
2514
-3202

pol

99 BRGO4024
BRGOMI850
BRMT2558

7 MS23
BRMT3095
[ BRGO3147
7L MS206
MS257
29 BF.BR.1999AY455778 CRF28/29_BF
28 BF.BR.1999.DQ085873

i

—. L
29 BF.BR.2005.JF804806
BRGO3015
BRGOMIB27
BRGO3020
T 2 2 N
79 BRGO3097 d
99, BRNA 94 S ﬁ B
'~ BRMA 95 LN— -
BRPI 96
=%, | —— [T o |
BRGO4122
85 BRGOMI744

BRGO3043

BRGO4028

93
BRGO3146
MS255
BRGOMI789
.k

BRMS39

115263
BRMS04 10
BRG03139
{:7 BF.ES.2008.FJ670529 CRF47_BF

™ 47 BF.ES.2008.6Q372967

L
5 17 BF.BO.2002.EU581827 CRF17_BF

17 BF.PY.2002.EU581823 J
BRGO3131

44 BF.CL.2001.AY536235 ]

44 BF.CL 2000.F 358521 CRF44_BF
BRGO4057

T BRMT1319

— 1y 99 B.BR.1990.AB485641
—{70 EB.FRJQBS.IIIE.KJQZSOOG B
B.NL.2000.671 00T93 AY423382
BRMT512
BRMT2830
42 BF.LU.2004..EU170142

[ “2BFLU2006EU170138 | CRF42 BF
100361 42 BFLU.2003 EV170140 :[

38 BF1.UY.2004.FJ213781 |
38 BF1.UY.2003.FJ213783 CRF38_BF

38 BF1.UY.2005.FJ213780

8 39 BF.BR.2003.EU735534
97, 389 BF.BR.2003.EU735536 CRF39_BF
U 39 BF.BR.2004.EU735535
BRMS05 10
12 BFUY.1999.AF385935
12 BF.AR.1999.AF385936

12 BF.UY.1999.AF 385934
BRPI 111

g8, BRPI 27
B ERMA 145
BRMA 130 4 > I
0 BRMA 02 pO

BRGOMI767 4
98— F1.BR.1990.BZ163.AB485656 }
F1

:ICRF1 2_BF

2253
2824
3202

| F1.BR1989.8Z126.AY173957
F1.BR.2002.FJ771006
F1.BR.2006.FJ771008

40 BF.BR.2004.EU735540

@Rzoos.euns&w CRF40_BF

78 40 BF.BR.2004.EU735538
BRTO01 43

BRMT2568

BRGO 6059

BRMT1410

[ BRGO 6037
BRTOO03 43
BRGOMI854
BRTOD7 83
BRPI 40
(L

100 BRMA 103
BRGOMI829

BRGO3059

BRGO4072

E

8
-2253
2662
2972
3202

BRGO3047 i p fo) l

BRGOMI765
79Ll ;:BRGOMSS
96— BRGO 6043 i
BRMS41

C.BR.2004.AY727522
,,,,,,,,,,,,,,,,,,,,,,,,, C.BR.1998.AF286228
100 C.MM.1999.AB097871

C.ZM.2002.AB254154

Fig 1. Phylogenetic analysis of 87 pol sequences of B/F1 HIV-1 isolates presenting five highly supported clusters and the mosaic
pattern of recombination in each cluster (neighbor-joining method, Kimura 2-parameters evolutive model/1000 replicate bootstrap
values). Bootscanning analyses of BF1 inter-subtype recombinant clusters (# 1-5) are represented. The five clusters identified in our study are
indicated by different colors: Cluster # 1: purple, Cluster # 2: blue, Cluster # 3: pink, Cluster # 4: green and Cluster # 5: red. Bootscan analysis was
performed in a 200nt sliding window advanced in 20nt step size increments (1.000 replicates). All CRF_BF depicting recombination breakpoints in
polregion were included in the analysis. In the mosaic structure representations of BF1 isolates, the breakpoint positions according to HXB2
genome numeration are shown on the right and left sides of the clusters, blue stands for subtype B and green stands for subtype F.

https://doi.org/10.1371/journal.pone.0178578.g001

PLOS ONE | https://doi.org/10.1371/journal.pone.0178578 June 19, 2017 5/16


https://doi.org/10.1371/journal.pone.0178578.g001
https://doi.org/10.1371/journal.pone.0178578

®'PLOS | one

Novel HIV-1 CRF90_BF1 detected in Central-West, North Brazil

® BRGO4024

58
@ BRGO 6041 CRF28/29_BF
29 BF.BR.2005.JF804806
@ BRGO3015
7= @ BRGOMIB27

%) ® BRMA 95 1

BRGO3146
1 @ MS255
® BRGOMI789
.0 BRMS39

® BRMS41
MAS 133.KM851073
I [ ®BRMT2835
BF.BRAM.2011.24AM110041

BF.BR.AM.2011.24AM110047
BF.BR.AM.2011.24AM 110179

08PR FJ591312

BRGO4057

BF.BR.RR.2011.24AM110032

@ BRMT1319

BF.BR.AM.2010.24AM 100191
BF.BR.AC.2010.24AM100174 3
BF.BR.RO.2010.24AM100118
BF.BR.RR.2011.24AM 110052
BF.BR.RR.2011.24AM110108
BF.BR.AM.2011.24AM 110068
BF.BR.AM.2010.24AM100170
BRGO3153
BF.BR.RO.2010.24AM100208
BF.BR.RO.2010.24AM100042
BF.BR.RO.2011.24AM110036
BF.BR.AM.2010.24AM100134
BF.BR.RO.2010.24AM 100121

39 BF.BR.2003. EU735534
39 BF.BR.2003.EU735536

39 BF.BR.2004.EU735535

@ BRMSO0S 10
38 BF1.UY.2004.FJ213781
38 BF1.UY.2003.FJ213783
38 BF1.UY,2005.FJ213780
BRPI 111
12 BF.UY.1999 AF385934
12 BF.UY.1999 AF385935 CRF12_BF
12 BF.AR.1999 AF385936
17 BF.PY.2002.EU581823
— 17 BF.AR.1999.AY037281
17 BF.BO.2002.EU581827 | CRF17_BF
® BRMT2566
o7 ® BRMT2567

® MS201
"IE 44 BF.CL.2001.AY536235
% 44 BF.CL 2000 £358521

BRGO3131

@ BRMT512
® BRMT2830
42 BF.LU.2004..EU170142
42 BF.LU.2006.EU170138
95~ 42 BF.LU.2003.EU170140

47 BF.ES.2008.FJ670529
— ; 47 BF.ES.2008.GQ372987
@ BRGO3139

F1.BR.1990.8Z163. AB485656
F1.BR.1989.8Z126.AY 173957

40 BF.BR.2005.EU735537
40 BF.BR.2004.EU735538

® BRGO 6059
@ BRMT1410

® BRGOMISS4
BRTO07 83

@ BRGO3059
BF.BR.RO.2010.24AM100209
BF.BR.RO.2011.24AM110095
BF.BR.RO.2011.24AM110123

@ BRGOMI765
® BRGO4155
BRGO 6043

95
NL.2000.671 00T93.AY423382
% s s

C.BR.2004.AY727522
C.BR.1998.,
C.MM.1999.AB097871
C.ZM.2002.AB254154

PLOS ONE | https://doi.org/10.1371/journal.pone.0178578 June 19, 2017

6/16


https://doi.org/10.1371/journal.pone.0178578

®'PLOS | one

Novel HIV-1 CRF90_BF1 detected in Central-West, North Brazil

Fig 2. Phylogenetic tree of study BF1 isolates from Central West, North, Northeast and South Brazil
and BF1 sequences from GenBank sharing over 95% similarity with study isolates. Trees were
constructed using MEGA software, 6.0 version under neighbor-joining and Kimura 2 parameters methods
(Bootstrap value over 70%). The sequences described in our study are distinguished from the sequences
retrieved from the GenBank by a diamond signal. The five clusters identified in our study are indicated by
different colors: Cluster # 1: purple, Cluster # 2: blue, Cluster # 3: pink, Cluster # 4: green and Cluster # 5: red.

https://doi.org/10.1371/journal.pone.0178578.9002

Acre) along with two sequences from the South region (Parana) (Fig 2). Two sequences from
the North region (Amapa) classified in Cluster # 4 and three sequences classified in Cluster # 5
were recovered from patients from the North region (Rondénia) (Fig 2).

The Bayesian MCC tree displayed the same topology of the NJ tree, thus confirming the
five BF1 phylogenetic clusters initially described (Fig 3). According to this analysis, the median
Tyrea of the five potential new Brazilian CRFs_BF identified was estimated between the mid-
dle 1980s and the middle 1990s (Fig 3).

1
@ Tyrca Cluster 1 = 1997 (1990-2002)
@ Tyrca Cluster 2 = 1993 (1985-1998)
@ Tyrca Cluster 3 = 1987 (1976-1995)
@ T, rca Cluster 4 = 1992 (1983-1998)
@ Tyrca Cluster 5 = 1986 (1975-1994)
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Fig 3. Time-scaled Bayesian MCMC tree of 65 pol sequences of BF1 HIV-1 isolates that grouped into five clusters from Central West, North,
Norhteast and South Brazil. The circles indicate the positions of the MRCA of each BF1 cluster. Branch lengths are depicted in units of time (years). The
tree was automatically rooted under the assumption of a relaxed molecular clock. The five clusters identified in our study are indicated by different colors:
Cluster # 1: purple, Cluster # 2: blue, Cluster # 3: pink, Cluster # 4: green and Cluster # 5: red.

https://doi.org/10.1371/journal.pone.0178578.9003
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Analysis of FLG, NFLG and partial genomes

Phylogenetic (Fig 4) and bootscan analyses of six full length genomes (BRGOAP801, BRGO6043,
BRTO10_66, BRGO4141, BRGO3145 and BRGO3047) obtained from isolates classified in Clus-
ter # 5 allowed the description of a new recombinant lineage designated CRF90_BF1 by the Los
Alamos HIV Sequence Database (Los Alamos National Laboratory) according to the standard-
ized nomenclature [2]. We also obtained one NFLG and four partial genomes for isolates from
this Cluster that share the same mosaic structure (Fig 5). The mosaic structures inferred from
the analyses of these FLG, NFLG and partial genomes showed a genome predominantly of sub-
type B, which can be divided into seven subregions alternating subtypes B and F1. These seven
subregions were named I (626-2.661), II (2.662-2.971), I1I (2.972-4.295), IV (4.296-4.759), V
(4.760-8.671), VI (8.672-9.492) and VII (9.493-9.612) all positions relative to HXB2 genome.
Subregion NJ analyses also confirmed the putative parental HIV-1 subtype (Fig 5). Fully coinci-
dent intersubtype breakpoint locations at I-III sub regions were also observed in the NFLG of
BRGO4188 isolate and in the partial genome sequences of BRMT508, BRGO3027, BRGO3059
and BRGO6048 isolates (Fig 5 and Table 1).

The epidemiological features of the 11 patients presenting the newly described CRF90_BF1
lineage included six females (four of them pregnant) and five males (two of them prisoners)
(Table 1). The prevailing risk category was heterosexual sex reported by nine patients while
one prisoner patient reported intravenous drug use. Six patients were ARV naive and five
had been exposed to ARV drugs either as highly active antiretroviral therapy (HAART) or
temporary mother-to-child-transmission (MTCT) prophylaxis. Most patients were from the
Central West region (Goias State: isolates BRGO3027, BRGO3047, BRGO3145, BRGO3059,
BRGO4188, BRGO4141, BRGO6048, BRGOAP801 and BRGO6043; Mato Grosso State: isolate
BRMT508) and one patient lived in the North region (Tocantins State: isolate BRTO10_66).

Discussion

In this study, we report the characterization of a novel HIV-1 CRF_BF1, named CRF90_BF1
based on six FLG, one NFLG and four partial genome sequences. These isolates shared identi-
cal mosaic structures and were identified in individuals without any epidemiological link that
live in two distinct geographic regions in Brazil (Central West and North) located around
800-900 km apart. These criteria fulfill the requirements to define a new CRF, which is circu-
lating in distant interior urban areas in Brazil. This novel CRF is the 9 CRF involving sub-
types B and F1 described in Brazil and the 14™ reported in South America. The estimated
frequency of the CRF90_BF1 in our sample set was 1.3% (11/828), with predominant detection
in the Central West region. However, the actual prevalence of this new CRF in these geo-
graphic regions cannot be accurately estimated since there is limited molecular data on HIV-1
isolates especially from the States of Mato Grosso, Mato Grosso do Sul and Tocantins.

The CRF12_BEF, the first CRF identified in the Americas was described in 2001 in patients
from Argentina and Uruguay and its origin was estimated around the early 80s [53,54], while
BF1 recombinants were first reported in Brazil in the early 90’s [16,17]. Patients harboring the
CRF90_BF1 were diagnosed between 2002 and 2011. The median estimated Tyrca of the
CRF90_BF1 and of other putative CRF_BF1 clusters identified in our study is not recent and
ranges from middle 80’s to middle 90’s, similar to that previously estimated for Brazilian
CRF28_BF and CRF29_BF [55]. These estimates indicate that CRFs_BF1 have been probably
circulating in Brazil for three to four decades.

Besides its early generation, we have evidences, as shown by blast search analyses, that the
CRF90_BF1 and also the other putative CRFs_BF1 clades identified here have a wide geo-
graphic circulation (Fig 6). The CRF90_BF1 that we identified in Central West (Goias and
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Fig 4. Phylogenetic analyses on the full length/near-full-length genome sequences of HIV-1 BF1 isolates from cluster # 5 belonging to a new
CRF90_BF1 identified in patients from Goias and Tocantins States in the Central West and North Brazilian regions. The HIV group M reference
sequences of subtypes were obtained from the Los Alamos database. The scale bar represents 0.02 nucleotide substitutions per site. Phylogenic

analyses were constructed with Mega software version 6.0.

https://doi.org/10.1371/journal.pone.0178578.9004
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only significant bootstrap values >70% are shown at the corresponding nodes. The genetic distance corresponding to the length of the
branches is shown by the line at the bottom. The red color represents the CRF90_BF1 identified in this study.

https://doi.org/10.1371/journal.pone.0178578.9005

Mato Grosso) and North Brazil (Tocantins) is probably also circulating in Rondénia, another
State in the North region which borders Bolivia in the South/East. HIV-1 BF1 isolates with the
same recombination pattern of isolates from Cluster # 3 detected in Central West were also
identified in several North Brazilian States (Amazonas, Rondonia, Roraima and Acre), and in
the South State of Parana. Isolates with similar recombination profile of isolates from Cluster #
4 were also identified in the North region (Amapa State) besides the Central West (Goias) and
Northeast Brazil (Maranhdo and Piaui). These results suggest the existence of novel CRFs_BF1
circulating in Brazil.

CRF28_BF and CRF29_BF described in the Southeast in 2006 (Santos, Sdo Paulo State) rep-
resent the first Brazilian CRFs, and their origin date to 1988-1989 [18,55]. Studies have shown
alow prevalence of CRF28_BF and CRF29_BF [14,56], outside Sdo Paulo except in Salvador,
Bahia State, Northeast where prevalence ranged from 10%-21% [57,58]. Among all BF1 isolates
identified in our study we have found a moderate rate of CRF28/CRF29_BF-like isolates
(16.1%, 14 out of 87) and an overall rate of 1.7% (14 out of 828) which represent one of the
highest frequencies of these CRFs identified outside Sao Paulo State.

Despite the predominance of subtype B in most geographic Brazilian regions, except in the
South where subtype C prevails, studies have shown that the prevalence of non-B subtypes,
particularly URFs_BF1 and URFs_BC has increased in the last decade [15,25,40,59,60]. Our
studies have shown a significant percentage of recombinant BF1 forms (3.7-25.9%) in the
Central West, North and Northeast Brazilian regions [11,27-37]. The most recently described
Brazilian CRFs_BF1 (CRF70_BF1 and CRF71_BF1) were identified among blood donors from
Pernambuco State, Northeast region [22]. The CRF72_BF1 was identified among blood donors
from five public blood banks in Minas Gerais State, Southeast region [21]. These recent data
point out the increasing generation and spread of CRFs, especially involving subtypes B and
F1 which play an important role in the Brazilian AIDS epidemic. However, the number of
complete genome sequences available is still limited, especially sequences from areas away
from the epicenter, as our study areas (Central West, North and Northeast) suggesting that

Table 1. Demographic characteristics of study subjects infected by HIV-1 CRF90_BF1.
Sample ID | ARV status | Gender | Age | Risk Group | HIV Diagnosis (Year)  Sample Collection (Year) | HXB2 location (nt) | Accession Number

BRGOAP801 HAART M 59 | Heterosexual 2007 2010 407-9626 KY628223
BRGO6043 Naive F 30 | Heterosexual 2011 2011 407-9626 KY628221
BRTO10_66 Naive F 27 | Heterosexual 2009 2009 407-9616 KY628225
BRGO4141 | Prophylaxis F 24 | Heterosexual 2010 2010 408-9615 KY628219
BRGO3145 HAART F 35 | Heterosexual 2004 2007 4079612 KY628218
BRGO3047 HAART M 47 NA 2002 2007 474-9589 KY628216
BRGO4188 | Prophylaxis F 27 | Heterosexual 2006 2010 407-7080* KY628220
BRGO3027 Naive M 27 IDU 2002 2007 453-5924* KY628215
BRMT508 Naive M 41 | Heterosexual 2009 2009 414-5919* KY628224
BRGO3059 Naive M 51 | Heterosexual 2007 2007 407-4778* KY628217
BRGO6048 Naive F 30 | Heterosexual 2009 2012 454-4122* KY628222

M: Male; F: Female; Naive: antiretroviral naive patients; HAART: Patients under highly active antiretroviral therapy; Prophylaxis: mother-to-child-
transmission antiretroviral prophylaxis (MTCT ARV prophylaxis); IDU: intravenous drug user; N.A.: not available
* isolates with partial genome sequences; Isolates are listed according to the size of sequenced fragments. nt: nucleotide position

https://doi.org/10.1371/journal.pone.0178578.t001
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Fig 6. South America map highlighting Brazil. Color marks indicate the possible geographical area of circulation of BF1 isolates identified in
Central West, North, Northeast and South Brazil and BF1 sequences from GenBank sharing over 95% similarity with study isolates from Clusters
# 1-5. In the Brazilian map, each colored mark represents the geographic area of potential circulation of: Cluster # 1-purple, Cluster # 2-blue, Cluster #
3-pink, Cluster # 4-green, Cluster # 5-red.

https://doi.org/10.1371/journal.pone.0178578.g006

the actual proportion of HIV-1 recombinant forms in the Brazilian pandemic is probably
underestimated.

Conclusions

In summary, we identified the novel CRF90_BF1 among heterosexual patients living in two
geographic regions in Brazil, away from the epicenter of the epidemic. This is the 9™ CRF_BF1
described in Brazil indicating that continued molecular screening and surveillance are neces-
sary to fully understand the evolutionary dynamics of the HIV-1 epidemic in such a country of
continental dimensions. Our results also underscore the importance of full-length genome
sequencing of HIV-1 isolates obtained from patients infected by different transmission routes
and in different country regions to fully understand the diversity and complexity of the HIV-1
epidemic in Brazil.
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Abstract

The importance of BF recombinants in the Brazilian epidemic is illustrated by the high
number of BF recombinants described: several unique recombinant forms/URF and
nine circulating recombinant forms/CRF CRF28 BF, CRF29 BF, CRF39 BF,
CRF40_BF, CRF46_BF, CRF70_BF, CRF71 _BF, CRF72_BF e CRF90_BF). This
study characterizes full length/FLG near full length genome/NFLG sequences of BF
isolates sampled from 2003-2013 in patients living in six Brazilian States. Proviral DNA
was extracted from whole blood and four overlapping fragments that compose HIV-1
whole genome were amplified by “nested”-PCR. The generated sequences were
aligned (BioEdit 7.2.0) and phylogenetic analysis performed (MEGA 6, Neighbor-
Joining, Kimura 2 parameters). The recombination profiles were identified by point
analysis, phylogenetic analysis of fragments, and bootscan analysis (SIMPLOT v3.5.1).
In this study FLG of three URF_BF and partial genomes of 9 BF isolates from Central
West and Northeast regions Brazilian were characterized. These URF_BF described
here show distinct breakpoints from all the BF mosaics described in Brazil or
elsewhere: BLAST search analyses identifed other sequences with similar
recombination profiles in patients from North and South Brazil. These evidences
suggest that some of these URFs_BF may in fact represent new unidentifed CRF_BF
with broad circulation in Brazil. Molecular surveillance studies especially including
FLG/NFLG are necessary to fully understand the complexity and impacto of the
generation and dissemination of BF recombinants in the Brazilian AIDS epidemic that

is taking course away from its epicenter.
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HIV-1 is characterized by extensive genetic variability which can be classified into four
groups (M, N, O and P), nine subtypes (A, B, C, D, F, G, H, J and K), six subsubtypes
(A1, A2, A3, A4, F1 and F2). The high recombinogenic capacity of HIV-1 can be
illustrated by the vast number of recombinant forms described worldwide: 88 circulating
recombinant forms (CRFs) and several unique recombinant forms (URFs)’. Globally
URFs may account for 4% of the HIV-1 epidemics?.

The Brazilian HIV/AIDS epidemic is complex and dynamic and has been characterized
by the predominance of HIV-1 subtype B in most Brazilian regions with and an
increasing number of BF recombinant forms. URFs_BF have been probably circulating
in South America since early 80’s”. The first Brazilian BF mosaic was identified in 1994
in two individuals sharing epidemiologic link®. The first Brazilian URF_BF (93BR029.4)
was identified in the late 90’s”. Recent studies have highlighted the increase in the rate
of BF recombinants both URFs and CRFs in the Brazilian epidemic. Five out of six
recombinants described in the country are in fact BF recombinants®. Also, there
evidences showing that most, if not all of subtype F1 from Brazil may contain
recombinant genomes®’. Since then the rate of BF mosaics has been increasing in
most regions. In some regions as the Central West, BF recombinants represent the
second most prevalent genetic variant®*’. In the Northeast region studies among blood
donors from Pernambuco have described increasing rate of URFs_BF'%%9,

The characterization of URFs_BF by full/near full genome sequences in Brazil is still
scarce especially away from the epicenter of the epidemic'®?°. Previous reports from
our group among different population groups have shown rates of BF recombinants
ranging from 4.5-25.9% in the HIV-1 pol region among isolates from different Brazilian
states located in the Central West, North and Northeast regions®*"?*#, Among 828
isolates, 87 BF1 strains were identified and phylogenetic, bootscan and point analyses
showed that 42 sequences grouped into 5 distinct clusters. Full/near full length/partial
genome sequences from the most representative cluster (#5) which contained 22
strains allowed the identification of the new CRF90_BF and several CRF_BF like
strains: 14 CRF28/29 BF-like strains, 2 CRF17_BF-like, 1 CRF12 BF-like and 1
CRF47_BF?. In the current study we describe the whole genome sequences of three
new URFs_BF each one identified in the previously described clusters #1, 2 and 3 (Fig.
1)%.

This study analyzed 20 HIV-1 isolates sampled from 2003-2013 among newly
diagnosed antiretroviral naive patients, pregnant women, patients under ARV failure
who were recruited at different health units (Hospital Anuar Auad, Hospital das Clinicas
da Universidade Federal de Goias in Goiania/Goias; Lacen; LACEN and Hospital

Universitario Julio Muller/UFMT/Palmas/Tocantins; Hospital de Doencgas Tropicais Dr
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Natan Portela/Sao Luis/Maranhdo and LACEN/ Teresina/Piaui). All patients signed an
informed consent form before blood collection.

Genomic DNA was extracted from whole blood samples (QlAamp® DNA Blood Mini
Kit/QIAGEN, Qiagen, Hilden, Germany). The complete HIV-1 genome was amplified by
nested-PCR employing Platinum Tag DNA polymerase enzyme (Invitrogen, Carlsbad,
CA) into four overlapping fragments using HIV-1 specific primers, as following:
fragment 1- SCAOSD/LR51 external primers and SCANSD/DP11 internal primers
(408-2594), fragment 2- DP10/SCCNAS external primers and DP16/SCCOAS internal
primers (2253-4830); fragment 3- MMINT8/ED14 external primers and MMINT3/ED12
internal primers (4653-7811); fragment 4- ED5/SCDOAD external primers and
JH44/LTR2 internal primers (6954-9625)°%*2¢ all positions were relative to HXB2
genome. Isolates with all four fragments completely sequenced were considered full
length genomes (FLG); isolates with three complete fragments were considered near
full length genomes (NFLG), and isolates with one or two fragment sequences were
referred as partial genomes.

The amplified DNA fragments from the nested-PCR products were separated by gel
electrophoresis, purified (kit QIAquick® PCR Purification Kit/QIAGEN, Qiagen, Hilden,
Germany) and sequenced with the Big Dye Terminator Sequencing Kit v. 3.1 (Applied
Biosystems, Foster City, CA) in an automated ABI Prism 3100 Genetic Analyzer
(Applied Biosystems, USA). Chromatograms were analyzed and edited using the
SegMan software from the package DNASTAR Lasergene (MA, USA).

Sequences were aligned using Clustal X 2.0 implemented in BioEdit 7.2.0 program?’.
Reference sequences of HIV-1 group M subtypes (A-D, F-H, J and K) and CRF_BF
sequences were obtained from the Los Alamos HIV database (http://hiv.lanl.gov/).
Phylogenetic trees were generated using the neighbor-joining (NJ) method® under the
Kimura two-parameter model®® using MEGA 6.0 software®. Bootstrap values (BP,
1.000 replicates) above 70% were considered significant. Recombination analyses
were performed in all viral isolates using bootscan implemented in Simplot v3.5.1
software with the following parameters: 300nt window, 20nt increments, NJ method
under Kimura’s two-parameter correction with 100 boostrap replicates®’. To better
characterize the recombination breakpoints suggested in the previous analyses, the
putative recombinants were subjected to informative site analyses as described
elsewhere®. For this purpose, consensus sequences from Brazilian HIV-1 subtypes B
and F1 were generated in the DAMBE program*®2. Fragments of sequences assigned to
specific HIV-1 subtypes were finally confirmed by separate NJ phylogenetic analysis as

described above.
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Representative samples from the HIV-1 BF Brazilian clusters herein identified were
submitted to a Basic Local Alignment Search Tool (BLAST) analysis in order to recover
other sequences with high similarity (>95%) and probably similar recombination profile.
The BLAST analysis was done using sequences obtained from the Los Alamos HIV
database (http://hiv.lanl.gov/).

In the previously described Cluster #1 (Fig. 1), from the six BF isolates we were able to
obtain the full length sequence of the BRGOMI744 strain (422-9493bp) from Goias
State, Central West Brazil (Fig. 2A). For the BRMA94 strain, from Maranh&o state,
Northeast region, partial genome sequences of fragments #1, 2 and 3 were obtained
(1028-5930bp, 6004-7765bp relative to HXB2 genome).

The URF_BF/BRGOMI744 was sampled in 2003 from a 21 years old pregnant woman
from Goiania, Goias, Central West Brazil which heterosexual exposure. This patient
was ARV naive and was in her second pregnancy. The patient was diagnosed during
the 14th week of gestation by the regional public health antenatal care program. The
bootscanning analysis of the near full genome sequence of BRGOMI744 strain showed
a complex recombination profile of subtypes F1 and B comprising 6 recombination
breakpoints which divided the HIV-1 genome into 7 subregions as depicted below (Fig.
2A).

The previously described Cluster #2 (Fig. 1) contained 5 HIV-1 sequences from
pregnant women recruited in Goias State. We were able to get the full length genome
sequences of the BRGO4056 strain (407-9301bp) and the near full length genome of
two strains: BRGO4013 strain, 1186-5845bp and 7750-8576bp and BRGO4028 strain,
362-4774bp and 7072-9614bp.

The URF_BF/BRGO4056 was sampled from a 17 years old pregnant woman from an
interior city in Goias state. This patient was ARV naive and diagnosed during the 24th
week of gestation by the regional public health antenatal care program. The patient
referred heterosexual exposure. In this URF_BF, subtype B predominated. The
bootscan analysis of the full genome sequence of this strain showed 6 recombination

breakpoints which divided the genome into 7 subregions as shown in Fig. 2B.
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FIG. 1: Phylogenetic analysis of
42 BF isolates in the pol region of
HIV-1 sampled from patients
living in six Brazilian states
(2003-2013).  Neighbor-Joining
and Kimura 2 parameters were
used to construct the
phylogenetic tree (MEGA V.6).
Reference sequences from HIV-1
group M subtypes and CRFs_BF
were obtained from the Los
Alamos HIV sequence database.
These 42 isolates grouped into 5
distinct clusters (#1-5) which are
indicated by different colors:
Cluster # 1: purple, Cluster #2:
blue, Cluster #3: pink, Cluster #4:
green and Cluster CRF90_BF1.:
red. Sequences described in
cluster#1 were described in?.
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The previously described Cluster #3 (Fig. 1) contained four isolates from Goias and
Mato Grosso which origin was estimated in late 80's?’. BLAST searches identified 18
other HIV-1 isolates sharing the same recombination profile circulating in five other
Brazilian States (Acre, Amazonas, Parana, Rondbénia and Roraima). Among four
isolates from cluster #3, we have obtained one full length genome sequence
(BRMT1319: 423-9423bp), one partial/half genome sequence (BRMT2835: 419-
4791bp) and partial genome sequences of two isolates: BRGO3153, fragment #2
2265-4808bp and BRGO4057, fragment #4, 7011-9614bp.

The URF_BF/BRMT1319 was sampled from a 24 years old male, who referred
homosexual exposure and who lived in a small interior city from Mato Grosso State
(Varzea Grande city). This ARV naive patient was diagnosed in 2002. The full genome
sequence of this URF_BF showed a genome composed of mainly subtype B. The
bootscaning analysis of this genome showed a complex recombination pattern with six
recombination breakpoints, dividing the genome into 7 subregions as illustrated in Fig.
2C.

In the Cluster #4 (Fig. 1) among its 5 isolates from three States: one from Goias, three
from Maranhao and one from Piaui, we were able to sequence 3 fragments from the
BRMA145 strain (465-8233bp), one fragment from the BRMA130 strain (2253-4780bp)
and one fragment from the BRMAO2 strain (2254-3619bp) (Fig. 2D). BLAST analysis
identified two isolates from Amapa State, North region sharing the same recombination
profile of isolates from Cluster #4. The phylogenetic analyses of these three URF_BF
described in this study (Fig. 3) showed that none of them aligned to any CRF_BF or
URF_BF already described in Brazil or elsewhere which are included at the Los
Alamos sequence list

(https://lwww.hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html).

54



75 865 1909 00054716

CBR20M4AYT27624
ALUG 1662 AB0GEYYY
100 ALIT 2002 EVSS1977
5a Yoo
0
~N -
~N - 3
E:i TEI '
e
E

B.ES 108500884715
- % BUS 1995 AYSS768
. B.0R 1000 AB4SS642
8.8R 2002 DOY56909
100 F1 BR 2002771006
F1 BR 2007 771010
100 W BRGOMT44
100 W BRMAM

100 ALUG 1902 ABOMISS
ALIT 2002 EUBS1977
CBR2010KT42773%
CRR2004 AY727524

100
L

on

-~

7 BUS 1995 AYRIS768
i T
BUS WS AYRISTER 8.65.1999.00064718
= ua:m 00356909 - i
W ORMAS B 100 o ppont
) —rr
F1.8R 2002 £J771008 100 A1IT 2002 961977
—{1 F1.8R 2007 £J771010 —m{:cc:mz:s&nm
A1UG 1992 AB0GEISS 727524
A1IT.2002 EUSS1977 —:" BR 2002F771006
CAR2010KT4277% 100 F1.8R 2007 £J771010
CBR2004 AY727524
"o
g g :
© ® )
“ o ~
| 1

9, F1BR2002F 771006
F1.8R.2007 FJ771010
W BROOMIT44
100 W BRMAN

BUS 1565 AYBIST6S

ALUG. 1902 AB0OEISS
ALIT 2002 EU861977 n
CBR2010KT427738 100
100 CBR2004AY727624
T

F1.88 2002 £J771008
L r_|—?nuzommmo
868 20020034800
B BR 1690 ABLSSSA2 100 ..m7“
10 B.E5.1909 00054715 " : BRUASS

B.ES.1969 0084715

ALUG 1902 ABOSEIYY
A1IT 2002 EUB61977
CBR2010XT4277%
CRR2004 AY727624

55



B.ES.1989.0Q0854715
B.BR.1990.AB486642
B.US.1996.AY835768

F1.BR.2007 FJ771010

L [ —AlUG1952AB0083%3
A1T 2002, EUB61977

%0 8.65.1989.00864715
o8 '_“rl— 8.8R.1980
B.US.1996

91 L 8.8R2002.00356809
W BRGO4056
73 52 W BRGO4028
77 M BRGO4013
e I 4
100 F1.BR.2007.FJ771010

A1.UG.1992.AB09833!
A1.1T.2002,EU861977
C.BR2010.KT427736
C.BR.2004.AY727624

100 DW«
—:0.8&2010.!(7427735
100 C.BR.2004 AY727524
0.02
OO |t =
N~ =N |
< OMN |- O
* - - o~ (2]
| [ | |

[5 o] [ES=s I |

M BRGO4028
W BRGO4013
09 M BRGO4056
F1.BR.2002.FJ771006

L F1.8r2007.F3771010
A1.UG.1992 AB098333
A1.17.2002 EUB61977
C.BR2010.KT427736
C.BR.2004.AY727624
B.BR.1990.AB485642

B.BR 2002.00358809
B.ES.1989.00854715
B.US.1995.AY835768

73

A1.UG.1992.AB098333
A1.IT.2002 EU8B61977
C.BR.2010.KT427736
C.BR.2004 AY727524
F1.BR.2002.FJ771006
F1.BR.2007 FJ771010

B.ES.1989.0Q0854715
100 BUS.1995 AYB36768
B.BR.1830.A
B.BR 2002.0Q358809

W BRGO4056 W BRGO4056
98 —LE M BRGO4028 8.8R.2002. 00356809
10055 W BRGO4013 8.US.1996.AY835768
F1.BR2002.FJ771006 8.65.1889,00854716
100 F1.BR.2007.F9771010 o8 B.BR.1990.A
A1.UG.1892 AB0S8333
ALIT.2002.EU861977

C.BR.2010.KT427736
C.BR.2004 AY727524

100

-9301

[EeE =B
Bl o F

B.US.1995 AYB35768
B.BR.1890.A
B.ES.1989.0Q0854715
B.BR 200200368809
C.BR.2004 AY727524

A1.UG.1992 AB098333
A1.IT.2002. EU861977
C.BR.2010.KT427736
F1.BR.2002.FJ771006
F1.BR.2007.FJ771010
W BRGO4028

GO4066

B.US.1995 AY835768
83 B.8R.1990
98 B.ES.1989.00854715
8.8R.2002.00358809
99 F1.8R.2002.FJ771006
F1.BR.2007.FJ771010
100 W BRGO4056
99 W BRGO4013

100 A1UG.1992
A1.IT.2002 EU861977
C.BR.2010,KT427736
C.BR.2004.AY727624

56



79 B.ES.1889,00864716

8.BR.1990
W BRMT131

9

W BRMT2836
B.US.1996.AY835768
B.BR.2002.0Q358809
F1.BR.2002,FJ771006

C.BR.2004 AY727524

A1.UG.1992 AB098333
A1.1T.2002.EU861977
C.BR.2010. KT427736

F1.8R.2002.FJ771006
F1.BR.2007.FJ771010
B.BR.2002,0Q358809

W BRMT1319

W BRMT2835
B.ES.1989.00854715

B.ES.1989.00854715

F1.BR.2002,FJ771006
F1.BR.2007.FJ771010
A1.UG.1892 AB098333

B.US.1995 AYB36768

F1.BR 2007.FJ771010 8.8R.1990
A1.UG.1992 AB028333 C.BR.2010.KT427736
A1.1T.2002,EU861977 —_— %9 C.BR2004.AY727624
C.BR.2010.KT427736 002
100 C.BR.2004 AY727524 oo
o
N |onRo ™
« g o | SNDN N
o~ o~ S| OC oy
Thg o 5 -_EISSeR >
tat
(57l El ] Bl Bms

[ Jwd v BE= © T
= 1 IEEET——

ull
i ] >

100, A1.UG.1992 AB0S8333
97 A1.IT.2002,EU861977
C.BR.2010.KT427736
C.BR.2004 AY727624

100
8.65.1989.00854716 L FeRaioe
100 BBR 1690 ADAISES? B E5 1969 D0BS4715 L B BRMTI510
70 £.BR2002.00368809 B.US.1906.AY635768 - | 8.8R.2002.00358809
96 F1.8R 2002 FJ771006 DBRI1990AB465042 73 F1.8R 2002.F)771006 00 B.US.1995 A
_'__Ek.zooznmow SR a0 W BRGO3153 ks 8.ES.1969.00854715
W BRMT1319 F1.BR2007.F9774010 B.BR 1990.A
ol W BRMT2835 B BRMT1310 W BRMT1319

C.8R.2010 KT427736 W BRMT2835 —
100 C.8R.2004 AY727524 N ooz R TTINe. 8.8R.1990 AB485642 02
A1.UG.1992 %8 [BR.2007. B.ES.1989.00854715
f A1.UG.1992.AB09B333
00— A1.IT.2002 EU861977 8.US.1995 AY835768
A1IT 2002.EU861977 L
A1.UG.1992 AB0S8333
CBR2010.KT427736
— T A1.1T.2002.EU861977
o1 99— CBR: —d [ CBR2010KT427736
98— C.BR2004AY727624
T
o1

57



D. o6 A1.UG.1992 AB0S8333 B.ES.1989.00854715
B8.ES.1989.0Q864716 A1.1T.2002.EUB61977 s 8.8R.1990 AB485642
B.BR.1990.AB485642 C.BR.2010.KT427736 100 B.US.1995 AYB35768

B.US.1995AYB36768 C.BR.2004.AY727624 B.BR.2002.0Q358609
W BRMA145

8.8R.2002.0¢ F1.BR.2002.FJ771006
W BRMA145 F1.BR.2007.FJ771010 F1.BR.2002.FJ771006
F1.BR.2002.FJ771006 W BRMA145 F1.BR.2007.FJ771010
F1.8BR.2007.FJ771010 B.BR.2002.0C A1.UG.1992 AB0S8333
A1.UG.1992 AB098333 B.US.1995 AYB35768 A1.1T.2002.EUB61977

B.ES.1989.0Q854715 C.BR.2010.KT427736

A1.1T.2002.EU861977 a1
B.BR.1990.AB4856642 100 C.BR.2004.AY727524

C.BR.2010.KT427736
100 C.BR.2004 AY727524

—_— o~~~ |
— X 002
01 0.01

™ ™

0 e S & 2 © «

@ ~ N~ P -+ (= o™

= = 8 3 & °.°

1

(srdl e 1 (=] wme

BT [um] “F
- R ] e —

70 B.ES.1989.00854715
- H—'l B.US.1995 AYB35768 o W ERMA145
{ B.BR 1900 AB4scce2 i WORMAN oz o9 A1.UG.1992.AB09B333
—_C.BR2010.KT427736 F1.BR 2002.FJ771006 & CBR201OKT4ITTS6
C.BR 2004 AY727624 o8 F1.8R.2007.FJ771010 100 " C.BR.2004 AY727524
- SRNALE  ——— B.BR.2002.0Q358009 [ B.BR.2002.00368809

1.8R.2002.FJ771006 B.US.1995 AY835768
F1.BR 2007, FJ77101O QQ%L:B ES.1989.0Q854715 ‘NLL:a £5.1989.00854716
77 8.US.1995.AY835768 B.6R.1990 AB48S5642

A1.UG.1992 AB0S8333

84
100 A1.1T.2002.EUBE1977 99 A1.UG.1992.AB098333 F1.8R.2007.FJ771010
A1.IT.2002.EU861977
F1.BR.2002.FJ771006
%9 C.BR.2010.KT427736 100 B BRMA14S
%01 100 C.BR.2004 AY727524 77

—
oo o0z

FIG. 2. Schematic representation of full length/near full length genomes and partial genomes of four distinct URFs_BF described in this
study. Panel A: BRGOMI744 isolate; Panel B: BRGO4056 isolate; Panel C: BRMT1319 isolate; Panel D: BRMA145 isolate. The HIV-1
genomic structures were obtained using the Recombinant Draw  Tool available at Los  Alamos
(https://www.hiv.lanl.gov/content/sequence/DRAW_CRF/recom_mapper.html).  In this scehmatic representation HIV-1 sutype B is
represented in blue and subtype F in green. Phylogenetic analyses were performed using MEGA v.6, with Neighbor-Joining, Kimura 2-
parameters.
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FIG. 3: Phylogenetic analyses of three new URFs_BF sampled from patients living in
Central West Brazil. Reference sequences were obtained from the Los Alamos HIV
sequence database. Phylogenetic tree was performed using MEGA v.6, with Neighbor-
Joining, Kimura 2-parameters.
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Our study describes near full length genomes of three URFs_BF with distinct
breakpoints from all the BF mosaics described in Brazil or elsewhere'®**3*, Additionally
partial sequences were obtained from at least one fragment derived from 9 other
recombinant BF isolates (Fig. 2). These BF isolates were sampled in the Central West
(Goias, Mato Grosso) and Northeast regions (Maranhao). Previous studies showed
that NFLG and larger fragments usually increase the proportion and variety of
recombinant strains, especially BF*. Also misclassifications are known to easily arise
from the characterization of small fragments of HIV-1, corroborating the importance of
FLG/NFLG to completely reveal the genetic diversity of HIV-1 strains'®**%. However in
this study the NFLG and partial genome sequences confirmed B and F1 subtypes
originally identified by molecular analyses of the smaller pol region. cccc

Also, for one of the BF clusters (#3), previously characterized by Reis et al®,
which contained four isolates from the Central West region, one near full length
genome sequence (BRMT1319) and partial genome sequences of three isolates were
generated. BLAST searches against the NCBI nucleotide database revealed a
significant number of sequences similar to the BRMT1319 sequence circulating in
several States located in the North region (Acre, Amazonas, Rondbdnia and Roraima)
and also in Parana in the South region. Altogether these evidences suggest that this
new URF may represent a new CRF_BF with a broad circulation in different Brazilian
regions (Central West, North and South).

The Brazilian AIDS epidemic is complex and dynamic and characterized by the
cocirculation of subtypes B, F1 and C and countless BF and BC recombinants?®*%%37,
Our results from three Brazilian regions (Central West, North and Northeast) indicate
the continued generation and dispersion of several BF recombinants in Brazil. The high
frequency of recombinants identified indicate that coinfection with multiple viruses or
sequential superinfection with several distinct transmission events is occurring at high
rates in high risk behavior individuals from different transmission networks in Brazil*®.
Surveillance of the generation and dissemination of these recombinants is important
since they can eventually have improved fitness that may reflect in increased
transmissibility. Overall, the results presented in this study contributes to the
understanding of the diversity of HIV-1 and its recombinant forms in different Brazilian
regions. Monitoring HIV-1 genetic diversity is crucial to assure sensitive screening and
diagnostic tests, viral load assays and potential vaccine candidates that need to match

the regional viral diversity.

Sequence Data

All HIV-1 sequences generated in this study will be deposited in the GenBank
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Database.
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ABSTRACT

The HIV/AIDS epidemic in Brazil, the largest, most populous and affected country in
Latin America, has recently shown an escalating prevalence of non-B subtypes,
especially URFs_BF1, subtype C and URFs_BC. Previous studies from Goias/GO,
Mato Grosso/MT, Mato Grosso do Sul/MS, Tocantins/TO, Maranhdo/MA and Piaui/PI
States have shown the cocirculation of subtypes B, C and F1 and a considerable
variability of recombinant patterns. This study describes the molecular characterization
of BC, BFC and CF mosaic isolates circulating in these six Brazilian States. Methods:
BC, BFC and CF recombinants identified among 828 HIV-1 infected patients recruited
from 2003-2013 in six Brazilian States were reclassified based on pol gene sequences
using phylogenetic analysis (neighbor-joining/NJ), bootscan (Simplot v3.5.1 ), and
informative site analyses. Partial genome sequences of four overlapping fragments:
fragment #1 (408-2594bp), fragment #2 (2253-4830bp), fragment #3 (4653-7811bp)
and fragment #4 (6954-9625bp) related to HXB2 genome were generated and
analyzed. Results: Overall moderate prevalence of “pure” subtype C (6.4%, 53/828)
and low prevalence of subtype F1 (4.7%; 39/828) was observed. The rates of subtype
C and F1 infections decreased northwards (from MS to PI). Additionally, 24 unique
recombinant isolates that contained a subtype C fragment (2.9%; 24/828) were
identified: 19 (2.3%, 19/828) BC recombinants, three BFC recombinants (0.4%, 3/828)
and two CF recombinants (0.2%, 2/828). Among 23 ARV naive patients infected with
BC, BFC and CF recombinants 21.7% (5/23) presented mutations associated with
transmitted drug resistance. Among the 24 recombinants, phylogenetic, bootscan and
informative site analysis showed 79.2% (19/24) BC isolates while 20.8% (5/24) were
FC recombinants. Nineteen isolates grouped into six clusters while five isolates
(BRGO4156, BRMT2509, BRMT3086, BRMS43 and BRPI34) did not cluster with other
samples. The largest clusters contained BC recombinants; the CRF31_BC-like cluster
contained 5 isolates and two isolates were CRF60_BC-like. Two clusters contained 5
BFC and CF isolates. Conclusions: Overall our results indicate the extensive
recombination patterns of BC, BFC and CF isolates circulating in central west, north
and northeast contributing to the knowledge on recombination profiles of HIV-1 in

Brazilian regions away from the epicenter of the epidemics.
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INTRODUCTION

Human immunodeficiency virus type 1 (HIV-1) can be categorized into four
phylogenetically distinct groups M, N, O and P and the pandemic group M presents
nine subtypes (A-D F-H, J, K), six sub-subtypes (Al1-A4, F1-F2), circulating
recombinant forms (CRFs) and unique recombinant forms (URFs) (Robertson et al.
2000). HIV-1 is a highly polymorphic, rapidly evolving virus that accumulates and fixes
advantageous mutations in the viral population. This extensive diversity results mainly
from  error-prone nature of the viral reverse transcriptase  (3x10°
mutations/nucleotide/replication cycle), a high mutation rate and rapid in vivo turn over
(10.3 x 10° particles/day) (Mansky et al. 1996; Perelson et al. 1996). Additionally,
recombination represents one of the most important mechanisms driving HIV-1 genetic
diversity (Worobey & Holmes 1999). The cocirculation of distinct subtypes within a
population is known to favor coinfection and recombination, which can generate
intrasubtype or intersubtype mosaic viruses. HIV-1 CRFs refer to mosaic viruses,
containing the same recombinant pattern in the entire genome, able to cause
microepidemics in individuals without epidemiologic link. HIV-1 URFs are mosaic viral
structures detected in one individual or in individuals with epidemiological link
(Robertson et al. 2000; Najera et al. 2002). So far, 90 HIV-1 CRFs have been
published and countless distinct URFs have been described
(http://www.hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html).  Globally,  HIV-1
CRFs and URFs account for almost 20% of new infections (Tebit & Arts 2011).
Worldwide the distribution of HIV-1 subtypes is dynamic and complex across
geographical regions and subtype C represents the predominant genetic form
accounting for almost half of the pandemic group M subtypes (Hemelaar et al. 2011).
Brazil, the largest, most populous and affected country in Latin America has a diverse
and complex HIV-1 molecular epidemiology. Overall subtype B prevails, except in the
South region where subtype C and numerous BC URFs are major variants, with a high
prevalence of CRF31_BC, mostly in Porto Alegre, Rio Grande do Sul State (Passaes
et al. 2009; Medeiros et al. 2011; Graf et al. 2016). Previous studies from six Brazilian
States (Goias, Mato Grosso, Mato Grosso do Sul from Central West region; Tocantins
from North region; Maranhao and Piaui from Northeast region) have shown low to high
rates of subtypes C and F1 and the preponderance of subtype B (Cardoso et al. 2009;
Cardoso & Stefani 2009; Cardoso et al. 2010; Cardoso et al. 2011; Carvalho et al.
2011; Ferreira et al. 2011; da Silveira et al. 2012; Alcantara et al. 2012; da Costa et al
2013; Moura et al. 2015a; Moura et al. 2015b; Lima et al. 2016b). Recent studies have
shown an increasing prevalence of subtype C infections in South Brazil and its

dispersion throughout the continent (Graf & Pinto 2013; Delatorre et al. 2013; Gréaf et
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al. 2015). A rising trend in subtype C prevalence (13.3%) was reported in young
pregnant women from Central West suggesting that its interiorization can potentially
impact the molecular epidemiology of HIV-1 in inland Brazil (Alcantara et al. 2013; Lima
et al. 2016a). Also, an escalating prevalence of non-B subtypes, especially URFs_ BF,
subtype C and URFs_BC has been reported lately in Brazil (Librelotto et al. 2015; da
Costa et al. 2016; Pessoa et al. 2016; Delatorre et al. 2017).

The cocirculation of subtypes B, C and F1 in our study area (Goias, Mato Grosso, Mato
Grosso do Sul, Tocantins, Maranh&o and Piaui) increases the chances of coinfection
and of the generation of intersubtype recombinant viruses. In fact, a recent study from
our group has identified the CRF90_BF1 and several new URFs_BF in these States
(Reis et al. 2017). Additionally, partial pol genome sequences have shown
considerable variability of recombinant patterns including the less prevalent circulating
subtypes C and F1. In this regard, this study reports rates of subtype C and F1
infections and describes the molecular characterization of BC, BFC and CF mosaic

isolates circulating in these six Brazilian States.

METHODS

Study Population

Our study population included 828 HIV-1 infected patients recruited from 2003-2013 in
six Brazilian States (Goias/GO, Mato Grosso/MT, Mato Grosso do Sul/MS,
Tocantins/TO, Maranhao/MA and Piaui/Pl). Study Population included individuals from
the following groups: recently diagnosed antiretroviral (ARV) naive, therapeutic failure
of ARV treatment, inmates and preghant women. These studies were approved by the
local Institutional Ethics Committee and all participants signed an informed consent
form before blood collection (Goias: protocols #073/05, #003/2008, #163/2010 at
CEPMHA/HC/UFG, Mato Grosso: protocol #435/07 at Universidade Federal do Mato
Grosso/UFMT, Mato Grosso do Sul: protocol #1143 at Universidade Federal do Mato
Grosso do Sul/lUFMS, Piaui; protocol #022/2011 at Universidade Estadual do
Piaui/UESPI, Maranh&o: protocol #16/2011 at Hospital de Doencas Tropicais Dr Natan

Portela).

Classification of HIV-1 subtype according to PR/RT
RNA extraction from plasma, reverse transcription into complementary DNA (cDNA)
and amplification by nested polymerase chain reaction (nested-PCR) of the protease-

reverse transcriptase (PR/RT) regions in the pol gene and phylogenetic analyses were
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previously described (Cardoso et al. 2009; Cardoso & Stefani 2009; Cardoso et al.
2010; Carvalho et al. 2011; Ferreira et al. 2011; Cardoso et al. 2011; da Silveira et al.
2011; Alcantara et al. 2012; da Costa et al. 2013; Moura et al. 2015a; Moura et al.
2015b; Lima et al. 2016b).

Partial HIV-1 genomes

Genomic DNA was extracted from whole blood samples (QlAamp® DNA Blood Mini
Kit/QIAGEN, Qiagen, Hilden, Germany). The HIV-1 genome was amplified by nested-
PCR employing Platinum Taq DNA polymerase enzyme (Invitrogen, Carlsbad, CA) into
four overlapping fragments composing the whole genome sequence of HIV-1 that
regarding the HXB2 genome contained: fragment #1 (408-2594bp), fragment #2
(2253-4830bp), fragment #3 (4653-7811bp) and fragment #4 (6954-9625bp) using HIV-
1 specific primers, as previously described Reis et al. 2017). The amplified DNA
fragments from the nested-PCR products were separated by gel electrophoresis,
purified (kit QIAquick® PCR Purification Kit/QIAGEN, Qiagen, Hilden, Germany) and
sequenced (Big Dye Terminator Sequencing Kit v. 3.1, Applied Biosystems, Foster
City, CA; ABI Prism 3100 Genetic Analyzer, Applied Biosystems, USA).

Phylogenetic and Recombination Analyses

All pol (PR/RT) sequences from this study were realigned using Clustal X 2.0
implemented in BioEdit 7.2.0 program (Thompsom et al. 1994). Reference sequences
of HIV-1 group M subtypes (B, C and F1) and CRFs_BC (CRF07_BC, CRF08 BC,
CRF31_BC, CRF57_BC, CRF60 BC, CRF61 BC, CRF62_BC, CRF64 BC,
CRF85 BC, CRF86_BC and CRF88 BC) were obtained from the Los Alamos HIV
database (https://www.hiv.lanl.gov/components/sequence/HIV/search/search.html).
Phylogenetic trees were generated using the Neighbor-Joining (NJ) method (Nei &
Kumar, 2002) under the Kimura two-parameter model (Kimura, 1980) using MEGA 6.0
software (Tamura et al. 2013). Bootstrap values (BP, 1.000 replicates) above 70%
were considered significant. Recombination analyses were performed in all viral
isolates using bootscan implemented in Simplot v3.5.1 software with the following
parameters: 300nt window, 20nt increments, NJ method under Kimura’'s two-parameter
correction with 100 bootstrap replicates (Lole et al. 1999). For this purpose, consensus
sequences from Brazilian HIV-1 subtypes B, C and F1 were generated in the DAMBE
program (Xia & Xie, 2001). Fragments of our study sequences assigned to specific
HIV-1 subtypes were finally confirmed by separate NJ phylogenetic analysis and by

informative site analyses as described above.
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Representative samples from the HIV-1 BC, BFC and CF Brazilian clusters herein
identified were submitted to a Basic Local Alignment Search Tool (BLAST-
https://www.hiv.lanl.gov/content/sequence/BASIC_BLAST/basic_blast.html) analysis in
order to recover other sequences with high similarity (>95%) and probably similar
recombination profiles.

To confirm the breakpoints we checked effective informative sites between subtypes
around each breakpoint. The sites in the middle of two effective sites that refer to the
reference sequences of subtypes B, C or F1 were defined as the recombination

breakpoints.

Drug resistance analysis

Transmitted drug resistance (TDR) rate was analyzed using the Calibrated Population
Resistance (CPR) tool (Stanford Surveillance Drug Resistance Mutation-SDRM) and
the IAS-USA major mutation lists (Gifford et al. 2009; Wensing et al. 2017).
Susceptibility profiles of ARV mutations were analyzed by the SDRM-2009 (Accessed:
June 2017).

Data Analysis and Data Availability
Descriptive analyses (frequency, median, mean) were calculated when appropriate (the
GraphPad Prism® version 5). All HIV-1 sequences generated in this study will be

deposited in the GenBank database.

RESULTS

Prevalence of “pure” HIV-1 Subtypes C and F1 and recombinants BC, BFC
and CF in six Brazilian States

The phylogenetic analyses of the partial HIV-1 pol region obtained from 828 patients
recruited in six Brazilian States showed a moderate prevalence of “pure” subtype C
(6.4%, 53/828). The highest rate of “pure” subtype C was found in Mato Grosso do Sul
(10.2%, 5/49) followed by Goias (8.6%, 36/420), Tocantins (5.8%, 3/52), Mato Grosso
(5.4%, 5/92), Maranh&o (2.8%, 3/106) and Piaui (1.1%,1/89). The overall prevalence of
“pure” subtype F1 in these States was 4.7% (39/828): 8.2%: (4/49) in Mato Grosso do
Sul; 6.7%, (28/420) in Goias; 3.3%, (3/92) in Mato Grosso; 1.9%, (1/52) in Tocantins;
1.9%, (2/106) in Maranhao and 1.1%, (1/89) in Piaui.

Besides the 53 “pure” subtype C isolates identified in pol, phylogenetic, bootscan and
informative site analyses showed 24 unique recombinant isolates that contained a
subtype C fragment (2.9%; 24/828) (Figure 1). Among these 24 isolates, 19 (2.3%,
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19/828) were BC recombinants while five isolates were BFC and CF recombinants

(0.6%, 5/828). The summary of these results are depicted in Figure 1.

HIV-1 pol (PR/RT) sequences (n=828) from six Brazilian States:
GO, n=420; MT, n=92; MS, n=69; TO, n=52; MA, n=106; PI, n=89
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Figure 1: HIV-1 pol (PR/RT) diversity in patients recruited in six Brazilian States:
Goias/GO, Mato Grosso/MT and Mato Grosso do Sul/MS from Central West region,

Tocantins/TO from North region, Maranhdo/MA and Piaui/Pl from Northeast region.

The numbers and proportions of “pure” subtype B, C and F1 isolates and of BC, FC,

BF intersubtype recombinants are also depicted. * The characterization of BF1

recombinants including the new CRF90_BF1 and several BF1 URFs is out of the scope

of this study and has been previously reported (Reis et al. 2017).
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Main features of patients harboring BC and FC recombinants

The main sociodemographic, clinical and laboratory characteristics of 24 patients
infected with BC, BFC and CF recombinants are depicted in Table 1. Patients’
samples representing subtype C recombinants were collected in all six Brazilian States
from 2007-2012. Mosaic BC recombinants were detected in Mato Grosso do Sul (n=4),
Mato Grosso (n=4), Goias (n=3), Maranhao (n=2) and Piaui (n=6). BFC recombinants
were detected in Goias (n=1), Mato Grosso (n=2) and CF recombinants were detected
in Tocantins (n=2). The majority of patients was young adult females (7:17 male female
rate), from 21-50 years (median age= 33.5 years) including a 17 years old pregnant
teenager. Heterosexual exposure predominated among these patients (83.3%, 20/24).
Most patients was ARV naive (95.8%, 23/24) with a median of CD4 counts= 455
cellssmm? (76-1.246 cellssrmm? range) and the median of viral loads was 8.780
copies/mL (127-500.000 copies/mL range).

Among 23 ARV naive patients infected with BC, BFC and CF recombinants, 21.7%
(5/23) presented mutations associated with transmitted drug resistance (Table 1,
isolates identified by *). The following single class mutations were identified: the D67N
resistance mutation to nucleoside reverse transcriptase inhibitors (NRTI), the L10I/V
resistance mutation to protease inhibitor (PI), the K103N resistance mutation to non-
nucleoside reverse transcriptase inhibitors (NNRTI). One isolate harbored mutations to
both PI (L10V) and to NNRTI (V179E).
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Table 1: Main sociodemographic, clinical and laboratory characteristics of study subjects infected with HIV-1 subtype C recombinants
from six Brazilian States.

Sampling year/ Exposure Age/ ARV CD4 Viral load
Patient ID recombination profile category years Gender Status cellssmm?  copies/mL City/State
BRMT2526* 2008/BFC Heterosexual 34 M naive 155 78.963 Rondon6polis/MT
BRGO3001 2007/BFC NA 33 F naive 76 500.000 Alexania/GO
BRMT722* 2009/BFC Homosexual 46 M naive 546 2.271 Cuiaba/MT/MT
BRPI75 2012/BC Heterosexual 32 F naive 389 143.883 José de Freitas/PI
BRMA188 2012/BC Heterosexual 50 M naive 298 18.851 Sao Luis/MA
BRMS43 2008/BC Heterosexual 42 M naive 430 268.674 Campo Grande/MS
BRPI134* 2011/BC Heterosexual 46 F naive 436 48.846 Teresina/PlI
BRMT2509 2009/BC Heterosexual 25 F naive 271 14.012 Nova Mutum/MT
BRGO4094 2009/BC Heterosexual 21 F naive NA 2.584 Formosa/GO
BRMT3104 2008/BC Heterosexual 29 F naive 1.111 1.365 Sao José do Rio Claro/MT
BRPI13 2011/BC Heterosexual 29 F naive 683 1.953 Teresina/PI
BRPI22 2011/BC Heterosexual 45 F naive 613 13.460 Teresina/PlI
BRGO4156 2010/BC Heterosexual 17 F prophylaxis 399 33.658 Trindade/GO
BRPI115 2012/BC Heterosexual 36 F naive 595 2.490 Teresina/PI
BRMT3086 2008/BC Heterosexual 36 F naive 142 7.229 Nobres/MT
BRMT848* 2009/CRF31_BC Heterosexual 41 F naive 501 7.842 Cuiab&/MT
BRMSO03 2008/CRF31_BC Heterosexual 37 F naive 536 3.729 Campo Grande/MS
BRGO4179 2010/CRF31 BC Heterosexual 21 F naive NA 166.000 Formosa/GO
BRPI71 2012/CRF31_BC Heterosexual 34 F naive 952 127 Teresina/PlI
BRMS1310 2010/CRF31 BC Homosexual 29 M naive 1.246 3.488 Campo Grande/MS
BRMS47* 2008/CRF60_BC Homosexual 36 M naive 308 15.248 Campo Grande/MS
BRMA216 2011/CRF60_BC Heterosexual 26 M naive 474 5.892 S&o0 Luis/MA
BRTO0543 2008/CF Heterosexual 21 F naive 397 9.717 Palmas/TO
BRTO0966 2007/CF Heterosexual 30 F naive 793 5.361 Dian6polis/TO

F= female; M=male; NA=not available; GO: Goias; MT: Mato Grosso; MS: Mato Grosso do Sul; TO: Tocantins; MA: Maranhdo, PI: Piaui.
* |solates with mutations associated with ARV drug resistance in the protease or reverse transcriptase regions.
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Phylogenetic analysis and recombination profiles of BC, BFC and CF
recombinants

The phylogenetic analysis of these 24 BC, BFC and CF mosaics showed six clusters
with distinct recombination profiles (Figure 2) containing 19 isolates; five isolates
(BRGO4156, BRMT2509, BRMT3086, BRMS43 and BRPI34) did not cluster with other
samples. The BRGO4156 and BRMT3086 isolates initially grouped into cluster #4,
however with 67% boostrap and not sharing the same recombination profile. When
these isolates were removed from the analysis, a boostrap >80 % was observed. The
Cluster #1 contained five BC isolates (Goias n=1, Mato Grosso n=1, Piaui n=3), the
Cluster #2 had two BC isolates (Maranhdao n=1, Piaui n=1). The Cluster #3 was
composed by three BFC recombinant isolates (Goias n=1, Mato Grosso n=2). The
Cluster #4 contained five CRF31_BC-like isolates (Goias n=1, Mato Grosso do Sul
n=2, Mato Grosso n=1, Piaui n=1). The Cluster #5 contained two CRF60_BC-like
isolates (Maranhdo n=1, Mato Grosso do Sul n=1) while Cluster # 6 contained two CF

isolates from Tocantins.
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Figure 2: Phylogenetic tree of partial of the pol gene sequences among BC, BFC and
CF recombinant HIV-1 isolates from Central West, North and Northeast Brazil. The
mosaic pattern of: CRF60_BC-like, CRF31 BC-like, BC, BFC and CF isolates is
depicted on the right and left sides. The tree was constructed using MEGA using
neighbor-joining method and was based on Kimura’'s two-parameter distances. Only
bootstrap values > 70% were considered. For Clusters #4, high support (>80%) was
obtained after the exclusion of BRGO4156 and BRMT3086 sequences. The subtypes
were represented by different colors: subtype B: red, subtype C: brown and subtype F:
blue.

75



Analysis of partial genome sequences

The deduced mosaic structures of the BC recombinant strains were carefully compared
and the patterns of recombination breakpoints are summarized in Figure 3. Attempts to
amplify four HIV-1 fragments that compose the whole genome sequences of these
recombinant isolates were only partially achieved. For twelve out of 24 BC, BFC and
CF recombinant isolates we were able to amplify additional partial sequences (Figure
3). For five BC recombinant isolates from Cluster #1, additional partial sequences of
three isolates were obtained: BRGO4094 (2266-4783bp; 4953-6624bp); BRPI115
(2263-4816bp; 7186-8455bp; 8746-9574bp) and BRMT3104 (2252-4672bp). These
isolates were predominantly composed of subtype B, except for the 2724-3214bp
fragment which belonged to subtype C. Among the three BFC isolates from Cluster #3,
partial sequences were obtained: BRMT2526 (1149-9615bp); BRGO3001 (421-
5610bp; 6011-9615bp) and BRMT722 (2263-4822bp). In these sequences the subtype
F1 corresponded to the 1131-2650bp and 3550-5051bp fragments. Among the five
CRF31_BC-like isolates from Cluster #4, three isolates amplified partial sequences:
BRGO4179 (421-4793bp), BRPI71 (2253-3202bp; 6009-9623bp) and BRMS03 (421-
3202bp). These isolates were mainly subtype C, except for the 220bp fragment (2996-
3216bp), which belonged to subtype B. Additional partial sequences were obtained for
two isolates from Cluster #6: BRTOO05 43 (419-4735bp; 7112-9621bp) and
BRTO09 66 (2253-3202bp). Partial sequence of BRTO05 43 isolate showed that
subtype C prevailed except for two small fragment F1 portions (2614-3116bp and
3679-4055bp) (Figure 3).
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Figure 3. Schematic representation of the partial genome sequences and breakpoint
profiles of the BC isolates (Cluster #1), BFC isolates (Cluster # 3), CRF31_BC-like
isolates (Cluster #4), and CF (Cluster #6) isolates identified in this study. Red, subtype
B; brown, subtype C and blue, subtype F1.
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DISCUSSION

Our analyses of 828 HIV-1 isolates collected in six Brazilian States (Goias, Mato
Grosso, Mato Grosso do Sul, Maranhao and Piaui) showed BC and FC recombinant
isolates with remarkable genetic diversity. In these States, “pure” subtype C was
detected at different rates (from low to high) while “pure” subtype F1 showed low to
moderate rates. A recent study from our group reported the identification of the new
CRF90_BF1 and an extensive genetic variation of BF URFs circulating in these States
(Reis et al. 2017). Overall our data point out the great diversity of HIV-1 recombination
patterns in Brazil, including recombination events between subtype C and the major
subtype B and between subtype C and the less prevalent subtype F1. BC, BFC and CF
recombinants were detected in all six Brazilian States investigated. However, the
recombination rates in these States are probably underestimated since scarce, HIV-1
sequences are available for most States, especially Mato Grosso, Mato Grosso do Sul,
Maranh&o and Piaui. Nevertheless if recombination events were found in small sample
size, the chances of finding these events in larger populations also increase.

Previous studies in different subpopulation groups from our study area, located away
from the epicenter of the epidemics in the Southeast region, have shown the
preponderance of subtype B, ranging from 59% to 86.5%. Subtype C and subtype F1
infections have been detected at low to high rates (Cardoso et al. 2009; Cardoso &
Stefani 2009; Cardoso et al. 2010; Cardoso et al. 2011; Carvalho et al. 2011; Ferreira
et al. 2011; da Silveira et al. 2012; Alcantara et al. 2012; da Costa et al. 2013; Moura et
al. 2015a; Moura et al. 2015b; Lima et al. 2016b). In Brazil, the prevalence of subtype
F1 has shown significant regional variance: 34.6% in the Northeast and 6.6% in the
South region (Cavalcanti et al. 2012; Silveira et al. 2012; Grinberg et al 2015; Lima et
al. 2016a; Graf et al 2016). Studies indicate that the epicenter of the Brazilian subtype
C epidemic is the South region, either Parana or Rio Grande do Sul States (Bello et al.
2012; Delatorre et al. 2013; Graf et al. 2015). Interestingly, our results showed that the
proportion of “pure” subtype C decreased as the geographical area of study was further
away from the South region. Considering the distance from Curitiba/capital of Parana,
the following rates of “pure” subtype C were identified: 10.2% in Campo Grande/Mato
Grosso do Sul (distance: 999,4 km), 8.6% in Goiania/Goias (distance: 1285km), similar
rates in in Palmas/Tocantins (5.8%, distance: 2129km), and in Cuiaba/Mato Grosso
(5.4%, distance: 1701km). The lowest rates of “pure” subtype C were found in the most
distant capitals 2.8% in Sao Luis/Maranhdo (distance: 3311km) and 1.1% in
Teresina/Piaui (distance: 3049km). Intringuily, in Pl where the lowest rate of “pure”
subtype C was detected, showed a moderate rate of BC recombinants (6.7%, 6/89).

These results suggest that BC recombinants were probably imported from other States
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and not generated locally. Corroborating this hypothesis, we have identified in Piaui
one CRF31 BC-like genome, which originated in Porto Alegre, South Brazil. In our
study sample, the prevalence of “pure” subtype F1 also showed the same trend
decreasing northwards. So far, in Brazil the highest prevalence of subtype F1 infections
(around 30%), has been reported in Pernambuco, Northeast region (Cavalcanti et al.
2012; Lima et al. 2016a). Nevertheless, an increasing amount of data indicates that
subtype F1 has disseminated in Brazil as recombinants with subtype B (Alencar et al.
2013; da Costa et al. 2016). Overall our results confirm the dissemination of subtype C
in inland Brazil while a limited geographic dissemination of “pure” subtype F1 was seen
(Reis et al. 2017).

Currently eleven different CRF_BC (CRF07, CRF08, CRF31, CRF57, CRF60, CRF61,
CRF62, CRF64, CRF85, CRF86 and CRF88) were reported at Los Alamos, the
majority of them originated in China, where they represent one of the most prevalent
and characteristic variant. The first CRFO7_BC was reported in China in 2000 (Su et al.
2000; Rodenburg et al. 2001). The CRF31_BC is the first and the only CRF_BC
reported in Brazil (Santos et al. 2006) and its description was based on three complete
genomes from south Brazil. Remarkably, in our study, around 20.1% (5/24) of BC
genomes identified were CRF31_BC-like. These genomes were identified in four
Brazilian States, mostly in the Central West States, which are closer to Curitiba/South
while just one, was from the Northeast. In our study, two CRF60_BC-like genomes
were identified, one in Mato Grosso and one in Maranh&o State. The characterization
of CRF60_BC was based on three genome sequences from two unlinked homosexual
males and one heterosexual female patient from Italy (Simonetti et al. 2013). The
phylogenetic analyses of CRF60 BC indicated that part of subtype C sequences
clustered with subtype C from South America suggesting that it originated in South
America. This study assumption is corroborated by the homosexual tourism links
between Brazil and Italy. In this regard, one of our CRF60_BC-like isolates was
identified in a homosexual male patient. A previous study reported a robust subtype C
cluster among isolates from homosexual men from Brazil and the United Kingdom (de
Oliveira et al. 2010). Overall these results corroborate the link between CRF60_BC

origin and homosexual Brazilian men patients.

In conclusion, our results show the evolution of HIV-1 strains outside the epicenter and
provide evidences on the pattern of genetic divergence into new strains overtime. Our
study indicates extensive recombination patterns of BC, BFC and CF isolates
circulating in Central West, north and northeast Brazil. We acknowledge that the lack of

full nor near full genome sequences of our BC and FC recombinant viruses represents
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a limitation of our study. However, we cannot exclude the possibility that other new yet
unidentified CRF_cpx or already identified CRF_BC may be included among these
viruses. In general, our data contribute to the knowledge on the diversity of
recombination patterns of HIV-1 in Brazilian regions away from the epicenter of the

epidemics.
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6. DISCUSSAO

Os resultados apresentados nesta Tese se basearam em sequéncias pol e em
dados de genoma completo/quase completo/parcial de 111 (13,4%, 111/828) isolados
recombinantes intersubtipos BF, BC, BFC e CF identificados entre 828 pacientes
oriundos de seis estados Brasileiros: Goias, Mato Grosso, Mato Grosso do Sul,
Tocantins, Maranh&o e Piaui. Apresentamos o genoma completo do HIV-1 de nove
isolados, o genoma quase completo de oito isolados e os fragmentos parciais do genoma
de dezessete isolados. Essas sequéncias pertenciam a pacientes de diversos subgrupos
populacionais incluindo individuos recém-diagnosticados e virgens de tratamento,
gestantes, presidiarios e pacientes com infe¢do cronica em falha terapéutica, coletados
num periodo de 2003-2013. Em conjunto os resultados deste estudo corroboram estudos
realizados em outras regides Brasileiras que apontam uma extensa variabilidade
genética de isolados intersubtipos no pais (SANTOS et al., 2007; PASSAES et al.,
2009; PESSOA et al., 2015; da COSTA et al., 2016; PESSOA et al., 2016;
DELATORRE et al., 2017).

O primeiro artigo reporta pela primeira vez a circulacdo de uma nova CRF_BF
denominada pelo Los Alamos Laboratory, CRF90_BF1 nas regides Centro-Oeste e
Norte do Brasil. Esta nova CRF identificada em individuos sem vinculo epidemiol6gico
confirma sua capacidade de causar microepidemias nos estados de Goiés, Mato Grosso
e Tocantins. Além da ampla amostragem (828 sequéncias) de varios municipios de seis
estados Brasileiros, ampliamos a busca de isolados com perfis semelhantes de
recombinagdo além das regibes geogréficas de estudo mediante pesquisa por BLAST
em bancos de dados publicos. Estas buscas indicaram que algumas URFs podem ser na
verdade CRFs, pois isolados com alto grau de similaridade foram identificados em
outras regides geograficas do pais. A CRF90_BF1 ¢é a nona CRF Brasileira descrita
envolvendo os subtipos B e F1 e sua prevaléncia em nosso estudo foi de 1,3% (11/828).
Andlises da mediana do tempo do ancestral comum mais recente (Twrca) €stimaram que
a CRF90_BF1 esteja circulando desde 1986, ou seja, por trés a quatro décadas. Os
pacientes desse estudo infectados pela CRF90_BF1 foram diagnosticados entre 2002-
2011. E possivel que as CRFs identificadas no Brasil estejam circulando por décadas
antes de serem identificadas, como a CRF29_BF se originou no inicio da epidemia
Brasileira, mas so foi descrita vinte anos depois (De SA-FILHO et al., 2006; MELO et
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al., 2012). Apesar de ndo ter sido estimada o Tmrca das CRF70/71_BF, acredita-se que
isolados apresentando o mesmo perfil de recombinacdo em pol estejam circulando
desde 2002 (SANABANI et al., 2006; PESSOA etal., 2014b ).

Além disso, nosso estudo mostra evidéncia, como demonstrado pelas analises de
busca por BLAST, de que a CRF90_BF1 tém uma circulacdo geografica mais ampla no
territério nacional. Além do Centro-Oeste e Tocantins, a CRF90_BF1 provavelmente
circula também no estado de Rondbnia, que faz fronteira com a Bolivia. Em geral,
nossos dados de recombinantes BF corroboram estudos recentes realizados na regiéo
Norte, que mostram que a prevaléncia de recombinantes BF tem aumentado
consideravelmente (da COSTA et al., 2016; Dos ANJOS SILVA et al., 2016;
ANDRADE et al., 2017). Entretanto a prevaléncia real dessa CRF pode estar
subestimada devido a escassez de dados moleculares do HIV-1 em varios estados
Brasileiros como em Mato Grosso, Mato Grosso do Sul, Tocantins e Rondonia. Estes
dados mostram que, salvo raras exce¢des como observada em Pernambuco, o subtipo
F1 no Brasil se disseminou pelo territério nacional majoritariamente na forma de
recombinantes com o subtipo B e ndo como subtipo F1 “puro” sugerindo uma vantagem
adaptativa/evolutiva dos recombinantes (TURK et al., 2006). De fato, apesar da
predomindncia do subtipo B na maioria das regides geograficas Brasileiras, exceto no
Sul onde prevalece o subtipo C, estudos mostraram que a prevaléncia de subtipos “ndo
B”, particularmente URFs_BF e URFs_BC aumentou na ultima década (PASSAES et
al., 2009; SANABANI et al., 2013; PRELLWITZ et al., 2013; da COSTA et al., 2016;
PESSOA et al., 2015; GRAF et al., 2016). Nossos estudos mostraram uma porcentagem
significativa de formas recombinantes de BF (4,4-29%) nas regides Centro-Oeste, Norte
e Nordeste (CARDOSO et al., 2009; CARDOSO & STEFANI, 2009; CARDOSO et al.,
2010; CARDOSO et al., 2011; FERREIRA et al., 2011; CARVALHO et al., 2011;
SILVEIRA et al., 2012, ALCANTARA et al., 2012; da COSTA et al., 2013; MOURA
et al.,, 2015a; MOURA et al., 2015b; LIMA et al., 2016b). Nossos resultados
confirmam esta tendéncia de expansdo de subtipos “nao B” notadamente recombinantes
BF no pais que desempenham de forma cada vez mais marcante um papel relevante na

epidemia Brasileira de AIDS.

As CRFs_BF Brasileiras mais recentemente descritas (CRF70_BF e CRF71_BF)
foram identificadas entre dadores de sangue do estado de Pernambuco, regido Nordeste
(PESSOA et al., 2014b). O CRF72_BF1 foi identificado entre doadores de sangue de
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cinco bancos de sangue publicos em Minas Gerais, regido Sudeste (PESSOA et al.,
2014a). As trés altimas CRFs_BF Brasileiras foram obtidas a partir do sequenciamento
de préxima geragdo, uma tecnologia nova e altamente eficaz que gera informagdo mais
precisa que o sequenciamento de Sanger e tem o potencial de aumentar a diversidade
viral pois pode identificar populagdes virais minoritarias enquanto sequenciamento
Sanger s6 identifica populacBes virais que representem pelo menos 20% dos virus
circulantes. Esse método traz uma grande economia de tempo, porém ainda continua
cara e inacessivel para centros de pesquisa menores que ndo possuem uma grande
demanda na rotina. Diversos artigos foram publicados nos Gltimos anos por equipes
Brasileiras empregando sequenciamento de proxima geracdo principalmente para

avaliar diversidade viral em doadores de bancos de sangue Brasileiros.

Esse grupo de pesquisa descreveu as trés Gltimas CRFs Brasileiras, além de
inimeras URFs. Esses dados recentes apontam para o aumento de deteccdo de CRFs
circulantes em diferentes regiGes geograficas e que apresentam potencial de
disseminagdo pelo pais. No entanto, o nimero de sequéncias completas do genoma
completo/quase completo de HIV-1 disponiveis ainda é limitado, especialmente as
sequéncias de isolados de areas mais afastadas do epicentro da epidemia, como nossa
area de estudo (Centro-Oeste, Norte e Nordeste). Nossos resultados sugerem que a
proporcdo real de formas recombinantes BF e outras na pandemia Brasileira
provavelmente é subestimada. Além disso, nosso estudo reforca a necessidade de
continuidade de estudos moleculares do HIV, preferencialmente envolvendo genoma

completo para monitorar a evolugéo da diversidade viral no pais.

As CRF28 BF e CRF29_BF foram descritas no Sudeste em 2006 (Santos,
estado de S&o Paulo) representam as primeiras CRFs Brasileiros e admite-se que
tiveram sua data de origem em 1988-1989 (RISTIC et al., 2011). Entre todos os
isolados BF identificados em nosso estudo, encontramos uma taxa moderada de
isolados recombinantes com perfis de recombinacdo semelhantes a CRF28_BF e
CRF29_BF (16,1%, 14/87). Identificamos CRF28/29 BF-like nos estados de Goias,
Mato Grosso, Mato Grosso do Sul. Estudo realizado no estado da Bahia identificou
taxas semelhantes as nossas de CRF28/29_BF (10-21%) (MONTEIRO-CUNHA et al.,
2011, SANTOS et al., 2011). Desta forma nossos resultados representam uma das

maiores frequéncias de CRF28/29 BF identificadas fora do estado de S&o Paulo,
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confirmando o potencial de interiorizacdo e disseminacdo destas CRFs em outras

regides distantes do Sudeste.

O Manuscrito | caracteriza o genoma quase completo do HIV-1 de trés
URFs_BF circulantes na regido Centro-Oeste e fragmentos parciais de 9 isolados de trés
estados Brasileiros (Goids, Mato Grosso e Maranhdo). Esses pacientes foram
diagnosticados num periodo 2002-2013 e incluiam, pacientes virgens de tratamento
ARV, gestantes diagnosticadas durante o pré-natal e pacientes em falha terapéutica.
Com relacdo as trés URFs caracterizadas, os isolados (BRGOMI744 e BRGO4056)
eram de gestantes, diagnosticadas durante o pré-natal, ambas ndo haviam feito uso de
ARV e relataram sua exposi¢do heterossexual. O isolado BRMT1319 pertencia a um
paciente cujo diagnostico ocorreu em 2002, nove anos ap6s o diagndstico continuava
sem usar ARV. Ele relatou exposicdo homossexual. As trés URFs tem perfil de
recombinagdo na regido pol, distintas entre si, mas semelhantes com outras sequéncias
do banco de dados com Los Alamos.

Apos a caracterizagdo da primeira URF_BF no Brasil em 1998, outros estudos
analisaram sequéncias do genoma completo do HIV-1 em pacientes da regido Sudeste.
Muitas sequéncias foram classificadas como URFs_BF em sequéncias originalmente
classificadas como subtipos B ou F1. Estes estudos mostraram que a prevaléncia das
URFs sempre foram subestimadas devido o sequenciamento de fragmentos menores dos
isolados (GAO et al., 1998, THOMSON et al., 2004; DE SA FILHO et al., 2005). A
cocirculagéo dos subtipos B e F1 em diversas regides do Brasil propicia coinfeccéo e ou
superinfeccdo promovendo a formagédo de recombinantes tipo URFs_BF ou CRF_BF ou
até recombinacdo entre URFs e CRFs ou entre as CRFs existentes (recombinantes inter
CREFs). Estes virus representam formas recombinantes de segunda e terceira geragao que
por sua vez podem gerar outras variantes com fitness melhorado para influenciar a
transmisséo viral (THOMSON et al., 2002; KONINGS et al., 2006).

Apesar das URFs representarem apenas 4% das infecgdes por HIV-1 em todo
mundo, essa prevaléncia tem aumentado de forma significativa, devido a identificacéo
de novas URFs a cada dia, esse fendmeno tem sido evidenciado no Brasil e em todo o
mundo (FERNADEZ-GARCIA et al., 2016; OGAWA et al., 2016; LEE et al., 2016;
XU et al, 2017). Estudos Brasileiros envolvendo o sequenciamento do genoma
completo/quase completo também tem identificado uma alta prevaléncia das formas
recombinantes, particularmente URFs_BF (BARRETO et al., 2006; SANABANI et al.,
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2006a; SANABANI et al., 2006b; PESSOA et al., 2016). Diversas URFs descritas
continuam se espalhando na populagdo, dando origem a novas CRFs, especialmente no
Brasil, onde muitas CRFs tiveram origem a partir de URFs derivadas da recombinagdo
entre os subtipos B e F1 (CRF28 BF, CRF29 BF, CRF39_BF, CRF40_BF,
CRF46_BF, CRF70_BF, CRF71_BF e CRF72_BF) ou entre os subtipos B e C
(CRF31_BC) (SANTOS et al., 2006; SANABANI et al., 2006a; SANABANI et al.,
2006b; GUIMARAES et al., 2008; PESSOA et al.,2014a; PESSOA et al.,2014b). Estes
dados chamam a atencdo para 0 aumento crescente e disseminacdo dos CRFs e URFs
que passam a desempenhar um papel cada vez mais importante na pandemia de HIV-1.
Entretanto, é possivel que a propor¢do geral de recombinantes do HIV-1 na pandemia
global ainda esteja subestimada devido ao nimero ainda restrito de sequéncias de
genomas completos disponiveis, especialmente em vérias regiGes do Brasil, pois essa
distribuicdo global e regional tem se mostrado extremamente complexa e dindmica.

No estudo realizado por Sanabani e colaboradores em 2010 foram caracterizadas
34 URFs_BF circulantes em SP, além da CRF46_BF. Em 2016, Pessoa e colaboradores
ao pesquisar isolados de doadores de sangue (cidades de S&o Paulo, Minas Gerais,
Pernambuco e Rio de Janeiro) descreveram outras 32 novas URFs_BF. Os dados do
nosso estudo corroboram o crescimento exponencial de novas URFs_BF ndo sé na
regido Sudeste e Nordeste, mas também na regido Centro-Oeste e Norte, pois além de
identificarmos a CRF90_BF1, outras sequéncias com o mesmo perfil de recombinagao
dessas trés URFs_BF foram identificadas indicando que possam ser potenciais novas
CRFs_BF. O sequenciamento do genoma completo dessas sequéncias é necessario para
esclarecer esta hipotese.

A caracterizagdo da grande variabilidade das formas recombinantes BC e FC do
HIV-1 circulantes na nossa area de estudo foi também investigada (manuscrito II).
Outros estudos Brasileiros descreveram taxas variaveis de recombinantes BC: 8% em
Ronddnia, 1% no Amazonas e Amapé (da COSTA et al., 2016); 2% em Santa Catarina,
10% no Rio Grande do Sul (GRAF et al., 2016); 6,7% no Piaui (MOURA et al.,
2015b), 1% Rio de Janeiro (PILOTTO et al, 2013), 4,3% em Mato Grosso
(FERREIRA et al., 2011), 8,2% em Mato Grosso do Sul (da SILVEIRA et al., 2012),
4,4% em Goias (LIMA et al., 2016b). Nos estados de Goias, Mato Grosso, Mato Grosso
do Sul, Tocantins, Maranhdo e Piaui, o subtipo C "puro" foi detectado em taxas
diferentes variando de baixa a alta. Estudos em estados na regido Sul e fora dela

indicam taxa variavel de subtipo C no pais: 1% no Amapa, 6% em Tocantins
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(CARVALHO et al., 2011; da COSTA et al., 2016), 1% em Pernambuco e Piaui, 14%
em Alagoas (Moura et al., 2015b; LIMA et al., 2016a; DELATORRE et al., 2017), 2%
no Rio de Janeiro, 7% em Minas Gerais (PIMENTEL et al., 2013; PESSOA et al.,
2016) e 21,5% no Parana, 44% no Rio Grande do Sul e 66% em Santa Catarina (SILVA
et al., 2010; GRAF et al., 2016), 54% em Mato Grosso (FERREIRA et al., 2011),
10,2% em Mato Grosso do Sul (da SILVEIRA et al., 2012) e 2,1-16,6%.em Goias
(CARDOSO e STEFANI, 2009; ALCANTARA et al., 2012; da COSTA et al., 2013).
J& o subtipo F1 "puro™ apresentou taxa entre baixa a moderadas (da SILVEIRA et al.,
2012; GUIMARAES et al., 2015; da COSTA et al., 2016; DELATORRE et al., 2017).
Em geral, estudos de diferentes regiGes Brasileiras tem mostrado prevaléncia variavel de
subtipo F “puro”: 3,4% em Manaus, 5,7% no Para e 14% no Amapa (LOPES et al.,
2015; Dos ANJOS SILVA et al., 2016; ANDRADE et al., 2017), 9% no Rio de Janeiro,
10% em S&o Paulo e 17,2% em Minas Gerais (ALENCAR et al., 2013; TUPINAMBAS
et al., 2013; GUIMARAES et al., 2015). 1,9% no Maranhdo, 2% no Ceard, 4% em
Alagoas, 31,5% em Pernambuco (MOURA et al., 2015a; LIMA et al., 2016a;
DELATORRE et al., 2017), 3,3% em Mato Grosso (FERREIRA et al., 2011), 8,2% em
Mato Grosso do Sul (da SILVEIRA et al., 2012), 4,2-6,6% em Goias (CARDOSO e
STEFANI, 2009; da COSTA et al., 2013; LIMA et al.,2016b). Em geral, nossos dados
demonstram a grande diversidade de padrGes de recombinacdo de HIV-1 no Brasil,
incluindo eventos de recombinacgédo entre os subtipos C e B e entre os subtipos C e F1,
que s&o menos prevalentes. As formas recombinantes BC, BFC e CF foram detectadas
em todos seis estados Brasileiros investigados. Estudos de monitoramento da
diversidade genetica do HIV-1 permitirdo definir se nestes estados ocorrem tendéncia
preferencial de disseminacdo de subtipos C recombinantes quando comparados com
subtipo C puro. Alem disso estudos de monitoramento permitirdo identificar o potencial
de disseminagdo dos subtipos C e F1 “puros” no territério Brasileiro bem como o
potencial de geragdo e disseminacdo de recombinantes entre estes dois subtipos
minoritarios.

No nosso estudo o Cluster BFC foi composto de trés isolados dos estados de
Goiés (isolado BRGO3001 pertencente a uma artesd) e Mato Grosso (isolado
BRMT2526, pertencente a um caminhoneiro e isolado BRGO722 obtido de um
cabelereiro). Além disso, temos evidéncias mediante busca pelo BLAST no site de Los
Alamos da existéncia de mais seis isolados todos compartilhando o mesmo perfil de

recombinacdo em pol em outros estados. Estas amostras identificadas por BLAST
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foram coletados entre 2006-2015, sendo cinco isolados do Brasil (3 do Paranad e 2 do
Mato Grosso) e um isolado da Italia. A paciente (BRGO3001) era proveniente do estado
do Mato Grosso e relatou que havia se mudado h& pouco tempo para o estado de Goias.
Embora ndo tenhamos a data nem local de infecgdo e diagndstico desta paciente, ndo
podemos descartar a possibilidade de que esta provavel CRF_cpx tenha sido originada
no Mato Grosso ou Parand. Além disso, a existéncia de outros isolados com perfil
idéntico de recombinagdo sugere que estes isolados possam compor uma nova CRF
ainda ndo identificada e que esteja circulando no territério Brasileiro nos estados de
Goias, Mato Grosso, Parana e na Italia. Esses dados sugerem a existéncia de uma nova
CRF que de forma semelhante a CRF60_BF, esteja circulando em dois paises. Somente
a continuidade de estudos moleculares destes e outros isolados permitirdo esclarecer
esta hipotese.

Com relagdo as URFs_BC Brasileiras hi poucos dados disponiveis. Em 2009
foram publicadas 4 URFs_BC provenientes de Porto Alegre (PASSAES et al., 2009),
posteriormente outras quatro URFs_BC foram publicadas por grupo de pesquisa de S&o
Paulo, sendo 2 isolados de Sdo Paulo coletados em 2002 e 2006, um isolado de
Pernambuco e outro do Rio de Janeiro ambas amostras foram colhidas em 2010. Em
nosso estudo observamos uma dificuldade maior em sequenciar isolados BC e FC do
que isolados BF requerendo o desenho primers alternativos para as regides do genoma
que ndo conseguimos ter éxito no sequenciamento (LOS ALAMOS HIV DATABASE,
2017).

No Brasil, embora o subtipo B predomine na maioria dos estados Brasileiros,
com o passar do tempo, temos observado mediante alguns estudos uma tendéncia de
declinio do subtipo B junto com aumento da prevaléncia das formas recombinantes,
principalmente envolvendo os subtipos B e F1 e os subtipos B e C (PESSOA et al.,
2014b, PESSOA et al., 2015, da COSTA et al., 2016) . Os estudos do nosso grupo de
pesquisa na regido Centro-Oeste mostraram prevaléncia do subtipo B (~71%) seguido
de um percentual significativo e formas recombinantes BF1 (~13%) sendo que as e
formas ndo-B somaram ~5% (CARDOSO et al., 2009, ALCANTARA et al., 2012,
LIMA et al.,, 2016b). No Brasil, a epidemiologia molecular do HIV-1 tem se
caracterizado por significante taxa de recombinagéo entre os subtipos B e F1, em
algumas regides as formas recombinantes BF tem sido apresentadas como a segunda
mais prevalente. Apesar do subtipo B “puro” ser encontrado em abundancia em nosso

pais, 0 mesmo ndo acontece com o subtipo F1 que ndo se disseminou de modo
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expressivo na sua forma pura. O primeiro recombinante BF foi identificado no gene env
em 1994 entre dois individuos Brasileiros com vinculo epidemiolégico (SABINO et al.,
1994). A partir deste relato, observa-se um crescimento da frequéncia dessas formas
recombinantes BF (GUIMARAES et al., 2002). Estudos de genoma completo do HIV-1
indicam a possibilidade de que muitos isolados originalmente classificados como
subtipo F1, sejam na verdade formas recombinantes BF (SANABANI et al., 2010;
PESSOA et al., 2014a). Por outro lado, discute-se também a possibilidade de que a alta
prevaléncia de subtipo B possa estar superestimada, pois muitos isolados classificados
como B “puros” podem ser na verdade recombinantes BF ou BC. Estudo que
identificou a CRF46_BF mostrou entre 36 isolados BF, seis isolados com uma pequena
porcdo recombinante (61pb) de subtipo F1 em sequéncias que foram anteriormente
classificadas como subtipo B (SANABANI et al., 2010). Nosso estudo néo incluiu
analises em geracdo de genomas completos dos isolados classificados como B ‘puro”
portanto, ndo podemos excluir a possibilidade de que as taxas deste subtipo possam
estar superestimadas e que estes possam ser recombinantes em outras regides do
genoma viral.

Em concluséo, Nossos dados revelam o aumento crescente e disseminacdo dos
CRFs e URFs que passam a desempenhar um papel cada vez mais importante na
pandemia de HIV-1. Entretanto, é possivel que a propor¢do geral de recombinantes do
HIV-1 na pandemia Brasileira e global ainda esteja subestimada devido ao nimero
ainda restrito de sequéncias de genomas completos disponiveis, especialmente de varias

regides do Brasil.
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7. CONCLUSOES

-Nas regides Centro-Oeste, Norte e Nordeste circulam uma significativa porcentagem
de CRFs_BFs, algumas j& descritas quando comparado a circulacdo de URFs BF;

-A CRF90_BF1, nona CRF_BF Brasileira foi descrita neste estudo e esta circulando
entre individuos majoritariamente heterosexuais que vivem em duas regiées do Brasil
(Centro-Oeste e Norte);

-Nossos resultados trazem fortes evidéncias da existéncia de outras novas CRFs_BF
que circulam nas regides Centro-Oeste, Norte, Nordeste e Sul, uma vez que, em varios
estados Brasileiros, mediante a busca por BLAST identificamos, na regido pol, diversos
isolados com perfis de recombinagdo idénticos aos isolados descritos no nosso estudo;
-Descrevemos uma alta circulacdo de CRF28 BF e CRF29_BF fora da regido Sudeste;
-As taxas de infecgBes pelos subtipos C e F1 diminuiram do Centro-Oeste em direcao
ao norte do Brasil (de MS para PI).

-Existe uma alta diversidade genética entre os recombinantes BC, BFC, CF
especialmente as CRF31_BC-like e CRF60_BC-like.
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9. ANEXOS

Anexos 1 — Pareceres do Comité de Etica- HDT

SECRETARIA DA SAUDE
DO ESTADO DE GOIAS

. GOVERNO DO
C ESTADO DE GO

S L

Desenvo com Respor

Hospital de Doencas Tropicais Dr. Anuar Auad - HDT

PARECER CONSUBSTANCIADO

Protocolo n®: 003/2008

Projeto de Pesquisa: Profilaxia da Transmissio Vertical em Gestantes Adolescentes
Infectadas pelo HIV-1 do Centro-Oeste: Perfis Imunolégico e Viral e Genotipagem
para Resisténcia aos Anti-Retrovirais.

Pesquisador Responsével: Prof*. Dr*. Mariane Martins de Araijo Stefani

Institui¢io Responsivel: Instituto de Patologia Tropical ¢ Saide Piblica.

CEP de Origem: Comité de Etica em Pesquisa do HDT.

Area Temética: Grupo 111

Instituiciio onde serd realizada a Pesquisa: Hospital HDT.

PARECER FINAL:
O projeto ¢ pertinente ¢ mediante a adequagdo do mesmo as normas exigidas por este

Comité e Resolugdo n® 196/96-CONEP, manifestamos favordvel pela aprovacdo do

referido projeto.

Goifinia, 04 de margo de 2008.

Wm]}iﬁ

DR* Deiise
Presidente do Comité de Etica e Pesquisa do HDT
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SECRETARIA DA SAUDE
DO ESTADO DE GOIAS

@imrl‘?ﬂﬁ‘.’:ﬁ.-

F

. GOVERNO DO .
ESTADO DE GOIAS

Hospital de Doengas Tropicais Dr. Anuar Auad - HDT

PARECER CONSUBSTANCIADO

PROTOCOLO N* 00322011

PROJETO DE PESQUISA: “ABORDAGEM MOLECULAR E IMUNOLOGICA EM
GESTANTES INFECTADAS PELO HIV.l: GENOTIPAGEM PARA RESISTENCIA APOS
INTERRUPCAO DA PROFILAXIA PARA TRANSMISSAO VERTICAL E INFLUENCIA DA
GESTACAO NA FREQUENCIA DE CELULAS T REGULADORAS”,

PESQUISADOR RESPONSAVEL: MARIANE MARTINS ARAUJO STEFANI
PESQUISADORES PARTICIPANTES: YANNA ANDRESSA RAMOS DE LIMA, LUDIMILA
PAULA VAZ CARDOSO, BOAVENTURA BRAZ DE QUEIROZ LUIZA EMYLCE
SCHMALTZ, ANA LUCIA MINUZZL.

INSTITUICAO RESPONSAVEL: IPTESPO/UFG/GO

CEP DE ORIGEM: COMITE DE ETICA E PESQUISA DO HOSPITAL DE DOENCAS
TROPICAIS,

PARECER FINAL: Projeto de pesquisa apresenta relevéincia cientifica ¢ encontra-se dentro dos
precitos éticos legais segundo a Resolugio 19696 da CONEPMS. Portanto, o CEP/HDT
manifesta-se por APROVAR 0 projeto de pesquisa nos termos em que esté proposto,

Obs.: Serd necessdrio a entrega de um relatério semestral (até a conclusio da pesquisa) sobre
seu andamento, Caso isso ndo ocorra o fato serd encaminhado & CONEP para ela adote as
providéncias cabiveis,

Golinia, 04 de Abril de 2011,

Mimdo: Ofewocer Assisiects espevaluats ns ma & domgn Visde: Ser um scrvign de exerdinon om Infecnbogia, s Ao

Infecchon, deatro do comicen pablio viendo 8 reitlegghs refendasis mencheades 2o tnalanon de wids de doengn

& pacenie ¢ promaaer o sohecnento el nfocoen, pasand>w pels ala sewhunvidado dagnistiod ¢
wnphica

Hespital Dr. Anwar Ausd
Av. Conoeno n* 355 Jardim Bela Vista - Gosdain-00 - Fooe/Faxx: (62) 3201.3678
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Anexos 2 - Pareceres do Comité de Etica- HC

. SERVICO PUBLICO FEDERAL
MINISTERIO DA EDUCACAO E DO DESPORTO
UNIVERSIDADE FEDERAL DE GOIAS

lsrepitd s Tliviors COMITE DE ETICA EM PESQUISA ML&O&%A:&THELS
PROTOCOLO CEPMHA/HC/UFG N° 073/05 Goiania, 18/10/2005

INVESTIGADOR (A) RESPONSAVEL (IES): Prof'. Mariane Martins de Araijo
Stefani

TITULO: “Estudo de resisténcia genética a antiretrovirais e mapeamento genético
molecular do HIV — 1 no centro oeste e norte do Brasil.”

Area Tematica: Grupo II]
Local de Realizacdo: Inst. Patologia Tropical e Saiide Piublica/UFG

Informamos que o Comité de Etica em Pesquisa Médica Humana e Animal, apés a
analise das respostas adequadas as solicitagdes deste CEPMHA/HC/UFG, aprovou
sem restricdes o projeto de Pesquisa acima referido, e o mesmo foi considerado em

acordo com 0s principios éticos vigentes.

=> Nio ha_ necessidade de aguardar o parecer da CONEP- Comissdo Nacional de
Etica em Pesquisa para iniciar a pesquisa. ’

=>0 pesquisador responsavel devera encaminhar ao CEPMHA/HC/UFG, relatorios
trimestrais do andamento da pesquisa, encerramento, conclusdo(des) e

publicacdo(des).

Prof. Joffre Rezende Filho
Coordenador do CEPMHA/HC/UFG

I AVENIDA, /N, SETOR LESTE UNIVERSI TARIO - CEP: 74 605-050 - FONE: 269 83 38 - FAX: 269 84 26
GOIANIA - GOIAS
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MINISTERIO DA EDUCACAO UFG -

UNIVERSIDADE FEDERAL DE GOIAS
HOSPITAL DAS (LINICAS
Comité de Etica em Pesquisa
PROTOCOLO CEP/HC/UFG N* 1632010 Goldinia, 24/112010
INVESTIGADOR RESPONSAVEL: Farm’, Mariane Martins de Araijo Stefani

PESQUISADORAS PARTICIPANTES: Yama Andressq Ranos de Limg; Ladmila
Pl Ve Candoso: A Lawia

Informamos que 0 Comité de Fti:a em Pesquisa aralisou ¢ aprovos. © projeto de pesquisa
nmm.jmmmmmmeomwm
em acordo comm 0s principios &icos vigentes,

Informamos que _umiddedeqwothONEP-Cmblo
Nacional de Etica em Pesquisa pera iniciar a pesquisa.

ommwdnm.m-nuncmucwm.mm
semestrais do  andamento da pesquisa, encerramento, conclusio(es) ¢
publicagio(des).

ocumwmm-qmmmmmmaMm
damvdvimupnavdiwbevaiﬁcqﬁodomnimdumda
196/96 (Manual Operacional Para Comités e Erica em Pesquisa - kem 13)

ArJ
Farm. J rio Coelho Moraes
Coordenador do CEVHC/UFG
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Anexo 3- Aprovacéo do Projeto pelo Comité de Etica em Pesquisa do Hospital
Universitario Julio Muller - Universidade Federal de Mato Grosso

Mnisténo s Educaglo
FUNDACAO UNIVERSIDADE FEDERAL DE MATO GROSSO
HOSHTAL UNnvERSITARIO JOLI0 MILLER

- Comité de Etica om Pesquisa do Hospital Universiarie Jilio Miiller

Registrado na Comissio Nacional de Btica em Pesquica em 25/08/97

TERMO DE APROVAGAO ETICA
DE PROJETO DE PESQUISA

REFERENCIA: Projeto de protocolo N° 435/CEP-HUJMOT

“COM PENDENCIAS™ D
APROVADO “ad referendum™ D
APROVAGAO FINAL
NAO APROVADO i)

O projeto de pesquisa intitulado: “Estudo de resisténcia genética a
antiretrovirais @ mapeamento genético molecular do HIV-1 no Centro Oeste e
Norte do Brasil,” encaminhado pelo (a) pesquisador (a), Aparecida Duarte Hg
Mussi foi analisado pelo Comitd de Etica em Pesquisa do HUJM, em reunido
realizada dia 12/12/07 que concluiu pela aprovacao final, tendo em vista que
alende & Resolugho CNS 196/86 do Ministério da Salde para pesquisa envolvendo
geres humanos.

Cuiaba, 12 de Dezembro de 2007.

Profa. Dra. Marid Apsrscidd ﬁ’nw%&.m |

Coordenadora do Comité de Efica em do HUJM

Hospital Universedrio Jitio Mlller
Rea L, SN, Jaedim Alvoeada. CEP 780458-790 Cuiabd -MT, Brasil
Fone: 6536157254 e il i
bttpcwww ufrat belcap_buje
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Anexo 4 - Parecer do Comité de Etica- MA e PI

QOVERNO DO ESTADO DO PIAUI
UNIVERSIDADE ESTADUAL DO PIAUIL — UESPY
COMITE DE ETICA EM PESQUISA
Rua Olavo Bilke | 2335 Cenlro - Fone: (86)3221-86858
CEP 4001 280 Terusina.-Pt

ANALISE DE PROJETO DE PESQUISA
Regstro do projeto: CEP-UESP! 022/2011

Thuio: “MUTAGCOES ASSOCIADAS A RESISTENCIA PRIMARIA E
SECUNDARIA A ANTIRETROVIRAIS E DIVERSIDADE GENETICA DO HiV-1
EM PACIENTES DOS ESTADOS DO MARANHAO E PIAUI™.

Pesguisador responsavel: MARIANE MARTINS DE ARAUJO STEFANI
Documantos analisados: Termos do Consentimento e Projeto de Pesquisa
Lata do entrada: 12 de abrit de 2011

Propasicho do(n) Relator(a):

( x ) Aprovagsio

() Aprovagio com pendincias

() N&o aprovagéo

Data da primeira andlise poelo CEP-UESPE: 25.05.2011

Dala ¢o parecer linal do projeto peio CEP-UESPL 07.06.2011

PARECER

Com base na Resolugio CNSMS n® 196/96, que regulamernta a mestdria,
o Comitd de Flica em Pesquisa da Universidade Estadual do Plaul, em
Rounidio 06/2011 realizada em 07.06.201 1, decidiu APROVAR, d¢ acordo com

o parecer do(a) relator(a). o projeto de pesquisa acima especificado, quanto
Q08 S0US ASPOCOS GlicoSs.

Teorosina, 08 de junho de 2011
I J
. ‘ R / '
1_ ;-I""" ("J'i-"{“ "'n S o 1N
Prof. Mauro Robeno Bia da Siva
Coordenador do CEP-UESPI
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Anexo 5 — Termo de Consentimento Livre e Esclarecido

UNIVERSIDADE FEDERAL DE GOIAS o ‘

INSTITUTO DE PATOLOGIA TROPICAL E SAUDE PUBLICA ‘ ‘
DEPARTAMENTO DE MICROBIOLOGIA, IMUNOLOGIA, PARASITOLOGIA EPATOLOGIA “
Rua 235 s/n Setor Universitario CEP 74605050
Laboratério de Imunologia da Aids e da Hansenfase - Laboratérios n° 326, 327 e 335. U FG
Telefones: (62) 32096111 32096106

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé esta sendo convidado para participar como voluntario em uma investigacgao sobre infeccao
pelo HIV/AIDS. Vocé sera informado sobre todas as etapas da investigagdo. Caso vocé aceite
participar da investigacdo, assine ao final deste documento. Caso ndo queira participar, vocé
ndo sofrerd nenhum tipo de prejuizo no seu tratamento, assisténcia, cuidado ou

acompanhamento.

1.1 Informacdes sobre a Pesquisa

Titulo do Projeto: ESTUDO DE RESISTENCIA GENETICA A ANTIRETROVIRAIS E
MAPEAMENTO GENETICO MOLECULAR DO HIV-1 NO CENTRO-OESTE E NORTE
DO BRASIL

Responsavel: Dra Mariane Martins de Araujo Stefani — Instituto de Patologia Tropical e Salde

Publica / Universidade Federal de Goias

1.2 Descrigdo da Pesquisa

O virus que causa a aids ¢ chamado de HIV-1. Varios estudos realizados em diferentes
paises e no Brasil indicam que este virus é muito variavel e apresenta varias formas genéticas
diferentes chamadas de subtipos. Além disto o HIV pode mudar seu material genético e ficar
resistente a drogas que sdo normalmente utilizadas no tratamento da infeccdo. O objetivo
deste estudo é identificar o tipo de HIV-1 responsavel pela sua infeccdo e analisar se este
virus apresenta alteracGes que fazem com que o virus ndo seja destruido pelas drogas usadas

para combaté-lo.
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Procedimento da Pesquisa

Se vocé concordar em participar desse estudo, nds iremos fazer perguntas sobre fatores que
podem levar a maior risco para infeccdo pelo HIV e coletar uma Gnica amostra de sangue que

apresenta um risco minimo a saude.

Tudo o que soubermos sobre vocé através do estudo (resultados de exames, entrevista) sera
confidencial. A sua identidade jamais sera revelada e mesmo na divulgacdo dos resultados
nenhum participante sera identificado de nenhuma maneira.

Os resultados sobre o tipo de HIV-1 que causou sua infeccdo e se este virus sofreu alteracdo e
pode ndo responder ao tratamento serdo repassados ao laboratorio onde vocé faz seus exames de
carga viral e contagem de CD4 ou ao médico responsavel pelo seu acompanhamento. Se vocé
tem alguma duavida relacionada ao estudo neste momento ou durante a investigacdo, vocé
podera contactar o Instituto de Patologia Tropical e Salude Publica da Universidade Federal de
Goias, Laboratério de Imunologia da AIDS, Prof Dra Mariane Martins de Aradjo telefone

0XX62 3209 6111 que estara disponivel para esclarecer suas duvidas.

1.1.1 Participacao

A sua participagdo € voluntaria, vocé pode recusar e retirar o seu consentimento a qualquer
momento, sem nenhum prejuizo na realizagdo dos exames de rotina de acompanhamento ou no
tratamento da infecgdo pelo HIV.

A sua participacdo voluntaria ndo ira além da coleta de sangue e entrevista, ndo havendo,
portanto, nenhum tipo de risco a sua saude e integridade fisica, ndo cabendo, pois, qualquer tipo
de indenizacéo por danos, pois estes ndo existem.

CRITERIOS DE INCLUSAO - Pacientes HIV positivos/aids, provenientes ou com domicilio
no estado onde faz acompanhamento clinico e laboratorial.

CRITERIOS DE EXCLUSAO - Pacientes HIV positivos/aids que ndo morem nem sejam
provenientes da area de estudo, pacientes HIV positivos/aids que tenham os 2 ltimos resultados
de Carga Viral indetectavel ou resultados de contagens de CD4 inferiores a 200 células/uL pois
nestes casos, as chances de recuperagdo do virus nas amostras de sangue sdo reduzidas.

Confidencialidade

Todos os dados da pesquisa serdo confidenciais, somente usados pelos pesquisadores para fins
cientificos. Nenhum nome ou resultado individual sera divulgado, permanecendo em sigilo. O

paciente tera acesso aos resultados a qualquer tempo.
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Consentimento
Eu,

RG/CPF n°. concordo em participar deste estudo. Certifico que fui informado

sobre o estudo, estou ciente que minha participagdo é voluntéaria, que responderei a um
questionario e serei submetido a uma Unica coleta de sangue. Sei que posso desistir de participar
deste estudo em qualquer momento sem ter nenhum tipo de prejuizo no meu
tratamento/assisténcia ou acompanhamento. Concordo, inclusive, com a possivel publicacdo dos
resultados dessa pesquisa em forma de resumos e/ou artigos cientificos em revistas, pois sei que
o0s pacientes serdo identificados por codigos. Informo que aceito participar/ou que o menor de

18 anos sob minha responsabilidade participe da investigacao.

Assinatura do participante ou responsavel pelo menor Assinatura do entrevistador

Data: / /

Assinatura do Pesquisador

Testemunhas ndo vinculadas as equipe de pesquisadores:

Assistimos a informagdo sobre o estudo, solicitagdo do consentimento e o aceite do

voluntario em participar

Nome Assinatura

Nome Assinatura
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Anexo 6 : Molecular Characteristics of HIV-1 Infection Among Prisoners
from Central Western Brazil (Artigo publicado em 2011).
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Ludimila Paula Var Cardoso.| Nexsander Au

i Sivera' Robess Babosa Lopes Francsco”

Gusio
Minica Noguera da Guarda Reis! and Mariane Mariins de Aralijo Siefan’

This study R ant al

rers from central westemn Brazil mvestigated magations as-

sodard w!haa«ndayrsm o mdu-&/nmnwhaﬂc reverse transcy iphise inhibitars (NRTI/NNRTIL
protease inhibiors (Stanford HIV-1 Resstince/Inemational Aids Socety Datbases), and HIV-1 subtypes
(REGA/phylogenetc analyses/Sim Plot). Twenty seven prisoners from three prisans (16 males and four females
from Mato Gramso do Sul State and seven males from Goids State) had I{Wn-:‘zomud menehlww

ﬁwiwmwmm*wsxm&vm

nous drug users, three males referred h

and two fanales were ntave-

NRTT+ NNRTI mutations (n = 5),

mutitions were present in 37% (10/27)

NRTI mutations (n=3), mng-rum mutatons (n=2). Subtype B (48%1

subtype C (11%), B/F1, B/C, and F1/B/C recombinants (40 7%) were detecind. Pamsible intraprison transmis

sions were identified two intravenous drug user females (subtype C) two disters mghanomuuluub

( B and B/F1) High resistance rate and poshlennpnmmh“hﬂemdfanm—
prevention, cownseling, and restment strategies for prisoners.

HALLENG IS, BAKKIRS, AND DO FCULTES © study mar

ginadized groups contridate © Sw scarce indomnation
about HIV/AIDS epicdemic among minoritis, such as pris-
ores, who are ata geater ek of infection.' Rk bahavions in
privove nclude un proc td sevual activity, puse sl opo-
sure fram ativites, such & Gooing and plrcing, and, in
parSoule, tavnows drag uw and s elead mdhhr-
ringe during. These richs Lvor acgui ssion/t e

Satad

riak btuviors and @5t drug an
mb\vMQMquwthuhﬂmd
st a SorG cand with ress e Drug resé B
congidered Sw main rason for 8w fdlure of HAART over
me

The mokoular epidemsology of HIVA] in Brazl s durac
.hdbyﬁpmﬁmd-ﬂypl.qnhlhm

ﬁmﬁv trarceitted dewaws (STD) and bloodborme pnb

Mot indected nemates have probubly acquired HIV-1
thnm@ ntravenous drug e bafore ncarosaSon
Howew or, trargenis on cass with in pfeons hawe boen well
documented ** Mareover, 8w dyramic ndex han ge betwaen

S1e ruowin ad populaion and pris Pighlighe s thase
& n fw dimirus dHIVludo.mp.ﬂo
puh!uulﬁmrﬂy

Eq-idy in deweloping m health and patent

ot eade ol ety ons are generally
pa-wihl‘mu Acouss 10 preven Son, dgnosis, and teat-
et prog: Among pri the adh © highly
active an mtrovird Swrapy (HAART) bawd on nonnackeo-
sde/nudodide v taraoriptse ndiiors (NNRT1/
NRTI) and prossse inh Ditors (PT) remaing 2 dallng ¢ High-

where “Pure” HIV- subtypes F1
Mﬂtypctuwb-q’wdhmy“d in differant
prographical regiora® A growing number of recombinants
induding droulating recomnbinant fomns (CRFs) and unigue
woombinad forms (URFs), iwolving pémarily HIV.D sub.
types B/ Fl or B/C, have been repostad "¢
out the anSretroviral (ARV) resistace mo-
Gtrs and HIVA sbtypes among highesk and hard
oamch groups, such as prisconers, an kud © adique
provention and Il anion m This stady among
of ndacted with
HIV-] desorides fw mm of soondaey msstune to
produse (PR) and reverse trarsoriptaw (KT) ndiitos. HIV-1
divesity and phylog et ic Binks an ako reported.
This study indudad 27 péeones with HIV-1 infacson,
prescrided with ARV, raoruited batwean 008 and 2009 at

;T-,d?‘obu-‘“rl‘l-l Tramnate, Fadem | Univemety of Cosly, Gatrsa Coty/Costn Suw, Bavnl.
Cmarad Lbormry, LACEN of Genpo Grande Gy /Maso Gowo d Sl Stew, Bocd

136



Anexo 7:

Inland Central Western Brazil (Artigo publicado em 2013)

Journal of Medical Virology 85:396-404 (2013)

Increasing Heterosexual Transmission of HIV-1
Subtype C in Inland Central Western Brazil

Keila Correia Alcintara,’ Monica
Gonzalo

Bello,” and Mariane Martins Aragjo Stefani'*

Reis,' Ludimila Paula Vaz Cardoso,’

andellccllh IA‘MIchml Unumdy of Goias, Goiania, Go, Brazil
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Laboratorio de AIDS & I

Cruz, FIOCRUZ, Rio de Janciro, RJ, Brazil
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Anexo 8 : Polymorphisms in the HIV-1 gp41 env gene, natural resistance
to enfuvirtide (T-20) and pol resistance among pregnant Brazilian women

(Artigo publicado em 2014)

Journal of Medical Virology 86:8-17 (2014)

Polymorphisms in the HIV-1 gp41 env Gene, Natural
Resistance to Enfuvirtide (T-20) and pol Resistance
Among Pregnant Brazilian Women

Moénica Nogueira da Guarda Reis, Keila Correa de Alcdntara, Ludimila Paula Vaz Cardoso,

and Mariane Martins Araijo Stefani®

Tropical Pathology and Public Health Institute, Federal University of Goids, Goidnia, Goids, Brazil
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q d. The pati were ARV naive
(n=30), taking mother-to-child transmission
prophylaxis (n=50), or being treated with
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Stanford and IAS/USA databases and other
sources were used to analyze PR/RT, gpd1 env
resistance mutations. The HIV-1 genetic diver-
sity was analyzed by REGA/phylogenetic analy-
ses. The patients’ median age was 25 years
(range, 16-42), 18.4% had AIDS. The frequency
of natural resistance to T-20 (N42D, L44M, and
R46M-low-impact mutations) was 6.1% (6/98);
20.4% (20/98) had compensatory mutations in
HR2. The prevalence of transmitted drug resis-
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were subtype C, 4.1% (4/98) were lubtype F1,
and 22.4% (22/98) were possibl

KEY WORDS: enfuvirtide; HIV-1 resistance;
pregnant women; Central-West
Region Brazil

INTRODUCTION

During the last two decades, the proportion of women
infected with HIV-1 has grown significantly worldwide,
and women now represent nearly half of the 34 million
persons infected with HIV-1 [WHO/UNAIDS, 2006;
WHO/UNAIDS, 2011). In Brazil, the ratio of man to
woman infected with HIV-1 has changed from 40:1 in
1983 to 1.7:1 in 2010 [Brazil, 2011].

In the of the “femini " of the AIDS
epidemic, prenatal screening for HIV-1 infection has
become an important public health issue and a unique
opportunity to provide early diagnosis, treatment, and
prevention of mother-to-child transmission of HIV-1.
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T-20 was not associated with pol resi or
prevloul ARV use. The high rate of secondary
includit MDR, indi that

the number of women that may need T-20
salvage therapy may be higher than anticipated.
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Low Rate of Transmitted Drug Resistance May Indicate
Low Access to Antiretroviral Treatment
in Maranhao State, Northeast Brazil
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Abstract

The Brazilian AIDS epidemic is characterized by significant geographic contrasts: a reduction in incidence and
mortality in the epicenter (southeast) and an increase in the northeast. HIV-1-transmitted drug resistance (TDR)
and genetic diversity were investigated among 106 antiretroviral (ARV)-naive patients from Maranhio State,
northeast. The HIV-1 protease (PR) and reverse transcriptase (RT) regions were sequenced; subtypes were
assigned by REGA/phylogenetic analysis. TDR to the nucleoside/nonnucleoside reverse transcriptase inhibitor
(NRTI/NNRTI) and protease inhibitor (PI) was identified by the Calibrated Population Resistance tool (Stan-
ford). The median age was 31 years (range 18-72), with 54.7% women, 78.3% heterosexual transmission, and
17.9% men who have sex with men (MSM). Around 30% had <350 CD4" T cells/ul and 47.2% had plasma
viral loads <10,000 copies/ml. The TDR rate was 3.8% (4/106; CI 95%, 1.2-8.9%) (three males, two of them
MSM). Only single class mutations to NRTI (M184V: T215S) or NNRTI (K103S/N) were detected. Subtype B
represented 81.1% (86/106), F1 1.9% (2/106), and C 2.8% (3/106); 14.2% were mosaics: 13 BF1 and 2 BC.
Surveillance of TDR and HIV-1 genetic diversity is important to improve control strategies regionally.

TRIKING REGIONAL DIFFERENCES have been described in - and protease inhibitors (PI).” Genotyping tests have been
the dynamic of the Brazilian AIDS epidemic, which has loyed to onient ions by identifying mutations

stabilized in the most populated and industrialized southeast/
south regions where cases are strongly concentrated. In the
past decade, a reduction of 18.6% in the AIDS detection rate
has taken place in the southeast, contrasting with a 62.6% in-
crease in the northeast region, with high rtes of HIV-1-mfected
young individuals in the 15-24 year age mnge.! Since the
1990s the Brazilian public health program has provided free
antiretroviral drugs (ARV) to more than 313,000 HIV-I/AIDS
patients, promoting a 14% reduction in AIDS-related mortali-
ty." However, during the past decade, a 33.3% growth in AIDS-
related mortality was reported in the northeast region.!

One of the drawbacks of the widespread use of ARV is the
selection of mutations associated with drug resistance, which

that may confer resistance to ARV drugs.

Since the beginning of the AIDS epidemic in Brazil,
Maranhio State (6,794,301 inhabitants) in northeast Brazil
has identified 11,460 cases. S@o Luis, the State capital, is a
pont city and Itaqui harbor exports iron ore, pig iron, soy,
petroleum derivatives, copper, and aluminum. In the north-
cast, Sdo Luis has the highest incidence of AIDS cases (42.8
100,000 inhabitants) among munici palities with over 50,000
inhabitants. From 2009 to 2012, 10 referral centers for AIDS
patients” care were available in Maranhio State, where most
of the HIV-l-infected pati were symp ic and had
AIDS defining illness at diagnosis.®

Low to moderate levels of TDR have been reported in

can be transmitted to uninfected pati Tr d drug

e (TDR) repr an imp public health issue
that can impact initial treatment options including highly ac-
tive antiretroviral therapy (HAART) with nucleoside and
nonnucleoside reverse transcriptase inhibitors (NRTI/NNRTY)

p from the most densely populated southeast/south
regions in Brazil. =7 However, there are very limited data
from regions where the epidemic is growing, including
Maranhio State in northe ast Brazil, our study area, which has
recently reported a 1062% increase in AIDS cases rate. This

*Stake University of Maranhfo, Caxias City/Maranhio State, Brazil.

ropical Pathology and Public Health Institute, Federal University of Goids, Goiinia City/Goiss State, Brazil.
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*Faculty of Medicine, Federal University of Goids, Jata¥Goias State, Brazil.
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HIV-1 Transmitted Drug Resistance and Genetic
Diversity Among Patients From Piaui State,

Northeast Brazil

Maria Edileuza Soares Moura,' Monica Nogueira da Guarda Reis,” Yanna Andressa Ramos Lima,*
Kelsen Dantas Eulilio,* Ludimila Paula Vaz Cardoso,” and Mariane Martins Araijo Stefani®*

"University of Maranhdo, Caxias, Brazl

2Tropical Pathology and Public Health Institute, Federal University of Goids, Goidnia, Brazil

SFaculty of Medicine, University of Piaus, Teresina, Brazil

HIV-1 transmitted-drug-resistance and genetic
diversity are dynamic and may differ in distinct
locations/risk groups. In Brazil, increased AIDS
incidence and related montality have been
detected in the Northeast region, differently
from the epicenter in the Southeast. This cross-
sectional study describes transmitted-dru-
resistance and HIV-1 subtypes in protease/PR
and reverse transcriptase/RT regions among
antiretroviral naive patients from Piaui State,
Northeast Brazil. Among 96 patients recruited 89
(92.7%) had HIV-1 PR/RT regions sequenced:
44 females and 45 males, 22 self-declared as
men who have sex with men. Transmitted-
drug-resistance was investigated by CPR tool
(Stanford HIV-1 Drug Resistance/SDRM). HIV-1
subtypes were assigned by REGA and phyloge-
netic inference. Overall, transmitted-drug-
resistance rate was 11.2% (10/89; Cl 95%:
5.8-19.1%); 22.7% among men who have sex
with men (5/22; Cl 95%: 8.8-43.4%), 10% in
heterosexual men (2/20; Cl 95%: 1.7-29.3%)
and 6.8% in women (3/44; Cl 95%: 1.8-17.4%).
Singleton mutations to protease-inhibitor/Pl,
nucleoside-reverse-transcriptase-inhibitor/NRTI

or non-nucleoside-reverse-transcriptase-inhibi-
tor/NNRTI predominated (8/10): PI mutations
(M46L, V82F, L90M); NRTI mutations (M41L,
D67N) and NNRTI mutations (K103N/S). Dual
class resistance mutations to NRTI and NNRTI
were observed: T215L (NRTI), Y188L (NNRTI)
and T215N (NRTI), F227L (NNRTI). Subtype B
prevailed (86.6%; 77/89), followed by subtype F1
(1.1%, 1/89) and subtype C (1.1%, 1/89). B/F1 and
B/C intersubtype recombinants represented
11.2% (10/89). In Piaui State extensive testing
of incidence and transmitted-drug-resistance
in all populations with risk behaviors may
help control AIDS epidemic locally. J. Med.
Virol. 87:798-806, 2015.

© 2015 Wiley Periodicals, Inc.

©2015 WILEY PERIODICALS, INC.

KEY WORDS: HIV-1; transmitted drug resis-
tance; subtypes; Northeast
Brazil

INTRODUCTION

HIV-1 surveillance programs should monitor ind-
dence/prevalence, subtypes distribution and drug
resistance mutations among all exposure categories,
especially in high risk groups, such as men who have
sex with men, commercial sex workers and intra-
venous drug users (IDU). Brazil has reported the
largest number of AIDS cases and the highest level
of HIV-1 genetic diversity in Latin America and in
this huge and diverse country, AIDS epidemic reflects
important regional differences [Brazil, 2013].
Although the epidemic has been considered stable,
over the last 10 years, from 2003 to 2012 an
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Incident and Long-Term HIV-1 Infection Among
Pregnant Women in Brazil: Transmitted Drug
Resistance and Mother-to-Child Transmission
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"Tropical Pathology and Public Health Institute, Federal University of Goids, Goiania, Goids, Brazil
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Primary infection, seroconversion, and trans-
mitted drug resistance (TDR) during preg-
nancy may influence the risk of mother-to-
child-transmission (MTCT) of HIV-1 infection.
This study estimated recent seroconversion,
TDR rates, HIV-1 subtypes and pregnancy
outcomes among 95 recently diagnosed, anti-
retroviral (ARV)-naive pregnant women re-
cruited during antenatal care in central
western Brazil. Recent seroconversion was
defined by BED-capture enzyme immunoas-
say (<155 days) and ambiguous nucleotides
base calls (<1 year) in pol sequences (prote-
ase-PR and reverse transcriptase-RT regions).
TDR was evaluated by the Calibrated Popula-
tion Resistance tool. HIV-1 subtypes were
defined by REGA and phylogenetic analyses.
The median age of participants was 25 years;
the median gestational age at diagnosis was
20.5 weeks. Based on serology and sequence
polymorphism, recent infection was identified
in 11.6% (11/95) and, 9 of them (82%), proba-
bly seroconverted during pregnancy; one
MTCT case was observed among them. Three
cases of stillbith were observed among
chronic infected patients (3.6%; 3/84). Moder-
ate rate of TDR was observed (9/90, 10%,
Cl-95% 4.7-18.1%). Subtype B was 60% (54/
90), 13.3% (12/90) was subtype C, 6.7% (6/90)
was subtype F1. Recombinant B°*F1%" and
F1"R/BRT viruses comprised 15.5% (14/90);
B™/C"" mosaics represented 4.4% (4/90). Sero-
conversion during pregnancy, late presentation
to antenatal care and moderate TDR identified
in this study represent significant challenges
for the MTCT elimination. J. Med. Virol. 88:
1936-1943, 2016. > 2016 Wiley Periodicals, Inc.

KEY WORDS: HIV-1; seroconversion; preg-
nancy; drug resistance

INTRODUCTION

Recent cases of infection by HIV-1 can be identified
by different serological approaches known as serologi-
cal testing algorithms for recent HIV seroconversion
(STARHS) [Janssen et al, 1998; Mdougal et al.,
2005; Prejean et al, 2011]). The commercial BED-
capture enzyme immunoassay (BED-CEIA), a less-
sensitive immunoassay developed to detect HIV-1
incidence/recent seroconversion, has been used in
diverse populations [Parekh et al, 2002; Braunstein
et al, 2009; de Castro et al., 2010]. This assay
involves the quantification, during acute phase, of
anti HIV-specific IgG antibodies in the pool of total
IgG, which gradually increases as a result of the
maturation of the immune response during estab-
lished infections [Parekh et al., 2002]. One limitation
of BED-CEIA comes from the fact that some long-
term infections may be assodated with a decrease in
HIV-specific IgG antibodies and these cases could be
misdassified as recent seroconversions. Also, differ-
ent viral subtypes can lead to variations in the cut-off
for recent infection determined by BED-CEIA re-
stricting its use in patients with high viral diversity
[Parekh et al., 2011].

Other alternative approaches proposed to estimate
incident cases of HIV-1 infection include the
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ABSTRACT
Objectives: To describe socioeconomic and
ntiretroviral (ARV) drug resistancs profiks smong
young pregrant women infected with HIV-1.
Setting: A public health antenatal programme
responsidie for screening ~90 000 pregnant women
per year 10r nine different infectious diseases in Cantral
Western Brazil.
Participants: 96 young pregrant women

(15-24 years) infected with HIV-1.

Primary and secondary outcome measures:
Standard interviews and blood samples were taken at
the time of recruitment, at T Sirst medical
appointment after confirmation of diagnosis of HIV-1
infection, and betore ARV prophytaxis inisation. Clinical
and Lbdoralory data were retrieved from medical files.
HIV-1 pol gene sequences (entire proteass/PR, partial
revers: Yanscriptase/RT) were odlined from plasma
RNA. ARV resistance mutations (CPR/Standord HIV-1;
International AIDS Society-USA databises) were
identified.

Results: The median age was 21 years; most reported
<8 years education; 73% were recantly diagnosad.
Appraximately 20% (19/95) presentad 12t for antenatal
care (aher 26 gestational weeks), while 43% reponsd
22 predous pregrancies. Possidie hetesosexual
transmission by an HIV-1 infectad pariner (17%) and
commercial sex work (2%) were reporid. The median
of CD4 ozl count was 526 . the median virdl
koad was: 10 056 copies/mL in ARV-naive (48/96)
patients and 5881 copies/ml in ARV-exposed (48/96)
patients. Two prodable serocomversion cases during
pregnancy were identified in adolescants. One mother-
10-child transmission case (1.0%) was odserved.
Transmitted drug resistance among ARV-nave patients
was 9.3% (C1 95% 3.3% 10 19.6%); sacondary dng
resistanc: among ARV-2xposed patients was 12.5%
(C1 95% 4.7% 0 25.6%).
Conclusions: Despite high sccess 10 antenatal care,
the low socioeconomic-educationdl profiles s2en in
these young HIV-1-infected women highlight the
necessity of improved public health educationdl and
preventive strategies regardng HIV infection and early
unplinned pregnancy.

Strengths and limitations of this study

" w Representative samgle of HIV-1 infected preg-
rant young women altending an antenatel care
programme that screens ~90 000 women par

ILI~ msistance and mother-
w0-chid tansmission of polensal risk among
adolescents and young pregnant women;

» Other studies on Qroups of HIV-1 infected
pregrant women from omer

seftings in Baxll and abeoad are importint 10

Detter define this vuineradle population.

INTRODUCTION

The Brazilian AIDS epidemic is consdered
stable; however, in the past decade, a signifie
cant increase in AIDS cases in the younger
population (15=19 years) was observed both
among males (53.2%) and females (105%).
Adolescence is characterised by a series of
that influence health, especially factors assos
ciated with the start of sexual activities.
Adolescents (10=19 years) and young adults
(20=24 years) are considered highly suscep-
tible to sexually transmitted infections
(STls), including HIV infection.® This vuk
nerability in the younger age is certainly asso-
ciated with engagement in risky sexual
behaviours such as early sexual debut, mulk
tiple sexual partners and lack of consistent
use of condoms.” Young women may also be
vulnerable to sexual violence and commer
cial sex with older men.*

In Brazl, during the past decade, 40% of
HIV:] infected pregnant women were in the
age range of 15=24years' In the Central
Western  region, adolescents  represented
26% of 54 139 pregnant women screened for
HIV:l infection during antenatal  care.!
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