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Andrea Doria
Legido Urbana

“As vezes parecia

Que, de tanto acreditar

Em tudo que achavamos téo certo

Teriamos o mundo inteiro e até um pouco mais
Fariamos floresta do deserto

E diamantes de pedacos de vidro

Mas percebo agora

Que o teu sorriso

Vem diferente

Quase parecendo te ferir

N&o queria te ver assim

Quero a tua forga como era antes.
O que tens é s6 teu

E de nada vale fugir

E n&o sentir mais nada

As vezes parecia

Que era s6 improvisar

E o mundo entdo seria um livro aberto

Até chegar o dia em que tentamos ter demais
Vendendo facil o que néao tinha preco

Eu sei, é tudo sem sentido

Quero ter alguém com quem conversar
Alguém que depois

Nao use o que eu disse

Contra mim

Nada mais vai me ferir

E que eu ja me acostumei

Com a estrada errada que eu segui
E com a minha propria lei

Tenho o que ficou

E tenho sorte até demais

Como eu sei que tens também”



Aos meus pais, Zilda e Augusto,

e a minha esposa Flavia.
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RESUMO

A diferenciagéo sorolégica entre casos incidentes e prevalentes de infecgdo pelo
HIV tem sido descrita como uma importante ferramenta para subsidiar a analise das
tendéncias da epidemia de HIV/AIDS. Considerando a importancia de tal abordagem
para avaliar eventuais tendéncias na diversidade viral, na resisténcia primaria aos
antirretrovirais nas infecgbes recentes e no monitoramento de grupos em risco,
avaliamos individuos que buscaram a testagem para o HIV de novembro de 2004 a
dezembro de 2008 em CTAs localizados em 4 cidades do estado do Rio de Janeiro (Rio
de Janeiro, Nova Iguacgu, Duque de Caxias e Sdo Gongalo).

As amostras soropositivas foram testadas para a diferenciagcao entre infecgdes
recentes e de longo termo utilizando-se o teste BED-CEIA. Um subconjunto destas
também foi avaliado pelo método de indice de avidez (IA) e por marcadores
imunoldgicos - linfécitos TCD4" e/ou B2 microglobulina, a fim de propor um algoritmo
com maior especificidade para a detecgdo de amostras de individuos recém infectados
pelo HIV-1. Amostras de soroconvertidos recentes (SR) e um subconjunto dos
soroconvertidos de longo termo (SLT) foram selecionados para os protocolos de
biologia molecular, sendo sequenciado um fragmento do gene pol da regido que
codifica a protease e a transcriptase reversa.

Nossos resultados destacam que os HSH continuam a ser uma populagéo
altamente vulneravel, tendo prevaléncia até onze vezes maior que o0s homens
heterosexuais entre os SR. A aplicagdo de uma zona cinzenta e a avaliacdo do estado
imune contribuiram para uma redugdo significativa da presenga de amostras
indeterminadas quando os testes BED-CEIA e de IA foram aplicados, sendo o de IA
mais especifico.

Embora n&o tenha sido observado tendéncia de mudang¢a importante no padréo
de subtipos de HIV-1 quando comparou-se RS e LTS no primeiro ano, ao longo do
estudo revelou-se um incremento da proporcdo de amostras recombinantes, bem como
uma crescente proporcdo de amostras relacionadas com CRFs em comparagdo com
URFs, o que alinha-se com dados recentes publicados pela OMS-UNAIDS. Em nosso
estudo esta tendéncia se deveu ao aumento entre os homens, sendo este aumento
mais pronunciado entre os heterossexuais do que entre os HSH. Entre estes genomas
recombinantes foi encontrado pela primeira vez no Rio de Janeiro amostras
relacionados ao subtipo K, assim como uma detecgdo crescente de amostras com
recombinagéo envolvendo os subtipos A e G entre os individuos caracterizados como
recém infectados. Nossos dados revelam que os niveis de resisténcia primaria aos
antirretrovirais permaneceram relativamente estaveis ao longo do tempo, mas em um
patamar preocupante. Entre os HSH a taxa de resisténcia foi o dobro da registrada em
homens heterosexuais, o0 que sugere uma distribuicdo desigual em relacdo a resisténcia
primaria em determinados subgrupos. Novos estudos devam ser realizados com foco
em populacdes especificas de forma a contribuir para o monitoramento da dindmica da
epidemia nas mesmas.
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ABSTRACT

The serological differentiation between incident and prevalent cases of HIV
infection has been described as an important tool to detect trends in HIV/AIDS.
Considering the importance of such approach to assess possible trends in viral diversity
and primary resistance to antiretroviral drugs in recent infections and monitoring of
groups at risk, we evaluate individuals who sought testing for HIV from November 2004
to November 2008 in VCTs located in four cities in the state of Rio de Janeiro (Rio de
Janeiro, Nova Iguagu, Duque de Caxias and Sao Goncalo).

The seropositive samples were tested to differentiate between recent and long-
term infections using the BED-CEIA test and a subset was also evaluated by the avidity
test (Al) and immunological markers, lymphocytes TCD4" and/or B2 microglobulin,
aiming to propose an algorithm with more specificity for the detection of individuals
newly infected with HIV-1. Samples of recent seroconverted (SR) and a subset of long-
term seroconverted (LTS) were selected for molecular protocols, where sequences were
obtained from the fragment of the pol gene region which encodes the protease and
reverse transcriptase.

Our results highlight that MSM continue to be a highly vulnerable population, with
prevalence up to eleven times higher than among heterosexual men between the RS
samples. In fact, prevention interventions focused on this group should be continuously
implemented. The application of a gray zone area and the evaluation of the immune
status contributed to a significant reduction in the presence of indeterminate samples
when both BED-CEIA and Al tests were applied, and the Al showed to be more specific
than the BED-CEIA. Although no trend has been observed in the pattern of HIV-1
subtypes when RS and LTS in the first year were compared, an increase in the
proportion of recombinant samples as well as an increasing proportion of samples
related to CRF compared with URFs - which aligns with recent data published by WHO-
UNAIDS- were detected throughout the study. In our study this trend was due to the
increase among men, and even more pronounced among heterosexual men than among
MSM. Among the recombinant genomes, samples related to subtype K, were found for
the first time in Rio de Janeiro and a growing proportion of samples with recombination
involving subtypes A and G among individuals characterized as newly infected was
detected. Overall levels of primary resistance to antiretroviral drugs are a matter of
concern, although remained relatively stable over time. Among MSM, the resistance rate
was twice as high as among heterosexual men, suggesting an uneven distribution in
relation to primary resistance in certain groups. Further studies should be implemented

in order to monitor the dynamics of the epidemic in key populations.
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1 - INTRODUGAO:

1.1 — O agente etiolégico da AIDS e seu histoérico:

No presente ano, 2011, a descoberta da Sindrome da Imunodeficiéncia
Adquirida (AIDS) completa a terceira década. A AIDS foi descrita no ano de
1981, acometendo homossexuais do sexo masculino, anteriormente saudaveis,
apresentando pneumonia causada por Pneumocystis carinii, intensa candidiase
de mucosa além de multiplas infeccdes virais [1]. Os Centros de Controle e
Prevencdo de Doengas (CDC) conduziram investigagdo epidemioldgica e
laboratorial a respeito do crescente numero de casos de sarcoma de Kaposi,
pneumonia por Pneumocystis carinii € outras infecgdes oportunistas graves em
homossexuais masculinos dos Estados Unidos, evidenciando-se 159 casos
destas patologias em apenas 5 meses. Todos os casos, com excegao de um,
ocorreram em homens e 92% destes eram homens que faziam sexo com
homens (HSH) [2].

Um caso similar foi reportado em 1982, em um usuario de drogas
injetaveis de 28 anos, que relatava ter multiplas parcerias heterossexuais e
nenhum contato homossexual. O quadro clinico relatado era de linfadenopatia,
candidiase oral e sarcoma de Kaposi [3]. Este caso revelou ainda uma alteragao
nas populagdes de linfécitos T do sangue periférico. Este quadro sugeriu que
fatores ndo limitados aos HSH estariam implicados na transmissao e
desenvolvimento da sindrome até entdo pouco clara, e que a populagdo sob
risco poderia ser mais ampla do que aquela sugerida inicialmente.

Estudos comegaram a sugerir a transmissdo por via sexual [4], auto-
administracdo de drogas intravenosas [5] e transfusbes sanguineas [6]. Os
registros meédicos, materiais de bidpsias realizadas anteriormente ao ébito dos
pacientes e, principalmente, materiais obtidos em autdpsias, foram revistos e
patologias micro e macroscopicas foram relatadas. Reichert e cols. sugeriram
em 1983 [7] que a sindrome poderia apresentar trés tipos de manifestacbes —

morfolégicas, de profunda deplecdo linféide, infecciosas; usualmente por



multiplos patdégenos oportunistas [8, 9] e neoplasias ndo usuais, mais
freqientemente sarcoma de Kaposi ou linfomas de alto grau de morbi-
mortalidade [7]. Patégenos oportunistas foram relatados, inclusive acometendo
orgaos nao usualmente descritos para estes agentes — ex. citomegalovirus
afetando o coragéo, as meninges, o cérebro e nervos periféricos [8].

A etiologia viral desta até entdo nova patologia foi evidenciada pelo
isolamento do virus por pesquisadores do Instituto Pasteur, em Paris na Francga,
sendo o agente entdo denominado de "Limphadenopathy-Associated Virus"
(LAV) pelo grupo de Luc Montanier [10]. Em 1984, foi denominado de "Human T-
Limphotropic Virus Type [II" (HTLV-III), por Robert Gallo e equipe [11]. Ainda em
1984, Levy e cols. [12] isolaram um retrovirus a partir de pacientes com AIDS de
diferentes grupos de risco e o denominaram virus associado a linfoadenopatia
(ARV).

Nos 2 anos seguintes, estes trés retrovirus (LAV, HTLV-IlIl e ARV) foram
reconhecidos e evidenciados como sendo 0 mesmo virus, membro do género
Lentivirinae, familia Retroviridae, sub-familia dos Lentivirus e, de acordo com
seus caracteres bioldgicos e genéticos, verificou-se que eram distintos do HTLV.
No ano de 1986, o Comité Internacional de Taxonomia dos Virus recomendou
que o virus da AIDS fosse designado separadamente como "Human
Imunodeficiency Virus" (HIV), [13, 14]. Naquele mesmo ano, foi identificado um
segundo retrovirus em um paciente africano, cuja analise molecular mostrou
semelhanca em cerca de 50% de sua sequéncia gendmica com o HIV-1, sendo

entdo denominado Virus da Imunodeficiéncia Humana tipo 2 (HIV-2) [15].

1.2 — Epidemiologia do HIV/AIDS:

Desde o inicio da epidemia, estima-se que 65 milhdes de pessoas foram
infectadas pelo HIV. Estimativas globais indicam que mais de 29 milhdes de
pessoas morreram em decorréncia da AIDS. O HIV continua sendo um problema
global de saude com uma estimativa de 34 milhdes de pessoas vivendo com HIV
no final de 2010 (figura 1).
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Figura 1: Estimativa do numero de pessoas vivendo com HIV/AIDS entre 2000 e 2010. Grafico
realizado a partir dos Boletins epidemioldgicos da UNAIDS nos anos de 2001 a 2011, obtidos em
(http://www.unAIDS.gov).

Neste ano, estima-se que ocorreram a cada dois minutos, em torno de
sete mortes e dez novas infeccbes entre adultos e criangas. A taxa de
prevaléncia global mantém-se estavel de 2001 para 2010 em 0,8%. O
comparativo da ultima década revela que entre as dez regides — de acordo com
a classificacdo da UNAIDS, a estabilidade da prevaléncia foi evidenciada em
quatro delas: o Meio Leste e Norte Africano, o Sul e Sudeste Asiatico, a América
Latina (que, em 2010, contou pela primeira vez com a inclusdo do México) e o
Oeste e parte Central da Europa. Entretanto, variagées regionais podem ser
observadas, tendo sido verificado uma diminuicéo relativa de 10% no Caribe —
onde a prevaléncia passou de 1,0% para 0,9% e de 18% na regido que abriga a

maior prevaléncia mundial — a Africa Subsariana, onde a taxa caiu de 5,9% para



5,0%. Em antitese, na regido composta pela Europa Oriental e Asia Central a
taxa de prevaléncia entre os adultos triplicou neste periodo, de 0,3% para 0,9%.
Na América do Norte o aumento relativo foi de 20% com a taxa variando de
0,5% para 0,6%. A regiao que concentra o menor numero absoluto de casos —
Oceania, variou de 0,2% para 0,3% e no Leste Asiatico que é a regido com a
menor taxa de prevaléncia, esta passou de <0,1% para 0,1% [16].

A epidemia de AIDS no Brasil tem ao longo do tempo apresentado
importantes mudancas no seu perfil, caracterizando-se pela interiorizacao,
feminilizagdo, juvenilizacdo e pauperizagado [17, 18]. Dados preliminares do
Boletim Epidemioldgico, que compreende dados registrados de julho de 2009 a
junho de 2010, revelam que um total de 592.914 casos havia sido notificado ao
Ministério da Saude. Em 1984 a razdo homem/mulher era de 23:1, passou a 3:1
em 1996, alcancou 1,8:1 em 2003 e em 2005 foi de 1,5:1. No ano de 2009,
foram notificados 38.538 novos casos de AIDS [19].

Estudos realizados ou financiados pelo Departamento de DST, Aids e
Hepatites Virais mostram que as prevaléncias de infeccao pelo HIV no Brasil se
apresentam da seguinte maneira: 0,6% na populagédo de 15 a 49 anos de idade
(0,4% nas mulheres e 0,8% nos homens) [20], 0,12% nos jovens do sexo
masculino de 17 a 20 anos de idade [21] e 0,28% em mulheres jovens de 15 a
24 anos [20]. Nas populagdes vulneraveis, as prevaléncias sdao mais elevadas e
destacam-se aquelas entre usuarios de drogas ilicitas (5,9%) [22], HSH (10,5%)
[23] e mulheres profissionais do sexo (5,1%) [24].

A analise por regides demonstra que entre 1980 e junho de 2010 foram
identificados 344.150 casos de AIDS na Regido Sudeste (58,0% dos casos
acumulados no Brasil), 115.598 casos no Sul (19,5%), 74.364 casos no
Nordeste (12,5%), 34.057 casos no Centro-Oeste (5,7%) e 24.745 casos na
Regido Norte (4,2%). Em 2009, a taxa de incidéncia de AIDS no Brasil foi de
20,1 casos por 100.000 habitantes, sendo 32,4 na Regiao Sul, 20,4 no Sudeste,
20,1 no Norte, 18,0 no Centro-Oeste e 13,9 no Nordeste [19]. Em 2009 foram
identificados, 3.398 casos de AIDS em jovens de 13 a 24 anos de idade; a taxa

de incidéncia foi de 8,3 casos por 100.000 habitantes, sendo 1.875 casos no



sexo masculino (9,1/100.000 habitantes) e 1.523 no feminino (7,5/100.000
habitantes). A razdo de sexos, que era de 3,7:1 (37 homens para cada 10
mulheres) em 1990, caiu para 1,1:1 (11 homens para cada 10 mulheres) em
1998, culminando com a inversédo dessa razdo no ano 2000 (0,9:1 — 9 homens
para cada 10 mulheres). Entretanto, entre 2007 e 2009, os jovens do sexo
masculino voltam a ter maior participacdo nos casos de AIDS.

Na regiao Sudeste, o Rio de Janeiro é o estado com os piores indicadores
relacionados a AIDS. Em 2010, a incidéncia da doenca foi de 28,2 para cada
100 mil habitantes, a quinta maior do pais e a mais elevada da regido. A taxa de
mortalidade também é a mais alta do Sudeste. Enquanto no Rio a taxa de ébitos
por AIDS ¢é de 10,3 para cada 100 mil, no Brasil € de 6,3. A incidéncia de AIDS
em menores de 5 anos, que ha cerca de doze anos era similar a de Sao Paulo,
atualmente registra 5,8 casos em cada cem mil habitantes no Rio de Janeiro

enquanto em Sao Paulo registraram-se dois casos [19].

1.3 — A origem do HIV:

O HIV é um retrovirus, atualmente classificado na familia Retroviridae e
subfamilia Lentiviridae [14], caracteriza-se por produzir infecgdo crbnica no
hospedeiro e danos progressivos em seu sistema imune. Dois tipos principais
foram caracterizados em humanos [25]: o tipo 1 (HIV-1), predominante em todo
o mundo e responsavel pela pandemia de AIDS; e o tipo 2 (HIV-2), reportado
primeiramente na Africa Ocidental [15] e menos patogénico que o HIV-1 [26].
Evidéncias genéticas e epidemioldgicas indicam que estes virus tém infectado
humanos por, pelo menos, algumas décadas. Tanto o HIV-1 quanto o HIV-2 séo
intimamente relacionados a certos virus de macacos africanos, isto é, os virus
da imunodeficiéncia simia (SIVs), indicando, portanto, que a origem das
infeccdes pelo HIV esteja relacionada a eventos de transmissao entre espécies
diferentes de primatas [27, 28]. Evidéncias distintas reforcam a transmissao
zoondtica dos lentivirus de primatas: similaridades na organizacédo do genoma

viral; relagdes filogenéticas; prevaléncia no hospedeiro natural; coincidéncias



geograficas e rotas de transmissdo plausiveis [29]. O HIV-2 esta mais
relacionado, gendmica e filogeneticamente, ao virus da imunodeficiéncia simia
(SIVsm), do que a qualquer virus derivado de humanos [30]. O virus SIVgwm
infecta macacos "sooty mangabeys” cujo habitat natural coincide com areas
onde o HIV-2 é endémico, como a Africa Ocidental. A relagéo estreita observada
entre sequéncias de SIVgy e HIV-2 derivada de animais e humanos da mesma
area geografica, ilustram a ocorréncia do contato do homem com os animais
através da cacga ou da criagdo destes como animais de estimagao nas rotas de
transmissao [28].

Em contraste, elucidar a origem do HIV-1 tem sido mais dificil. Em 1999 o
estudo de Gao e cols. [29] analisou a filogenia das cepas de SIV conhecidas e
identificaram duas linhagens principais e altamente divergentes, que infectam
duas subespécies de chimpanzés, uma da Africa Central, Pan troglodytes
troglodytes, e outra da Africa Oriental, a Pan troglodytes schweinfurthii. Destes,
apenas a linhagem de SIV que infecta o chimpanzé Pan troglodytes troglodytes
mostrou estar relacionada com o HIV-1. Outra evidéncia é que esta cepa foi
encontrada na mesma area geogréafica da Africa onde podem ser encontrados
todos os grupos do HIV-1 e seus subtipos. O chimpanzé Pan troglodytes
troglodytes foi considerado o reservatorio primario do HIV-1 [28]. Em 2006, um
trabalho mostrou sinais de reatividade para HIV-1 em amostras fecais de gorilas
oriundos de florestas de regides remotas nos Camardes. Das quatro
subespécies de gorilas, o Virus da Imunodeficiéncia dos Gorilas (SIVgor) foi
encontrado apenas em Goirilla gorilla gorilla. Analises filogenéticas mostraram
que os gorilas adquiriram o virus da imunodeficiéncia simia SIVgor dos
chimpanzés, e que virus da linhagem SIVcpz/SIVeor tem sido transmitida aos
seres humanos em pelo menos quatro ocasides, levando a formagao dos grupos
M, N, O e P do HIV-1 [31].

A descricao do grupo P foi feita em 2009. Plantier et cols. publicaram um
estudo que relata a identificacdo, em uma mulher camaronesa, de um novo virus
humano de imunodeficiéncia. Este novo virus relaciona-se com o SIVgor € néo

mostra evidéncias de recombinagdo com outras linhagens do HIV-1. Este virus



representaria uma nova linhagem do HIV-1, que difere do HIV-1 grupo M, N e O;

tendo sido proposto a designagao de HIV-1 grupo P (figura 2) [32].
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Figura 2: Maxima verosemelhanca inferida a partir de alinhamentos de aminoacidos
concatenados que correspondem a sequéncias parciais disponiveis para SIVgorBQ664. A
analise compreende 1.052 posi¢gdes de aminoacidos. Os valores de suporte em preto acima do
ramos s&do de 1.000 bootstraps (mostrado como percentuais), enquanto as probabilidades
posteriores da analise Bayesiana dos aminoacidos sdo mostrados em azul abaixo dos ramos
(mostrado como proporgdes). Fonte: [32]

Outros trabalhos mostram através de analises evolutivas que o ancestral
do HIV-1 tem a sua introdugdo na populagcdo humana estimada inicialmente em
1931 (1C95%: 1915-1944) [33]. Em estudos retrospectivos de amostras
estocadas em bancos de soros detectou-se a presenca do HIV em uma amostra
africana, da Republica Democratica do Congo (RDC), de 1959; primeiramente
por testes sorologicos [34] e, posteriormente, através de amplificagao por reacéao
em cadeia da polimerase (PCR) e sequenciamento [35]. A presenca desta
amostra, o alto numero de subtipos de HIV-1 co-circulando, a alta diversidade
intra-subtipo e o alto numero de amostras recombinantes e de amostras nao
classificadas, sugere ser esta regido um dos focos iniciais da epidemia do HIV-1
grupo M [36, 37]. Sequéncias de HIV-1 que datam de época anterior ao

reconhecimento da AIDS sido fundamentais para definir o tempo de origem e



escala de tempo da evolugdo dos virus. Outras sequéncias historicamente
documentadas servem de calibracdo importantes para converter a distancia
evolutiva em tempo. A amostra ZR59 era a unica caracterizada antes do ano
1976. Um estudo posterior relatou a amplificacdo e caracterizagdo de
sequéncias virais da biépsia de um linfonodo fixado em parafina, que foi obtido
em 1960 a partir de uma mulher adulta (DRC60), de Leopoldville, no pais a
época chamado de Congo Belga, hoje Kinshasa, Republica Democratica do
Congo (RDC). Desta forma foi possivel realizar o primeiro estudo comparativo
de evolugao viral com amostras da era pré-pandémica de AIDS. A distancia
genética encontrada entre DRC60 e ZR59 foi consideravel e demonstrou que a
diversificacdo do HIV-1 no Centro-oeste da Africa ocorreu bem antes da
pandemia de AIDS ser reconhecida, sendo estimada entre 1884 e 1924 [38].

1.4 — Organizagao do genoma viral:

O genoma dos retrovirus pode ser encontrado sob duas formas: uma fita
simples de RNA com polaridade positiva presente em duas cépias na particula
viral, com um tamanho de 9,5 kilobases (kb) [39] e uma dupla fita de DNA, que
pode apresentar-se integrada ao genoma da célula hospedeira (provirus) ou
livre, na forma circularizada. A infeccao pelo virus pode produzir na célula cerca
de 20 copias do genoma viral sob a forma de DNA circularizado, no entanto,
apenas uma coépia sera bem sucedida na sua integracédo ao genoma celular e
levara até o final o ciclo infeccioso [40].

Em comum com outros retrovirus, seu genoma contém duas longas
repeticdes terminais (LTRs) que flanqueiam os trés genes principais, que
produzem as proteinas estruturais do virus: gag (antigeno de grupo especifico),
pol (protease, transcriptase reversa e integrase), e env (envelope). Embora
idénticos, os LTRs possuem fungdes diferentes: o localizado na extremidade 5°
(5'LTR) regula a expressédo dos genes virais enquanto que o do extremo 3’
(3’LTR) é importante para terminacao da transcrigdo. As extremidades LTRs s&o

geradas durante a transcrigao reversa, estando presente somente nos provirus.



Podem ser divididas em 3 sub-regides, U3, R e U5. A figura 3 esquematiza a

organizacado do genoma do HIV-1.
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Figura 3: Organizacdo gendmica do HIV — 1. Fonte: Ferreira & Avila 2001, Diagnético
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GAG

O gene gag produz proteinas necessarias a formagao da particula viral.
Este gene é traduzido em uma poliproteina precursora Pr55%9, cujo
processamento proteolitico origina a proteina de matriz (MA, p17), que se
associa a face interna do envelope e ao capsideo viral; a proteina do capsideo
(CA, p24), constituinte da estrutura capsidea que abriga e protege o RNA
gendmico viral e enzimas virais; € a proteina do nucleocapsideo (NC, p7), que
se associa a0 RNA genbmico viral contido no interior do capsideo [41]. A
proteina p6, também é derivada da Pr55%9, provavelmente afeta a liberagéo de
particulas virais em brotamento na superficie celular, pois foi verificado que na

auséncia da p6 as particulas virais ndo sao eficientemente liberadas e,



consequentemente, se acumulam na superficie celular [42]. Holguin e cols. [43],
sugeriram que a variabilidade nos dominios de P6%° estaria envolvida na
liberagdo das particulas virais.

POL

O gene pol codifica trés proteinas com atividade enzimatica necessarias a
replicagéao viral: protease (PR), transcriptase reversa (RT) e integrase (IN). Os
quadros abertos de leitura (“open reading frames”) desse gene se sobrepdem a
porcao 3’ do gene gag em 241 nucleotideos. A expressdo do gene pol ocorre
quando ha um “frameshifting” ribossomal, ou seja, quando o ribossomo desliza
uma base para tras durante a tradugdo do gene gag, levando a uma mudancga
no quadro de leitura, resultando na sintese de uma poliproteina precursora
Pr160%%¢*° como resultado do ponto de fusdo gag/pol [44].

As proteinas de replicacéo viral sao sintetizadas como partes da proteina
Pr160%99*° e szo entdo proteoliticamente liberadas no virion maduro [45]. A
protease (PR, p10) é responsavel por eventos especificos de clivagem que
levam a liberagcdo da protease madura, transcriptase reversa e integrase a partir
da poliproteina Pr1609%9*° Além disso, esta enzima também é responsavel pelo
processamento da poliproteina precursora produzida pelo gene gag, a Pr55%%
[46], cuja protedlise ocorre de maneira sequencial e € requerida para a
maturacdo ordenada do core viral e geragao de particulas virais infecciosas [47].
Demonstrou-se que mutagdes em um sitio ativo (aminoacido 25) da protease
viral resultam na producgao de particulas imaturas nao-infecciosas devido a nao-
clivagem das proteinas precursoras [42], indicando que a replicacdo das
particulas virais infecciosas € inteiramente dependente do processamento
proteolitico realizado pela protease viral, 0 que faz desta enzima um alvo para a
acao dos medicamentos anti-retrovirais.

A transcriptase reversa (RT) do HIV-1 é composta por duas subunidades,
um polipeptideo de 66kDa (p66) e outro de 51kDa (p51), fazendo da enzima na
forma madura um heterodimero p66/p51 [48]. A RT apresenta multiplas
atividades cataliticas, incluindo uma atividade DNA polimerasica, que copia

moldes de DNA ou RNA [49], e uma atividade de ribonuclease H (Rnase H), que
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degrada especificamente a cadeia de RNA contida em um complexo hibrido
RNA-DNA [50]. Essas atividades sao responsaveis pela ocorréncia de alguns
processos exclusivos da replicagao dos retrovirus.

A integrase (IN, p31) é essencial para a integracdo do DNA retroviral no
cromossomo da célula hospedeira [51], devido, em parte, a sua propriedade de
DNA ligante [52].

ENV

A partir do gene env é produzida uma glicoproteina precursora de massa
molecular igual a 160kDa, denominada gp160. Seu processamento proteolitico,
realizado por uma protease celular, gera uma proteina de superficie de 120kDa
(SU, gp120) e uma proteina transmembranar de 41kDa (TM, gp41). Gracas a
sua localizagdo na superficie do virion, as glicoproteinas do envelope viral
desempenham importantes papéis no reconhecimento e entrada do virus na
célula hospedeira e na subsequente fusdo de membranas, etapas fundamentais
no ciclo de biologico do HIV-1.

Assim como outras glicoproteinas destinadas a membrana plasmatica, a
gp160 é sintetizada no reticulo endoplasmatico rugoso. Para que isto ocorra é
necessaria a producdo de um precursor de 88kDa que contém uma sequéncia
sinal amino-terminal hidrofébica de 28 a 30 aminoacidos, que direciona a
proteina para a via secretéria da célula. Esta sequéncia é clivada durante a
translocacdo do precursor no interior do reticulo endoplasmatico rugoso, onde
ocorre a glicosilacdo e dobramento da molécula, formando uma estrutura
terciaria apropriada. Logo apos a ocorréncia destes eventos, os mondmeros da
gp160 sdo submetidos a oligomerizagdo, processo requerido para o transporte
da glicoproteina do reticulo endoplasmatico rugoso para o Complexo de Golgi,
onde finalmente ocorre a sua clivagem em gp120 e gp41. Apds a clivagem, o
complexo gp120-gp41, associado de forma nao covalente, é transportado para a
superficie celular, onde é incorporado aos virions em brotamento [53].

A proteina de superficie gp120 apresenta em sua estrutura dominios
conservados (C1 a C5) e dominios hipervariaveis (V1 a V5). Esta proteina

contém os determinantes que interagem com o receptor celular CD4 [54], uma
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proteina expressa na superficie das células T e dos macréfagos e descrita como
um componente essencial e especifico do receptor para o HIV. Além do receptor
CD4, co-receptores virais essenciais também estdo envolvidos no mecanismo
de entrada do virus na célula alvo, como o0 CXCR4 e o CCRS5. A interac&o entre
a gp120 e o CD4 causa mudangas estruturais que facilitam a ligagdo ao co-
receptor e a subsequente entrada do virus na célula [55].

A fungdo primaria da gp41 (TM), uma molécula de 345 aminoacidos
localizada na membrana viral, € mediar a fusdo entre as membranas viral e
celular apds a ligagao ao receptor. Um peptideo de fusdo N-terminal hidrofobico
rico em glicina € presumivelmente o iniciador da fusdo, e uma regiédo
transmembranar € importante tanto para a fusdo quanto para ancorar a gp120
na membrana viral [56].

Em adicao, o HIV contém no seu RNA seis genes (vif, vpu, vpr, tat, rev e
nef) que contribuem para a sua complexidade genética. Nef, vif, vpr e vpu foram
classificados no passado como genes acessorios, € nao sao absolutamente
necessarios para a replicagao in vitro. No entanto, a regulagao e a fungéo destes
genes acessorios e das suas proteinas tém sido estudadas e caracterizadas em
maior detalhe nos Uultimos anos. Os genes acessorios, nef, tat e rev, sao
produzidos precocemente no ciclo de replicacéo viral [57].

Tat e Rev séao proteinas reguladoras que se acumulam no nucleo e ligam-
se a regides definidas do RNA viral: o TAR (elemento de resposta a trans-
activacao), encontra-se no LTR; e o RRE (elemento resposta rev), encontra-se
no gene env, respectivamente. A proteina Tat € um potente ativador péds-
transcricional da regido promotora LTR e é essencial para a replicagao viral na
maioria dos sistemas de cultura in vitro [58]. A Tat e a Rev estimulam a
transcricdo do DNA proviral do HIV-1 em RNA, promovem a elongagao do RNA,
estimulam o transporte de RNA do HIV-1 do nucleo para o citoplasma e sao
essenciais para a traducdo. A Rev é também um fator nuclear de exportacao
importante na troca da expressdo precoce das proteinas reguladoras pelas

proteinas estruturais que sao sintetizadas mais tardiamente [57].
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Nef pode induzir a regulagdo negativa das moléculas de CD4 e de HLA
de classe | e Il na superficie das células infectadas com HIV-1, o que pode
representar um mecanismo de escape importante do virus a um ataque imediato
por células T CD8" citotoxicas, de modo a evitar reconhecimento pelas células T
CD4". A proteina Nef pode também interferir com a ativacdo das células T ao se
ligar a varias proteinas que estdo envolvidas nas vias intracelulares de
transdugéao de sinal [57]. Em macacos Rhesus infectados com SV, foi verificado
que a presenca de um gene nef intacto era essencial para garantir uma elevada
taxa de producdao de virus e progressao para a doenga. Por outro lado, foi
identificado numa coorte Australiana de nao-progressores a longo-termo, um
virus com delegdes no nef [59]. Entretanto, artigos indicam que alguns destes
doentes desenvolveram posteriormente sinais de progressao para a doenga
juntamente com um declinio de células T CD4". Assim, apesar das dele¢des do
gene nef terem como consequéncia uma redugdo da replicagdo viral, nem
sempre evitam a evolugao da infecgao pelo HIV para AIDS [57].

Vpr parece ser essencial para a replicacdo viral em células como os
macrofagos. A Vpr pode estimular o LTR juntamente com uma variedade de
promotores virais e celulares. Verificou-se que a Vpr € importante para o
transporte do complexo de pré-integracao viral para o nucleo [60] e pode reter as
células na fase G2 do ciclo celular.

Vpu é importante para o processo de formacgdo de vesiculas, uma vez
que mutagdes no vpu estdo associadas com a persisténcia das particulas virais
na superficie da célula hospedeira. A proteina Vpu é também envolvida quando
os complexos CD4-gp160 sdo degradados no reticulo endoplasmatico e, por
isso, permite a reciclagem da gp160 para a formag&o de novos virions [61].

Vif codifica uma proteina importante para os mecanismos intracelulares
de transporte dos componentes virais. Foi demonstrada a co-localizacdo da vif
juntamente com a vimentina, uma proteina pertencente ao citoesqueleto celular.
Os virions deficientes em vif podem ser transmitidos célula a célula, mas nao a

partir de um meio livre de células. Vif parece também afetar a morfogénese viral.
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Algumas publicagbes salientaram um importante papel para a vif no apoio
a replicacdo viral [62]. Os isolados HIV-1 defectivos em vif ndo se replicam em
células T CD4" ou em macréfagos. Os isolados defectivos em vif sdo capazes
de entrar na célula alvo e iniciar a transcricao reversa, mas a sintese de provirus
mantém-se incompleta. A fusdo in vitro de células permissivas com né&o
permissivas origina um fendtipo ndo permissivo, sugerindo que a replicagéo do
HIV depende da presencga ou auséncia de um inibidor celular. Este fator inibidor
endogeno foi identificado como APOBEC3G [63]. A APOBEC3G ("apolipoprotein
B mRNA editing enzyme catalytic polypeptide-like 3G") pertence a uma familia
de enzimas intracelulares que desaminam especificamente a citosina em uracil
no mMRNA ou no DNA, resultando numa acumulagao de mutagdes G-para-A que
levam a degradagéao do DNA viral. Ao formar um complexo com a APOBEC3G,
a vif bloqueia a atividade inibitéria da APOBEC3G. A atividade antiviral da
APOBEC3G é altamente conservada entre varias espécies, enquanto que o
blogqueio da APOBEC3G pela vif é altamente especifico do HIV. A vif do HIV-1
nao forma complexos com a APOBEC3G dos murinos ou dos macacos. Na
auséncia de vif, a APOBEC3G ¢é incorporada nas novas particulas virais
formadas e nas células alvo subsequentemente infectadas, e a sintese de DNA
proviral é bloqueada. Em contraste, na presenca de vif, a APOBEC3G é
complexada, degradada e n&o é incorporada nos novos virides formados. A
APOBEC3G é expressa em linfécitos e macréfagos que representam as células
alvo primarias da infecgao pelo HIV [57]. Durante a producgao de particulas virais,
vif € encontrado no citoplasma de células infectadas e é encapsulado em
pequenas quantidades nos virions. Vif neutraliza A APOBEC3G humana (hA3G)
em células produtoras de virus por mecanismos diferentes [64]. A figura 4 ilustra

estes mecanismos.
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Figura 4: Representacdo esquematica das fungdes de Vif e APOBEC 3G humana (hA3G) na
montagem e replicacdo do HIV-1. Adaptado a partir de [64]

(1) Foi mostrado que Vif impede a tradu¢cdo do mRNA da hA3G, provavelmente através de um
mecanismo de ligagdo ao mRNA. (2) Vif liga-se as proteinas hA3G e recruta um ligase E3
ubiquinina que medeia a poliubiquinacdo de hA3G e sua degradagdo. (3) Vif compete com
hA3G para a ligagdo a componentes virais como o0 dominio do nucleocapsideo de gag e/ou RNA
gendmico viral. Juntas, essas trés diferentes agbes de Vif na tradugdo, degradagédo e
embalagem néo so6 destroem hA3G de células produtoras de virus, mas também previnem hA3G
de ser incorporada em virions. (4 e 5) Vif intracelular também pode influenciar a montagem viral
através da modulagédo de clivagem mediada pela protease viral dos precursores do Gag (4) e
suas atividades de acompanhamento (5), permitindo assim que os eventos tardios, como os
precursores de maturagao, o inicio da transcricdo reversa, e a maturagdo do dimero de RNA
possam ocorrer apos o brotamento viral. (6) Finalmente, Vif pode ser capaz de inibir diretamente
a atividade das poucas moléculas hA3G que sdo empacotados em virions selvagens.
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1.5 — Classificagao do HIV:

As analises filogenéticas de numerosas cepas de HIV, provenientes de
diversas localidades geograficas permitiram a classificagdo do HIV em tipos,
grupos, subtipos, sub-subtipos e formas recombinantes circulantes (CRFs) [65,
66].

Os dois tipos distintos do virus da AIDS, o HIV-1 e o HIV-2 sao
diferenciados com base na sua organizacdo genbmica e nas relagdes
filogenéticas entre si e entre os outros retrovirus de primatas. Para o HIV-1
foram descritos quatro grupos distintos: M (major), N (new) [67], O (outlier) [68] e
P [32], ja discutidos acima. Destes, o mais prevalente € o grupo M, responsavel
pela atual pandemia, que esta subdividido em nove subtipos A, B, C, D, F, G, H,
J, K, que se acredita ter como origem a Africa Central [69].

O subtipo F foi inicialmente dividido em trés sub-subtipos F1, F2 e F3 [70],
mas analises posteriores levaram a reclassificagdo do sub-subtipo F3 em
subtipo K [36]. Um ano apds, Gao e cols [71] subdividiram o subtipo A em A1 e
A2 e, posteriormente, foi descrito o sub-subtipo A3 [72].

O surgimento de formas recombinantes pode ser considerado uma
propriedade fundamental dos retrovirus em razao da natureza diploide de seu
genoma de RNA e da possibilidade da transcriptase reversa atuar ora numa ora
noutra fita em células infectadas por mais de uma variante viral durante a
sintese do DNA proviral [65, 73].

A identificacdo de genoma do HIV com recombinagao inter-subtipo com
representatividade importante em alguma populagdo ou area geografica, desde
que nao seja pertencente a individuos relacionados entre si que ainda possuem
0 mesmo padrdo de recombinagdo, denomina-se como forma circulante
recombinante — CRF. Estas formas sao identificadas por numero conforme a
ordem de sua descoberta, sendo cada numero seguido das letras
representativas dos subtipos encontrados na amostra. Até o momento
(Dezembro de 2011), 51 CRFs foram descritas (Los Alamos National Laboratory,

http://www.hiv.lanl.gov).
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O grupo O é composto por um pequeno numero de virus divergentes
originarios de paises do oeste da Africa [74] e ndo contempla subtipos. O grupo
N contém dois virus originarios de pacientes Camaroneses, que mostram uma
composigao genética com seqiéncias intermediaria entre os grupos M e O [67].

O grupo P foi o ultimo a ser descrito, e foi isolado e sequenciado a partir
de uma mulher nascida nos Camardes [32].

O HIV-2 e o HIV-1, quando comparados, mostram-se relacionados em
termos de morfologia, tropismo celular e organizagdo genética global, mas
diferem significativamente em termos de sequéncias nucleotidicas, com apenas
42% de homologia entre si [15, 75]. A analise da diversidade genética do HIV-2
revelou a existéncia de sete linhagens evolutivas distintas e aproximadamente
equidistantes, que, por analogia com o HIV-1, foram denominadas subtipos
AB,C.D,E,F e G, indicando que também no HIV-2 existe uma consideravel
diversidade genética e bioldgica [76, 77]. Em 2010, foi descrito a primeira CRF
para o HIV-2, contendo os subtipos A e B; sendo denominada HIV-2 CRF01_AB
[78].

1.6 —~Mecanismos geradores da diversidade genética do HIV:

A variabilidade genética constitui uma das principais caracteristicas do
HIV-1. A enzima transcriptase reversa (RT), que transcreve o RNA viral em
cDNA, é altamente propensa a erros e ndo possui mecanismo de reparagao [79],
levando a ocorréncia de falhas nas incorporagdes nucleotidicas, com
substituicbes, delecdes, insercdes, duplicagdes e recombinagdes [73]. Como
resultado, no HIV-1 e em outros retrovirus, observa-se uma taxa de erro de
incorporacdo de aproximadamente 10* por base por ciclo replicativo [80],
sugerindo que no HIV-1, que possui um genoma de 9,7kb, a taxa de mutagao
gire em torno de uma substituigdo de nucleotideo por genoma por ciclo
replicativo [81]. Além disso, as rapidas mudangas do virus in vivo, juntamente
com as pressdes seletivas do hospedeiro contribuem para a variagédo genética.

Como consequéncia, a populacao viral se diversifica ao longo do tempo,
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tornando-se mais heterogénea, evoluindo para um conjunto de variantes virais
relacionadas entre si, porém distintas [82], denominadas “quasiespécies’,
existentes nao apenas entre individuos diferentes como também em um mesmo
individuo infectado [83]. Uma forma de recombinacéao € a infecgao por dois virus
geneticamente distintos em uma mesma célula alvo, de forma sequencial ou,
menos frequentemente, de forma simultdnea. Apds a transcricdo reversa, caso
ambos 0s virus sejam integrados, no préximo ciclo podem ser produzidos virus
heterozigotos com genoma recombinante por leitura alternada no momento da
transcrigédo reversa [84]. A figura 5 ilustra esta geragao de virus recombinantes.

Ciclo de Vida do HIV na coinfecgdo

o RNA X e Y é retrotranscrito em o |
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Figura 5: Geracao de virus recombinantes por infec¢do de virus geneticamente distintos em uma
mesma célula. Fonte: Adaptado a partir de [85].

1.7 — Diversidade e distribuigcao dos subtipos de HIV no Mundo:

A Epidemiologia Molecular compreende a utilizacdo de ferramentas
moleculares em estudos epidemiologicos que, no ambito da pandemia de HIV-1,
se refere basicamente a estudos da propagacdo e distribuicdo de formas

moleculares em diferentes areas geograficas e populagbes com diferentes
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caracteristicas epidemiolégicas, incluindo oscilagdes transitorias nos padrdes de
transmissao [84, 86, 87].

Estes estudos tém sido de fundamental importancia para o
reconhecimento de que a recombinagao € o principal mecanismo de evolugao do
HIV na pandemia. A epidemiologia molecular tem sido também aplicada a
estudos de prevaléncia de isolados resistentes aos antirretrovirais. Varios
métodos moleculares tém sido utilizados, entretanto a analise filogenética de
sequéncias dos virus € o método mais confiavel e o que revela mais
informagdes sobre os padrdes regionais e global de propagagao da infecgéo por
HIV [87]. A aplicacdo de métodos filogenéticos para estudos epidemioldgicos
para o HIV e outros virus RNA é possivel em consequéncia de sua rapida
evolugdo, permitindo a reconstrugdo acurada de eventos de transmissdo, até
mesmo em “clusters” intimamente relacionados [88].

Os estudos iniciais de epidemiologia molecular do HIV se baseavam na
analise de segmentos dos genes gag e env; mais recentemente, o gene pol tem
sido o alvo mais comum em funcéo da utilidade e necessidade de detecgao de
mutagdes associadas a resisténcia aos anti-retrovirais. Em razdo do
extraordinario potencial de recombinacdo do HIV-1 e da gravidade da
pandemia, a caracterizacdo do genoma completo de milhares de cepas se
encontra disponivel em bancos publicos de sequéncias [89], podendo prover
informagdes filogenéticas mais relevantes epidemiologicamente que poderiam
ser perdidas na andlise de fragmentos menores do genoma. Em todas as
opgdes de estudo, € fundamental dispor de amostras representativas de cada
regido geografica e de grupos com diferentes exposicoes a situagao de risco,
incluindo individuos recentemente infectados [87].

A literatura recente revela um aumento progressivo de variantes
genéticas do HIV-1. A relevancia do estudo da epidemiologia molecular do HIV-
1 é reforcada por recentes publicagdes que exploram a associacdo da
diversidade genética a: susceptibilidade da resposta imune, incluindo anticorpos
neutralizantes [90] e imunidade mediada por células [91, 92] e ao

desenvolvimento de mutagbes relacionadas a resisténcia as drogas
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antirretrovirais [93], o que tem implicagcdes 6bvias para o desenvolvimento de
vacinas que possam abranger o escopo global da diversidade do HIV.

Estudos tém enfatizado o papel da recombinagdo na geragdo de
diversidade, diversidade intra-subtipos, frequéncia de superinfec¢do, novos
surtos epidémicos e mudancgas na dinamica de epidemias ja estabelecidas [87].

O HIV-2 esta basicamente restrito a Africa Ocidental, e a sua detecgdo
em outras regides (Portugal, Franca, Alemanha, Estados Unidos e india),
geralmente reflete suas inter-relagdes com a Africa Ocidental [94].

As infec¢des causadas por virus do grupo O ocorrem principalmente em
Camarodes e no Gabéo, tendo sido também detectados casos em outros paises
Africanos. Fora do continente Africano, foram reportados casos na Bélgica,
Franca, Alemanha, Espanha, Noruega e Estados Unidos [95]. Porém, com
excecao da infecgcdo que ocorreu na Franca, todos os demais casos sao de
individuos origindrios ou vinculados & regido Centro-Oeste da Africa [96]. Os
isolados pertencentes ao grupo N foram todos obtidos de pacientes de
Camardes [67], assim como o isolado do grupo P [32].

Na pandemia de HIV-1, o grupo com maior dispersao € o M, tendo seus
subtipos, CRFs e URFs (formas recombinantes unicas) distribuicées especificas
nos diferentes continentes.

A primeira infeccdo documentada por subtipo B foi evidenciada em um
americano homossexual do sexo masculino, em 1978 [97]. Nos anos seguintes,
o subtipo B propagou-se entre HSH e usuarios de drogas injetaveis (UDI) na
Europa Ocidental e nas Américas. A epidemia pelo subtipo B na Europa
Ocidental [98] e na América Latina parece ser devida a introdu¢cdes multiplas
oriundas dos Estados Unidos. Entretanto, em alguns paises, variantes locais do
subtipo B que derivam de introdugdes pontuais, tém sido reportadas. Um
exemplo foi a introdugdo de uma variante no final dos anos oitenta na Tailandia
[99], tendo-se disseminado para outros paises naquela regido. Outras variantes
do subtipo B de origem monofilogenética com disseminagdo mais limitada tém
sido reportadas na Ucrania e na Russia [100, 101], Trinidad e Tobago [102],
Coréia [103, 104] e Cuba [105].
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A variante do sudeste asiatico, usualmente denominada B’ (ou ainda Thai
B) foi introduzida inicialmente por UDI na Tailandia em 1988 [99, 106]. A
disseminagao foi majoritariamente via UDI para paises e localidades de paises
vizinhos: Myanmar (com transmissao heterosexual concomitante), China,
Manipur (nordeste da india), Malasia e Singapura [107]. Uma subvariante B’
homogénea de origem monofilogenética tem sido identificado em doadores de
sangue remunerados na China, infectados a partir de procedimentos nao
seguros de coleta, majoritariamente nas provincias centrais de Henan e Hubei
[108, 109]. Genomas completos de virus da sublinhagem de Henan, assim como
outros virus B’ da China, Tailandia e Myanmar tém sido caracterizados [110-
113]. A variante B’ esta relacionado com CRF07 e CRF08 BC, os quais circulam
amplamente na China e com CRF15_01B, um recombinante minoritario
encontrado na Tailandia.

A variante Ucraniana do subtipo B (denominada IDU-B), foi introduzida
por UDI na cidade portuaria de Nikolayev em 1994 [101]. Apos uma
disseminacgao limitada na Ucrania e na Russia, esta variante recombinou com o
subtipo A, gerando o CRF03_AB [100], o qual causou um surto epidémico entre
UDI na cidade de Kaliningrado e tem sido detectado ocassionalmente em alguns
paises que integravam a Federacao das Republicas Soviéticas (FRS).

A existéncia de uma variante especifica do subtipo B entre os IDU no
noroeste europeu é corroborada pelo grande numero de polimorfismos que néo
sdo encontrados entre HSH [114].

A epidemia entre UDI em paises da FRS é em sua maior parte causada
por uma variante sub-subtipo A1 (comumente designada como IDU-A ou FSU-A)
[115-117] derivada de introdugéo unica, tendo sido relatada primeiro na cidade
portuaria de Odessa, sudoeste da Ucrania em 1995 [101]. Desde 1996, verifica-
se a disseminagao mais pronunciada desta variante entre UDI, em vasta area
geogréfica, afetando paises da FRS na Europa Oriental e Asia Central, incluindo
Russia [115-117], Belarus [118], Moldova [119], Esténia [120], Cazaquistéao [117]
e Uzbequistdo [121, 122]. A transmissao heterosexual dessa variante também

tem sido reportada na Russia e em Belarus [117, 118]. Apesar de toda essa
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dispersdo geografica e da duracdo da epidemia, ainda se observa,
surpreendentemente, uma baixa diversidade genética [117]. Uma subvariante de
IDU-A com caracteristicas polimorficas na protease € responsavel pela eclosao
de algumas das recentes epidemias na Russia, Belarus, Cazaquistédo e
Uzbequistao [121, 122].

A existéncia de um novo sub-subtipo A, denominado A3, circulante na
Africa Ocidental foi proposta [72]. Os virus A3 foram detectados na Costa do
Marfim, Nigéria, Guiné-Bissau e Benin. Em Dakar, no Senegal, 9,4% das
infecgbes em prostitutas foram atribuidas ao A3. A designacédo desta variante
como um sub-subtipo esta baseada nas distancias genéticas em relagado aos
virus A1 e A2, dentro dos limites para disténcias inter-sub-subtipos. Entretanto,
em arvores filogenéticas obtidas a partir de genoma completo, as variantes A3
agrupam-se com 100% de “bootstrap” com as referéncias A1 e se interdigitam
com o cluster A1 da Europa Oriental e com todas as demais referéncias A1 da
Africa Ocidental (Quénia, Uganda e Tanzania). Estes dados sugerem que os
Virus A3, antes de representarem um novo sub-subtipo, podem representar, na
verdade, uma variante do sub-subtipo A1 da Africa Ocidental [87].

Variantes de origem monofilogenética do subtipo C tém sido encontradas
na India, Etiépia e no Brasil. A variante chinesa (Ciy) [123, 124] tem se difundido
através da transmissao heterossexual, com um papel central dos UDI na
disseminacdo no nordeste da india no estado de Manipur [125, 126]. A
propagacgao dessa variante teve origem em Myanmar [111, 127, 128], Yunnan -
provincia chinesa [129, 130] e no Nepal [131]. As cepas de Myanmar e as
chinesas sao estreitamente relacionadas entre si, e podem representar uma
subvariante dentro da variante Cjy, a qual esta relacionada a duas CRFs:
CRF07_BC e CRF08_BC [132, 133].

A existéncia de duas variantes do subtipo C na Etiépia, denominadas C’ e
C”, tem sido proposta a partir da analise parcial de alguns fragmentos do
genoma (gene pol e regiao V3 do envelope) [134, 135], nos quais 20% dos virus
analisados revelaram recombinagdo entre ambas as linhagens. Todavia, em

analises de genoma completo, um subcluster isolado foi encontrado na Etiopia,
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mas os dados nao foram corroborados pela analise de algumas regides
gendmicas [136]. E possivel que a recombinacdo ampla entre as duas variantes
tenha obscurecido a distincdo entre elas, alterando a estrutura das arvores
realizadas a partir do genoma completo e de alguns segmentos adicionais de
genoma. Em Cuba, uma variante do subtipo C relacionada com a variante
Etiope tem circulado em uma minoria de HSH, tendo sido caracterizados dois
genomas completos [87].

As variantes virais circulantes no sul da Africa parecem se originar de
multiplas introdugdes [137, 138], embora em outro estudo [135], formem um
cluster monofilogenético com virus da india e da variante C’ etiope em algumas
regides gendmicas.

Existem dois clusters filogeneticamente distintos no subtipo D. O cluster
da Africa Oriental, circulante em Uganda e Quénia, e o cluster da Africa
Ocidental que compreende os isolados da RDC, Camardes, Chad e amostras de
uma epidemia recente na Africa do Sul [139-141]. Este cluster é subdividido em
dois subclusters, e um deles inclui a grande maioria dos virus da RDC e os da
Africa do Sul, enquanto o outro inclui os virus de Camardes e Chad [141]. As
CRF05_DF e CRF10_CD estéao relacionados as variantes africanas ocidental e
oriental, respectivamente.

Duas variantes distintas do subsubtipo F1 tém sido encontradas no Brasil
e na Roménia, formando grupos separados quando analisados por arvores
filogenéticas [142]. Uma variante distinta predomina na Roménia em adultos e
criancas (infectadas de forma horizontal por equipamentos para injegao
contaminado e por transfusdo sanguinea), tendo a introdugcdo inicial
supostamente ocorrido entre adultos, em razdo da maior distdncia encontrada
entre os isolados destes [143].

No subtipo G, uma variante de origem monofilogenética foi identificada
em UDI na Galicia — noroeste da Espanha [144, 145], embora mais
recentemente tenha sido verificada uma ampla circulagdo desta variante em
Portugal, onde a transmissao ocorre tanto por contato heterossexual como pelo

uso compartilhado de seringas e agulhas [146, 147]. Ao subtipo G, com
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predominancia da variante local, tem-se atribuido cerca de 18% das infec¢des
em Portugal [146]. Entre UDI em Lisboa, a propor¢do de infectados com o
subtipo G foi determinada como 49,5% para gag e 24% para env, e 29 de 30
virus Ggp,, foram determinados como pertencentes a variante local [147]. A média
das distancias entre os isolados de 11% no env sugere que o subtipo G foi
introduzido em Portugal ha mais de uma década [147]. Analises filogenéticas
revelaram uma estreita relacdo entre a variante portuguesa/galiciana com os
virus oriundos de Camardes e do Gabao [148]. Esta variante esta relacionada a
CRF14_BG [145] e a diversas formas recombinantes unicas (URFs) isoladas em
Portugal e na Galicia [145]. Em Cuba, uma variante local do subtipo G,
caracterizada através da analise de genoma completo, é encontrada em 5% dos
infectados e majoritariamente transmitida por contato heterossexual [105]. Esta
variante esta relacionada a CRF20_BG e a duas outras CRFs BG — CRF23_BG
e CRF24 _BG [149, 150], que se disseminaram entre HSH na cidade de Havana
[145, 151]. Uma variante nigeriana do subtipo G também foi caracterizada por
sequenciamento parcial do genoma [152], formando trés clusters no env e dois
no gag.

A lista de CRFs cresce progressivamente, tanto em consequéncia do
aparecimento de novos recombinantes em areas onde ha a co-circulagado de
diferentes clades, como pela caracterizacdo atual de antigas formas nao
detectadas anteriormente. As recombinag¢des geograficas em hotspots (regides
do genoma com alta frequéncia de recombinag¢do) sdo o bergo da maioria das
CRFs, algumas das quais tém se propagado para outros locais fora do local de
origem. As CRFs representam apenas um pequeno numero das milhares de
formas recombinantes geradas nessas areas. Tais formas acabam sendo
selecionadas devido as suas propriedades biologicas e a chance de introdugéo
em locais apropriados para sua transmissao.

Recentemente foi publicado um estudo [153] que objetivou apontar
tendéncias globais em relagao a epidemiologia molecular do HIV-1, analisando 2
periodos subsequentes — de 2000 a 2003 e de 2004 a 2007. De maneira geral, a

distribuicao global dos subtipos foi similar entre os dois periodos estudados e
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corroborou estimativas prévias [154]. Trés tendéncias epidemiolégicas foram
notadas. Primeiro um crescimento global tanto absoluto quanto relativo dos
subtipos A, F, G, H, CRF01_AE, CRF02_AG e outras CRFs. Em contrapartida,
os subtipos D, J, K, CRF03_AB e as formas URFs decresceram em numero, e,
assim sendo sua propor¢ao global tornou-se menor. Por ultimo, os subtipos B e
C cresceram a taxas abaixo da média, resultando em uma participacao
proporcional menos na epidemia como um todo, embora o subtipo C ainda seja
responsavel pelo maior aumento absoluto no numero de infecgbes [153]. A
figura 6 faz uma comparagdo da distribuicdo global dos subtipos e
recombinantes de HIV-1 nos periodos de 2000 a 2003 e de 2004 a 2007.
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Figura 6: Esquema representativo da propor¢do de cada subtipo ou forma recombinante na
epidemia global de HIV-1. Representacéo do periodo que compreende os anos 2000 a 2003 em
(a) e do periodo de 2004 a 2007 em (b). Fonte: [153]

No periodo de 2004 a 2007, o subtipo C foi responsavel por quase
metade das infecgbes ao nivel global — 48%. Aos subtipos A e B foram
atribuidos 12% e 11%, respectivamente, ficando o CRF02_AG com 8%;
CRFO01_AE e o subtipo G ficaram com 5% cada e 2% correspondeu ao subtipo
D. Os subtipos F, H, J e K juntos ndo chegaram a 1% e outras CRFs e URFs
foram responsaveis por 4% das infecgées em todo o mundo. Somando-se todas
as CRFs chegou-se a 16% e ao adicionar-se todas as URFs, estimou-se que 1
em cada 5 cepas possui alguma recombinagdo [153]. Em relacdo a América
Latina, o comparativo revelou decréscimo dos subtipos “puros” e aumento das

formas recombinantes no periodo de 2004 a 2007. Nesta regidao, o subtipo B
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continua sendo o mais prevalente, entretanto sua prevaléncia diminuiu de cerca
de 75% para 68%; verificou-se redugdo também para as outras duas formas
mais encontradas — o subtipo C que correspondeu a 9% no periodo de 2000 a
2003 e a cerca de 6,5% entre 2004 e 2007 e o subtipo F, onde a reducao foi de
4,7% para 3,5%. O total de recombinantes dobrou em prevaléncia, saindo de
11% para 22%, sendo mais pronunciado entre as CRFs (de 2,3% para 11,3%)
do que entre as URFs (9% para 10,7%). A figura 7 faz uma comparagao da
distribuicdo na America Latina e de alguns paises da regido dos subtipos e
recombinantes de HIV-1 nos periodos de 2000 a 2003 e de 2004 a 2007.
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Figura 7: Esquema representativo da proporgdo de cada subtipo ou forma recombinante na
epidemia de HIV-1 na America Latina e de alguns paises da regido. Representagdo do periodo
que compreende os anos 2000 a 2003 a esquerda e do periodo de 2004 a 2007 a direita. Fonte:
[153]

1.8 — Diversidade e distribuigcao dos subtipos de HIV no Brasil:

O Brasil tem a maior diversidade de subtipos e formas recombinantes na
América do Sul. O subtipo B é o mais prevalente no Brasil e estima-se que a sua
introdugdo tenha ocorrido na segunda metade da década de 1960 [155]. Estudos
tém revelado que a sua frequéncia varia ao longo do territdério nacional e ao
longo do tempo como por exemplo: 96,0% em Brasilia — DF [156]; 92,6% em
Miracema — RJ [157]; 87,9% e 81,2% em Sé&o Paulo — SP [158, 159]; 81,2% no
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Ceara; 51,6% na regido Amazonica [160], 32,0% em Porto Alegre [161] e 7,1%
em gestantes da cidade de Criciuma [162].

No Brasil, uma variante local (B, ou B”) foi identificada com base na
caracterizagao de um tetrapeptideo no topo da alca V3 [163-166]. Esta variante
foi descrita primariamente em uma mulher japonesa que havia emigrado da
América do Sul, sendo posteriormente documentada em teritério nacional. O
tetramero GPGR foi descrito como altamente conservado no topo da regido V3
do envelope viral de amostras pertencentes ao subtipo B, e tem importancia na
inducdo de anticorpos neutralizantes [167], na imunidade mediada por células
[168] e no desempenho de diversas fungdes bioldgicas. As diferengas
observadas na variante B” podem exercer ainda influéncia na patogénese e no
desenvolvimento de vacinas [165]. Um estudo revelou que este perfil GPGR é
evidenciado em apenas 46,5% das amostras brasileiras, enquanto o tetramero
GWGR tipicamente brasileiro foi encontrado em 40% das amostras [164].
Apesar de ser encontrado em todas as regides do Brasil, diferentes taxas de
prevaléncia podem ser detectadas nas diferentes regides, com maior
prevaléncia desta variante na regido Sudeste. A prevaléncia também parece
variar ao longo do tempo, mas a propor¢ao de amostras com o tetramero GWGR
permanece mais de 30 vezes acima da média mundial [169].

No Brasil estima-se que o subtipo F foi introduzido no final da década de
1970 [155], e que sua prevaléncia, que inicialmente representou cerca de 10 a
15% das infec¢des por HIV, esteja em declinio. Uma causa seria a extensa
recombinagcado com o subtipo B que tem gerado frequentes URFs e tem feito com
que amostras de subtipo F puro sejam encontradas com pouca frequéncia no
Brasil [170]. Um recombinante BF de origem brasileira € o ancestral da
CRF12_BF e de recombinantes relacionados [171], tendo estes virus ampla
circulagao na Argentina sendo esporadicamente detectados em outros paises da
América do Sul (exceto Brasil).

Uma variante do subtipo C de origem monofilogenética [172], disseminou-
se rapidamente na Regido Sul do pais nos ultimos anos. Propor¢des de 30 a

45% [173-176] séo atribuidas a essa variante entre os casos desta regido, sendo
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que em individuos com diagndstico recente esta proporgdo chega a 58% na
cidade de Porto Alegre [161] e mais recentemente em gestantes da cidade de
Curitiba, chegou a 78,6% [162]. Esta variante ndo tem sido associada a
nenhuma forma particular de transmissdo. Casos esporadicos da variante
brasileira tém sido detectados na Argentina, Uruguai e Paraguai [177, 178].
Segundo estudo de Salemi e cols [138], a origem desta variante teria se dado
nos anos noventa e a sua taxa de expansao seria cerca de duas vezes maior do
que o subtipo B e do subtipo C africano. Entretanto, em um estudo da
Organizagdo Mundial da Saude, em 1994, observou-se que uma em cada quatro
amostras subtipadas desta regido foi atribuida ao subtipo C, o que corrobora
estudo posterior que estima a introdugdo do subtipo C no Brasil no inicio da
década de 1980 [179].

No territério nacional outros subtipos foram descritos, tais como os
subtipos D [180, 181], A [182] e formas recombinantes, compreendendo os
subtipos prevalentes em nosso meio: recombinantes B/F [158, 183-185], B/C
[186]. Alguns estudos tém relatado a presenga da CRF02_AG no Rio de Janeiro
e em Sao Paulo [159, 187, 188].

Em 2006, De Sa Filho e cols publicaram um estudo onde se identificou
duas CRFs (CRF28 BF1, CRF29_BF1) [185]. Estas CRFs seriam as primeiras
descritas no Brasil e, juntamente com CRF12_BF, seriam as CRFs encontradas
no continente sul-americano até entdo, todas elas compreendendo a
recombinacdo entre os subtipos B e F. Alguns pontos de recombinagéo
presentes nas novas formas propostas também sao encontradas em outras
formas recombinantes B/F, sugerindo a presenca de um ancestral em comum e
a existéncia de areas mais propensas a recombinagédo ao longo do genoma do
HIV-1.

A presenga de duas CRFs e estruturas recombinantes relacionadas
indicavam neste momento que a epidemia brasileira poderia ser mais complexa
do que o previamente suposto [185]. Estudos publicados nos ultimos cinco anos
reiteraram esta percepcgao; ainda em 2006, houve a descricdo da CRF31_BC

[189], em 2008 de mais duas CRFs relacionadas aos subtipos B e F1
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(CRF39_BF1, CRF40_BF1) [190] e mais recentemente em 2010 foi descrita a
CRF46_BF1 [191]. A figura 8 ilustra as CRFs descritas em amostras obtidas no
Brasil.
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Figura 8: Esquema ilustrativo das CRFs descritas no Brasil. Subtipos envolvidos e pontos de
recombinagdo estdo indicados, assim como as referéncias que descreveram as respectivas
CRFs. Elaborado a partir de ilustragbes obtidas em http://www.hiv.lanl.gov.
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1.9 — Ainfecgéao pelo HIV:

A infeccdo pelo HIV compromete profundamente o sistema imune,
vulnerabilizando o organismo a infecgbes oportunistas. O linfocito T CD4"
constitui uma célula alvo da infecgao pelo HIV, devido a afinidade do virus pelo
marcador de superficie CD4, também expresso nos macréfagos, células
dendriticas, mondcitos e da glia levando a redugdo quantitativa e qualitativa
destes tipos celulares. A queda da populacdo de células T CD4" ao longo da
evolugao para a AIDS é uma caracteristica da infecgédo pelo HIV. A contagem de
linfocitos T CD4" é considerada um importante marcador da progressdo para a
doenca, assim como para a introducdo e posterior avaliagdo da terapia
antirretroviral. Em contrapartida, nos ultimos anos, alguns pesquisadores tém
suspeitado que busca de respostas talvez tenha se concentrado no local errado.
Esses autores acreditam que o intestino e outros tecidos de mucosa, € ndo o
sangue periférico, sao o principal sitio de infecgdo pelo HIV e perda de células T
CD4"[192, 193]. Alguns estudos tém enfatizado a velocidade com a qual o HIV
deteriora o sistema imune. Estudos demonstraram que o SIV, com rapidez e de
forma seletiva, infecta e destroi as células T CD4" de memoria em poucos dias
de infecgéo. Este evento resulta na perda da maioria das células T CD4" CCR5"
funcionais do corpo. O maior foco de destruicdo sao os tecidos de mucosa, onde
a maioria das células T expressa CD4 e CCR5 (com um fendtipo de memdria) —
receptores para a fusdao e entrada do HIV. Embora a literatura tenha relatos
prévios da perda acentuada de células T CD4" CCR5" de memoria em macacos
infectados pelo SIV, o mais importante dos estudos mais recentes é a descricéo
da infecgdo seletiva dessas células. Assim sendo, estes achados sugerem que
essas células sdo mortas diretamente por destruicdo mediada pela infec¢ao
pelos virus [192, 193].

Os estudos de Mattapallil e cols. [194] e de Li e cols. [195], evidenciam
que a infecgdo direta das células T CD4" de memdria é o principal mecanismo
responsavel pela perda dessas células em individuos infectados pelo SIV, ao

menos na fase de infecgdo primaria. Uma das possiveis consequéncias é que
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aparentemente a infeccao por SIV elimina essencialmente a resposta de células
T CD4" de memoria ao SIV e a outros potenciais patdgenos infecciosos
oportunistas em poucos dias, e ndo em anos de infecgao. Estudos em primatas
nao humanos demonstraram claramente que infecgdes oportunistas subclinicas
ocorrem em hospedeiros recentemente infectados. A luz destas observacdes,
alguns autores defendem que seria importante comecar o tratamento anti-
retroviral o mais cedo possivel, objetivando preservar a arquitetura celular,
principalmente no intestino e tecidos de mucosa. A introdugcdo da terapia em
fase bastante inicial da infeccido de SIV em macacos e do HIV em individuos
recentemente infectados, resultou em uma acentuada melhora nos resultados
obtidos na restauracdo do “pool” de células T CD4" intestinais (embora a
restauracdo nao tenha sido completa) quando comparada com individuos ou
macacos nos quais o inicio da terapia foi postergado [192].

Uma questdo que tem sido explorada é a dimensdo qualitativa da
resposta de células T, em relagdo ao seu impacto na patogénese da AIDS. Uma
mudanga na predominéancia de resposta do tipo 1 (Ty1) para o tipo 2 (Th2) e a
producdo das citocinas associadas podem estar relacionadas e até mesmo
facilitar a progressdo da infecgdo pelo HIV. Alguns estudos relatam que os
clones de linfocitos T2 e TH0 sdo mais permissivos para a replicacéo in vitro do
HIV, do que os clones de Ty1. Outros estudos indicam que a progressao para a
doenca associa-se com o aumento da secreg¢ao de IL-10, citocina caracteristica
de resposta Ty2. A controvérsia sobre o papel do tipo de resposta Ty na
patogénese do HIV tem, entretanto, uma variavel importante que s&o as co-
infeccdes. A modulagao da resposta Ty2 por algumas doengas parasitarias pode
facilitar a replicagdo do HIV em individuos co-infectados .

O receptor de quimiocina CCR5 é expresso 8 vezes mais em células Ty1
do que em células Ty2, e 0 CXCR4 é expresso 4 vezes mais em células Ty2 do
que em células Ty1. Embora as células Ty2 suportem preferencialmente virus
X4 e Ty1 virus R5, eventualmente as cepas R5 podem se replicar melhor em
células Ty2 [196].
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O curso tipico da infecgao pelo HIV consiste em trés fases ou estagios:
infeccao primaria — fase aguda; laténcia clinica e AIDS [197].

O periodo correspondente a fase de infecgdo primaria € caracterizado
pelo desenvolvimento de uma sindrome viral aguda, que ocorre trés a seis
semanas apoés a infecgao e € observada em 50 a 70% dos individuos infectados.
Este periodo se caracteriza também por niveis elevados de viremia e ampla
disseminacgao do HIV, relacionada a produgao de virus, particularmente ao nivel
dos orgaos linfoides. A replicacdo viral durante a fase primaria conduz
inicialmente a ativacado de resposta imune mediada por células, com o aumento
do numero de: linfocitos T CD8" ativados que expressam CD38, CD45RO, e
HLA-DR; aumento do numero de células NK; elevadas concentragdes de
marcadores imunes, CD8 soluvel (sCD8), receptor tipo Il soluvel de TNF (sTNF
— RII), neopterina e CD30 soluvel (sCD30) no sangue, além do aumento da
concentragao de IFN-y, TNF-a e IL-1[3. De forma marcante o aumento inicial de
secrecdo de IFN-y tem sido relacionado com a expansao oligoclonal de células
T CD8", sendo o aspecto dominante na resposta imune & infecgdo primaria. Esta
resposta imune celular é tardiamente (um intervalo de tempo que varia de uma
semana a trés meses) acompanhada pelo desenvolvimento da resposta
humoral, e a emergéncia desta imunidade especifica esta associada a um
declinio dramatico da viremia e dos niveis elevados dos marcadores
imunoldgicos supra-citados; a infecgao entra na fase crénica [198].

A segunda fase caracteriza-se por ser um periodo de laténcia clinica que
geralmente dura alguns anos. Apesar da auséncia de sintomas ou sinais clinicos
observada nesta etapa, a doenga € ativa, como indicado pela replicacédo viral
persistente nos orgéos linféides e pela perda progressiva de células T CD4", que
constitui a principal manifestagdo da deterioracdo gradual do sistema imune em
curso nos individuos infectados [197].

Durante a fase cronica, um elevado numero de linfocitos CD8" ativados
esta presente no sangue periférico, expressando CD38, HLA-DR, CD57 e CD71;
desenvolvendo importante papel na resposta antiviral. Os linfocitos T CD4"

embora estejam numericamente diminuidos, se encontram ativados e uma
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proporgao significativa expressa HLA-DR e CD25. Niveis aumentados de CD71
sdo detectados nos linfocitos B no sangue periférico e ha acréscimo na
producdo de imunoglobulinas G e M [198].

A concentragéo de citocinas e de marcadores de ativagao imune soluveis
no plasma se encontram elevados e estaveis quando mensurados de forma
seriada ao longo de meses ou anos, sendo correlacionado com os achados
plasmaticos de carga viral (também estaveis) no inicio da fase assintomatica.
Entretanto, com a progressado da doenca, concentracées aumentadas de sCD8,
sCD14, TNF—a e neopterina no soro refletem a ativagédo dos linfocitos CD8" e
macrofagos, respectivamente. Concentragdes elevadas de uma variedade de
marcadores imunoldgicos soluveis no soro estao relacionados a progressao para
a doenga em individuos infectados pelo HIV; entre eles estdo a neopterina, 32-
microglobulina, STNF-RIlI e sCD25. A maior ativagdo imune geralmente precede
o ponto de inflexdo dos niveis de linfécitos T CD4" e aumento da carga viral,
dando suporte a hipotese de que a ativacdo imune € o mecanismo, e nao
simplesmente uma consequéncia da patogénese do HIV. De fato, o aumento da
ativacao imune determinado pelo fendétipo dos linfocitos ou pela quantificagcao
dos marcadores imunoldgicos soluveis, estd associado a uma menor sobrevida.
De forma mais marcante, no estagio mais avangado da doenca, a sobrevida esta
antes associada a expressao de CD38 nos linfécitos T do que a carga viral
plasmatica ou receptor de quimiocina utilizado [198].

A consequéncia inevitavel da progressiva deteriorizagdo do sistema
imune que ocorre em muitos individuos infectados pelo HIV é a doenca
clinicamente aparente ou AIDS, que inclui sinais e sintomas persistentes e
severos de debilitagdo orgéanica, além de infecgdes oportunistas. A profunda
imunossupressao que ocorre durante essa fase da infecgéo pelo HIV é o estagio
final dos eventos imunopatogénicos que tiveram inicio na infeccdo primaria,
quando o virus se disseminou e se replicou nos orgaos linféides, como uma
continuagdo do processo infeccioso durante anos através do estagio

clinicamente latente, mas biologicamente ativo da infecgéo [199].
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Podem-se obervar pelo menos quatro perfis distintos entre os individuos
infectados pelo HIV na sua progresséo para a AIDS [197]. A maioria deles (70%
a 80%), denominados progressores tipicos, progride para a AIDS em 8 a dez
anos, tendo um longo periodo de laténcia (seis a oito anos). Uma pequena
porcentagem de individuos progride para a AIDS em um periodo de tempo
similar ao dos progressores tipicos, mas para estes os parametros clinicos e
laboratoriais permanencem estaveis por um longo periodo de tempo, cabendo-
Ihes a denominagdo de sobreviventes de longo prazo. Uma porcentagem
significativa (10% a 15%) constituida pelos progressores rapidos, apresenta uma
progressao para AIDS em um espacgo de tempo relativamente curto, que varia
de dois a trés anos, devido a maior brevidade do periodo de laténcia clinica ou
até mesmo a auséncia deste. Um pequeno subconjunto de individuos que se
refere como HIV-1 a longo prazo nao-progressores (LTNPs), sdo um grupo de
HIV-1 soropositivos que nunca se valeram da terapia antirretroviral e
permaneceram infectados com HIV-1 por varios anos - em alguns casos, até 20-
25 anos [200] (figura 9).
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Figura 9: Esquema ilustrativo da viremia e contagem de linfocitos TCD4+ em individuos
infectados pelo HIV-1 na auséncia de terapia antiretroviral — diferengas entre progressores
tipicos, rapidos e LTNPs. Fonte: [201]
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Este grupo corresponde a 2-5% de todos os individuos soropositivos para
o HIV [202]. Ao longo do curso da infecgdo, os LTNPs mantém baixo nivel de
viremia e niveis de linfocitos TCD4" elevados, em contraste com os
progressores rapidos. Habitualmente, na patogénese do HIV-1, a infecgéo
crbnica assintomatica pode se estender por 3-20 anos, dependendo da
progressao da doenga em cada individuo [203]. Os LTNPs mantém entre 5.000
e 15.000 copias de RNA/mI durante o curso de sua infec¢do com a maioria
registrando menos de 10.000 cépias/ml e muitos tendo 5-20 coépias/ml [200,
204]. Estudos recentes tém mostrado LTNPs com carga viral indetectavel,
controlando a infecgdo por 1-2 anos [202, 205]. Um pequeno subconjunto de
LTNPs (aproximadamente 1%) sdo chamados de controladores de elite ou
supressores de elite. Nestes individuos sdo observados niveis indetectaveis de
RNA viral (<50 coépias/ml) por um periodo indeterminado de tempo que poderia
ser por meses ao invés de anos [206, 207]. Estima-se que cerca de 1 em 300
pessoas infectadas pelo HIV preenchem os critérios para ser um controlador de
elite. Uma coorte de 4.586 individuos infectados pelo HIV com acompanhamento
desde 1986, mostrou que 0,55% sao ECs [202, 208]. Em comparacéo, 3,32% e
2,04% de individuos da mesma coorte foram classificados como LTNPs com
células T CD4+ maiores que 500 células/ml durante 7 e 10 anos de seguimento,
respectivamente [202]. Embora a maioria dos LTNPs tenham contagens de
células TCD4" dentro da normalidade, estes individuos podem sofrer varias
infeccbes oportunistas e apresentarem imunodeficiéncia, como resultado da
deplecédo de CD4 + células T [204]. Alguns estudos tém demonstrado que cepas
de virus de LTNPs sdo menos evoluidas e, portanto, teriam menor capacidade
de escapar da resposta imunoldgica do hospedeiro, quando comparado com
cepas de progressores [209, 210]. No primeiro estudo para sequenciar o
genoma completo do HIV-1 de controladores de elite (N=4), Blankson et al. [211]
encontraram mutagdes menores que nao afetam a fungao dos genes do HIV-1 e,
portanto, ndao poderiam explicar a supressao. Além disso, todos os isolados

virais permaneciam com seu potencial de replicacdo e foram capazes de crescer
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normalmente em linfoblastos CD4*. Em um experimento subsequente [212], os
pesquisadores sequenciaram os isolados virais de um dos controladores de
elite, antes e depois da descoberta virologica, a fim de determinar se quaisquer
mutacbes estavam associadas com sua ndo-progressdo a doenca. Eles
descobriram que foram mantidas as mesmas mutagdes detectaveis em todos os
momentos, o que demonstra que suas mutacdes ndo explicam uma mecanismo
de controle de infeccdo e que outros mecanismos devem desempenhar um

papel no seu controle a longo prazo de infecgao.

1.10 — Deteccao de individuos recentemente infectados pelo HIV:

A prevaléncia de infeccdo pelo HIV pode ser mensurada pelos ensaios
soroldgicos classicos, entretanto a estimativa de incidéncia tem sido de dificil
obtencdo. As variagdes na prevaléncia em um contexto de acesso nao refletem
a dindmica mais recente da disseminagao, o que enfatiza a importancia de se
estimar a incidéncia [213, 214].

No desenho classico, a incidéncia de infeccao pelo HIV é mensurada
prospectivamente pelo seguimento de um grupo de individuos soronegativos,
realizando retestagem periddica ao longo do tempo. Estudos de coortes
prospectivas sdo de dificil conducao, podendo apresentar tendenciosidade no
recrutamento e seguimento e tém custo elevado. A adesao a coorte, 0 processo
envolvendo o consentimento e o aconselhamento visando reducido de riscos,
resultam em estimativas de incidéncia menores, do que a incidéncia efetiva, ou
seja, fornecem uma incidéncia subestimada [215]. Os estudos envolvendo
coortes nao permitem uma amostragem representativa da populagado em geral, o
que é essencial para estimativas regionais e/ou nacionais [216].

Wiliams e cols. descreveram um meétodo estatistico baseado em dados
de prevaléncia para estimar a incidéncia a partir de certos pressupostos sobre
as taxas de crescimento da epidemia e de mortalidade por AIDS [217]. Esta

metodologia pode ser util na auséncia de outras alternativas, entretanto, ndo é o
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mais adequado em locais onde existam intervengdes relevante de prevencao,
incluindo a expansao na oferta de terapia anti-retroviral [216].

Nos ultimos anos algumas metodologias laboratoriais tém sido
desenvolvidas visando detectar, de forma especifica, infec¢des recentes, tanto
no periodo pré-soroconversdo como no periodo pés-soroconversido. Amostras
oriundas de estudos seccionais como, por exemplo, as coletadas visando a
vigilancia da infecgado e determinacédo de prevaléncia, podem ser utilizadas com
esse proposito [216].

O periodo entre a infeccdo e o aparecimento de anticorpos especificos
anti-HIV é conhecido como fase de infecgdo aguda. A duracédo desta fase
(comumente denominada de janela imunoldgica) € breve (cerca de 10 a 20
dias), o que exige habitualmente grandes casuisticas para sua eventual
deteccdo. Indica-se esta estratégia para individuos soronegativos com
exposigao recente a situagdes de risco. Em anos recentes, os bancos de sangue
tém introduzido testes que visam cobrir esta fase da infecgéo, objetivando um
controle mais apurado na triagem de sangue e seus produtos. Metodologias
moleculares e de detecgéo de antigenos especificos sdo empregadas nesta fase
(RNA HIV — 1 ou Ag p24) [218-221]. Estes testes sdo tecnicamente mais
complexos e de custo mais elevado, o que limita sua implementagcao em larga
escala [216] e, eventualmente, podem n&o ter sensibilidade suficiente [222].

Alguns testes foram desenvolvidos ou avaliados para a testagem em
individuos soropositivos visando a deteccdo de infeccdo recente. O reduzido
numero de amostras testadas (somente as soropositivas), menor necessidade
tecnolégica e expertise técnica, fazem destes métodos opgdes mais adequadas
para a utilizagdo em paises com recursos limitados e/ou de amplo territorio. Em
1998, Janssen e cols. [223] descreveram uma modificagdo em um ensaio
sorologico comercial de primeira geragdo para diagnéstico (3A11, Abbott
Laboratories) visando a detecgcdo de soroconvertidos recentes. O ensaio foi
alterado na diluicdo da amostra e no tempo de incubagdo, com o objetivo de
diminuir sua sensibilidade (3A11-LS). Soroconvertidos recentes possuem titulos

mais baixos de anticorpos quando comparados aos que tém infeccdo de longo
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termo e sua infeccdo nao € evidenciada pelo 3A11-LS, enquanto os
soroconvertidos de longo termo possuem reatividade para ambos os ensaios.
Para a realizagdo do 3A11-LS é necessaria a utilizacdo de calibradores e
controles adicionais para determinagdo do ponto de corte e monitoramento da
performance do ensaio, uma vez que se trata de um teste originalmente
qualitativo. Estudos com amostras sucessivas de soroconvertores sugerem que
a “‘janela” assim obtida é de cerca de 129 dias (109-149 dias, 95% IC) para
individuos infectados com o subtipo B do HIV-1. Os CDC desenvolveram e
distribuiram estes reagentes para alguns laboratérios. O fabricante interrompeu
a fabricagéo deste teste, e um segundo teste comercial (Vironostika HIV — 1 EIA,
Organon Teknika) foi modificado de modo similar (Vironostika LS—EIA) [224] e
tem sido utilizado para a detecg¢ao de infecgao recente [225-228].

Ao longo do tempo, cresceu o interesse de implementar estes dois testes
menos sensiveis em outras regides do mundo. Entretanto, dois estudos
demonstraram que tanto o 3A11-LS como o Vironostika LS—EIA tinham
diferentes “janelas” para os subtipos B e E, em populacdes testadas na Tailandia
[226, 229]. O maior periodo de janela obtido para os individuos infectados pelo
subtipo E, foi atribuido a utilizagdo de derivados antigénicos do subtipo B nestes
ensaios. A presenga de dois ou mais subtipos em diversas partes do mundo e a
crescente diversidade viral, a utilizagado destes testes ndo se mostra adequada
para estimar incidéncia. Alguns estudos foram conduzidos na Africa [228] e na
Asia [230], todavia a acuracia destas estimativas tém sido questionadas. Apesar
da importancia de estimar a incidéncia de infeccdo por HIV, estes ensaios
menos sensiveis ndo foram implementados amplamente em outras partes do
mundo em funcdo dos multiplos subtipos circulantes e das dificuldades de
interpretacéo dos dados obtidos [216].

A pouca disponibilidade e as limitagcbes dos ensaios menos sensiveis
motivaram muitos laboratoérios a investir em uma abordagem alternativa para a
deteccao de infecgdes recentes [226, 231, 232]. Baseado no desenvolvimento
da resposta imune humoral, alguns ensaios utilizando diferentes estratégias

foram implementados para: determinados epitopos ou respostas antigeno-
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especificas; avidez/afinidade de anticorpos e quantidade de anticorpos no soro
[216].

Entre outros testes desenvolvidos para avaliar a infecgdo pelo HIV
recentes, o teste de avidez tem uma abordagem qualitativa em que: o
tratamento anti-retroviral, a baixa contagem de células CD4", a baixa carga viral
bem como seu uso em locais onde subtipos ndo B do HIV-1 tém sido
observadas néo tiveram efeito aparente sobre o indice de avidez (Al) [232, 233].

Parekh e cols. [234] desenvolveram um ensaio imunoenzimatico de
captura competitivo (BED-CEIA, Calypte), o qual mede, de forma indireta, o
incremento na proporgdo de anticorpos anti-HIV da classe IgG na amostra
estudada. A inclusdo de um peptideo sintético quimérico ramificado de regiao
imunodominante da gp41 de alguns subtipos (B, E e D) visa minimizar os
problemas vivenciados com os testes menos sensiveis. Apds o relato de
preocupag¢des emergentes relacionadas com cenarios de alta prevaléncia do
HIV e da diversidade viral [235], duas estratégias de corregao/fatores foram
propostos para minimizar a superestimacao das taxas de incidéncia usando o
teste BED-CEIA [236, 237]. A aplicacdo destes fatores de correccédo tem sido
discutida [238-243] e mais recentemente o grupo de trabalho técnico sobre
ensaios de incidéncia em HIV da Organizacdo Mundial de Saude publicou um
documento com as recomendagdes e os pontos criticos para a avaliagao de

incidencia do HIV-1 ao nivel populacional [244].
1.11 — Resisténcia aos antiretrovirais:

Resisténcia as drogas antirretrovirais (HIVDR) se refere a capacidade do
virus de suportar os efeitos de determinada droga antirretroviral (ART), que tem
como objetivo evitar a sua replicagdo. Os virus resistentes a droga continuam a
replicar-se na presenga da droga para a qual eles se tornaram resistente. Como
consequéncia da expansado da terapia, o surgimento de HIVDR é inevitavel.
Durante a ultima década, o acesso aos ART que visam inibir a replicagao do HIV
tem aumentado dramaticamente em paises de baixa e média renda. A partir de

dados preliminares, estima-se que mais de 6 milhdes de pessoas estavam
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recebendo ART nesses paises no final de 2010, em comparagdo com apenas
400.000 no final de 2003. O conhecimento insuficiente entre pacientes e
profissionais de saude, a adesdo sub-6tima aos regimes de tratamento, e
mecanismos de acompanhamento do paciente inadequados estdo entre os
muitos fatores que levam ao fracasso do tratamento e, eventualmente, a
resisténcia as drogas. Se o paciente desenvolve resisténcia em seu regime de
primeira linha, a resposta terapéutica deixa de ser eficaz. A fim de manter o
controle virolégico, estes individuos precisam receber um tratamento de
segunda linha. Em 2010, em paises de baixa e média renda, os regimes de
tratamento de segunda linha eram, em média, pelo menos, seis vezes mais
caros do que o tratamento de primeira linha. Dessa forma a sustentabilidade
econdmica dos programas de tratamento dependem da manutencdo de niveis
de resisténcia os mais baixos possiveis [245].

A resisténcia aos medicamentos pode ser adquirida ou transmitida. E
adquirida em pacientes nos quais a replicagado do virus em curso ocorre quando
da terapia antiviral abaixo do ideal. Embora a terapia antiviral subétima seja uma
consequéncia da insuficiéncia de drogas ativas, em geral é resultado de
interrupcbes no tratamento ou de adesdo incompleta. Estima-se que a
resisténcia as drogas transmitida, seja responsavel por cerca de 15% das novas
infec¢des nos EUA [246], 10% na Europa [247], 5% na América do Sul e Central,
e menos de 5% na maior parte da Africa Subsaariana e no Sul e Sudeste da
Asia [248, 249].

Combinacdées de drogas ART sao eficazes no tratamento do HIV,
independentemente do subtipo viral. No entanto, o nivel de resisténcia aos anti-
retrovirais difere entre as variantes do HIV. Até o momento, temos um
conhecimento limitado sobre as mutagdes de resisténcia em subtipos ndo-B do
HIV-1 e sua relevancia clinica, apesar de que mais de 90% dos pacientes com
HIV-1 em todo o mundo estdo infectados por variantes de subtipos (ou formas
recombinantes) ndo B do HIV-1. A maioria dos dados sobre resisténcia sado de
infecgbes pelo subtipo B nos paises desenvolvidos. Dados enzimaticos e

virolégicos indicam que polimorfismos que ocorrem naturalmente entre
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diferentes subtipos do HIV podem influenciar a suscetibilidade dos ART ao HIV-1
e a propensao para adquirir certas mutacdes que conferem resisténcia. Além
disso, vias de resisténcia as drogas em diferentes subtipos podem determinar
resisténcia cruzada e o uso potencial de regimes de segunda linha especificos.
O potencial genético para produzir diferengas entre os subtipos nos padroes de
mutacdes que conferem resisténcia € suportado por uma variacdo natural entre
o conteudo genético dos subtipos de HIV- variagdo que chega a 40% em env e
8 a 10% em pol e gag. Esta questdo adquire especial relevancia tendo em vista
o fato de que o pol codifica as enzimas transcriptase reversa, protease e
integrase, que sao os principais alvos da terapia antirretroviral [250].

Dados bioquimicos e virologicos indicam que a variagdo natural nos
aminoacidos pode afetar a magnitude da resisténcia conferida por certas
mutacgdes [251]. Como exemplo, os virus relacionados ao tipo 2 (HIV-2) e virus
do grupo O do HIV-1 mostram alto nivel de resisténcia inata a alguns inibidores
da transcriptase reversa ndo nucleosideos (ITRNNs) como resultado de
mutacdes na transcriptase reversa que estdo presentes como polimorfismos
naturais [252, 253]. Além disso, as diferencas de nucleotideos entre os subtipos
definem o numero de transigdes ou transversdes necessarias para desenvolver
a resisténcia a diferentes classes de ART, podendo afetar a barreira genética
para resisténcia [254, 255].

Atualmente as classes de drogas utilizadas na pratica clinica sao seis:
Inibidores da Transcriptase Reversa Analogos de Nucleosideos (ITRNs), os
Inibidores da Transcriptase Reversa Nao Analogos de Nucleosideos (ITRNNSs),
os Inibidores da Protease (IPs), os Inibidores da Integrase (INIs), os Inibidores
da Fuséo (IFs) e por fim os Inibidores de CCRS.

Os ITRNs sao pro-farmacos que devem ser trifosforilados ou, no caso do
Tenofovir (TDF), difosforilado na sua forma ativa. Esta dependéncia de
fosforilagao intracelular complica a avaliacado in vitro da atividade dos ITRNs
porque a fosforilagdo ocorre em taxas diferentes em diferentes tipos de células e

leva a discrepancias entre a poténcia in vitro e in vivo dos ITRNs.
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Ha dois mecanismos bioquimicos de resisténcia aos ITRNs que sao
causados principalmente por mutagdes na regido N-terminal que codifica a
transcriptase reversa da polimerase do HIV-1. Um mecanismo é mediado por
mutagdes que reduzem a afinidade da RT para um ITRN, impedindo a sua
adicdo a cadeia de DNA [256]. Outro mecanismo é mediado por mutagdes que
favorecem a remocao hidrolitica de um ITRN que foi incorporado a cadeia
primaria do HIV-1 [257, 258].

Os ITRNNs inibem a RT do HIV-1 alostericamente pela ligacdo a uma
porcao hidrofdbica préoxima ao sitio ativo da enzima. Esta porgcéo de ligagao é
bem menos conservada do que o sitio ativo da enzima de ligagcdo de dNTP.
Como resultado, entre os isolados do grupo M ha uma maior variabilidade em
sua suscetibilidade a ITRNNs do que aos ITRNs [259]. Os ITRNs e os ITRNNs
sdo usualmente sinérgicos. Varias mutagbes que conferem resisténcia aos
ITRNNs aumentam a susceptibilidade a determinados ITRNs [260] e varias
mutacdes de resisténcia aos ITRNs aumentam a susceptibilidade aos ITRNNs
[261, 262].

Mais de 80 mutagdes nao-polimdrficas aos IPs tém sido relatadas [263]. A
maioria destas contribui para uma menor susceptibilidade in vitro a um ou mais
IPs [264, 265]. As figuras 10, 11 e 12 descrevem a relacdo das mutagdes

relacionadas a resistencia aos ART para ITRNs, ITRNNs e IPs, respectivamente.
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Mutagoes no gene da Transcriptase Reversa associadas com resisténcia aos ITRNs

Resisténcia multipla aos ITRNs: insersdao do complexo 69 (afeta todos os ITRNs)

" A ¥ K L1k
41 7] 69 70 210 215 219
L v Insert R w Y a
Resisténcia multipla aos ITRNs: complexo 151 (afeta todos os ITRNs menos o Tenofovir)
A Cov N [ '
| 62 75 17 116 151 |
[ [ Y M

Resisténcia multipla aos ITRNs: Mutagées associadas aos analogos de Timidina (afeta todos os ITRNs)

M 8] [ L | K
a 67 70 210 215 219 |
L N R w Y o
F E
4 L ¥ M
Abacavirts [ 74 115 184
R v F v
4 L
Didanosingsh 65 74
R v
4 M
Emtricitabine 65 184
R v

B
=

Lamivudine 65 184

=
-

M (] 4 LT K
Stavudinedeaiit 49 65 67 70 210 215 219
L R N R W Y @
F E

4 4

Tenafowvir! 65 70

R E
] i} 4 LT K
Zidovudined=it 41 67 70 10 215 219
L N R WY @
F E

Figura 10: Esquema ilustrativo das mutacdes do gene da Transcriptase Reversa associadas com

resisténcia aos ITRNs. Adaptado a partir de: [266].

Mutagdes no gene da Transcriptase Reversa associadas com resisténcia aos ITRNNs
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Figura 11: Esquema ilustrativo das muta¢des do gene da Transcriptase Reversa associadas com
resisténcia aos ITRNNs. Adaptado a partir de: [266].
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Mutagoes no gene da Protease associadas com resisténcia aos IPs
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Figura 12: Esquema ilustrativo das mutacdes do gene da Protease associadas com resisténcia
aos IPs. Adaptado a partir de: [266].

1.12 — Resisténcia Primaria (transmitida) aos Antirretrovirais:

Apesar dos avancos na terapia antirretroviral que revolucionaram o
manejo do HIV e o controle de epidemias regionais [267-269], a resisténcia aos
antirretrovirais surgiu em todas as localidades em que tais drogas foram usadas.
A resisténcia primaria representa um desafio para o controle do HIV-1 por

reduzir a eficacia da terapia anti-retroviral de primeira linha e afetar os resultados
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clinicos. Dados de todo o mundo que estimam a prevaléncia de resisténcia
antirretroviral evidenciam a resisténcia antirretroviral ao longo dos anos [270-
273]. O Brasil € um pais que desde 1996 ha uma politica de acesso universal a
terapia antiretroviral altamente ativa (HAART), com mais de 200.000 individuos
infectados pelo HIV-1 em tratamento hoje em dia [274, 275] e a primeira
pesquisa brasileira sobre a taxa de resisténcia primaria as drogas foi publicada
em 1999 [276]. Depois de uma década, foram realizados estudos regionais [187,
277-282] e nacionais [175, 275, 283, 284], sendo possivel detectar de forma
geral um incremento na prevaléncia da resisténcia primaria as drogas
antirretrovirais; o que faz emergir a necessidade de um maior debate sobre a
necessidade da realizagao do teste de genotipagem antes do inicio da terapia
antiretroviral [285].
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2 — Justificativa

A diferenciacdo de individuos recém infectados virus HIV daqueles
infectados de longa data € dificil, porém extremamente importante para a
estimativa da incidéncia, aprimorando as estratégias de acompanhamento
clinico e preventivo. Estudos de pacientes com infecgao recente séo ferramentas
Uteis para a verificagao da eficacia de politicas publicas de controle da pandemia
e funcionam como sinalizadores de controle epidemiolégico, podendo ser um
indicador precoce na deteccdo de uma eventual variacdo nos padrdes de
disseminagao nas populagdes afetadas [286]. Além de ser uma ferramenta da
epidemiologia, a facilidade de execugdo técnica, o relativo baixo custo e o fato
de ndo exigir nenhum outro recurso tecnolégico além do necessario para a
realizacdo dos testes de triagem credencia a sorologia para a identificacdo de
amostras de individuos recentemente infectados pelo HIV-1 como procedimento
eletivo para a utilizacdo em larga escala, podendo ser utilizado por varios
centros em nosso pais, contribuindo assim para um melhor entendimento e
vigilancia desta pandemia em nosso meio.

A vigilancia em relagdo a diversidade viral e a resisténcia primaria em
nosso meio pode ser favoravelmente impactada com a identificacdo de amostras
de individuos recentemente infectados, pois possibilita avaliar com maior
acuracia as tendéncias mais recentes da epidemia. Até o momento, a maioria
dos estudos em nosso meio avaliou a totalidade das amostras sem levar em
consideracao o periodo de transmissao destas cepas e/ou analisou populacdes
especificas em estudos seccionais; o que dificulta a comparagdo ao longo do
tempo. Diante desta caréncia de dados que possam ser melhor comparados em
diferentes populagdes, nossa proposta € identificar individuos com infecgao
recente pelo HIV-1 e estudar as taxas de prevaléncia e incidéncia estimadas,
levando em conta as variaveis socio-demograficas, assim como a analise da
diversidade e resisténcia primaria aos antiretrovirais ao longo do tempo nas
populagcdes que buscam testagem em quatro CTAs de diferentes cidades da
regido metropolitana do Rio de Janeiro por um periodo continuo de trés anos.
No decorrer deste trabalho a literatura apontou para a importancia da
associacao de metodologias visando o aumento da especificidade na detecgao
dos casos recentes de infec¢ao pelo HIV-1, o que nos levou a realizagdo de um
estudo comparativo entre dois métodos com vistas a proposi¢cédo de um algoritmo
de analise.

46



3 — Objetivos

3.1 — Objetivos Gerais

1) Identificar em centros de testagem e aconselhamento individuos

recentemente infectados pelo HIV.

2) Comparar os aspectos bioldgicos e de resisténcia do HIV-1 entre os
individuos recentemente infectados e os cronicamente infectados ao longo do

estudo

3.2 - Objetivos Especificos

1) Determinar a prevaléncia e a incidéncia da infecgdo por HIV na populacao

estudada.

2) Comparar a prevaléncia e a incidéncia da infeccdo por HIV ao longo do

estudo.

3) Caracterizar o perfil socio-demografico na populacdo estudada (casos

incidentes, prevalentes).

4) Comparar diferentes métodos soroldgicos para a caracterizagdo de infecgao

recente por HIV-1.
5) Propor um algoritmo visando uma melhora da especificidade na identificagdo

de individuos com infeccao recente pelo HIV-1 a partir de métodos soroldgicos e

marcadores imunoldgicos especificos e ndo especificos.
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6) Determinar a frequéncia dos subtipos de HIV-1 e de genomas recombinantes
nos casos de infecgdo recente frente a uma amostragem dos individuos

soropositivos de longo termo.

7) Determinar a freqléncia de resisténcia primaria aos antiretrovirais nos casos
de infecgéo recente frente a uma amostragem dos individuos soropositivos de

longo termo.

8) Avaliar a reatividade e a avidez de anticorpos através do uso de métodos de
identificagdo de infecgao recente pelo HIV-1, em individuos com perfis distintos
de progressédo para a AIDS, incluindo individuos ndo progressores de longo

termo.
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4 — Artigo 1

“Prevalence, estimated HIV-1 incidence and viral diversity among people
seeking voluntary counseling and testing services in Rio de Janeiro,

Brazil.”

Este artigo se relaciona com os objetivos especificos 1 e 6 e foi publicado
no periodico BMC Infection Disease. 2010 Jul 28;10:224.

1) Determinar a prevaléncia e a incidéncia da infeccdo por HIV na

populagao estudada (primeiro ano do estudo);

6) Determinar a frequéncia dos subtipos de HIV-1 e de genomas
recombinantes nos casos de infeccdo recente frente a uma
amostragem dos individuos soropositivos de longo termo (primeiro

ano do estudo).
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Abstract

Background: BED-EIA HIV-1 Inddence Test (BED-CEIA) has been described as a tool to discriminate recent (RS)
from long-term (LT5) seroconversion of HIV-1 infection, contributing to a better understanding of the dynamics of
the HIV/AIDS epidemic over time. This study determined the prevalence, estimated incidence and HIV-1 subtype
infection among Individuals seeking testing in Voluntary Counseling and Testing centers (VCTs) from Rio de
Janeiro, Brazil.

Methods: Demographics and behavioral data were obtained from 434 individuals, diagnosed as HIV-positive
among 9,008 volunteers screened from November 2004 to October 2005 In three VCTs located in the Rio de
Janeiro Metropolitan area, Brazil. BED-CEIA protocol was performed to identify RS, DNA samples from RS and a
subset of LTS (under a proportion of 1:32) were selected for gp120 €23 and pol (protease and reverse
transcriptase) regions genomic sequencing.

Results: Overall HIV-1 prevalence was 4.8%, Sixty-one of 434 seropositive individuals were dassified as RS,
corresponding to an incidence rate of 1.68%/vear (95%C1 1.26% -2.10%). Estimated incidence between Men Who
Have Sex with Men (M5M) was 11 times higher than among heterosexual men and 55% of the new cases were
identified in volunteers aged 25-40 years. A similar distribution of different HIV-1 subtypes was found among RS
and LTS.

Conclusions: Our data suggest that prevention for MSM remains a challenge and efforts focusing on prevention
targeting this population should be prioritized. No significant changes in HIV-1 subtypes were cbserved among the
RS and LTS subgroups. One case of HIV-1 AUK {pol)/A (env) recombinant genome was detected for the first time
in Brazil,

Background

The HIV pandemic continues to spread unabated, with
about 33.4 million people living with HIV worldwide.
Globally, approximately 2.7 million new infections are
believed to occur in 2008 [1]. Hosting the largest HIV-1
infected population in Latin America, Brazil has a com-
plex HIV-1 epidemic characterized by an increase of
women participation over time, a pronounced decrease

* Comespondence: mimong ado@iocfiocnz br
TLaboratério de AIDS & Imunologia Malecular, Institute Oswaldo Cnz,
Fundagio Oswaldo Cnz, Rio de Janeino, Brasll

() Biomed Centra

among injecting drug users and persisting high-risk
behaviors and a higher proportion of new infections
among gay and bisexual men [2]. Approximately
620,000 individuals aged 15 to 49 years old are esti-
mated to be infected with HIV in Brazil. According to
the former National AIDS Program (recently renamed
as the Department of STD, AIDS and Viral hepatitis)
544,846 AIDS cases were reported from 1980 to June
2009. Rio de Janeiro is the second Brazilian state in
terms of number of reported AIDS cases, corresponding
to 14% of the overall national AIDS cases [3]. Sentinel

@ 2010 de Castra et ab ficenses BloMed Central Lid. This is an Open Access atide distriibuted under the terms of the Creative
Commate Atribution Licenss hitpfoeativecommonsong/licenses/bw 2.0, which penmits. unrestricted use, distribution, and
repraduction in any medium, provided the arginal work is property cited.
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studies in pregnant women estimate an overall preva-
lence of HIV-1 infection of 0.61% [4]. Serology for HIV
infection is available at no cost in the Voluntary Coun-
seling and Testing centers VCTs) all over the country,
where the volunteers have full access to prevention
activities and individual counseling,

In Brazil, twenty years ago, facilities offering voluntary
counseling and testing {VCT) at not cost at the point of
delivery were established as a key strategy to promote
the access of the Brazilian population to early diagnosis
and prevention of HIV and others sexually transmitted
diseases (STDs) and to stimulate agile referral to treat-
ment. Such VCT centers became a central piece of Bra-
zil's initiative to curb the epidemic over the years and
nowadays comprise a comprehensive network of aver
380 public health facilities spread all over the country.
In cities with VCT centers, the number of HIV tests per
1,000 people is 2.4 times higher than in the localities
where there is no VCT center. At present, in Rio de
Janeiro state, 13 VCT centers are fully operative - eight
of them located in the metropolitan area [5].

In order to better understand recent epidemiological
trends in HIV transmission it is key to estimate inci-
dence and to assess viral diversity among recently
infected individuals. Serological differentiation between
recent (RS) and long-term seroconverters (LTS) has
been described as a powerful tool to track the trends of
the HIV/AIDS epidemic [6]. A variety of approaches
have been described over time [7,8]. One of those assays
is based on the capture and detection of increasing pro-
portions of HIV-1 IgG in the serum over the time
(BED-CEIA) that uses a branched peptide based on
gpdl of B, D and E HIV-1 subtypes [9,10]. Due to some
concerns that have emerged in scenarios with high HIV
prevalence and/or viral diversity [11], two correction
strategies/factors were proposed to minimize the puta-
tive overestimation of incidence rates using BED-CEIA.
One of them proposes the exclusion of certain speci-
mens on clinical grounds, by relying on trend differ-
ences rather than absolute incidence estimates, using
secondary confirmatory testing or adjustments for mis-
classification [12]. The second correction factor adjusts
the findings in order to avoid misclassification of sub-
type C infected individuals [13].

Brazil is a huge country presenting heterogeneous
HIV/AIDS epidemiological trends [3] and virological
scenarios, with distinct HIV-1 subtypes and recombinant
infections [14] in different regions and/or population
strata. The aim of this study was to assess the preva-
lence and to estimate incidence of HIV-1 infection
among individuals seeking HIV testing in VCT centers
located in the Rio de Janeiro Metropolitan area, as well
as to track HIV diversity among RS and LTS over time.
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Methods

Study Population

Frozen sera collected from a consecutive sample of indi-
viduals from November 2004 to Octaber 2005 (n =
9,008), recruited from three VCT centers located in
municipalities of Rio de Janeiro Metropolitan area were
analyzed in this study. The VCT centers were selected
based on their role as reference centers for people seek-
ing HIV testing at no cost in the Rio de Janeiro Metro-
politan area. These sites are the places where any
Brazilian citizen can be tested for HIV infection for free,
keeping anonymity if desired, with easy access, and in
the context of a welcoming environment. They are loca-
lized mainly in the outskirts of Rio de Janeira, which
corresponds to a catchments area of about 5 million
people, the vast majority of them from poor social
strata.

Demographic information was obtained from baseline
data collection forms, administered in private by trained
interviewers. Among the population studied, the records
provided information on gender, age and sexual orienta-
tion for all individuals. In 96.5% of HIV-1 seroreactive
individuals (419 of 434) it was possible to obtain addi-
tional information on testing such as: reasons for being
tested, previous testing, and presence of symptoms asso-
ciated to HIV/AIDS, as well as a history of risky injec-
tion behaviors. We should observe here that the
protocol of the present study did not interfere in any
sense with the routine procedures adopted by each one
of the VCT centers and in this sense allows for indivi-
duals the right to refuse to answer one or more gues-
tions they may consider as embarrassing or annoying.
Individuals were entitled to be counseled and tested, as
defined by the guidelines of the Brazilian Ministry of
Health (BMoH), irrespectively of their answers (or the
absence of answers) to the short standard form used as
a routine procedure in the VCT centers.

The present research protocol conformed to the Hel-
sinki Declaration and to the local legislation. Informed
consent was obtained from the participants and the
refusal to provide information perceived as sensitive
explicitly guaranteed by the study protocol. The study
was approved by the Oswaldo Cruz Foundation (FIO-
CRUZ) - Evandro Chagas Clinical Research Institute
Ethical Board, registration CAAE-0032.0.009.000-04.

Serological testing algorithm

With the goal of enabling this research protocol without
disturbing the routine procedures of the VCT centers,
two parallel blood tubes (BD Vacuntainer® ref. 367958)
were collected from each individual. One of them
remained in the VCT centers, in order to conduct the
standard serological testing and delivery of results with
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the corresponding post-test counseling, in accordance
with the Brazilian Ministry of Health (Ordinance N°59
of January 28, 2003). The second tube was sent to the
Laboratory of AIDS & Molecular Immunology, IOC
(FIOCRUZ), and then stored at -20°C until the delivery
of the results of the HIV testing. This strategy assured
the non-interference in the VCT center routine, as well
as the possibility to have 100% of the HIV seroreactive
samples viable to perform BED-CEIA methodology.
These samples were then thawed, aliquoted into sterile
microtubes and stored at -70°C for subsequent studies.
Two aliquots of serum and one aliquot containing the
blood clot were available for each HIV seroreactive
sample.

In order to identify recent HIV-1 infections, serum
samples reactive for HIV antibodies were subjected to
testing in vitro by a quantitative competitive capture
enzyme immunoassay (BED-CEIA), to determine the
proportion of anti-HIV-1 specific IgG in relation to the
total [gG, according to the manufacturer's instructions
[9]. Briefly, serum (or plasma) samples were added to
the wells of a microplate coated with anti-human IgG.
HIV specific and not specific 1gG molecules were cap-
tured on the solid phase, representing populations of
antibodies found in the sample. After the incubation
and washing protocol, a synthetic chimeric polypeptide
containing the HIV-1 immunodominant epitope of gptl
subtype B, E and D was added and incubated for one
hour at 37°C. At this stage the peptide bound to their
respective antibodies (anti-HIV-1 specific). After further
steps the reactions is revealed in the presence of TMB
(tetramethylbenzidine) and read using a spectrophot-
ometer (wavelength 450 nm). The color intensity
obtained in each sample is directly proportional to the
amount of specific anti-HIV-1 antibodies. The controls
(negative, low positive and high positive) (Calypte HIV-1
BED Incidence EIA) and calibrators are analyzed along
with samples. The criteria for validation of the test, defi-
nition of samples to confirm and set the time of infec-
tion were used in accordance with the instructions and
worksheet provided by the manufacturer [10]. Annual
HIV seroincidence and 95% confidence intervals {CIs)
were calculated on the basis of the BED-CEIA results,
using the 153-day window period and the seroincidence
formula described elsewhere [9,10]. Two correction stra-
tegies, here named CF1 [12] and CF2 [13] were further
applied.

DNA Extraction and PCR amplification of HIV-1 env and
pol regions

Proviral DNA was extracted from the blood clot using
the phenol/chloroform method [14]. The samples were
amplified for the gpl120 C2-V3 region using a nested
PCR protocol with ED5/ED12 and ED31/ED33
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oligonucleotide sets respectively as outer and inner pri-
mers [15], generating a fragment of approximately 564
bp. Similarly, for the pol gene we amplified a 1 Kb frag-
ment covering the protease (PR) and part of the reverse
transcriptase (RT) using the outer DP10/LR54 and inner
DP16/LR49 primer sets as previously described [16,17].
The samples were amplified in the thermocycler Gen-
eAmp* PCR System 9700 (Perkin Elmer - Norwalk,
USA) using the following conditions: 3 cycles at 97°C
for 1 minute, 55°C for 1 min, 72°C for 2 minutes. Thirty
two cycles at 94°C for 45 seg, 55°C for 1 minute, 72°C
for 2 minutes. Final cycle was performed at 72°C for 10
minutes. PCR products were visualized after electro-
phoresis in 1% agarose gels (Gibco/BRL, Life Technolo-
gies - USA) and purified (GFX™ PCR DNA and Gel
Band Purification Kit) following the manufacturer's pro-
tocol (Amersham Biosciences, GE Healthcare - UK).

DNA sequencing and Phylogenetic analyses
Purified PCR products corresponding to env and pol
regions were respectively submitted to automated
sequencing using the Big Dye Terminator Cycle
Sequencing Ready Reaction - ABI PRISM (Perkin
Elmer, Foster City, USA), according to manufacturer's
instructions. Fifty to 100 ng of amplified DNA were
used for sequencing reaction in both senses using the
env inner primers ED31 and ED33. For the pol region,
sequence reactions were performed using DP16 and
LR49 in addition to the RT12 and LR51 in order to
cover the whole fragment in both directions Seguencing
reactions were performed in the thermocycler Gen-
eAmp® PCR System 9700 (Perkin Elmer - Norwalk,
USA) using the following conditions: 25 cycles of 96°C
for 30 seconds, 50°C for 20 seconds and 60°C for 4
minutes. Each reaction product with a final volume of
20 pl was incubated for 15 min with 80 pl of 75% iso-
propanaol, followed by centrifugation, discarding of the
supemnatant and drying the precipitate in the thermaley-
cler at 70°C for about 10 minutes. The pellet was sus-
pended with 10 ul of Hi-Di Formamide, followed by a
shock of 5 minutes at 95°C and 1 minute on ice for
denaturation and placed on the ABI model 3100 DNA
Sequencer (Applied Biosystems, Foster City, CA).
Generated DNA sequences (sense and anti-sense) of
each sample were assembled using SeqMan, included
in the DNASTAR package [18]. Sequence electropher-
ograms obtained for the enmv C2-V3 and pol regions
were respectively aligned against a set of reference
strains from HIV-1 group M subtypes using CLUSTAL
X [19]. SIVcpz env C2V3 or pol sequences were used
as outgroup in both analyses. Gap stripping and minor
adjustments were manually performed. Phylogenetic
inferences were performed by the neighber-joining
algorithm using the program Mega 3.0 (Molecular
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Evolutionary Genetics Analysis, version 3.0), and
the reliability of the branches determined by analysis
of bootstrap calculated based on 100 re-samplings [20].
TREEVIEW [21] was used for visualization of the phy-
logenetic trees. Screening of pel recombinant forms
were assessed through the Rega HIV-1 Subtyping Tool
website [22] and further confirmed by bootscanning
analysis (sliding window of 400 bp, incremental
steps of 10 bases, and the Kimura two-parameter
model) as implemented in Simplot version 2 (Ray
S. Simplot v2.5.0 http://sray. med.som.jhmiedu/SCRoft-
ware/simplot/).

Data Analysis
Data were entered into contingency tables and analyzed
using chi-square or Fisher's exact test.

Results

Overall 9,008 persons were tested for HIV infection in
the three VCT centers. Men comprised 41.4% of the
tested population, of whom 10.7% (n = 399) referred to
have had sex with other men. Twenty-eight percent of
clients were younger than 25 years, 40.8% were 25-40
years old, and 31.2% were older than 40 years.

The overall prevalence of HIV infection was 4.8%,
higher for men compared to women (6.5% vs. 3.6%).
Prevalence was 6 times higher for MSM (24.8%) vis-a-
vis heterosexual men (4.3%). The age group more
affected was young adults aged 25 to 40 years old, with
a prevalence of 6.3% (Table 1). The major motivations
for testing could be obtained for the HIV seropositive

Table 1 Prevalence of HIV-1 infection in 9,008 individuals
screened in 3 VCTs of Rio de Janeiro state from
November 2004 to October 2005.

Variables (n) Seropositives P value
% Prevalence (n) 95%Confidence
Interval
Overall= 2008 48 (434} 44-53 -
Gender
Female 36 (191) 31 -41 < 0,00017
(5,282)
Male (3726) 65 {243} 54-73
Sexual practice
{men)
Heterpsexual 4.3 (144) 36-50 < 0,00017
3327)
MSM (395) 248 (99) 199- 297
Age - years
<25 (2525) 26 (85) 19-32 < 0,0001°
25340 64 (233} 55-71
37
=40 (28120 48138 40 -55
a=x

b = Fisher's exact test
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individuals. In general, about thirty-five percent of the
individuals with valid answers admitted to be recently
exposed to risk as the main reason to seek and HIV
test, over one quarter said testing had been taken after
the suggestion made by professionals from a health ser-
vice. Forty individuals (roughly corresponding to 10% of
the individuals with valid answers) reported that symp-
toms related to HIV/AIDS were their main motivation
for testing, whereas 15% reported they were mainly
motivated by the desire to prevent themselves against
HIV. In this subgroup, only five people were returning
for a new test (all of them with prior negative results),
and 404 individuals with valid answers (96.42%)
reported unprotected sexual intercourse as their main
risk factor. Eight individuals (less than 2%) reported to
have shared syringes in the context of illicit substance
self-administration.

Based on the BED serology results, sixty-one out of
the 434 seropositive individuals (14.0%) were classified
as RS, with an overall incidence rate of 1.68%/year (95%
CI 1.26% -2.10%). Data including the estimated inci-
dence re-calculated according to CF1 (1.09%/year) and
CF2 (1.17%/year) are also presented. Incidence rates
were also calculated according to the different exposure
categories and age strata (Table 2). Overall, higher inci-
dence rates were observed for MSM when compared to
heterosexual men (8.55-11.96% vs 0.56-1.12%), and
young adults aged 25-40 years old.

Molecular analyses of the C2-V3 env, RT and Pro-
tease genomic regions were performed for 52 out of
the 61 RS (85%) and 114 cut of the 122 (93%) ran-
domly selected LTS samples. Overall, 80.1% (n = 133)
individuals were infected by subtype B viruses, 8.4%
by subtypes F (n = 13} and C (n = 1), and recombi-
nant forms were found in 11.4% (n = 19) of the iso-
lates. No significant differences were found between
RS and LTS for subtype distribution; however, a
higher proportion of non-B subtypes were found in
the RS group (11.5% vs 7.0%). Roughly 75% (14 out of
19) of recombinant samples were between B and F
subtypes and none of them showed the same break-
point of recombination in the pol region, or subtype
determination between pol and env regions, confirm-
ing the high frequency of URFs BF, as usually
described in our region [23].

An HIV-1 AppUKgprApyv mosaic genome was
detected among the LTS, Based on the bootscanning
analysis (data not shown), this viral genome was com-
posed by a fragment of subtype A in the protease por-
tion, one fragment of around 400 bp classified as
unknown (U), located at the 5' side of the reverse tran-
scriptase, followed by a subtype K fragment of 301 bp
from position 2952 to 3253 (relative to HXB2 isolate).
The gpl20 C2-V3 region was assigned as subtype A.
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Table 2 Estimated HIV-1 Incidence of HIV infection among 9,008 individuals (434 seropositive samples) screened in 3
VCTs of Rio de Janeiro Metropolitan area from November 2004 to October 2005 - conventional estimation and

estimation with 2 corrective factors (CF)

Recent Estimate Incidence® Estimate Incidence” Estimate Incidence®
Infections Yo/year (35% Cl) Yh/year (35% CI) Yo/year (95% CI)

Overall = 434 61 168 (126 - 2.10) 109 (132 - 187 1.17 (0B8R - 147)
Gender

Female {197) 30 140 (050 - 150) 057 {062 - 131) 1.04 {067 - 1.41)

Male {243} 3 210 (136 -284) 127 (082 - 1.72) 137 (089 - 1.85)
Exposure categories
{among men)

Heterosexual (144 15 1.12 (055 - 168) 056 (028 - 0B4) 050 (030 - 09)

MSM (92) & 1156 (6.10 - 17.82) B55 {436 - 1274} 917 (458 - 1367)
Age (years)

<25 (65) 9 087 (030 -144) 055 (D19 -092) 050 021 - 099)

25 to 40 {233) S 233 (155-3.2) 155 (1.03 - 207) 167 (1.11-2323)

=40 (135) 133 159 (086 - 2.33) 092 {053 - 1.45) 107 (057 - 1.56)

* Incidence estimated with conventional estimation [}
B £F1 = Incidence estimatad with Comective Factor 1 [12]
“CF2 = Incidence estimated with Corrective Factor 2 [13)

Discussion

Data generated from multiples studies conducted
under the scope of the HIV/AIDS National Surveil-
lance System, clearly indicate that the epidemic in Bra-
zil persists as a concentrated one [3,4]. Like other
countries in the region, our epidemic is driven mostly
by Men who have sex with men [3,4]. The 4.8% overall
prevalence found in our study conducted on three
VCTs located in the outskirts of Rio de Janeiro State,
are in accordance with data from studies conducted
among clients seeking HIV testing in VCT services.
These studies found a higher prevalence among these
clients than in the general population in which rates
are around 0.6%. [24-27]. Our data showing a preva-
lence of HIV infection 6 time higher among MSM
when compared to heterosexuals participating in the
same study, corroborates with a variety of studies
which results showed high rated of HIV infection
among this population (9.2% -32.2%). In a report of
the Population Council, published recently, one study
using the respondent-driven sampling (RDS) method
points to a high prevalence (7%; 95%CI 5-11%) among
MSM in the city of Campinas, state of Sio Paulo. Of
special concern are the high prevalence found between
very young MSM (aged 14-19) among whom a preva-
lence of 4% (95%CI 1-9%) was found, suggesting the
epidemic in this population is far to be curbed [28].
Finally, all these data are in accordance with the AIDS
national report system that register a proportion 11
times higher of MSM AIDS cases reported when com-
pared to cases reported among heterosexual men [29],
reinforcing the conclusion that MSM remain dispro-
portionately affected by the epidemic in Brazil.

The approach adopted by our study has been found to
be highly sensitive (82% [95%CI 77-86%]) and specific
(89% [95%CI 85-92%]) [30], and has been used to esti-
mate HIV national incidence in the USA [31], where
viral diversity is similar to the scenario made evident for
the regions assessed by the present study, where most of
the infections are attributed to subtype B.

Different factors have been described as associated
with BED-CEIA misclassification, which can lead to
overestimated HIV incidence, including: HIV-infected
individuals under antiretroviral therapy, patients with
advanced immunedeficiency, drug naive individuals with
persistent low to undetectable viral loads, and different
HIV subtypes [11,32,33]. In order to overcome these
putative caveats we applied 2 correction factors (CF1
and CF2) to improve the incidence estimate rates in our
study. Indeed, rates obtained after correction with CF1
and CF2 were close to each other and lower than the
one obtained with the conventional method. Although
lower estimates were obtained after the use of the cor-
rection algorithms, the proportions relative to the differ-
ent categories remained approximately the same. This
speaks in favor of the internal consistency of our find-
ings, irrespectively of the inclusion or not of the correc-
tion factors. Recently, a series of publications discuss
the pertinence and adequacy of such corrections [34-38]
and, as to the best of our knowledge, this subject is still
far from a consensus.

In our study, women found to be HIV-infected were
almost invariably infected in consequence of unpro-
tected sex with HIV infected male partners. This is a
common pattern in contexts where blood transfusions
are safe and HIV drug use is uncommon, like in Rio de
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Janeiro. This city metropolitan area has been relatively
spared by the injecting drug users-driven boom of new
HIV infections secondary to the shared use of injection
paraphernalia, even in its national peak (in the late
1980s/early 1990s), and has declined since then. The
number of female I'V drug users has been particularly
low [39,40]. Since early 90 s the standard of quality of
the Brazilian blood banks is comparable to the best
international ones [41]. As a result, new AIDS cases sec-
ondary to blood transfusions has been negligible in the
last decades, specially in urban areas such as the one
where our study was conducted (data available from
Monitoraids and SINAN-AIDS at: http://sistemas.aids.
gov.br/monitoraids/?lang=en-US&pagina=&st_|Pane-
|=&indexMenu= -1).

No significant changes in the HIV-1 subtype distribu-
tion could be discerned among the RS compared to
LTS. Subtype B was predominant, followed by subtype F
and BF recombinant viruses, as previously described for
the Brazilian Southeast region [42-34]. A different sce-
nario may be observed for heterosexual men vs. women,
when we compare HIV-1 infections with recombinant
virus (almost 1:7 vs. 1:15, p = 0.19). One case of AUK
recombinant infection was detected for the first time in
Brazil.

Conclusions

Ta the best of our knowledge, this is the most compre-
hensive assessment of HIV-1 prevalence, estimated inci-
dence and subtype profile in the population seeking
testing in the Rio de Janeiro metropolitan area and may
contribute to better discern recent trends of the local
epidemic. Moreover, our data suggests that prevention
for MSM remains a challenge and efforts aiming to curb
the epidemic in this population should be prioritized.
The approach used for this study also permitted the
identification of new HIV-1 isolate, as the AUK recom-
binant genome found for the first time in Rio de Janeiro,
Brazil. Unfortunately, no further contact could be made
with this individual in order to track the origin and the
potential dissemination of this recombinant virus in the
country.

Due to the fact our data were obtained from a popula-
tion who actively sought HIV testing, findings cannot be
generalized to the general population or to the sampling
frame defined by men who have sex with men living in
the metropolitan area of Rio de Janeiro and should be
viewed with the necessary caution. Notwithstanding, the
present study is the most comprehensive assessment of
the population seeking testing in the Rio de Janeiro
metropolitan area carried so far and may inform
renewed policies aiming to prevent and treat people liv-
ing with HIV/AIDS in Rio de Janeiro.

Page 6 of 7

Acknowledgements.

Thie authors would like 1o thank Ms Margarete Paiva for logistical support in
the WITS. This study was panially supporned by PAPES IV CNPg/FIDCRUEZ and
FAPERJ,

Author details

TLaboratdrio de AIDS & Imunologla Molecular, Instituto Gswaldo Cruz,
Fundacio Cswakio Cruz, Rio de Janelo, Brasil, finstituto de Pesquisa Clinka
Evandro Chagas, Fundagio Oswaldo Cruz, Rio de Janeiro, Brasil. *instinto de
Comunicatio e Informagdo Centfiica e Tecnoldgica em Satde, Fundagao
Oswaldo Crie, Rio de Janeio, Brasil *Hospital Geral de Nova lguacu, Nova
Iguaguy, Rio de Janeir, Brasll *Laboratdrio da Virologla, Departamento de
Patologia Clinica, Instituto Femandes Figueira, Fundacio Oswaldo Cruz, Rio
de lanelro, Brasil.

Authors' contributions

CAC, BG, MGV, FIB, IHP and MGM participated in the conception and
design of the study; analysis and interpretation of data, drafting the: paper
and/or substantially revising it All authors read and approved the final
manuscript

Competing interests
The authars declare that they have no competing interests.

Recetved: 16 December 2009 Accepted: 28 July 2010
Published; 28 July 2010

References

1. lJeint United Nations Programme on HM/AIDS UNAIDS) and World Health
Organization (WHO} AIDS epldemic update. Geneva, Switzerand 2009,
100,

2 Bastos F, Caceres O, Galvao | Mers MA, Castilho EA: AIDS in Latin
America: assessing the cumrent status of the epidemic and the ongeing
response. Inr J Epidemiol 2008, 37 (45729737,

i PN - DST/AIDS Ministénio da Sadde Boletim Epldemiolbgion AIDS DST.
Ministdio da Sadds, Jansro a Junha de 2009 2009,

4 Batos Fl Munn A, Hacker MA, Malta M, Sawarowald CLe AIDS in Brazll: The
challenge and the response. Celenfana DDV & Bayrer C Public Health Aspects
of HWAIDYS in Developing Cowuntres Epldemiokogy, Prevention and Cane Mow
York: Springer intemnational 2008, 629-654.

5 PN - DST/AAIDS Ministéno da Sadde: Contribution of the Test and
Counselling Centers to Universalize the Diagnosis and Guarantee the
Eguality in the Acoess to the Services. Minisidio da Saude 2008

& Jamssen BS, Satten GA, Stramer 51, Rawal BD, O'Brien TR, Weiblen B
Hecht FM, Jack N, Cleghom FR, Kahn JO, Chesney MA, Bisch MP: New
testing strategy to detect eardy HV-1 infection for use in incidence
estimates and for clinical and prevention purposes. fama 1998,
2B0(1)42-48

7. Parekh BS, McdDougai 5 Application of laboratory methods for
estimation of HIV-1 incidence. indian | Med Res 2005, 12114151 0-518.

& Murphy G, Pamy IV Assays for the detection of recent infections with
human immunodeficiency virus type 1, Furg Sinedl 2008, 13(36:31 4320,

9 Paekh BS, Kennedy MS, Dobbs T, Pau CP, Byers B, Green T, Hu DJ,
Vamichseni 5, Young ML Choopanya K, Mastre TD, MdDougal 15
Quantitative detection of increasing HV type 1 antibodies after
serconversion: a simple assay for detecting recent HIV infection and
estimating incidence. AIDS Res Hum Retroviruses 2002, 18[4):295 307

10. Dobbs T, Kennedy 5, Pau OP, McDougal IS, Parekh BS: Performance
characteristics of the immunoglobulin G-capture BED-enzyme
immunoassay, an assay to detect recent human immunodeficiency virus
type 1 sercconversion,  Clin Microbiol 2004, 42{6):2623-2628

11, UNMIDS Reference Group on estimates, modelling and projections:
Staternent on the use of the BED assay for the estimation of HIV-1
inddence for suneillance or epldemic monitoring, Wiy Epigemial Rec
2006 B4k

12, McDougad IS, Paredh BS, Peterson ML, Branson BM, Dobbs T, Ackers M,
Guredth M: Comparison of HWV type 1 incidence observed during
longitudinal fellow-up with incidence estimated by cross-sectional
analysis using the BED capture enzyme Immunoassay, AILS Ass Hum
Retrowiruses 2000, 210 945952

55



de Castro et al. BMC Infectious Diseases 2010, 10224
http/fwww biome dcentral.com/1471-2334/10/224

i3

2.

23,

4

7.

31

Hargrove IW, Humphrey JH Mutasa K, Parekh BS, McDougal J5, Ntoainl R,
Chidawanyika H, Moulton LH, Ward B, Nathoo K, liff P, Kopp E Improved
HIV-1 inddence estimates using the BED capture enzyme immunoas say.
AD5 X108, 22(4F511-518

Sambrook 1, Fritsch EF, Maniats T: Molecular Cloning. Cold Soring Harkor
Laboratory, Wy 1980, 458,

Delwart EL, Shpaer EG, Loiwagie | McCutchan FE, Grez M, Ribsamen
Waigmann H, Mullins Jt Genetic Relationships Determined by a DNA
Heteroduplex Mobility Assay: Analysis of HIV-1 env genes, Soence 19493,
2621 257-1 261.

Eyer-Silva Wi, Morgado M A genotyping study of human
immunodefidency virus type-1 drug resistance in a small Brazilian
miunicpality. Mem nst Onwalds Cuz 2005, 100{B)Ra3-873

Eyer-Siva WA, Morgado Mz Molecular epidemiology of HN-1 infection in
a small Brazlian county: usefulness of envelope and polymerase
sequences to epidemiologic studies. | Acquir Immune Defic Syndr 2006,
41584670,

Burland T DNASTAR's Lasergene sequence analysis software. Methods
Mal Blal 2000, 13271-91

Thampsen 1D, Higgins DG, Gibson TE Clustal W: Improving the sensitivity
of progressive multiple sequence alignment, through sequence
weighting, position-sepecific gap penalties and weight matrix choice,
Nuclae Acies Res 1994, 2246734680,

Kumar 5 Tamuz K Nel M MEGA3Z: Integrated softwane for Molecular
Evolutionary Genetics Analysis and sequence alignment. Braf Boinform
K04, 5{2p150-163.

Page RD: Treeview: an application to display phylogenetic trees on
personal computers. Comput Appl Biosa 1996, 1(4)357-8

de Oliveira T, Deforche K Cassol 5, Salminen M, Paraskevis D, Seebragts C
Snoeck J, van Rensbung EJ, Wensing AM, van de Vijver DA, Boucher CA,
Camache R Wandamme AM: An automated genatyping system for
analysis of HIV-1 and other micoblal sequences, Boinfommanics 2005,
2101937973800,

Guimardes ML, Eyer-Siva WA, Coute-Femandez IC, Mongado MG
Identification of two new CRF_BF in Rio de Janeiro State, Brazil. ADS
08, 22(3)433-5.

Schechter M, do Lago RF. de Melo MF, Sheppard HW, Guimardes NC
Moreira Ri, Faulhaber I, Batigia 5, Harrison LH: Identification of a high-risk
heterosexual population for HIV prevention trials in Rie de Janeiro,
Brazl. Projeto Praga Onze Study Group. J Acqur immune Defic Syndr 2000,
242F175F.

Barrceo PF, Hamison LH, de Fatima Melo M, Batista SM, da Siva Bastos M,
da Rosa Faulhaber JC, Mareiiz B, do Lago BF, Schechter M: Identification
of a high-risk heterosexual cohort for HIV vaccine efficacy trials in Rio
de Janeiro, Brazil, using a sensitive/less-sensitive assay: an update. J
Acqudr Immune Defie Synar 2004 36{3)1:880-881.

Alves K, Shafer KP, Caseiro M, Rutherford G, Falcao ME, Sucupira MC,

Buech MP, Rawa BD, Diaz BS: Risk factors for incident HI infection
among anonymous HIV testing site clients in Santos, Brazil: 1996-1999. |
Acquir immune Diefic Spndr 2003 32(SF551-559,

Bassichetto K.C, Bergamaschi DP, Veras MA, Sucupia MC, Mesquita F,

Diaz A& Estimating HIV-1 inddence using the serclogic testing algorithm
for recent HIV infections at HIV counseling and testing centers in the
city of Sao Paulg Brazl Braz J Infeq Dus 2008, 13(1F5-12.

Meliz M Chinaglia M Assessment of Risk Factors for HIV Infection
Among Men Who Have Sex With Men in the Metropolitan Area OF
Campinas City, Bradl Using Respondent-Driven Sampling. Maoonal 5T0/
AIDS ProgranyBrazil 2008, 1-77.

DET/ADS Ministéno da Sadde: Plano Nacienal de Enfrentamento da
Epidemia de AIDS e das DST entre Gays, HSH e Travestis. Minsrénio da
Sadde 2008, In poruguese.

Louchen 5, Batzing-Feigenbaum J, Poggensee &, Cordes C, Hintsche B
Rausch M. Dupke 5 Gohlke-Micknks 5, Rodig 1, Hamaouda O, Kucherer C
Comparison of the human immunod efidency virus (HV) type 1-specific
immunoglobulin G capture enzyme-linked immunosorbent assay and
the avidity Index method For identification of recent HIV infections. |
Cliin Migrabiol 2008, 46{1)341-345

Hall HI Song R, Rhodes P, Prejean J, An G Lee LM, Karon J, Brockmeyer R,
Kapdan EH McKenna MT, Jarssen RS Estimation of HV incidence In the
United States. fama X008, 300{5k520-52

Page 7 of 7

32, Laeyendecker O, Rothman RE Herson C, Horne B, Ketlogetswe KS,

Kraus CK, Shahan | Kelen GD, Quinn TC: The effect of viral suppression on
cross-sectional incidence testing in the Johns Hopkins hospital
amargency department. J Asguir immune Defic Syndr 2008, 48(2):211-5.

33. Hayashida T, Gatanaga H, Tanuma J, Ola 5 Effects of low HIV type 1 load
and antiretroviral treatment on lgG-capture BED-enzyme immunoassay.
AIDS Res Hum Remowiruses 2008, 2431405405

. Brogkmeyer R: Should blomarker estimates of HIV incidence be adjusted?
AIDS 2009, 3 3(4)485-91.

35, Hamgrowe | John W: BED estimates of HV incidence must be adjusted.
AIDS 2009, 23(15)2061-2062.

35, Welte A, McWaiter TA, Bdmighausen T: Reply to ‘Should blomarker
estimates of HIV incidence be adjusted?. ADS X086 23(1512062-2063,

37, McDougal , | Steven: BED estimates of HV incidence must be adjusted.
AIDS 2009, 23(15)2064-2085.

38, Brockmeyer, Ron : Response to correspondence an ‘Should Biomarker
Estimates of HIV Incidence be Adjusted?, AIDS 2006, 23{15)-2066- 2068,

39. Bastos Fl, Bongertz W, Teikeira SL, Morgado MG Hacker MA: Is human
Immunodefidency virus/acquired immunodeficiency syndrome
dereasing among Brazilian injecion drug users? Recent findings and
how to Interpret them. Mem ing Oswakdo Cruz 2005 100(1191-6

40, Malta M, Magnanini MMF, Mello MB, Pascom ARF, Linhares Y, Bastos Ft HV
prevalence among female sex workers, drug users and men who have
sex with men in Brazik A Systematic Review and Meta-analysis, BMC
Public Henlth 2010, 16317

41, Scuracchio PS, Pai MC, Lemos MM, Olivelrz Filho AG, Salles NA,

Chamone Db, Magri M, Cavalcante MU, Coliela R: Detection of HIV-1
infection in blood donors during the immunclogical window period
using the nudeic add-amplification tachnology. Transfus Mag 2007,
1732004,

42, Morgado MG, Guimaraes ML, Gatvdo-Castro B: HIV-1 polymormphism: a
challenge for vaccine development - a review. Mem insr Oswaldo Cne
2002 97(2x143-50,

43, Si-Fereia JA, Brindeiro PA, Chequer-Femandez 5, Tanun A, Margado MG:
Human immunodeficiency virus-1 subtypes and antiretroviral drug
resistance profiles among drug-naive Brazillan blood donors. Tansfusion
K07, 4TA7-102

44 de Sa-Filho DI, Ambar RF, Duate NB, Matias RE, Candido V., Gagliand LH,
Caseiro MM: HIV type 1 diversity from newly diagnosed patients in
Santos metropolitan amea/Brazl ADS Res Hum Retoianises 2008,

25(9) 9259,

Pre-publication history
Thie pre-publication history for this paper can be accessed here:
hittpe/ fwanew_biomedce ntralcor/ 147 1-23340 V2 M4 prepub

doi 10,1 186/1471-2334.10- 224

Cite this article as: de Castio & al: Prevalence, estimated HV-1
incidence and viral diversity among people seeking voluntary
counseling and testing services in Rio de Janeiro, Brazil BMC infectious
Disemges 200 10:224,

Submit your next manuscript to BioMed Central
and take full advantage of:

= Convenient online submission

s Thorough peer review

s No space constraints or color figure charges

* Immediate publication on acceptance

* Indlusion In PubMed, CAS, Scopus and Google Scholar
s Rascarch which ks freely avallable for redistribution

Submit your manuscript at (J BiolMed C |

www.biomedcentral.comfsubmit

56



5 — Artigo 2

“Temporal trends in HIV-1 subtype distribution and antiretroviral primary
resistance mutations among people seeking HIV diagnosis in voluntary

counseling and testing sites in Rio de Janeiro metropolitan area, Brazil.”

Este artigo, encontra-se em fase final de revisdo para a submissdo e se

relaciona com os objetivos especificos 6 e 7.

6) Determinar a frequéncia dos subtipos de HIV-1 e de genomas
recombinantes nos casos de infeccdo recente frente a uma

amostragem dos individuos soropositivos de longo termo.

7) Determinar a frequéncia de resisténcia primaria aos antiretrovirais nos
casos de infeccao recente frente a uma amostragem dos individuos

soropositivos de longo termo.
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Background: Thirty years after the first report, HIV-1 remains a global health problem.
Remarkable viral diversity and adaptation to immune activity is one of the most
challenging aspects to the development of a HIV vaccine. After fifteen years of HAART
therapy, primary resistance begins to increase and its surveillance is needed to assure
optimal choice of therapy.

Objectives: The aim of this study was to assess the temporal trends of HIV-1 subtype
distribution and primary resistance mutation profile in different VCTs sites located in the
metropolitan region of Rio de Janeiro state, Brazil.

Study Design: Blood samples were collected from HIV-1 positive individuals seeking
HIV-1 diagnosis in four VCTs sites located in the metropolitan region of Rio de Janeiro
state, Brazil from 2005 to 2007. Serological differentiation between recent (RS) and long
term (LT) HIV-1 infections were determined by BED. Pol viral sequences were obtained
for 106 LT individuals identified in 2005 and 151 recent infection from 2005-2007.
HIV-1 subtype and po/ recombinant genomes were assessed through the Rega HIV-1
Subtyping Tool. Surveillance of HIV-1 primary resistance to protease and reverse
transcriptase inhibitors were performed according to Calibrated Population Resistance
(CPR) Tool Version 6.0.

Results: In general, subtype B remains the most prevalent in Rio de Janeiro in both LT
and RS HIV-1 infected individuals. An increased proportion of recombinant samples
were detected especially in heterosexual men as a result of the emergence of CRF02 AG
and URF samples bearing a subtype K fragment among RS. Overall, the frequency of
transmitted drug resistance mutations did not change when comparing time of infection
(LTS 16.0% vs RS 15.9%) or age (<25yo 17.9% vs >25y0 16.6%) during the study
period. However the high levels detected in both cases are of concern for future
therapeutical options. Of note, different scenarios of drug resistance were found when
HIV-1 subtype diversity was considered.

Conclusions: Our study shows that HIV diversity and primary/transmitted resistance
have become increasingly complex, in Brazil, reaching levels that genotyping test prior
treatment may be strongly considered as police to guarantee the best therapeutic options.
Continuous surveillance of the emergence of non prevalent HIV-1 subtypes and

CRF/URF are also of major priority.
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Background:

HIV remains a global health problem with an estimated 33.3 million people living with
the virus in 2009. Although the global prevalence rate has remained stable from 2001 to
2009 (0.8%), regional variations are observed, varying from <0.5% to >40% [1]. In
Brazil, the prevalence of HIV-1 infection in individuals from15 to 49 years old is
estimated on average 0.6%, varying from 0.8% to 0.4% between men and women [1].
In the first half of the last century, HIV-1 group M diversified into genetic subtypes but is
still confined to western-central Africa [2]. In the second half, the global spread took
place resulting in the differential global distribution of HIV-1 subtypes and recombinant
genomes [3]. The high mutation and viral replication rates associated to the
recombination role of reverse transcriptase result in a large genetic variability of HIV
strains worldwide.

Although the global and regional distributions of individual subtypes and recombinants
are broadly stable, the CRFs play an increasing role in the HIV pandemic — 51 CRFs

have been described so far (Los Alamos National Laboratory, http://www.hiv.lanl.gov)

[3]. Data from Brazil have been available since the nineties showing a predominance of
subtype B in distinct country region, followed by subtype F and innumerous URF BF
and exception for the Southern states, where subtype C and CRF31 BC predominates
Indeed, the diversity of HIV-1 is one of the most challenging aspect to the development
of a HIV vaccine [3].

Despite advances in antiretroviral therapy that have revolutionized HIV management and
the control of the spread of regional epidemics [4-6], resistance to antiretroviral drugs has

emerged in all localities in which such drugs are used. Primary or transmitted resistance
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represents a challenge for the control of HIV-1 due to the impact for the efficacy of
antiretroviral therapy and clinical outcomes. Data from reports around the world have
shown high levels of primary antiretroviral resistance through the years in developed
countries [7-10]. Brazil is a middle-income country that since 1996 has a policy of
universal access to highly active antiretroviral therapy (HAART). Nowadays more than
200,000 HIV-1 infected individuals under treatment and the national cross-sectional
surveys already performed pointed out to an intermediate level of HIV-1 primary drug
resistance (5-15%) [11, 12]. In this paper, we aimed to assess HIV subtype diversity and
primary resistance mutations overtime in populations tested and newly diagnosed from

2005 to 2007 in VCTs located in Rio de Janeiro metropolitan area.

Study Design:

Patient Population

From 2005 to 2007 an overall of 27,807 individuals seeking HIV diagnosis in four VCTs
located in the metropolitan region of Rio de Janeiro state, one in capital and three in the
periphery, were enrolled in the present study. Blood samples were obtained and
submitted to routine serological assays to assess HIV infection. Seropositive samples
from each year were further submitted to the differentiation between Recent
Seroconvertion (RS) and Long Term Seroconvertion (LTS) infections as performed by
the BED-CEIA protocol [13] according to the manufacturer’s instructions. From these
151 samples from RS (2005-2007) and a random subset of 106 LTS samples diagnosed in

2005 (1RS:2LTS) were included in the present analysis. This study was approved by the
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Evandro Chagas Clinical Research Institute Research Board, registration CAAE—

0032.0.009.000-04.

HI1V-1 subtyping

DNA were sequenced for a fragment of the polymerase region covering the protease and
part of the reverse transcriptase as previously described [14]. DNASTAR package was
used for sequence edition [15]. Phylogenetic inferences were based in neighbor-joining
distances [16] using Mega 3.1 software packages [17]. Pol recombinant forms were
assessed through the Rega HIV—1 Subtyping Tool website [18].

HIV-1 primary resistance

HIV-1 primary resistance was evaluated according to calibrated population resistance
(CPR) Tool Version 6.0. The CPR tool is a program for analyzing pools of human
immunodeficiency type 1 (HIV-1) sequences, providing a standard approach for
determining the proportion of submitted sequences containing a mutation suggestive of
transmitted HIV-1 drug resistance giving a list of standard surveillance drug resistance
mutations (SDRMs) [19].This approach was endorsed by the World Health Organization
(WHO) for epidemiological surveillance of transmitted HIVDR [20, 21]. The analysis

was done by CPR website (http://cpr.stanford.edu/cpr.cgi) accessed in October of 2011.

Data Analysis
Four major groups (LTS of 2005, RS of 2005, 2006 and 2007) were evaluated for VCT

location, gender, sexual practice for men, pregnancy in women and age. Data were
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analyzed using chi-square or Fisher’s exact test. An alpha below or equal to 0.05 was

considering significant.

Results:

The genetic characterization of HIV-1 subtypes among the LTS (2005) and RS (2005-
2007) showed a predominance of subtype B (80.2%). Among the non-B samples mostly
were from subtype F1 (22 in 23 samples), and one was assigned to subtype C. In general,
during the studied period approximately one in every ten tested samples presented a
recombinant profile between subtypes. These data are detailed in table 1. The comparison
between the samples from the LTS 2005 and RS 2006 groups showed a higher proportion
of recombinants (P <0.01). We evaluated the following two groups of recombinant forms,
URFs - that had no relation with CRFs, and URFs that presented subtypes and points of
recombination that were compatible (in the genomic region studied) with some of the
previously described CRFs. This last group was designated CRF- related, because only
complete sequencing of the samples could establish this characterization. Although no
statistically significant difference was obtained, the ratio of URFs: CRFs related
decreased from 3:1 in both groups in 2005 to 1:1 in the 2006 and 2007 samples.
Differences were not observed between men and women, but men in the RS 2006 group
showed a higher frequency of recombinants than in the f LTS 2005 group (P <0.01);
similarly, there was a greater recombinant frequency among men in the samples from
recently infected individuals (RS, 2005, 2006 and 2007) than in the samples from
individuals chronically infected - LTS 2005 (P = 0.04). Regarding the analysis of sexual

practices among men, we observed more recombinants among MSM in the RS 2006
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group than in the LTS 2005 group (P =0.03). Table 1 summarizes the absolute and
relative values. The variable with significant difference is marked in bold.

The analysis of the frequency of surveillance drug resistance mutations (SDRM) revealed
that 16% of all samples analyzed had at least one of these mutations. Protease inhibitors
(PT) SDMRs were found in 5.2% of the sequences. For the reverse transcriptase inhibitors
9.9% of the mutations conferred resistance against nucleoside analogues (NRTIs) and
8.3% were related to non-nucleoside (NNRTIs). The frequency of resistance mutations
found in the same sample for the NRTIs and NNRTIs was 3.7% and two samples (0.9%)
had resistance mutations against all three drug groups. The comparative analysis of time
of infection in each of these groups — (RS vs LTS) over the study period, gender, sexual
practices for men, pregnancy, VCTs location and categorized age did not reveal any
significant differences. When the analysis was performed according to the subtype found,
several scenarios emerged. Values were above average for subtypes B and F, whereas no
SDMR was observed for the samples containing a recombinant fragment of subtype B
(12 BF, 1 CB, 1 DB) and the recombinant AG - 7 samples. Table 2 depicts the frequency
of mutations against the three drug classes according to in each of the variables studied.
Regarding SDRMs, more than half were associated with NRTIs and one in every four
mutations in this group were the M184V/I. The second most prevalent mutation in this
group was K219R, and half of these mutations were found in the more recently-infected
group - RS 2007, even though the number of samples for this time period was only 20%
of the total. Approximately one in four mutations found was associated with NNRTIs;
K103N was the most prevalent, followed by Y181C and Y188C/L. The PI SDRMs

accounted for one in five mutations found and the M46L/I and L90M mutations
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accounted for class of drugs over half of the mutations found in this class. Table 3 shows
the frequency of each mutation found for each class of drug as a function of the groups

studied over time.

Discussion:

In this study we chose to sample over a period of time (between 2005 and 2007) from
individuals with recent infection (around 6 months) because this approach could
provides the most timely information regarding HIV-1 viral diversity and primary
resistance to HIV-1. Previous studies evaluating samples without discriminating the
timing of infection information mostly reflect those strains that were transmitted in the
past, once that, even in areas where incidence rates are high, the proportion of new
infections do not reach 20% of the total number of infections, according to previous
reports from the same sites currently included in this analysis [22]. To enhance the
comparison analysis we included samples from individuals infected within 6 months
(RS), and another group of samples collected in 2005 that were classified as infections
having occurred more than 6 months from the date of collection/diagnosis (LTS).
Subtype B remains the most prevalent subtype in Brazil, followed by recombinants
mostly BF1 and subtype F1 as previously described [23-26]. The increased proportion of
recombinants found in the samples of this study (7.5% in LTS vs. 13.2% in RS) and a
higher proportion of CRF-related samples compared to URFs were observed over time
and this finding correlates with recent data published by WHO-UNAIDS [3].
Interestingly, this trend was due to the increase of CRF over time among men, and was

more pronounced among heterosexuals (2.6% in LTS vs. 12.5% in RS) than among MSM
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(5.0% vs. 15.6%), which is in accordance with the highest proportion found primarily
among women (13.8% in LTS). These data suggest that among the new infections a
greater transmission of recombinants may have occurred from women to men than from
men to women. A second hypothesis is that men could constitute a population with more
imported infections, which may have a new effect on the diversity of the local epidemic.
This hypothesis was supported when we found that 35% (7/20) of new infections with
recombinants were=classified as related to the recombinant CRF_02AG, with a
prevalence of over 70% among men (5/7) and representing an increasing proportion of
recombinant RS along the years included in the study (25% in 2005, 30% in 2006 and
50% in 2007). CRF_02AG is the fourth most prevalent recombinant around the world
with a known epidemic in West Africa and to a lesser extent in Central Africa, North
Africa and the Middle East [3]. So far there have been few reports in our setting [27-29],
which is consistent with our findings because all CRF_02AG samples were classified as
RS. Another finding that supports the recent inclusion of new recombinant forms in our
setting was the occurrence of four recombinants that had a fragment of subtype K, and
three of them were characterized as RS. The geographic distribution of subtype K is
similar to CRF_02AG — and mostly includes Western, Central and Southern Africa. To
date only two reports of subtype K have been published in our country [22, 30].
Regarding the detection of SMDRs our data indicate that the overall levels of resistance
were virtually unchanged during the study period. However, the consistently high levels
of resistance in at least one of the classes of drugs in the four groups (ranging from 12.7%
to 19.3%) were of concern. In the beginning of the HAART era, in 1996 and 1998, two

studies were conducted in Brazil, one nationwide [31] and the other in Rio de Janeiro
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[32]. The overall prevalence rate ranged from 0.0% to 0.9%, and resistance was found
only to NRTIs in the nationwide study. In 2001 a study was conducted in thirteen VCTs
located in the metropolitan regions of s eight states in Brazil (including Rio de Janeiro
with 83 samples). This study evaluated 45% of the patients taking HAART and found an
overall prevalence of 6.6% with a uniform distribution between the drug classes — (2.4%
for NRTI, 2.0% for NNRTIs and 2.2% for PIs) [11]. A study conducted in Rio de Janeiro
from 2000-2002 which included 56 individuals from the Army Health Service depicted a
diverse resistance landscape with a 14% prevalence and only NRTI resistance [27]. In
2002 a similar profile was found in the city of Recife in Northeastern Brazil, which had
a much lower prevalence - NRTI resistance at 3,6% also in the year 2002 [24]. Up until
now, the concern with primary resistance in Brazil has been restricted to surveys that can
detect trends, but routine genotypic testing in drug-naive populations prior to treatment
has not been required. Some surveys have reported intermediate and high levels of
primary resistance to at least one class of antiretroviral drugs, including 11.4% an AIDS
clinic in Bahia [26], 8.1% in a study that included 6 capitals, including Rio de Janeiro
where the prevalence was 14.89% [12] and 7.0% in another study of 400 patients
nationwide [33]. In 2011, two studies published data on recently infected individuals,
reporting a prevalence ranging from 9.5% in Ceara [34] to 13.9% in Sao Paulo [35]. Our
results are in agreement with these recent reports that suggest a growing primary
resistance level in Brazil and taken together may contribute to the discussion on the need
for implementation of resistance testing before starting ARV treatment, at least in cities
that have the highest rates of resistance. In early studies that found low levels of

resistance, participants were mostly male (70% to 82%) and /or a limited number of
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samples were analyzed for a limited period of time. Therefore, the comparison between
sex, age, regions of the same metropolitan area and over time in the same location were
not possible. Our decision to study RS individuals in VCTs allowed us to make these
comparisons because more women participated in the study (1:1.04 females: males),
and the current ratio of new infections among men and women has been described as
being close to 1:1 [36]. There was no difference in relation to sex, but among men the
prevalence among MSM was twice higher than in heterosexual men. This high level of
primary resistance corroborates the findings of a recent study conducted in a respondent-
driven sample with MSM in nine Brazilian cities where the rate found was 21.4% [37] .
This finding can be justified because MSM were the group most affected by HIV
infection at the beginning of the epidemic and consequently, a higher proportion of MSM
were among the first patients in need of ARV therapy they therefore constitute a
proportionally larger group with a longer exposure to therapy, which would increase the
chances of new infections with a resistant virus in this group.

A similar scenario has been well described in other countries with a similar
epidemiological profile [38, 39]. In our study, considering the limited number of pregnant
women analyzed (n = 11), no resistance was identified; this is a positive finding with
regards to the prevention of vertical transmission.

In relation to age, the prevalence was higher in individuals with more than 49 years and
almost reach the level found for MSM, but has the limitation of the number of samples in
this category; 25 which correspond for only 1 in each ten samples. In contrast, the

category of individuals from 25 to 49 years correspond to the large majority of the
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samples, 180 (73.8%) and as consequence the rate is close to the overall rate — 15.6% vs
16.0%.

The greatest difference was found when we analyzed resistance according to subtype.
Surprisingly recombinants of subtype B did not show any level of resistance, which may
be due to the reduced number of samples with that profile. For the group of samples
containing CRF_02AG the absence of resistance could be explained by the origin of
these samples. They could be from the African continent, from where we receive many
immigrants in Brazil and where ARV treatment is not widespread, among samples with
subtypes B and F the overall prevalence of resistance was similar, but differences in
prevalence were found regarding resistance to specific drug classes. The findings
described in this study reinforce the idea that HIV-1 viral diversity and primary resistance
have become increasingly complex and it may be essential, at least in some regions of the
country, to obtain primary resistance information to inform treatment decisions. A
potential limitation of this study is related to the occurrence of false-recent classification

in BED-CEIA that could occur in scenarios with high viral diversity.
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Table 1. Diversity in pol sequences obtained in four VCTs located in metropolitan area

of Rio de Janeiro, Brazil.

OVERALL
B
F1
BF1
CRF_02AG
K recombinants
Other forms
Subtype
Pure
Recombinant
Pure Subtype
B
other than B
Recombinant
URF
CREF (related)

MALE - FEMALE

Subtype
Pure
Recombinant
Pure Subtype
B
other than B
Recombinant
URF
CREF (related)

MSM - HETERO*

Subtype

Pure

Recombinant
Pure Subtype

B

other than B
Recombinant

URF

CREF (related)

2005 Prevalent N (%)
106 (41,2)
89 (84,0)
9 (8,5)
5(4,8)
0 (0,0)
1(0,9)
2(1,8)

98 (92,5)
8(7,5)

89 (90,8)
9(9,2)

6 (75.0)
2(25.,0)

59 (58,2) - 47 (41,8)

57 (96,6) - 41 (87.2)
2(3,4) - 6(13,8)

51(89,5) - 38(92,7)
6 (10,5) - 3(7.3)

2 (100,0) - 4 (66,7)
0(0,0) - 2(33,3)

20 (33,9) - 39 (66,1)

19 (95,0) - 38 (97.4)
1(5,0) - 1(2,6)

18 (94,7) - 33 (86,8)
1(5,3) - 5(13,2)

1(100,0) - 1(100,0)
0 (0,0) - 0(0,0)

2005-2007 Incident N (%)

151 (58,8)
117 (77,5)
13 (8,6)
7 (4,6)
7 (4,6)
3(2,0)
4(2,7)

131 (86.8)
20 (13,2)

117 (89.3)
14 (10,7)

11 (55,0)
9 (45,0)

77 (51,0) - 74 (49,0)

66 (85,7) - 65 (87.8)
11 (14,3) - 9(12,2)

59 (89,4) - 58 (89,2)
7(10,6) - 7(10,8)

4(36,4) - 7(77.8)
7(63,6) - 2(22,2)

32 (50,0 - 32 (50,0)

27 (84,4) - 28 (87.5)
5(15,6) - 4(12,5)

24 (88,9) - 24 (85,7)
3(11,1) - 4(14,3)

2 (40,0) - 1(25,0)
3(60,0) - 3 (75,0)

Overall N (%)
257 (100,0)
206 (80,2)
22 (8,6)

12 (4,7)
72,7)
4(1,5)
6(2,3)

229 (89,1)
28 (10,9)

206 (90,0)
23 (10,0)

17 (60,7)
11 (39,3)

136 (52,9) - 121 (47,1)

123 (90,4) - 106 (87,6)
13 (9,6) - 15 (12.4)

110 (89.4) - 96 (90.6)
13 (10,6) - 10 (9,4)

6 (46,1) - 11 (73,3)
7(53,9) - 4(26,7)

52 (41,8) - 71 (58,2)

46 (88,5) - 66 (93,0)
6(11,5) - 5 (7,0)

42 (91,3) - 57 (86,3)
4(8,7) - 9(13,7)

3(50,0) - 2 (40,0)
3(50,0) - 3 (60,0)
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Table 3. Distribution of frequency (n) of each SDRM found in sequences obtained in four
VCTs located in metropolitan area of Rio de Janeiro, Brazil.

2005 LTS 2005RS 2006 RS 2007 RS 2005-2007 RS  Overall

PI SDMR 10 4 3 0 7 17
L241 1 0 0 0 0 1
D30N 1 1 0 0 1 2
M46L/1 2 0 3 0 3 5
L76V 1 0 0 0 0 1
V82L 1 0 0 0 0 1
185V 1 0 0 0 0 1
N88D 1 1 0 0 1 2
LOOM 2 2 0 0 2 4

NRTI SDMR 13 20 4 7 31 44
M41L 2 2 1 1 4 6
D67N/G 1 3 0 1 4 5
T69D 0 2 0 0 2 2
K70R 3 2 0 0 2 5
M184V/I 4 5 1 1 7 11
L210W 1 0 0 0 0 1
T215C/D/F/S/Y 2 3 2 0 5 7
K219R/Q 1 3 0 4 7 8

NNRTI SDMR 13 4 3 3 10 23
K103N 5 1 2 2 5 10
Y181C 3 1 0 1 2 5
Y188C/L 2 1 1 0 2 4
G190A 2 1 0 0 1 3
P225H 1 0 0 0 0 1

All SDRM 36 28 10 10 48 &4



6 — Anexo I: Referente a proposta de Artigo 3

“Serological markers for improved detection of recent HIV-1 infections:
Simple algorithms to reduce the occurrence of false-recent sample results in

cross-sectional studies.”

O artigo se relaciona com os objetivos especificos 4 e 5 e se encontra em

fase de revisao pelo grupo de pesquisa visando futura submissao.

4) Comparar diferentes métodos sorologicos para a caracterizagdo de infecgéo
recente por HIV-1.

5) Propor um algoritmo para melhora da especificidade na identificagcdo de
individuos com infecgéo recente pelo HIV-1 a partir de métodos sorologicos e

marcadores imunoldgicos especificos e ndo especificos.
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Abstract:

Objective: This manuscript proposes a simple algorithm for HIV-1 incidence estimation that
aims to minimize the impact of samples with discordant results and identify samples with
false-recent results that are associated with disagreements between serological testing
methods.

Methods: The strategy was based on two serological methods [i.e., the BED-CEIA and
AxSYM HIV-1/2 group O Avidity Index (Al) tests] used to detect recently acquired human
immunodeficiency virus type 1 (HIV-1) infection. This strategy included adopting a gray
zone (G-Z) around previously proposed cut-offs and evaluating specific (T cell
lymphocytes) and nonspecific (32-microglobulin) markers of immune status. Two scenarios
were examined. The first was an actual scenario consisting of serum samples that were
reactive to HIV antibodies collected consecutively from individuals visiting four voluntary
counseling and testing (VCT) centers located in the metropolitan area of Rio de Janeiro,
Brazil. The second scenario was created with a bias to evaluate the possible impact of the
proposed algorithm in situations with different incidence rates.

Results: In the first scenario, the overall discordance determined from simple comparison of
the two methods was 12.0%. This disagreement was reduced significantly (P<0.0001) to
4.7% by applying the G-Z criteria. Following evaluation of the immune status of the
subjects, the proportion of indeterminate samples was reduced to 1.9%, which was a
significant reduction (P=0.027) compared to the G-Z approach. In the second scenario, the
disagreement values were 17.6%, 6.9% and 3.1%. As for the first scenario, this disagreement
was significantly reduced following each new step of the algorithm (P<0.0001 and
P=0.0075). The majority of the false-recent samples were detected using the BED HIV-1
Incidence Test (BED-CEIA method), specifically, 12 of 13 and 20 of 21 samples were
misclassified in scenarios one and two, respectively.

Conclusions: Application of the G-Z criteria contributed to a significant reduction in the
number of indeterminate samples when the BED-CEIA and Al tests were used to evaluate
recent HIV-1 infections. The G-Z approach also proved useful when evaluating immune
system status in samples with false-recent results. The data obtained suggest that the Al test
is more specific than the BED-CEIA test. The algorithm proposed here exhibited no
difference between the scenarios tested, for which different sample proportions were initially
characterized as recent infections. The ability of this algorithm to reduce the proportion of
indeterminate samples is likely associated with the proportion of individuals with late
diagnoses in the given sample population, and the approach appears to be an option for

scenarios with a high proportion of patients with late diagnoses.
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Background

It is difficult to accurately differentiate individuals recently infected with human
immunodeficiency virus (HIV) from those who have been infected for an extended period of
time. Nonetheless, it is extremely important to make this differentiation when estimating
HIV incidence, key information used to improve strategies for clinical treatment and
prevention. Studies of recent infection rates are useful tools for determining the effectiveness
of public policies aimed at controlling the HIV pandemic and for the prevention of disease
spread. These studies may also identify early indicators of changes in the dynamics of the
epidemic among affected populations[1]. A better understanding of HIV infection dynamics
allows researchers and policy makers to infer recent trends in the epidemic, to monitor the
viral population dynamics, and to analyze immune responses among seroconverted
individuals to generate information relevant to vaccine development.

Under the classic design, the incidence of HIV infection is prospectively measured by
monitoring seronegative individuals and conducting periodic retesting over time. Prospective
cohort studies are difficult and costly to conduct and may be biased with respect to data
analysis. Cohort membership, which is the process of obtaining patient consent and
providing risk-reduction counseling, results in incidence estimates below the observed
effective rates [2]. Studies involving cohorts are not adequade for the analysis of a
representative sample of the general population, which is essential for regional and national
estimates [3]. Several laboratory methods have recently been developed for the detection of
recent infections in both pre- and post-seroconversion periods. Samples obtained during
cross-sectional studies, including those collected to monitor infections and to determine

prevalence, may be used for this purpose [3].
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The period between infection and the onset of detectable specific anti-HIV antibodies is
known as the acute phase of the infection. The duration of this phase, which is commonly
referred to as the window period, can be short, i.e., approximately 10 to 20 days. Studies that
aim to detect HIV infection during this period generally require large samples and/or the
inclusion of individuals who are at an increased risk for HIV infection. In recent years, blood
banks have introduced tests to cover this infection phase with the aim of screening blood and
blood products more accurately. Molecular methodologies and antigen-specific detection
(e.g., HIV-1 RNA or p24 Ag) are employed at this early stage [4-7]. These tests are more
technically complex and expensive, limiting their large-scale implementation [3]. Moreover,
these assays have less than optimal sensitivity [8]. Serological approaches have been
developed and evaluated for testing HIV-positive individuals for recent infection. The small
number of samples that need to be tested (only HIV + individuals) and the reduced technical
expertise required to perform these methods make serological techniques more suitable for
countries with limited resources or a large geographical area.

Some laboratories have invested in alternative approaches to detect recent infections [9, 10].
Based on the development of a humoral immune response (HIR), some tests use strategies
that involve identifying certain epitopes or antigen-specific responses or determining the
avidity/affinity of anti-HIV antibodies and the levels of serum antibodies [3, 9].

Parekh et al. [11] developed a competitive capture BED-EIA HIV-1 Incidence Test (BED-
CEIA) to indirectly measure increases in the proportion of anti-HIV immunoglobulin G
(IgG) antibodies. The inclusion of a chimerically branched synthetic peptide from the
immunodominant region of the gp41 subunit of some HIV-1 subtypes (B, E and D) seeks to
minimize the problems that plague less sensitive tests. Due to emerging concerns related to

scenarios of high HIV prevalence and viral diversity [12], two correction strategies/factors
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have been proposed to minimize the putative overestimation of incidence rates using BED-
CEIA [13, 14].

The application of these correction factors has been discussed [15-20] and recently was
presented by the WHO Technical Working Group on HIV Incidence Assays consensus, the
need to establish false recent rates (FRRs) in representative groups of the broader population
for which incidence rates are desired [21]. Among other tests developed to assess recent HIV
infection, the avidity assay consists of a qualitative approach, in which antiretroviral
treatment, low CD4-cell count and low viral load have no apparent effect on the Al [10];
furthermore, the avidity assay has been used in locations where non-B subtype HIV-1
infections have been observed [22].

Previous studies have compared two or more serologic methods, examining their
sensitivities and specificities [23-28]. However, no study has addressed the problem of
discordant sample results. The current study proposes a simple algorithm to minimize the
occurrence of samples with discordant results by identifying samples with false-recent

results that are associated with serological tests measuring the incidence of infection.

Methods

Study design

This study was designed to evaluate a simple low-cost algorithm to be applied to widely
used methodologies to reduce discordance in serological tests and the occurrence of false-
recent results among samples from recent cross-sectional studies that target new HIV-1
infections. The strategy is based on two serological methods for detecting recent HIV-1
infections. Specifically, the study adopted a gray zone (G-Z) based on previously proposed
cut-offs. The study additionally evaluated specific and nonspecific markers of immune

system status. The choice of serological methods used to detect recent HIV-1 infection was
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intended to reflect a diversity of approaches, including those encompassing different
sensitivities and targets. The methods were also chosen to include approaches that have been
proposed and applied in previous studies. Based on these criteria, we chose to focus on the
quantitative BED-CEIA method (Calypte Biomedical Corporation) and the qualitative
avidity index (AI), which was calculated using a method based on an automated AxXSYM
HIV 1/2g0 assay (Abbott Laboratories).

The application of the G-Z criteria is justified because these serological tests do not have the
same ranges of results by which classifications are made, and variations in individual
humoral immunity are known to occur. Thus, minor technical inconsistencies in mutually
opposing directions may result in false disagreement between the proposed tests. For
samples that remained discordant following application of the G-Z criteria, an analysis of
immunological markers was conducted to exclude samples corresponding to long-term

infections. Figure 1 summarizes the study design.

Study population

Two scenarios were evaluated in this study. The first scenario was composed of consecutive
HIV-positive samples collected between November 2004 and October 2005 from individuals
recruited from four voluntary counseling and testing (VCT) centers located in the
metropolitan area of Rio de Janeiro, Brazil. This first scenario tested 10,011 individuals and
identified 468 reactive samples. In the second scenario, 83 samples were identified (i.e., in
addition to the initial 468 reactive samples) after being characterized as recent infections by
the BED-CEIA method. Thus, a total of 551 samples were available for analysis. These
additional samples were obtained at the same VCTs during subsequent years. This latter

scenario was created with a bias to evaluate the impact of the algorithm on scenarios with
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different incidence rates. The serological tests used to detect recent infection would have a
negative correlation dependent on the actual incidence rate [15].
This study was approved by the Oswaldo Cruz Foundation (FIOCRUZ) — Evandro Chagas

Clinical Research Institute Ethical Board (registration number CAAE-0032.0.009.000-04).

Serological testing algorithm
The serological assays for HIV-1 diagnosis followed the Brazilian algorithm. Further
differentiation between recent and long-term infections was performed using the BED-CEIA

protocol and the Al automated AxSYM HIV 1/2g0 assay.

Calypte HIV-1 BED Incidence EIA (BED-CEIA)

Briefly, this assay is a quantitative in vitro EIA used to determine the relative proportion of
HIV-1-specific IgG to total IgG levels. This assay can be used to estimate the elapsed time
since an HIV-1 infection. The BED-CEIA assay uses a branched gp4l peptide with
sequences derived from multiple HIV-1 subtypes (B, E and D) and achieves similar
performance levels with different subtypes. Confirmed samples with normalized optical
density (ODn) values less than or equal to 0.8 were classified as recent seroconverters (RS),

and samples with ODn values above 0.8 were classified as long-term seroconverters (LTS).

Antibody avidity index (Al)

Antibody avidity index (Al) values for the recombinant HIV-1 Env and Gag proteins were
calculated using the approach first described by Suligoi et al. [10]. Briefly, two aliquots of
each sample were subjected to a pretest 1:10 dilution. One aliquot was diluted in phosphate-
buffered saline (PBS), and the other aliquot was diluted in 1 M guanidine (G). Following

incubation at room temperature for 10 min, both aliquots were subjected to an AxXSYM
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HIV1/2 group O immunoassay following the manufacturer’s instructions. The sample/cutoff
(S/CO) ratios of both aliquots were calculated, and the Al of the HIV antibodies was
obtained using the following formula: AI=(S/CO G aliquot/S/CO PBS aliquot). Samples
with Al values less than or equal to 0.85 were classified as low Al (LA), reflecting recent
infection (<6 months since infection). Samples with Al values greater than 0.85 were

considered high AT (HA).

Immunological status evaluation

Beta-2-Microglobulin (f2-M)

The serum B2-M concentration (mg/ml) was measured in plasma samples stored at -20°C
using an enzyme-linked fluorescent assay (Vidas 32-Microglobulin, BioMerieux,
MarcyL’Etoile, France) according to the manufacturer’s instructions. A panel containing RS
and LTS samples was used to establish a cut-off value for distinguishing false-recent

classifications.

CD4" T Lymphocytes

Immunophenotyping was performed using freshly collected ethylenediaminetetraacetic acid
(EDTA)-anticoagulated whole blood. A single platform method was used to measuring
CD3"/CD4" and CD3"/CD8" T-cell counts. In this method, 20 pl of single-color antibodies
(CD4-FITC, CD8-PE, and CD3-PerCP) and 50 pul of whole blood were added to bead-
containing TruCount tubes (BD Biosciences). The tubes were incubated for 15 min at room
temperature, after which 450 ul of FACS lysing solution was added. The samples were

analyzed after 1 hr using a FACSCalibur flow cytometer (BD Biosciences).

84



Determination and application of gray zone (G-Z) criteria

To determine the values of the G-Z criteria, the results of replicate samples with initial
values near the cut-off values were considered for the BED-CEIA method. The replicates
were conducted with samples fitting in the category of ODn values less than 1.2, which were
confirmed in a subsequent test according to the manufacturer's instructions. The vast
majority of samples exhibited coefficients of variation <5%, although there were rare
outliers. As the objective of the study was to achieve the maximum specificity, borderline
initial ODn values were considered to be those for which the samples’ ratings remained
unchanged when comparing the initial results and the respective replicates. We therefore
defined the n-OD value G-Z criteria to be between 0.6 and 1.0. The Al analysis followed the
same criteria, with the requirement for replicate measurements empirically determined as
10% of the cut-off AI (0.77 — 0.93 Al). Based on the replicate analysis, we defined the G-Z
criteria as Al values between 0.80 and 0.90. The G-Z criteria were applied to samples with
discordant results between the BED-CEIA and Al test methods when this disagreement did

not exceed the maximum or minimum G-Z values.

Data analyses

Ratings were set for samples with concordant results using the evaluated test methods. The
samples with RS and LA profiles were defined as being from individuals with a recent
infection; samples with LTS and HA profiles were classified as coming from volunteers with
a long-term infection. Discordant samples subjected to the G-Z criteria were classified as
probable recent infection (i.e., samples with RS/G-Z or G-Z/LA profiles) or probable long-
term infection (i.e., samples with LT/G-Z or G-Z/HA profiles). Discordant samples that did
not fit within the G-Z criteria and those with a G-Z/G-Z profile were analyzed for their

immune status by assessing CD4" T cell counts and/or 2-M concentrations. A sample was
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classified as false-recent if it exhibited an absolute CD4 + T cell count of fewer than 50
cells/mm3 or a 32-M concentration greater than 4.00 mg/ml (defined using control sets with
RS/LA and LT/HA profiles; data not shown). These strict criteria were used with the aim of
excluding samples from individuals with AIDS and those who were incorrectly classified
using one of the described methods. The remaining samples were classified as indeterminate.

Figure 2 illustrates these analyses.

Results

In the first scenario, the concordance between the BED-CEIA and Al test methods was
88.0%, and this value was significantly higher (P=0.014) than findings from the second
scenario, for which there was 82.4% concordance. Under the actual scenario (scenario one),
which reflected one year of volunteers who sought testing at VCTs in the Rio de Janeiro
metropolitan area, approximately 80% of all samples (equivalent to 90% agreement) were
determined to be long-term infections. It was not possible to define the profile of 56 of the
samples (or 12.0% of the total) due to disagreement between the methods. Among these 56
initially indeterminate samples, 34 fit within the G-Z criteria (60.7%). This proportion was
similar (P=0.95) to the percentage of initially indeterminate samples that fit within the G-Z
criteria for the second scenario (60 of 97 discordant samples, 61.9%). Among the samples
subjected to the G-Z criteria, those classified as probable recent (i.e., RS/G-Z or GZ/LA)
accounted for 38.2% and 40% of the total in scenarios one and two, respectively (P = 1.00).
Of the samples that still had indeterminate classifications following this analysis, more than
half were characterized as false recent results following quantitative analyses of CD4" T cell
lymphocyte counts (<50 cells/mm3) and/or 82-M concentration (> 4.00 mg/ml).

For this analysis, no significant differences (P=0.80) were observed between scenarios one

(59.1%) and two (55.3%) following application of the G-Z criteria. Most of the samples that
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were characterized as false-recent used the BED-CEIA test, specifically 12 of 13 samples

(92.3%) for the first scenario and 20 of 21 samples (95.3%) for the second scenario.

Discussion

In a recent document published by UNAIDS [21], a novel term was coined to describe a
laboratory assay or a combination of one or more assays and clinical information designed to
classify HIV-1 infections as recent or long-term. This term, recent infection testing
algorithm (RITA), was formulated to control for the primary issues responsible for the
inconsistencies observed in previous studies using laboratory assays to estimate HIV-1
incidence. Some of the recommendations of this document were designed to enforce some
aspects as the limiting conditions for sample collection, transportation and storage. Indeed,
the presence of an AIDS-defining illness and/or a previous HIV diagnosis more than one
year ago and/or having received HAART were considered supplementary clinical
information that would “correct” the classification of these samples to non-recent [21]. In the
study and proposal presented herein, we exclude these samples to avoid misclassification
and unnecessary costs. The most significant achievement was addressing the need to
determine false recent rates (FRRs) [21]. This need emerged following the presentation of
substantial evidence that a proportion of long-standing infections are misclassified as recent
infections, which can occur for various reasons. The primary factors underlying the ultimate
accuracy of incidence rates are determination of the correct FRR for each population and the
use of a minimum sample size. Locations certainly exist where ideal conditions and
economic support allow for the evaluation of the FRR for each population. In these regions,
more accurate incidence rates will be obtained. However, the majority of individuals
affected by HIV live in locations where the economic reality is far from ideal, and

application of the RITA as proposed by the UNAIDS report depends on external sources.
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Our proposal aims to provide an option for minimizing the FRR without establishing its
value. Thus, the proposed approach does not calculate incidence rates but instead provides
information for comparing groups over time or in the same period. Some practical examples
of this method include determining the ratio of new HIV infections between genders and
evaluating the impact of HIV prevention measures in a specific group; to make these
comparisons, this method uses the proportion of new infections in tested subjects. The RITA
based on a combination of two assays is described as a method for lowering the FRR [21].
Our choice to use two methods in parallel with a G-Z was intended to prevent the exclusion
of real recent infection samples.

Our data indicate that the initial concordance between the BED-CEIA and Al tests was
relatively high (greater than 80%) in both scenarios. However, in at least one of the tests,
this correspondence dropped to 63% among samples from individuals classified as recently
infected.

The observation that 60% of the discordant samples were initially eligible for application of
the G-Z criteria suggests that most of the identified inconsistencies may be explained by
individual variations in humoral immunity, inconsistencies between the techniques or
differences between the tests in terms of their respective ranges by which the results are
classified. These factors may individually or collectively contribute to any observed
disagreements.

Immunological markers, such as CD4" T cell lymphocyte counts and the CD4"/CD8" ratio,
offer little specificity in detecting recent infections when examined separately from
serological test results. However, the use of immunological markers within defined criteria
can be useful for detecting false recent results among individuals with late diagnoses and
weakened immune systems. The use of a non-specific marker such as 32-M has advantages

over CD4" T cell counts, with the primary advantage being sample matrix quality. 32-M
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measurements can be performed with the same serum or plasma sample for both screening
and incidence tests. It is therefore possible to perform this test for all of the samples in a
cross-sectional study where the study population is not planned. Another advantage of the
32-M test arising from the nature of the sample is that more accurate information regarding
the status is immediately available. This advantage prevents the different sampling dates
from having different windows (even if it is possible to determine CD4" T cell counts),
which would make it difficult to compare the samples. In addition, sample collection may
last a significant period of time, during which a given sample may develop a different profile
(e.g., the initial sample may exhibit a recent infection profile, and the second sample may
exhibit the profile of a long-term infection), resulting in an erroneous interpretation. The
values proposed here regarding the use of immunological parameters to exclude false recent
results were designed to have the highest specificity possible; however, the goal of 100%
sensitivity was not attained. Therefore, it is likely that additional false incidents were not
identified using the proposed algorithm. Because 32-M is a non-specific marker, the results
for this assay should be interpreted using defined clinical criteria. In studies where it is not
possible to know whether the individual has chronic kidney disease or hepatitis, we assume
that knowledge regarding specific biochemical and serological markers will not greatly
impact the algorithm given that these tests are required for individuals with newly diagnosed
HIV.

Extreme disagreements between methodologies are likely to arise from situations that are
initially planned for but are uncommon. These disagreements should be observed as
exceptions. To a lesser extent, such disagreements may not be accounted for in the
descriptions of the tests because they are rare or difficult to observe. With respect to the
BED-CEIA test, there are predictable, although infrequent, situations that will have varying

degrees of prevalence according to the examined population. These situations include
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possible variations in the total IgG titer and/or, more rarely, in the kinetics of specific anti-
HIV-1 antibodies. Such a scenario would justify samples with a low ODn value and a high
Al In the case series studied here (i.e., scenario 2, the larger of two), and taking into account
the G-Z criteria, these samples [AI> 0.90 (Al) test and an n-OD <0.6 (BED-CEIA test)]
comprised 5.9% of the positive samples and likely came from individuals co-infected with
another pathogen such as tuberculosis. Another possible difficulty is the eventual lack of
reactivity in BED due to the different subtypes that are covered by the peptide used in the
BED assay; this effect does not appear to occur with the Al test [22]. Furthermore, samples
with the opposite discordant result [i.e., Al <0.80 (Al test and an n-OD> 1.0 (BED-CEIA
test)] may also be explained by rare events. For example, these results may arise from
individuals who were super-infected, where one infection was more recent. In this situation,
the proportion of specific antibodies (measured using the BED-CEIA assay) is high, and the
avidity index would be smaller due to the observed heterogeneity (i.e., high avidity for the
clone of the first infection and low avidity for the recent infection). In this study, the
proportion of samples that fit this profile was rare. Only one of nearly 138 positive samples,
approximately (0.7%), fit this profile. The values of the four samples with this profile were
near the limit established by the G-Z (between 0.74 and 0.78 AlI), which would be expected
if super-infection had occurred. Given that we aimed to use a simple, rapid and inexpensive
algorithm, these samples were classified as indeterminate.

Although the Al test has been standardized for recent infection samples, i.e., for individuals
infected less than 6 months before the test, no study has estimated the window for the results
of this test. We therefore cannot quantitatively estimate the impact of this calculation on the
estimated incidence. Regardless, following the application of the algorithm proposed here,
only one sample was classified as a false incident using the AI method. In fact, the picture

changes when we simulate the same situation using the BED-CEIA test. When considering
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the samples exhibiting initial concordance between the tests (RS and LA) and those referred
to as probable recent (following the G-Z analysis) as recent infections, a significant
difference was observed in the second scenario when comparing the conventional estimated
incidence and the corrected incidence using the algorithm [3.98%/year (95% CI 3.35-4.60)

vs. 2.71%/year (95% CI 2.19-3.23)].

Conclusions

The application of a gray zone contributed to a significant reduction in the number of
indeterminate samples when the BED-CEIA and Al tests were applied for the evaluation of
recent infection with HIV-1. The inclusion of other immunological parameters, such as
CD4" cell counts and B2-M in the remaining samples with discordant results (following the
G-Z step) proved to be useful for identifying samples with false recent results. The data
suggest that the Al test is more specific than the BED-CEIA test. The proposed algorithm
showed no difference in scenarios with different proportions of samples initially
characterized as recent infections. The ability of this algorithm to reduce the proportion of
indeterminate samples is likely associated with the proportion of individuals with late

diagnoses in the given sample population.
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Figure 1. Description of the study design with both scenarios analyzed and criteria adopted
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Figure 2. Chart of the algorithmic proposed with possible results and subsequent analysis
and/or classification
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Figure 3. Description of the results in first (first data showed in each square) and second

(second data showed in each square) scenario.
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7 — Anexo ll: Referente a proposta de Artigo 4

“Who attend voluntary counseling and testing sites in Rio de Janeiro

metropolitan area? Insights from two major VCT centers, 2005-8.”

O artigo se relaciona com os objetivos especificos 1, 2 e 3 e se encontra em fase

preleminar de elaboracao visando futura submissao.

1) Determinar a prevaléncia e a incidéncia da infec¢gao por HIV na populagéo

estudada;

2) Comparar a prevaléncia e a incidéncia da infeccdo por HIV ao longo do

estudo;

3) Caracterizar o perfil sécio-demografico na populacdo estudada (casos

incidentes, prevalentes e soronegativos).
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ABSTRACT:

Aims: In this study, we propose to study over time (2005-2008) the population profile and
risk factors for HIV infection in two VCTs located in the metropolitan region of Rio de
Janeiro state. We also evaluate the occurrence of new HIV infections targeting detect
eventual trends in populations tested in these cities.

Methods: Serological assays for HIV-1 diagnoses followed the Brazilian algorithm. Further
differentiation between recent and long-term infections was performed using the BED-CEIA
protocol. To evaluate association, data were assessed by a decision tree algorithm through
the Chi-squared Automatic Interaction Detector (CHAID).

Results: During the study period, the return rate of customers regardless of VCTs request
was 1.68% and five seroconversions could be observed, four of them among MSM. The
VCT (A) — in the capital received more male customers and a higher proportion of MSM
that the VCT (B) — in the outskirts, where there was a larger number of pregnant women
being tested. In general, the VCT (B) received a higher proportion of customers younger,
unmarried, nonwhite, with lower risk perception, most individuals who reported having had
STD in the year prior the colection, fewer proportion with multiple partners and a lower rate
of condom use. Motivating for testing, age, STDs, sexual practice for men and time of
formal education were the factors more frequent for higher prevalence of HIV infection and
the rates were always higher in VCT (A).

Conclusions: In VCTs the prevalence of HIV infection was related to the composition of the
population served and in our study was very different even though they were in the same
metropolitan region. Although in the capital was found consistently higher prevalence rates,
in the periphery are also high and the low consistently use of condoms compose a scenario
conducive to more infections. Prevention campaigns should focus on MSM, prevention of
STDs in general and seek to intensify efforts in the periphery, in individuals with less

education and the importance of retesting as a tool for early diagnosis.
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Background

The World Health Organization (WHO) and the Joint United Nations Programme on
HIV/AIDS (UNAIDS) have established that early diagnosis of HIV infection is a key
component of any initiative aiming to guarantee the right of individuals to access treatment
and curb the epidemic, and may reinforce different behavioral interventions promoting safer
behaviors in affected communities worldwide [1].

Among these initiatives, the prompt diagnosis of HIV infection, counseling and prophylaxis
of vertical transmission of HIV remains a pivotal initiative to be fully implemented yet in
many low and middle-income countries [2, 3].

However, according to evaluation issued in 2008 by WHO and UNAIDS, the quality of sero-
surveillance in low and middle-income countries still have poorly functioning surveillance
systems. The inclusion of HIV testing in national population-based surveys in recent years
has resulted in some countries with generalized epidemics receiving higher coverage scores,
but many countries with concentrated or low-level epidemics continue to lack data on high-
risk populations [4].The comprehensive implementation of voluntary counseling and testing
centers (VCTs) has been an important tool adopted in Brazil and many other countries to
foster testing for those who want to know their serostatus and receive group and individual
in a private and user-friendly environment, for patients referred by community services and
other health professionals, and, in some countries such as Brazil, to provide testing and
counseling for pregnant women, ideally in a concerted effort with units and/or health
professionals providing prenatal care [5, 6]. In a recent review, Guy e cols conclude that data
routinely collected from VCT sites can be used to evaluate the impact of public health

interventions, but attention to methodological issues will maximize their value for evaluation

purposes [7].
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In Brazil, the survey of knowledge, attitudes and practices in people from 15 to 64 years of
age (PCAP) evaluates the sexual behavior of the Brazilian’s citizens. The survey is
conducted nationwide and the main objective is to monitor the performance indicators of the
Department of STD, AIDS and Viral Hepatitis, especially with regard to the prevention of
situations of vulnerability to HIV infection and other sexually transmitted diseases. The
PCAP, released in June 2009, was conducted during 2008 in all regions of Brazil and
interviewed 8,000 people 15-64 years of age. The survey found that young people
demonstrate that they have safer sexual behavior. Moreover, it revealed that the main
behavioral differences are between men and women. Among men, 13.2% had more casual
partners in the five years preceding the survey, among women, this rate is three times lower
(4.1%). One in ten men had at least one partner of the same sex in life, while only 5.2% of
women have had sex with other women. For men the introduction in sex life also starts
earlier - 36.9% had sex before aged 15, for women the index falls by more than half, 17%.
The research also features for education and by region. In both cases, there were no
statistically significant [8]. In relation to testing, one study describes changes between 1998
and 2005; when 20.2% and 33.6% of interviewees had been tested, respectively. Six in each
ten women aged 25-34 years were tested. In general there was no significant increase in

testing among men over time. Testing rates did not increase in those who self-reported as
being at high risk for acquiring HIV. Among women, prenatal testing rate increased while

work-related testing decreased among men. In 2005, half of those who were tested did not
receive any counseling before or after testing [9].

An evaluation of strategies to foster the descentralized response to AIDS suggests that the
municipalization policy contributed to improve local response to AIDS [10]. Rates of HIV
prevalence are significantly higher in the clientele of VCT than those observed in the general

population [11-14]. In general, these studies were conducted in different cities (most of them
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in the capitals of Brazil major states) and were cross sectional studies. As a result, data from
trends in populations tested in VCTs are not available until now, nor comparison between
VCTs located in major cities like capitals and others cities in same metropolitan area.

In this study, we propose to study over time (2005-2008) the population profile, risk factors
for HIV infection in two VCTs located in metropolitan region of Rio de Janeiro state (one in
capital — Rio de Janeiro city and other in a peripheral city — Nova Iguagu). We also evaluate
the occurrence of new HIV infections (less than six months prior sample collection)

targeting detects eventual trends in populations tested in these cities.

Methods

Study design and population

In 2004, we began to conduct a prospective study in three VCTs located in Municipalities of
metropolitan region of Rio de Janeiro state (one in the capital [Rio de Janeiro city] and two
in the outskirts of the state [located in Nova Iguacu and Duque de Caxias cities]) [14] .
Analysis of these results for each VCT suggested a similar profile between the two VCTs
located in the outskirts, but different from the VCT located in the capital. For this study,
targeting to compare the profile of a VCT in the capital and another in the periphery, the
periphery center was selected based on three criteria: coverage area, number of collections
and best proportion of samples with results available and satisfactory data collection. In
2004, Nova Iguacu VCT was better than Duque de Caxias VCT in all criteria. The VCT of
the capital was followed by three consecutive years (2005-2007) while the VCT Nova
Iguacu for four years (2005-2008), the VCTs was here named VCT (A) and VCT (B)
respectively. Samples without result of HIV testing and/or no data available were excluded.
A search was conducted to find volunteers who returned to VCTs during the study period

(based on a mach with VCT general number, gender and date of birth - with day, month and
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year of birth). The multiple entries following the first visit were excluded from the database
for analysis and the characteristics of these individuals will be described separately. Figure 1
summarizes the study design. To be enrolled, individuals were counseled and tested, those
defined by the guidelines of the Brazilian Ministry of Health (BMoH), irrespectively of their
answers (or the absence of answers) to the standard short form used as a routine procedure in
the VCT centers. The study was approved by the Oswaldo Cruz Foundation (FIOCRUZ) —
Evandro Chagas Clinical Research Institute Ethical Board, registration CAAE-

0032.0.009.000-04.

Serological testing algorithm

Serological assays for HIV-1 diagnoses followed the Brazilian algorithm. Further
differentiation between recent and long term infections was performed using the BED-CEIA
protocol (Calypte Biom Corp, USA) according to the manufacturer’s instructions. Briefly,
this assay is an in vitro quantitative enzyme immunoassay for the determination of the
proportion HIV-1 specific IgG with respect to total IgG as a tool to estimate the elapsed time
since HIV-1 infection. The BED-CEIA uses a branched gp41 peptide with sequences
derived from multiple subtypes (B, E and D) and achieves similar performances with

different subtypes [15].

Data Organization

Data obtained by standard short form were filled in a SPSS file for further CHAID analysis.
Socio-demographic variables were: sex, presence of pregnancy for women, age, current
marital status, race and education. Information related with behavior were: sexual practice
for men, motivation for testing, origin of clientele, use of drugs in last year — considering the

date of the visit in VCT center, sharing needles — lifetime and number of sexual partners in
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last year. As clinical variable, the occurrence of sexual transmitted diseases (STDs) was

asked. Aiming a better understanding and distinguishing feature of any differences between

populations tested, the variable motivation for testing had the answer choices grouped

according to the characteristics of these responses: spontaneous with risk perception

(exposure to risk, window period), spontaneuos relative to prevention (knowledge of HIV

status, prevention), suggested by health service or health professional (blood bank, clinical

recovery addicts, tuberculosis, STD clinics, symptoms related to HIV/AIDS, other health

services), utilization of public health service (admission to employment/military, check

previous result, pre-natal, pre-nuptial, pre-operative).

Data Analysis

Chi-squared Automatic Interaction Detection

Chi-squared Automatic Interaction Detection (CHAID) is a method of tree
classification originally proposed by Kass in 1980 [16]. CHAID is a non-parametric
analysis based on a relatively simple algorithm that is particularly well suited for the
analysis of larger datasets. The splitting method use chi-square and F tests. The branch
limitations are the number of values of the input and the pruning uses p-values. A
CHALID tree is a classification tree that is constructed by repeatedly splitting subsets of
the space into two or more child nodes, beginning with the entire data set. To determine
the best split at any node, any available pair of categories of the predictor variables is
merged until there is no statistically significant difference within the pair with respect to
the target variable. To identify the nodes with a relatively high probability, a gain chart
was constructed showing the nodes sorted by the number of cases in the target category
for each node. For the current analyses, the endpoint variable was the HIV infection.

The resulting groups were split until the following criteria were reached — tree depth
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was limited to ten levels, no group smaller than 100 was split, no group smaller than 50
was formed, and an alpha level for all statistical tests was 0.05, all statistical analyses
were performed using SPSS Answer Tree 16.0 software (SPSS Inc. Chicago, II, USA).
A CHAID tree for each VCT was performed, as well as tables showing statistic

significant results.

Trends in HIV-1 infection

After CHAID analysis, the related nodes were compared based in the number of overall
individuals tested — of each node — and the number of recent infection characterized by
BED-CEIA. Chi-square or Fisher tests (according on sample size) were done to evaluate

recent trends. Alpha level equal or below 0.05 was considered significant.

Results

Return Clients

During the study period, the return rate of customers regardless of VCTs request was 1.68%
- 377clientes, the vast majority of these being over one (90.5%) or two (7.1%) more
samples. According to gender, women had lower prevalence of return to VCT for new
testing (0.66% vs. 1.65% for pregnant and non pregnant women). Of the 59 pregnant women
who returned, 23 underwent further testing during the same pregnancy while 36 (61%)
return further testing in subsequent pregnancy. Among men, the return was equivalent
between heterosexuals and MSM — 2.46% and 2.54% respectively. Most customers place the
new testing within 1 year after the first collection - about 10% within three months between
collections, 15% between 3 and 6 months and 30% between six months and one year.
Approximately 30% returned between one and two years, and 14% between 2 and 3 years.

About 14% (20 of 145) of clients who reported exposure to risk situation in past or recent
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(window period) at the first visit to the VCT, reported that the new collection was motivated
by prevention. Twelve clients (8.3%) stated the need to confirm the previous result, a
customer returned by symptoms associated with HIV/AIDS, another on suspicion of STD
and the vast majority of these (73.1%) reported a new exposure to risk situation.
Furthermore, 30% (23 of 77) of those who reported being motivated by prevention in the
first time had motivated his return from exposure to a risk situation. Five seroconversions
could be observed, with four of them among MSM (one with less than three months between
collections, one between 3 and 6 months, one from 6 months to 1 year and one between 1
and 2 years between the two collections) and one in a non pregnant woman (1 year between
samplings). All individuals who seroconvert reported exposure to risk situation in both

samples.

Comparison between profile from VCT (A) — capital and VCT (B) — periphery

A total of 22,727 customers were included in this study. In the VCT (A), 2,624 customers
were seen in 3 years of follow up (mean of 874 and median of 828 per year). During four
years in the VCT (B), 20.103 customers (mean of 5,025 and a median of 4.859 per year)
were tested and counseling. The socio-demographic profile and behavior of customers were
different when compared the VCT (A) with VCT (B). Among the variables analyzed, the
only one where there was no statistically significant difference was related to drug use in the
last year from the date of collection, p=0.95. The VCT (A) received more male customers
and a higher proportion of MSM that the VCT (B), where there was a larger number of
pregnant women being tested. In general, the VCT (B) received a higher proportion of
customers younger, unmarried, nonwhite, with lower risk perception, most individuals who
reported having had STD in the past year, fewer proportion with multiple partners and a

lower rate of condom use (table 1).
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Risk Factors for HIV infection

VCT (A) - Capital

For the VCT in the capital, the overall prevalence of HIV infection was 11.3%. The CHAID
tree obtained was composed by 16 nodes with nine terminal nodes and a depth of four levels
(figure 2). At the first level, the variable obtained was the motivation for testing and the four
possibilities were divided into three groups. The group tested as suggested by health service
or health professional has the bigger prevalence for HIV infection - 21.8%, while those who
tested for prevention or use of the structure had 5.6%. The third group - volunteers at risk
(11.1%) was the one where we obtained the most depth in the CHAID tree. The variables in
order were: number of partners in last year, gender and sexual behavior and finally the
education. Thus, the highest prevalence found among the volunteers with risk perception
was among MSM with education less than 7 years and with more than one partner in the
year preceding the date of the survey - 27.8%. In contrast, those who sought testing after a
suggestion by a health professional had a depth of just one level - gender and sexual
behavior — Between those, 40% of prevalence of HIV infection was observed for MSM vs.
18.55% against the set formed by straight men and women in general — pregnant or not.
Among the individuals that search testing for prevention or use the structure the prevalence
for HIV infection obtained was higher among individuals older than 24 years - 7.2%, while
those under 25 was 1.8% - being 4.5% among men and no infection was observed among the

97 women in this group. Table 2 summarizes the terminal nodes obtained.

VCT (B) - Outskirts

For the VCT in the periphery, the overall prevalence was 3.8%. The CHAID tree obtained

was composed by 48 nodes with 26 terminal nodes and a depth of six levels. At the first
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level, the variable obtained was the motivation for testing and the four possibilities resulted
each one in a new group in the first level. Due to the size (difficulty in visualization) and the
complexity of this tree, we chose to separate the original tree in four other considering each
possibility obtained in the first level (motivation for testing). The group with the highest
prevalence of HIV infection was formed by users who sought testing after suggestion of a
medical doctor or health services - 12.3%, this group was also where there was a greater
depth - five levels. The first level was the occurrence of STDs in the last twelve months prior
to collection. Those who reported STD in the previous year, the frequency of HIV infection
was 28.9% - the highest rate was found among MSM with 61.5% and the lowest among
heterosexual men aging 15 to 24 years with 2.9%. Among those who reported not having
had an STD in the last year, the prevalence of HIV infection was 9.2%. In this group the
lowest rate found was 7.2% among non-pregnant women and was higher between those that
were unmarried aged from 25 to 49 years old with less education - 19.4%. The highest rate
was found among MSM - 26.9% being 10.9% among MSM who reported having one partner
in the last year against 43.4% among those who had more than one partner (figure 3). In the
periphery VCT the second most affected group was that formed by users that search test
spontaneously with risk perception - 7.3%. Among older individuals (above 24 years) the
prevalence was about 3 times higher than among younger (15 to 24 years), 9.0% vs 2.9%.
Among the younger who were married, the prevalence was approximately 6 times higher
than in the group formed by single, separated or widowed - 8.5% vs 1.4%. Among the
olders, the prevalence was higher among those with less education (figure 4). The third
group, formed by users who sought testing for prevention the prevalence was 3.6%, with the
highest rate among MSM and the lowest (0.9%) between the group formed by straight men,
pregnant women and non-pregnant women who were between 15 and 24 years. Among the

olders (over 24 years) in this group, the frequency of HIV infection was higher among those
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who reported STD episode in the past year (Figure 5). The largest group in this VCT
(54.1%) was formed by users who made as utilization of public health services and had the
lowest prevalence rate — 0.8%. Between these volunteers, the group with lower education
had more prevalence of HIV infection than the users with more than 7 years of study — 1.1%
vs. 0.5% respectively. In the group with more education was observed more infections in
people with a episode of STD (1.9%) in the year prior the sample collection that the subjects

that didn’t have any STD in the year before the test (figure 6).

Trends in HIV-1 infection

For samples included in CHAID analysis, in the VCT (A) 17.07% of the samples tested were
clasified as RS vs 15.73% of VCT (B) [P=0.63]. For both VCTs significant difference was
found in motivation testing (P <0.01), with a greater frequency of newly infected individuals
among those who sought testing by the suggestion of a health professional. In the VCT (A)
was identified one recent infection with HIV-1 among approximately 31 people tested in this
category while in the VCT (B) were 64 individuals, while those who seek tested using the
public infrastructure the ratio was nearly 842 tested for each recent infection found. In the
VCT located in the capital, difference was found among those volunteers who had
perception of risk and had more than one sexual partner. For this group, between MSMs
tested, the proportion was found about 23 people for each infection recently found, while in
the group formed by heterosexual men and women in general - pregnant or not pregnant -
the ratio found was close to 72 volunteers tested.

In the VCT located in the periphery, five other subgroups had a statistically significant
difference detected. In individuals who sought testing after the suggestion of a health
professional was detected difference between having or not had at least one episode of STD

in the previous year of the VCT visit - 18 in 510 for those who had STD vs 32 in 2.707
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without DST. For this last subgroup, difference was found among MSM, non-pregnant
women and the group formed with pregnant women and heterosexual men. In the group of
those who reported seeking testing for prevention, MSM had a recent infection frequency
about ten times greater than in the group of heterosexual men and women in general -
pregnant or not - about one recent infection for every 22 vs. 221 respectively.

In this last group, among individuals with more than 24 years, the occurrence of STDs was
determinant for the frequency of recent infections is four times higher than among those who
reported no STDs in this group. Overall individuals tested within each subpopulation, as
well as their recent infections detected and P values are described in Tables 4 and 5 for

VCTs (A) and (B) respectively.

Discussion

Although this kind of data is not available and a comparison cannot be done, the evaluation
of the return of customers to VCTs can be generally considered low (less than one in 50
customers). In general, concerns with health indicate a major zeal among women, however;
it was among men who observed a higher rate of return for further testing. This finding
might possibly be a result of a higher exposure to risk compared with women after
counseling done at the first visit to the VCT since four of the five cases of seroconversion
were detected among men (approximately one in 36 men retested while among women was
found one case in 192 who returned for another test). Among men, although the frequency of
return has been equivalent between MSM and heterosexual men, the four cases of
seroconversion were found among MSM in a sample of 25 returns. This difference would be
explained by the HIV status of partner (all reported that the new risk exposure was sexual

intercourse) and/or type of sexual contact [17].
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Our results indicate that the use of VCT as a place of testing for pregnant women in the
periphery results more testing in young and married women than in the capital and the rate
among those who use the public infrastructure for the testing was ten times higher and the
majority are coming from another health service. In addition, a higher proportion of
nonwhite and less formal education individuals were found in the periphery, where these
features are usually found more frequently and are associated with poorer populations. This
profile can be reinforced when we observed that only eight percent of those tested in the
suburbs seek testing spontaneously and as a result of risk perception. So, indeed, the
periphery of the VCT is characterized more as an ancillary service structure of public health
- called basic VCT - than as a center for testing of spontaneous [18].

As a feature common to both studied VCTs would be highlight the low frequency of drug
users in these services, which could eventually mean that the drug user does not recognize
the VCT as a suitable place for their reception and testing, although this population has been
classified as priority for VCTs [18]. Thus, the results obtained here should be considered in
the context of essentially sexual transmission. Another common sign is the low consistent of
condom use; about half of the individuals tested reported that never used condoms with
steady partner and about one in three never made it with an eventual partnership. These data
suggest that although it was detected an increase in condom use among young people 8],
this issue is far from being resolved and should always be targeted by prevention campaigns
for individuals of all ages.

Our results concerning the analysis of risk factors for HIV infection, revealed that in both
VCTs, 15% of the individuals sought to test after the suggestion of a health professional and
that within this group the prevalence was twice that the one found among those who tested
on a voluntary basis with a perception of risk, in others words, the detection of HIV infection

is still late and dependent more from health professionals than risk perception by the
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individual. Our data proved to be consonant with the literature where a remarkable number
of studies have undertaken link STDs and HIV [19, 20]. In VCT on the periphery, we
observed that the group that had both factors and have sought testing after medical
suggestion, prevalence was above 60%. For this group the chance to have tested positive
serology for HIV was greater than to be negative, which illustrates the relationship of these
factors with higher rates of HIV infection and the potential of the combination of both. The
age range where there was a higher frequency of HIV infection was always the one made by
users from 25 to 49 years; however the younger — between 15 and 24 years — were those
with the lowest prevalence rate, following the logic of historical cohort where sexually
active older individuals were probably more at risk.

For those tested with 50 years or more, a well-defined pattern was not observed, in some
cases they were grouped with the younger and therefore with lower rates and sometimes
aligned with those of the range of 25 to 49 years formed the group with the highest rates.
This inconsistency can be explained by a change in profile in this age group, where there
was an increase in rates in recent years [21]. In the general scope, less schooling was related
to higher rate of HIV infection, which is in agreement with the more contemporary profile
described in our country. Nevertheless, an exception was observed. In the VCT of the
periphery, among MSM which reported no recent episode of STD and tested after the advice
of health professionals, which would be more compatible with the initial characteristic of the
epidemic in our midst. Although no significant difference (P = 0.35) in relation to recent
infections when education was assessing in this group, the results suggest that this difference
may be due to late diagnosis, once only one recent infection was detected in 55 individuals
with more than seven years of formal education, while three recent infections were found in

53 people with education less than 8 years.
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In this study we propose an alternative way to analyze the recent infections, observing if new
infections indicate a possible change of scenario in the context of the subpopulations studied
with difference detected by CHAID. No significant differences contrary to what was
observed in the initial analysis done by the CHAID was found, suggesting that with the
population studied was not possible to detect any major change seems to happen in the near
future. On the other hand, some differences in the same direction as that found by CHAID
were observed, suggesting that this difference was recently determined or - more likely -
means that this difference has been maintained over time and that to date no indication of
change in the future will occur. This scenario was observed in both VCTs about the
motivation for testing - which reinforces the needs of a description of the population served
in these VCTs for proper analysis of results. Other situations where this profile was found
were always related as factors either recent reporting of STDs or the group of MSM, further
reinforcing that these factors have always been and continue to be risk factors for HIV
infection. For groups where no statistically significant difference was found we impose
restrictions on sample size of some subgroups generated after analysis by CHAID.
Notwithstanding, some potential trends would be observed, as a statement that the
consolidation between the group with more formal education, the proportion of new
infections has been consistently lower than those with less formal education and that
younger individuals have proportionally fewer recent infections in the total number of
individuals tested than those who are between 25 and 49 years. Although this data is in line
with the results of prevalence rates, reveals that even after the onset of sexual activity, some
of the new infections will occur few years later - which suggests that prevention efforts

related to these specific individuals could in theory avoid part of future infections.
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Conclusions

In VCTs the prevalence of HIV infection was related to the composition of the population
served and in our study was very different even though they were in the same metropolitan
region. Although in the capital was found consistently higher prevalence rates, in the
periphery are also high and the low consistently use of condoms compose a scenario
conducive to more infections. Prevention campaigns should continue to focus on MSM,
prevention of STDs in general and seek to intensify efforts in the periphery, in individuals

with less education and the importance of retesting as a tool for early diagnosis.
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Figure 1. Description of the study design. Absolute and relevant relative proportion of

samples tested and/or analyzed in each step is shown as well as missing samples.

Selection of VCTs

»| VCT in capital — follow up 3 years
A VCT in outskirts — follow up 4 years

23,183 samples

73 samples with HIV test result
A and/or form unavailable (0.3%)

A\ 4

23,110 samples with available
HIV test results and form (99.7%)

385 multiple samples from
A 337 return clients (1.68%)

A\ 4

22,727 individuals tested

5,848 Men
16,879 Women

\ 4

A

21,660 seronegative for HIV infection
1,067 seropositive for HIV infection

1,961 individuals with form
incomplete (8.6%)

> 47 samples missing for

BED-CEIA (4.4%)

20,766 (91.4%) for CHAID analysis
1,020 tested in BED-CEIA (95.6%)
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Table 1. Comparison of socio-demographic and behavior profile from populations seeking
for HIV testing in two VCTs located in Rio de Janeiro metropolitan area from 2005 to 2008

VCT capital (A) VCT outskirt (B) P value
N (%) N (%)
Socio-demografic
Sex
Women 1,153 (43.9) 15,726 (78.2) <0.0001
Men 1,471 (56.1) 4,377 (21.8)
Pregnant (women)
Yes 116 (10.1) 8,727 (55.5) <0.0001
No 1,037 (89.9) 6,999 (44.5)
Age,y
15-24 719 (27.4) 7,006 (34.9) <0.0001
25-49 1,604 (61.1) 11,066 (55.0)
+49 301 (11.5) 2,031 (10.1)
Current marital status
Married 911 (38.5) 12,937 (64.5) <0.0001
Divorced 186 (7.9) 1,310 (6.5)
Never married 1,187 (50.1) 5,215 (26.0)
Widowed 84 (3.5) 602 (3.0)
Race
White 663 (64.5) 4,486 (38.5) <0.0001
Browns 196 (19.1) 4,700 (40.3)
Black 169 (16.4) 2,479 (21.2)
Education, y
0-7 976 (41.3) 9,086 (45.4) 0.0002
>7 1,388 (58.7) 10,953 (54.6)
Behaviour
Sexual practice (men)
Heterosexual 1,115 (75.8) 3,751 (85.7) <0.0001
MSM 356 (24.2) 626 (14.3)
Motivation for testing
Spontaneous, with risk perception 1,455 (56.2) 1,329 (8.0) <0.0001
Spontaneous, relative to prevention 585 (22.6) 4,051 (24.2)
Suggested by health service/professional 386 (14.9) 2,888 (17.3)
Utilization of public health service 163 (6.3) 10,431 (62.5)
Origin of clientele (discovery of VCT service)
Health service/professional 624 (27.0) 15,378 (77.5) <0.0001
NGO, Friends or VCT client’s 1,035 (44.8) 3,065 (15.4)
Disclosure in all media 650 (28.2) 1,410 (7.1)
Use of drugs last year
Yes 29 (1.1) 231 (1.1) 0.95
No 2,595 (98.9) 19,872 (98.9)
Sharing needles (lifetime)
Yes 46 (1,8) 88 (0.4) <0.0001
No 2,578 (98.2) 20,015 (99.6)
No. sexual partners past year
0 466 (17.8) 1,318 (6.6) <0.0001
1 1,134 (43.2) 15,181 (75.5)
2-4 669 (26.6) 3,029 (15.0)
>4 325(12.4) 575 (2.9)
Condom use: frequent partner
Always 329 (24.1) 1,373 (7.6) <0.0001
More than half exposes 52 (3.8) 2(0.0)
Less than half exposes 345 (25.2) 6,113 (33.8)
Never 640 (46.9) 10,578 (58.6)
Condom use: casual partner
Always 339 (36.4) 1,029 (26.8) <0.0001
More than half exposes 30 (3.2) 2(0.0)
Less than half exposes 248 (26.6) 1,432 (37.4)
Never 315(33.8) 1,372 (35.8)
Clinical
STD last year
Yes 155(5.9) 1,613 (8.0) 0.0002
No 2,469 (94.1) 18,490 (92.0)
Overall 2,624 (100) 20,103 (100) -
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Figure 5. CHAID tree for volunteers with spontaneous testing relative to prevention in VCT

(B)

Resultada Final HIW

Mode O
Categorny % n
r—————7 B Negative 96.4 2290
| W MNegative | B Positive 36 145
| | Positiva Total  100.0 4035
______ (=]
Recaorte F"-:!pul.aci-:-nal
Adj. P-value=0.000, Chi-square=g7.
2‘13.|d1’=1
Mulheres em Geral; Homens Hetero; HéH
Festante |
Mode 1 MHode 2
Categons % n Categony % n
B pHegative 97.1 364 B Hegative S7.7 249
B Fositivo 29 114d B Fositive 123 35
Tatal Q2.0 3751 Total Fo 224
[=]

ldade Estratificada 1
Adj. P-value=0.000, Chi-square=17.

5345, di=1
25 299 anos; 50 ou mais anos 15 a 24 anos
Node 3 Hode 4
Categony % n Categony % n
B Hegative 969 2749 B Hegative 99.1 S97
B Fositivo 3.6 102 B Positivo 09 =
T otal 0.5 2845 Total 224 905

ST no dltimo anao
Adj. P-walue=0.026, Chi-square=4.

86, df=1
N§|-:- Silrn
Mode 5 Mode G
Categons % n Categony % n
B Negative 967 2473 B Negativa 941 271

B Fositivo 3.3 85 B Fositivo 549 17
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Figure 6. CHAID tree for the group that use the public health services for testing in VCT (B)

Resultado Final HIW

Mode O
Category % n
r——=—"7 B Negative 99.2 10010
| u Neq_a_tnr-:u | B Positiva 0.2 76
| [ Posithve ! Total  100.0 10086

Ezcolaridade
Adj. P-value=0.000, Chi-square=15.451,

df=1
2 ou mais anos 0a7¥ anos
Mode 1 MHode 2
Categony % n Categony % n
B Hegative 995 5795 B Hegative 929 4215
B Fositive 0.5 27 B Fositive 1.1 49
Total 577 5322 Total G423 9264

DST no dltima ano
Adj. P-value=0.001, Chi-square=11.229,

df=1
Nﬁln Silrn
Mode 2 Mode 4
Categony % n Categans % n
B Hegative 295 5531 B Hegative 931 264
B Positiva 0.4 2z B Fositivo 1.9 5
Tatal 551 5553 Total 2.7 2549
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Table 2. Prevalence of HIV infection in populations of VCT (A), obtained by CHAID

analysis

Population Segments

(N=2.109)

HIV

Positive %

Population in
each group

Suggested by health professional
MSM

Heterosexual men, Women (pregnant or not)

Volunteers with risk perception
MSM with more than 1 partner and education lower than 8 ys
MSM with more than 1 partner and education more than 7 ys
Heterosexual men, Women (not pregnant) with more than 1 partner

One Partner

Spontaneous, relative to prevention or utilization of public health services
Volunteers more than 24 ys old

Men from 15 to 24 ys old
Women from 15 to 24 ys old

21.8
40.0
18.5

27.8
10.3
52
14.9

5.6
72
45
0.0

321 (15.2%)
50 (2.4%)
271 (12.8%)

1,236 (58.6%)
54 (2.6%)
107 (5.1%)

503 (23.9%)

572 (27.1%)

552 (26.2%)
388 (18.4%)
67 (3.2%)
97 (4.6%)
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Table 3. Prevalence of HIV infection in populations of VCT (B), obtained by CHAID

analysis
Population Segments HIV Population in
(N =18.657) Positive % each group
Suggested by health professional 12.3 3,208 (15.2%)
Without DST in the year before the sample collection 9.2 2,700 (14.5%)
Heterosexual men and pregnant women from 15 to 24 ys old or older than 49 ys. 57 419 (2.2%)
Heterosexual men and pregnant women from 25 to 49 ys old, single or divorced. 20.7 217 (1.2%)
Heterosexual men and pregnant women from 25 to 49 ys old, married or widowed. 9.8 366 (2.0%)
Women — not pregnant from 15 to 24 ys old or older than 49 years, single or divorced or widowed. 6.3 303 (1.6%)
Women — not pregnant from 25 to 49 ys old, single or divorced or widowed and education lower than § ys. 19.4 160 (0.9%)
Women — not pregnant from 25 to 49 ys old, single or divorced or widowed and education above than 7 ys. 8.4 154 (0.8%)
Women — not pregnant, married. 590 973 (5.2%)
MSM with 1 partner. 10.9 55 (0.3%)
MSM with more than 1 partner. 43.4 53 (0.3%)
Episode of DST in the year before the sample collection 28.9 508 (2.7%)
MSM 61.5 52 (0.3%)
Women (pregnant or not) from 15 to 24 ys old. 16.7 54 (0.3%)
Heterosexual men froml15 to 24 ys old. 29 68 (0.4%)
Heterosexual men, Women (pregnant or not) older than 24 ys with 1 to 5 partners. 27.3 275 (1.5%)
Heterosexual men, Women (pregnant or not) older than 24 ys without or more than 5 partners. 492 59 (0.3%)
Volunteers with risk perception 73 1,321 (7.1%)
Volunteers from 15 to 24 ys old, single or divorced or widowed.
1.4 294 (1.6%)
Volunteers from 15 to 24 ys old, married.
Volunteers older than 24 ys old with education lower than 8 ys. 83 82 (0.4%)
11.1 476 (2.6%)
Volunteers older than 24 ys old with education above than 7 ys.
7.0 469 (2.5%)
Spontaneous, relative to prevention 3.6 4,039 (21.6%)
MSM 12.3 284 (1.5%)
Heterosexual men, Women (pregnant or not) from 15 to 24 ys old. 0.9 908 (4.9%)
Heterosexual men, Women (pregnant or not) older than 24 ys with STD. 5.9 288 (1.5%)
Heterosexual men, Women (pregnant or not) older than 24 ys without STD. 3.4 2,559 (13.7%)
Utilization of public health services 0.8 10,089 (54.1%)
Volunteers with education lower than 8 ys. 11 4266 (22.9%)
Volunteers with education more than 7 ys, with STD. 1.9 269 (1.4%)
Volunteers with education more than 7 ys, without STD and with 1 to 5 partners. 03 5,460 (29.3%)
Volunteers with education more than 7 ys, without STD and without or more than 5 partners . 39 94 (0.5%)
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Table 4. Number of recent infections for HIV-1 in each general subgroup creates by CHAID

analysis in VCT (A).

Population Segments Overall / Recent P value
Motivation for testing
Volunteers with risk perception 1,307 / 30 0.01
Spontaneous, relative to prevention or utilization of public health services 703 /5
Suggested by health professional 431 / 14
Volunteers with risk perception
With 1 partner 573 / 15 0.57
With more than 1 partner 669 / 14
Volunteers with risk perception and more than 1 partner
MSM 162 / 7 0.05
Heterosexual men, Women (not pregnant) 507 /17
MSM with risk perception and more than 1 partner
Education lower than 8 ys 54/ 4 0.10
Education more than 7 ys 107 / 2
Spontaneous, relative to prevention or utilization of public health services
15 to 24 ys old 217/ 0 0.33
More than 24 ys old 486 / 5
Suggested by health professional
MSM 50 /1 1.00
Heterosexual men, Women (pregnant or not) 381/ 13

126



Table 5. Number of recent infections for HIV-1 in each general subgroup creates by CHAID

analysis in VCT (B).
Population Segments Overall / Recent P value
Motivation for testing
Volunteers with risk perception 1,329 / 18 <0.01
Spontaneous, relative to prevention 4,051 / 30
Utilization of public health services 10,103 / 12
Suggested by health professional 3,217 / 50
Suggested by health professional
STD (at least 1 episode in the year before the test) 510 / 18 <0.01
no STD (none episode in the year before the test) 2,707 / 32
Suggested by health professional, no STD
MSM 108 / 4 0.01
Heterosexual men and pregnant women 1,004 / 15
Woman not pregnant 1,595 / 13
Suggested by health professional, MSM, no STD
Education lower than 8 ys 53/3 0.35
Education more than 7 ys 55 /1

Suggested by health professional, heterosexual men and pregnant women, no STD

15 to 24 ys old 421 /5 0.60
More than 24 ys old 583 /10

Suggested by health professional, heterosexual men and pregnant women, no STD older than 24 ys
Married or widowed 364 / 6 1.00
Single or divorced 217 / 4

Suggested by health professional, women not pregnant, no STD
Married 975 / 6 0.27
Single or divorced or widowed 618 / 7

Suggested by health professional, women not pregnant, no STD, single or divorced or widowed

From 25 to 49 ys 315 /' 5 0.45
From 15 to 24 ys or more than 49 ys 303 / 2

Suggested by health professional, women not pregnant, no STD, single or divorced or widowed, 25 to 49 ys
Education lower than 8 ys 160 / 4 0.37
Education more than 7 ys 154 /1

Suggested by health professional, with episode of STD
MSM 52/ 4 0.10
Heterosexual men, women (pregnant or not) 458 / 14

Suggested by health professional, heterosexual men, women (pregnant or not) with episode of STD
15to24ys 69 /1 0.77
More than 24 ys 54 /2

Suggested by health professional, with episode of STD, 15 to 24 ys
Heterosexual men 69 /1 0.58
Women (pregnant or not) 54 /2

Volunteers with risk perception
15to24ys 377 / 2 0.12

More than 24 ys 952 /16
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Table 5. Number of recent infections for HIV-1 in each general subgroup creates by CHAID

analysis in VCT (B).
Population Segments Overall / Recent P value
Volunteers with risk perception from 15 to 24 ys 83 /1 0.39
Married 294 /1
Single or divorced or widowed
Volunteers with risk perception and more than 24 ys 476 / 10 0.45
Education lower than 8 ys 469 / 6
Education more than 7 ys
Spontaneous, relative to prevention 284 /13 <0.01
MSM 3,767 / 17
Heterosexual men, women (pregnant or not)
Spontaneous, relative to prevention, heterosexual men, women (pregnant or not) 911 / 1 0.14
15to 24 ys 2,856 / 16
More than 24 ys
Spontaneous, relative to prevention, heterosexual men, women (pregnant or not), more than 24 ys 290/ 5 0.02
STD (at least 1 episode in the year before the test) 2,566 / 11
no STD (none episode in the year before the test)
Utilization of public health services 4,266 / 8 0.16
Education lower than 8 ys 5,823 / 4
Education more than 7 ys
Utilization of public health services and education more than 7 ys 269 /2 <0.01
STD (at least 1 episode in the year before the test) 5,554 /2

no STD (none episode in the year before the test)
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8 — Anexo lll: Resultados complementares referentes ao artigo 4

Tabela 1: Prevaléncia e incidéncia estimada com respectivos intervalos de confianga — 95%, obtidos
em populagoes testadas entre 2005 e 2008 em dois CTAs da regido metropolitana do Rio de Janeiro.
Analise em fungéo do total geral de individuos, por género, pela presenca de gestagdo em mulheres,
pratica sexual entre os homens e idade categorizada.

Prevaléncia %

Infeccdes

Incidéncia estimada *

Varidveis CTA N Positivas (95% IC) BED (%) Recentes (%) %/ano (95% IC)

A 2.624 321 12,2 (11,8 -12,7) 290 (90,4) 49 (16,9) 5,40 (3,89 -6,91)

Todos B 20.103 746 3,7(3,7-3.8) 730 (97,9) 116 (15,9) 1,43 (1,17 - 1,69)

Género

Feminino A 1.153 104 9,0 (8,5-9,5) 94 (90,4) 14 (14,9) 3,42 (1,63 -5,21)
B 15.726 379 24 (24-24) 374 (98,7) 62 (16,6) 0,96 (0,72 — 1,20)

Masculino A 1.471 217 14,7 (14,0 - 15,5) 196 (90,4) 35(17,8) 7,02 (4,70 - 9,35)
B 4377 367 8,4 (8,1 -8,6) 356 (97,0) 54 (15,1) 3,22(2,36-4,07)

Gestante (mulheres)

Sim A 116 2 1,7 (1,4 -2,0) 2 (100) 1 (50,0) 2,04 (0,00 - 6,05)
B 8.727 64 0,7 (0,7-0,7) 62 (96,8) 12 (19,3) 0,34 (0,15-0,53)

Nao A 1.037 102 9,8(9,2-10,4) 92 (90,2) 13 (14,1) 3,57 (1,63 —5,50)
B 6.999 315 4,5(4,4-4,6) 312(99,0) 50 (16,0) 1,76 (1,27 -2,25)

Pratica sexual (homens)

Heterosexuais A 1.115 145 13,0 (12,2 -13,8) 135(93,1) 24 (17,8) 6,07 (3,64 — 8,50)
B 3.751 246 6,6 (6,4 —6,8) 241 (98,0) 31(12,9) 2,10 (1,36 —2,84)

HSH A 356 72 20,2 (18,1 —22,3) 61 (84,7) 11 (18,0) 10,22 (4,18 — 16,25)
B 626 121 19,3 (17,8 —20,8) 115 (95,0) 23 (20,0) 10,68 (6,32 — 15,05)

Idade em anos

15a24 A 719 53 7,4 (6,8-17,9) 49 (92,4) 11(22,4) 4,12 (1,69 — 6,56)
B 7.006 102 1,5 (1,4-1,5) 98 (96,1) 27 (27,6) 0,95 (0,59 - 1,31)

25a49 A 1.604 231 14,4 (13,7-15,1) 205 (88,7) 32 (15,6) 6,00 (3,92 - 8,08)
B 11.066 560 5,0 (5,0-5,2) 548 (97,9) 80 (14,6) 1,82 (1,42 -2,21)

>49 A 301 37 12,3 (11,7-12,9) 36(97,3) 6 (16,6) 5,35 (1,07 - 9,64)
B 2.031 84 4,1 (4,0-4,3) 84 (100) 9 (10,7) 1,08 (0,38 - 1,79)
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Tabela 2: Prevaléncia e incidéncia estimada com respectivos intervalos de confianca — 95%, obtidos
em populagoes testadas entre 2005 e 2008 em dois CTAs da regido metropolitana do Rio de Janeiro.
Andlise em funcédo da motivagéo para testagem, origem da clientela, estado civil, raga e educagéao.

Prevaléncia % Infecgbes Incidéncia estimada *
Variaveis CTA N Positivas (95% IC) BED (%) Recentes (%) %/ano (95% IC)
Motivacio para testagem
Espontanea, com percepcdo de A 1.455 172 11,8 (11,2-12,4) 148 (86,0) 30 (20,3) 6,20 (3,98 — 8,42)
Risco B 1.329 97 73 (6,9 -7.7) 93 (95,8) 18 (19,4) 3,53 (1,90 - 5,15)
Espontéinea relative a A 585 42 7,2 (6,6 —7.8) 41 (97,6) 4(9,8) 1,76 (0,04 — 3,49)
Prevengao B 4.051 146 3,6 (3,5-3,7) 143 (98,0) 30 (21,0) 1,83 (1,18 — 2,49)
Sugestdo de servigo ou A 431 99 23,0 (20,1 —25,1) 95 (96,0) 14 (14,7) 9,84 (4,69 — 14,99)
professional de satde B 3217 395 12,3 (11,9 - 12,7) 390 (98,7) 50 (12,8) 4,14 (2,99 — 5,29)
Utilisagdo de estrutura publica A 118 4 3,4(2,8—-4,0) 3 (75,0) 1(25,0) 2,72 (0,00 — 8,04)
B 10.103 76 0,8 (0,7-0,8) 73 (96,1) 12 (16,4) 0,32 (0,15 - 0,50)
Origem da clientela
Profissional/Servigo de satde A 624 104 16,7 (15,4 — 18,0) 91 (87.5) 13 (14,3) 6,51 (2,97 - 10,05)
B 15.378 509 33(3,2-3,4) 500 (98,2) 75 (15,0) 1,20 (0,93 — 1,47)
ONG, Amigos, usuérios CTA A 1.035 105 10,1 (9,5-10,8) 95 (90,5) 19 (20,0) 5,18 (2,85—-7,51)
B 3.065 146 4.8 (4,6 — 4,9) 142 (97,3) 32(22,5) 2,62 (1,71 -3,53)
Campanhas — todas as midias A 650 68 10,5 (9,7-11,3) 60 (88,2) 12 (20,0) 5,36 (2,33 — 8,39)
B 1.410 81 5,7 (54 -6,0) 79 (97,5) 8 (10,1) 1,44 (0,44 — 2,44)
Estado civil atual
Casados A 911 103 11,3 (10,6 — 12,0) 90 (87,4) 12 (13,3) 3,92 (1,70 — 6,14)
B 12.937 351 2,7 (2,7-2.8) 344 (98,0) 58 (16,7) 1,10 (0,82 — 1,38)
Divorciados A 186 24 12,9 (11,1 — 14,8) 22(91,7) 2(9,1) 3,12 (0,00 — 7,45)
B 1310 76 58(55-6,1) 75 (98.7) 12 (16,0) 2,29 (1,00 —3,59)
Solteiros A 1.187 141 11,9 (11,2 - 12,6) 125 (88,7) 25 (20,0) 6,15 (3,74 —8,57)
B 5.215 268 51(50-53) 260 (97,0) 42 (16,1) 2,04 (1,42 —2,66)
Vitvos A 84 12 143 (112-17,3) 12 (100) 5(41,7) 15,12 (1,87 —28,37)
B 602 47 7,8(7,2-8.4) 47 (100) 4(8.,5) 1,68 (0,03 —3,33)
Raca
Brancos A 663 79 11,9 (11,0 12,8) 74 (93,7) 17 (23,0) 7,06 (3,70 — 10,42)
B 4.486 138 3,1 (3,0-32) 134 (97,1) 26 (19,4) 1,44 (0,89 — 1,99)
Pardos A 196 35 17,9 (15,4 —20,4) 33 (94,3) 7(21,2) 10,30 (2,67 — 17.93)
B 4700 151 32(3,1-33) 148 (98,0 28 (18,9) 1,47 (0,92 -2,01)
Negros A 169 30 17,8 (15,1 —20,4) 30 (100) 5(16,7) 8,13 (1,00 — 15,25)
B 2.479 101 4,1 (3,9-472) 98 (97,0) 14 (14,3) 1,42 (0,68 —2,16)
Educaciio em anos
0-7 A 976 144 14,8 (13,8 - 15,7) 127 (88,2) 23 (18,1) 7,12 (4,21 - 10,03)
B 9.086 416 4,6 (4,5-4,7) 411 (98,8) 57 (13,9) 1,55 (1,15 —1,96)
>7 A 1.388 135 9,7 (9.2—-10,2) 121 (89,6) 21 (17,4) 431(2,47-6,15)
B 10.953 329 3,0(2,9-3,1) 318 (96,7) 59 (18,6) 1,34 (1,00 — 1,69)
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Tabela 3: Prevaléncia e incidéncia estimada com respectivos intervalos de confianga — 95%, obtidos
em populagdes testadas entre 2005 e 2008 em dois CTAs da regido metropolitana do Rio de Janeiro.
Analise em funcao de episddio de DST, uso de drogas e parcerias e compartilhamento de seringas.

Prevaléncia % Infecgoes Incidéncia estimada *
Varidveis CTA N Positivas (95% IC) BED (%) Recentes (%) %/ano (95% IC)
DST no ultimo ano
Sim A 155 29 18,7 (15,8 -21,7) 25 (86,2) 1(4,0) 2,14 (0,00 - 6,35)
B 1.613 207 12,8 (12,2 -13,5) 203 (98,1) 33(16,2) 5,48 (3,61 —7,35)
Nao A 2.469 292 11,8 (11,4 -12,3) 265 (90,8) 48 (18,1) 5,56 (3,99 -7,14)
B 18.490 539 2,9(2,9-3,0) 527 (97,8) 83 (15,7) 1,11 (0,87 - 1,35)
Uso de drogas no ultimo ano
Sim A 29 7 24,1 (15,4 -33,0) 6 (85,7) 1 (16,6) 11,75 (0,00 — 34,79)
B 231 23 10,0 (8,7-11,2) 22 (95,6) 3(13,6) 3,49 (0,00 — 7,44)
Nao A 2.595 314 12,1 (11,6 - 12,6) 284 (90,4) 48 (16,9) 5,33 (3,82 -6,84)
B 19.872 723 3,6(3,6-3,7) 708 (97,9) 113 (16,0) 1,41 (1,15-1,67)
Compartilhou seringas (vida)
Sim A 46 9 19,6 (13,9 - 25,2) 8(88,9) 0 0,00
B 88 5 5,7 (4,5-6,9) 5(100) 0 0,00
Nao A 2.578 312 12,1 (11,6 — 12,6) 282 (90,4) 49 (17,4) 5,48 (3,95-7,01)
B 20.015 741 3,7(3,6-3.8) 725 (97.,8) 116 (16,0) 1,48 (1,18 — 1,70)
N°. Parcerias sexuais ultimo ano
0 A 466 74 15,9 (144-17,3) 73 (98,6) 2(2,7) 1,21 (0,00 - 2,89)
B 1.318 95 7,2 (6,8 —7,6) 95 (100) 33,1 0,58 (0,00 - 1,23)
1 A 1.134 147 13,0 (12,2 -13,7) 131 (89,1) 26 (19,8) 6,73 (4,14 -9,31)
B 15.181 432 2,8(2,8-29) 422 (97,7) 72 (17,1) 1.17 (0,90 — 1,44)
2-4 A 669 63 9,4 (8,7-10,1) 55(87,3) 16 (29,1) 6,88 (3,51 —10,25)
B 3.029 156 52(5,0-5,3) 152 (97,4) 27 (17.,8) 2,25(1,40-3,09)
Acima de 4 A 325 37 11,4 (10,2 - 12,6) 31(83,8) 5(16,1) 4,76 (0,59 — 8,94)
B 575 63 11,0 (10,0 - 11,9) 61 (96,8) 14 (23,0) 6,44 (3,06 —9.,81)
Uso preservativo ¢/ parceiro fixo
Sempre A 329 29 8,8(7,9-9,8) 23(79,3) 3(13,0) 2,93 (0,00 - 6,24)
B 1.373 127 9,2(8,8-9,7) 121 (95,3) 20 (16,5) 3,89 (2,19 -5,60)
Mais da metade das vezes A 52 7 13,5(9,8-17,1) 6 (85,7) 2(33,3) 11,51 (0,00 — 27,46)
B 2 0 - - - -
Menos da metade das vezes A 345 45 13,0 (11,7-14,4) 34 (75,5) 2(5,9) 2,06 (0,00 —4,91)
B 6.113 185 3,0(2,9-3.1) 183 (98,9) 29 (15,8) 1,16 (0,74 — 1,58)
Nunca A 640 70 10,9 (10,1 - 11,8) 63 (90,0) 8(12,7) 3,61 (1,11 -6,10)
B 10.578 295 2,8(2,7-2.8) 287 (97.,3) 50(17,4) 1,17 (0,85 — 1,49)
Uso preservativo ¢/ parceiro casual
Sempre A 339 35 10,3(9,2-11,4) 29 (82,9) 4(13.8) 3,67 (0,07 -17,27)
B 1.029 61 59 (5,6-6,3) 58 (95,1) 8(13,8) 2,03 (0,62 —3,43)
Mais da metade das vezes A 30 1 3,3(2,1-4,5) 1 (100) 0 0,00
B 2 0 - - - 0,00
Menos da metade das vezes A 248 33 13,3 (11,6 - 15,0) 29 (87,9) 5(17,2) 6,04 (0,75 —11,34)
B 1.432 98 6,8 (6,5-7.,2) 97 (99,0) 14 (14,4) 2,47 (1,17 -3,76)
Nunca A 315 36 11,4 (10,2 -12,7) 33(91,7) 30,1 2,72 (0,00 - 5,81)
B 1.372 70 5,1(48-54) 67 (95,7) 11 (16,4) 2,06 (0,84 —3,27)
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Figura 1. Prevaléncia e incidéncia estimada de acordo com a idade estratificada nas populagdes que buscaram
testagem para HIV em dois CTAs localizados na regido metropolitana do Rio de Janeiro entre 2005 e 2008.
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Figura 2. Tendéncias na prevaléncia (graficos a esquerda) e incidéncia estimada (graficos a direita) em

populagdes que buscaram testagem para HIV em dois CTAs localizados na regido metropolitana do Rio de

Janeiro entre 2005 e 2008. CTA (A) na cidade do Rio de Janeiro e CTA (B) na cidade de Nova Iguacu.
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Figura 3. Tendéncias na prevaléncia (graficos a esquerda) e incidéncia estimada (graficos a direita) em
populagdes que buscaram testagem para HIV em dois CTAs localizados na regido metropolitana do Rio de
Janeiro entre 2005 e 2008. CTA (A) na cidade do Rio de Janeiro e CTA (B) na cidade de Nova Iguacu.
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9 — Anexo IV: Producao relacionada com a tematica da tese

Neste artigo utilizamos algumas ferramentas anteriormente descritas e relacionadas
ao cerne da presente tese (BED-CEIA, Al e f2-M).

“Immune activation and antibody responses in non-progressing elite

controller individuals infected with HIV-1"

Este artigo, foi publicado no peridédico J Med Virol. 2009 Oct;81(10):1681-90.

8) Avaliar a reatividade e a avidez de anticorpos através do uso de métodos
utilizados para a identificacdo de infecgao recente pelo HIV-1, em individuos com

perfis distintos de progressao para a AIDS.
9) Avaliar a reatividade e a avidez de anticorpos através do uso de métodos

utilizados para a identificacdo de infecgcao recente pelo HIV-1, em individuos nao

progresores de longo termo.
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Immune Activation and Antibody Responses in
Non-Progressing Elite Controller Individuals
Infected With HIV-1

Gonzalo Bello,! Carlos A. Velasco-de-Castro,! Vera Eh:rl.'lgs.-'rt.z,l Caio A. Santos RDd.‘l‘ig‘l.lES,l
Carmem B.W. Giacoia-Gripp,! Jose H. Pilotto,2 Beatriz Grinsztejn,? Valdilea G. Veloso,” and
Mariza G. Morgado'*

'Laboratdrio de AIDS & Imunologia Molecular, Instituto Oswaldo Cruz - FIOCRUZ, Rio de Janeiro, RJ, Brazil
*Instituto de Pesguisa Clinica Evandro Chagas - FIOCRUZ, Rio de Janetro, RJ, Brazil

An extremely rare subset of patients infected with
HIV-1 designated as “non-progressing elite
controllers” appears to be ableto maintain stable
CD4 + T-cell counts and a median plasmaviremia
below the detection limit of current ultrasensitive
assays (10 years in the absence of antiretroviral
therapy. Lymphocyte subsets (CD4 +, CD8+ ),
immune activation markers (HLA-DR +, CD38+,
Beta-2-microglobulin}, and HIV-specific antibody
responses were longitudinally examined in four
non-progressing elite controllers over more than
5 years. Two control groups of seronegative
healthy individuals and untreated patients in-
fected with HIV-1 presenting detectable viremia
were also included. None of the non-progressing
elite controllers displayed the high T-cell activa-
tion levels generally seen in the seropositive in-
dividuals, keeping them within the normal range.
Three non-progressing elite controllers showed
no significant immune system abnormalities
when compared to seronegative individuals, dis-
playing alow proportion of HIV-1-specific binding
antibodies and low avidity index, similarto those
observed for individuals infected recently with
HIV-1. One non-progressing elite controller exhi-
bited CD8 + T-cell counts and f2-M levels above
normal rangesand developed alowbut “mature”
{high-avidity) HIV-1-specific antibody response.
Thus, the non-progressing elite controllers are
able to maintain normal T-cell activation levels,
which may contribute to prevent, or greatly re-
duce, thedamage of theimmune system typically
induced by the HIV-1 over time. They are, howev-
er,immunologically heterogeneousand very low
levels of antigen exposure seem to occurin these
patients, sufficient for sustaining a low, but de-
tectable, HIV-1-specific immunity. J. Med. Virol.
81:1681-1690, 2009. © 2009 Wiley-Liss, Ine.

KEY WORDS: HIV controllers; long-term non-
progressors; chronic activation;
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binding antibodies; antibody
avidity

INTRODUCTION

In the absence of antiviral therapy, the median time
from human immunodeficiency virus type 1 (HIV-1)
infection to AIDS (asymptomatic period) is estimated to
be around 811 years for adults [Collaborative Group on
AIDS Incubation and HIV Survival, 2000]. Whether all
individuals infected with HIV-1 will eventually develop
AIDS is still unclear.

Since the early 1990s, cohort studies have identified a
small percentage (~5-10%) of HIV-l-infected people,
called long-term non-progressors, who remain asymp-
tomatic and maintain arelative high CD4™ T-cell eount
(=500 eells/pl) for >B8-10yearswithoutantiviraltherapy
[Buchbinder and Vittinghoff, 1999]. Despite the absence
of elinical symptoms for many years, most of those in-
dividuals display many hallmarks of HIV-1 infection
including: low but persistent viral replication [Lefrere
et al, 1997; Barker et al.,, 1998; Rodes et al., 2004],
rapidly evolving viral quasispecies [Wolinsky et al.,
1996; Delwart et al,, 1997; Shioda et al, 1997], and
evidence of chronic immune activation [Lifson et al,
1991; Sheppard et al., 1993; Ferbas et al., 1995; Lefrere
et al., 1997; Barker et al., 1998; Zaunders et al., 1999].
After prolonged infection, many long-term non-progres-
sors had evidence of immunologic damage and suffered a
transition from the non-progressor to the progressor
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state, suggesting that most of them are actually slow
progressors rather than true non-progressor patients
[Lefrere et al, 1997; Learmont et al., 1999; Rodes
et al., 2004].

More recently reports have identified another special
subset of individuals infected with HIV-1, called
“glite controllers” (also known as “HIV controllers,”
“elite suppressors,” or “natural viral suppressors”)
[Lambotte et al., 2005; Bailey et al., 2006; Deeks and
Walker, 2007; Sajadi et al., 2007], who naturally control
viral replication below the detection imit of current
ultrasensitive assays (<50—500copies HIV RNA/ml of
plasma). These elite controllers display very homoge-
neous HIV-1 quasispecies and little or no evidence of
ongoing viral evolution over time [Wang et al., 2003;
Bello et al., 2005, 2007; Bailey et al., 2006). Despite
efficient control of viral replication and evolution, some
of them display augmented expression of activation
markerson CD8 " T cells[Greenough et al., 1999; Wang
et al., 2002; Hunt et al., 2008], low CD4" T-cell counts
(<500 cells/ul) [Greenough et al., 1999; Lamhotte et al,,
2005; Bailey et al., 2006; Hunt et al., 2008], and progress
to AIDS [Hunt et al, 2008]; showing that immunological
damage and disease progression can still occur in the
setting of undetectable viral replication.

Some factors, however, could have been limiting the
identification of subjects with a true non-progressing
disease in previous studies. First, elite controllers were
only defined on the basis of their natural ability to
suppress viral replication below the detection limit,
regardless of their CD4 * T-cell counts; and some of them
are not long-term non-progressors according to their
immunological status [Lambotte et al., 2005; Bailey
et al., 2006; Hunt et al.,, 2008]. Second, in some studies
theduration since HIV diagnosis was not part of theelite
controller definition [Bailey et al., 2006; Hunt et al,
2008]. It has been estimated that ~5-9% of HIV-1-
infected patients are able to spontaneously suppress
RNA viral load «<50-400copies/ml during the first
5 years after infection; however, <1% of them appear
to be able to maintain such suppression for longer times
(=10 years) [Lefrere et al., 1999; Lambotte et al., 2005;
Madec et al., 2005a,b]. This suggests that elite control-
lers with short-term versus long-term viral suppression
should be considered as separate subgroups. Finally,
most of the previous studies were based on cross-
sectional analyses of the immunologic profile of the elite
controllers [Lambotte et al, 2005; Bailey et al., 20086;
Hunt et al., 2008; Pereyra et al., 2008].

In this study, we performed a longitudinal analysis of
the immunologic profile of an extremely rare subset of
patients that fulfill the definitions of both long-term
non-progressors and elite controllers, defined as
“non-progressing elite controllers,” assessing the T-lym-
phocyte subsets, immune activation markers, and HIV-
1-specific humoral immunity. Two additional groups,
including healthy individuals and untreated HIV-1-
seropositive patients presenting detectable wiremia,
were evaluated as controls with the goal of identifving
immunologic characteristics associated with the long-
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term control of HIV-1 replication in the context of stable
CD4™" T-cell counts.

PATIENTS AND METHODS
Patients

Four persons infected with HIV-1 subtype B, two men
who have sex with men (Patients 44 and 46) and two
heterosexual women (Patients 42 and 52) were studied.
They fulfill the criteria of non-progressing elite control-
lers and wereidentified in a cohort of ~1,700 seropositive
individuals followed at the Instituto de Pesquisa Clinica
Evandro Chagas (IPEC) - FIOCRUZ, in Rio de Janeiro,
Brazil. Non-progressing elite controllers were defined
as subjects with a documented HIV-1 infection for
=10 years, no AlDS-related conditions in the absence
of antiretroviral treatment, a median plasma HIV-1
RNA load <B0copies'ml, and for whom =>90% of
the CD4" lymphocyte count measurements were
=500cells/ul. Two additional groups were included as
controls. One of them with 45 HIV-1-seronegative
healthy individuals and the other containing 45 HIV-1
-seropositive untreated patients presenting detectable
viremia (range, 200-2.6 % 10°copies/ml), and a variable
number of CD4" T cells (range, 120-1,077 cells/ul). All
patients were included in the study after signing an
informed consent form according to protocols approved
by the local ethical committee.

Sample Collection

Whole-blood samples from non-progressing elite
controllers were collected every 4—12 months over an
8-year period (from 1999 to 2007); while blood samples
from control groups were collected at a single time point.
Plasma and peripheral blood mononuclear cell (PBMC)
fractions were separated and processed immediately or
stored at — 70°C until testing.

Plasma HIV-1 RNA Load

Plasma HIV-1 RNA levels were quantified using
either the Nuclisens test kit (lower limit of detection
80 copies HIV ENA/ml; Organon Teknika, Durham, NC),
or the branched-DNA Versant HIV-1 RNA 3.0 Assay
(lower limit of detection 50 copies HIV RNA/ml; Siemens
Healtheare Diagnostics, Inc., Tarrytown, NY) according
to the manutfacturer’s instructions.

Lymphocyte Subsets

Immunophenotyping was performed using freshly
collected, EDTA-anticoagulated whole blood. For
CD37/CD4™ and CD37/CD8 ™ T-cell counts, single- or
dual-platform methods were utilized over time. In the
dual-platform method, 100ul of whole blood was incu-
bated for 30 min at room temperature in the dark with
10 pl of TriTEST three-colormonoclonal antibodies(CD4-
FITC/CD8-PE/CD3-PerCP) (BD Binsciences, Franklin
Lakes, N.J) and lysed automatically and fixed using a
Multi-Q-Prep system, according to the manufacturer
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(Coulter Corp., Healeah, FL). Teell subset determina-
tions were carried out using an EPICS XL-MCL Flow
Cytometer (Coulter Corp.). In the single-platform meth-
od, 20 pl of single-color antibodies (CD4-FITC, CD8-PE,
and CD3-PerCP) and 50 pl of whole blood were added to
bead-containing TruCount tubes (BD Biosciences).
These were incubated for 15 min at room temperature
before 450 ul of FACS lysing solution™ was added. Sam-
ples were analyzed after 1 hr on a FACS calibur flow
cytometer (BD Biosciences). For T-cell activation analy-
ses, 51l of dual-colors antibodies (CD8-FITC/CD38-PE,
and CD3-FITC/HLA-DR-PE) (BD Biosciences) and 50 ul
of whole blood were incubated for 30 min at room tem-
perature in the dark. The lysis and fixation were per-
formed using a Multi-Q-Prep system or by adding 450 ul
of FACS lysing solution™. Samples were analyzed after
1lhr on a EPICS XL-MCL flow cytometer or a FACS
calibur flow ecytometer.

Beta-2-Microglobulin (B2-M)

The concentration of serum p>-M (expressed in pg/ml)
was measured on — 70°C stored plasma samples using
a enzyme-linked fluorescent assay (Vidas® B2-Micro-
globulin, BioMerieux, Marey L'Etoile, France) according
to the manufacturer’s instructions.

Humoral Immune Responses

Plasma samples stored at — 70°C were also used to
perform the following assays.

Binding antibodies. Theproportionof HIV-1-specific
binding antibodies against a peptide derived from the
gpdl protein in total IgG was measured using the
Calypte™ HIV-1 BED Incidence EIA (Calypte Biomedi-
cal Corporation, Portland, OR). Briefly, in this assay,
once plasmais added, anti-HIV-11gG and non-anti-HIV-
1IgGpopulations arecaptured ongoat-anti-human [gG-
coated wells, and the relative amount of anti-HIV-1 IgG
captured is measured. Samples with an optical density
(OD) <0.8 of calibrator OD are classified as recent in-
fections (<6 months since infection).

Antibody avidity index. The antibody awvidity
index (A} against HIV-1 Env and Gag recombinant
proteins was calculated using a previously discussed
approach [Suligoi etal., 2002, 2003]. Briefly, two aliquots
of each sample were subjected to a pretest 1: 10 dilution:
one aliquot was diluted in phosphate-buffered saline
(PBS), and the other one in 1M guanidine (G). After
incubation atroom temperature for 10 min, both aliquots
were subjected to the AxSYM HIV1/2 group O immuno-
assay (Abbott Laboratories, Wieshaden-Delkenheim,
Germany), following the manufacturer’s instructions.
Sample/cutoff (S/CO) ratios of both aliquots were caleu-
lated, and the Al of HIV antibodies was obtained using
the following formula: Al=(S/CO G aliquot/S/CO PBS
aliguot). Samples with an Al <0.85 are classified as
recent infections (<6 months since infection).

Neutralizing antibodies. Heat inactivated plas-
ma samples from the different individuals were tested
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for their capacity to neutralize the reference X4 HIV-1
II1® and SF162 strains expanded in the PBMCs, as
previgpusly described [Bongertz et al., 2007]. Briefly,
neutralization was tested using pre-activated normal
human PBMCs (10° cells/well), and a multiplicity of
infection (MOI) of 0.001-0.005 (10-50 infective units
per well). At least five threetold plasma dilutions, using
1:10 as thefirststep, were used. Quantitation of the HTV-
1 p24 antigen was carried out on the seventh day of cell
culture, according to the manufacturer’s mstruction
(HIV-1 p24 ELISA; Zeptometrix Corporation, Buffalo,
NY). Serum dilutions at which 90% of the viralinput was
neutralized (IC*®) were derived from linear regression
curves or directly from the neutralization curve.

RESULTS
Viral Replication
Plasma HIV-1 RNA load was periodically assessed

with current ultrasensitive assays (detection limit,
50—80 copies/ml) in all non-progressing elite controllers
since 1999, with a median of two viral load determina-
tions per year for each patient (Fig. 1). Patients 44 and
52 maintained HIV-1 RNA levels below the limits of
guantitation in all determinations (16 wviral load
measurements) throughout follow-up. Patients 42 and
46, however, displayed infrequent (20—40%) episodes of
plasma viremia (also known as “blips”) in the low but
detectable range (90—1,300 copies/ml). In up to three
consecutive viral load measurements, values for Patient
42 were below the detection limit, and up to three conse-
cutive blips. Patient 46 displayed up to seven consecutive
viral lnad determinations helow the detection limit, and
no more than two consecutive blips. Detailed analysis of
the virus diversity and evolution in these patients was
described elsewhere [Bello et al., 2007].

Peripheral CD4" and CD8" T-Cell Counts

HIV-1 infection is characterized by a decline in the
number of CD4™ Teells and aninerease in the number of
CD8 " lymphoeytes, leading to inversion of the CD4 "/
CD8 ™ ratio (value <1.0) that in most cases occurs soon
after seroconversion. The number of CD4* and CD8* T
cells was periodically assessed since 1992 for Patient 46,
1996 for Patient 42, 1997 for Patient 52, and 1999 for
Patient 44. Cross-sectional analyses of CD4 * and CD87
T-cell eounts in the groups of healthy controls and
untreated individuals infected with HIV-1 presenting
detectable wiral load were also performed. All non-
progressing elite controllers displayed stable CD47
T-cell counts within the normal range over the entire
follow-upperiod (Fig. 1), with amean CD4 * T-cell count
comparable to the HIV-negative control group (Fig. 2a).
The CD8 ™ T-cell counts showed more variation among
patients (Fig. 1). Patients 44 and 52 displayed stahle
CD8™ T-ell counts usually within the normal range
during follow-up. Patient 42 also showed a CD8 ™ T-cell
level within the normal range, but with aclearly increas-
ing trend over time. Patient 46 exhibhited persistently
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Fig. 1. Changes inCD4" andCDB ' T-cell countsand plasma viremia over time in non-progressing elite
con trollers. Open circles: Plasma HIV-1 RNA (measurements below the detection Emit were arbitrarily set
at 80 or 50copies/ml). Filled circles: Absolute CD4" T-cell count (left), absolute CD8 " T-cell count
(middle), and CD4 ' /CD& ' ratio (right). Dashed rectangles represent the 10th—90th percentiles range
estimated in & group of 45 individuals negative for HIV-1.

high CD8* T-cell counts above the normal range.
Patients 42, 44, and 52 had a mean CD8 ™ T-cell count
similar to the HIV-negative control group, and lower
than Patient 46 and the HIV-1-positive control group
(Fig. 2b). TheCD4 */CD8" mean ratio was above 1 inall
non-progressing elite controllers (Fig. 2c¢); although
Patient 46 exhibited an inverted (<1) ratio at several
time points (Fig. 1).

Immune Activation

Chronie activation of the immune system is another
hallmark of HIV-1 infection. The percentages of activat-
ed peripheral T lymphocytes (CD3" HLA-DR™ and
CD8 " CD38 ™ phenotypes), and the level of the serologi-
cal activation marker f2-M were measured, at six tonine
different time points during follow-up in non-progress-
ingelite controller patients, and at single time points for
the two control groups. All non-progressing elite con-
trollers displayed percentages of CD3 ™ HLA-DR™ and
CD8* CD38 ™ T cells withinthe normal range during the
studied period (Fig. 3), comparable to those seenin HIV-
negative individuals and lower than the corresponding
values obtained for the HIV-1-positive control group

. Med. Viral. DOT 10.1002frrv

(Fig. 2d,e). The level of f2-M also remained within the
normal range over the studied period for Patients 42, 44,
and 52; but was persistently high for Patient 46 corre-
lating with the high number of CD8 " T cell seen in this
patient (Fig 3). Patients 42, 44, and 52 had a mean level
of B2-M similar to that of the HIV-negative group, and
lower than Patient 46 and the HIV-1-positive control
group (Fig. 2f). In transient viremic patients 42 and 46,
the level of immune system activation at those time
points with or without detectable viral load was
comparable.

HIV-Specific Antibody Responses

In therapy-naive subjects the titer, proportion, and
avidity of anti-HIV-1 antibodies present in plasma grad-
uallyinerease over timereaching aplateauaround 1 year
post-infection. Based on these kinetics several testing
algorithms have been developed to distinguish between
recent (<6 months) and long-standing HIV-1 infections
in a single serum sampling [Parekh and McDougal,
2005]. In the present study, two of these assays were
used to evaluate the relative amount {proportion) of anti-
gpd1-binding antibodies, and the Al against Env and
Gag proteins at five to six different time pointsin the four
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non-progressing elite controller patients, and at asingle
timepoint in a randomly selected subgroup of 16 viremic
untreated HIV-1-seropositive patients. Despite being
measured between 5 and 15 years after the first HIV-
positive test, plasma from all non-progressing elite con-
trollers displayed a very low proportion of anti-gpd1-
binding antibodies, similar to that seen in patients with
<6 months ofinfection and lower than those ohserved in
patients with chronic HIV-1 infection (Figs. 4 and 5a).
Analysisof the Al at the same time points revealed that

Patients 42 and 44 displayed very low levels comparable
to patients infected recently. Patient 52 exhibited a
value around to the cut-off, while Patient 46 displayed
high Al comparable topatients chronically infected with
HIV-1 (Figs. 4 and 5b). Plasma samples from non-
progressing elite controllers were also tested for the
presence of neutralizing antibodies against heterologous
HIV-1 strains SF 162 and I1IB at three to five time points
during follow-up, exhibiting variable titers against both
isolates, with IC" neutralization titers ranging from
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og

level (right). Dashed roctang
individuals negative for HIV-1.

very low (<1:10) to fairly high (>1:100) within each
patient (Fig. 4).

DISCUSSION

Inthis study, a longitudinal analysis was undertaken
of the immunologic profile of four patients infected with
HIV-1 whonaturally controlled viralreplication to levels
below the detection limit at all or most time points and
also maintained high and stable CD4 ™ T-cell counts for
=12 years without antiviral therapy.

It has been demonstrated that elite controller individ-
uals have higher CD8% T-cell activation levels than
subjects without HIV-1, and this was associated with
lower CD4 ™ T-cell counts [Hunt et al., 2008]. Declining
CD4 " T-ell counts and increased levels of activated
CDB™ T cells were also observed in an elite controller
infected with nef-deleted forms of HIV-1 [Greenough
et al., 1999]. This suggests that abnormally high T-cell
activation may contribute to progressive CD4 ™ T-cell
loss in the setting of undetectable viral replication.
Notahly, three out of four non-progressing elite control-
ler subjects with stable CD4 ™ T-cell counts analyzed
in the present study displayed no significant immune
system abnormalities when compared with HIV-1-

J. Med. Virel. DOT 10.1002 jmv

represent the 10th—80th percentiles range estimated ina group of 15-33

seronegative individuals. The fourth patient (Patient
46), who also maintained stable CD4" T-cell counts,
exhibited elevated levels of CD8 ™ T cells and B2-M, but
percentages of CD3™ HLA-DR™ and CD8" CD38" T
cells within the normal range. Normal levels of periph-
eral T-cell subsets and CD8™ T-cell activation are
extremely rare during natural HIV-1 infection and, to
our kmowledge, have been described previously in only
three elite controllers infected with nef-attenuated HIV-
1 strains [Zaunders et al., 1999]. These results demon-
strate that some of these subjects are able to maintain
T-cell activation levels withinnormal range (even inthe
presence of oceasional viremic blips), which may pre-
vent, or greatly reduce, the progressive damage of the
immune system typically induced by HIV-1 infection.
Recent studies also showed that samples from some
elite controller patients chronically infected could he
misclassified as recent infections by the low proportion
[Hayashida et al., 2008] and titer [Laeyendecker et al.,
2008; Hatano et al., 2009] of HIV-1-specific antibodies.
By contrast, it has been suggested that theseindividuals
have a mature binding avidity and no samples from
this group were misclassified as recent infection by the
avidity assay [Laeyendecker et al., 2008]. Consistent
with this previous finding, one non-progressing elite
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controller subject analyzed in the present study (Patient
46) displayed alow proportion of anti-gp41-binding anti-
bodies in the setting of a mature binding avidity. The
other three subjects, however, displayed a low propor-
tion of anti-gp41-binding antibodies and an immature

blndmg avidity alongthe years, comparable to that seen
in patients recent ly m.fected with  HIV-1
(<6 months of infection). Differences in the avidity assay
and/or inter-subject variability may explain these
contradictory results. In either case, these data clearly
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Fig.5. HIV-1-specific antibody

responses in non-progressing elite controller subjects (42, 44, 46, and 52)

and viremic individualsinfected with HIV-1(Pos.). a: Proportion of anti-gp41-binding antibodies. b: Avidity

index to Env and {x:ig
themean + standa

proteins. The horizontal bars denote mean values. Numbers above each column are
deviation. For eachassay, the number of subjects studied in the Pos. control group and

the number of samples analyzed from each non-progressing elite controller subject are shown inthe bottom.
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reveal the long-term persistence of a weak, and in some
cases immature HIV-1-specific humoral immunity in
somenon-progressing elitecontrollers, and indicatethat
actual antibody testing algorithms based on the titer,
proportion, or avidity of HIV-specific antibodies cannot
be used to discriminate between recent and long-
standing infections in these subjects.

Detectable levels of neutralizing antibodies against
heterologous HIV-1 strains were observed for the four
non-progressing elite controller individuals. Their
titers, as measured in sequential plasma samples from
each subject, varied from barely detected (IC* <1/10) to
fairly high (IC™ >1/100), with no detectable correlation
toviralload blips, proportion of binding antibodies, or AL
Comparable variation in the titers of neutralizing anti-
bodies against heterologous HIV-1 strainswasdescribed
previously among distinct elite controller and non-
progressing elite controller subjects [Wang et al,
2002; Kloosterboer et al., 2005; Bailey et al., 2006; Verity
et al., 2007; Pereyra et al., 2008]. These findings also
suggest that very low-level of antigen exposure seems to
occur in these patients, sufficient for sustaining a low,
but detectable, HIV-1-specific immunity in the setting of
undetectable viral load.

The overall low levels of general and specific immune
activation seen in the non-progressing elite controllers
may reflect the extremely low levels of HIV-1 antigenic
stimulation due to the suppression of viral replication,
supporting the hypothesis that an antigenic threshold
must be reached to sustain high-level chronic immune
activation and HIV-l-specific immune responses
[Ferbas et al., 1995; Hogervorst et al., 1995; Jin et al.,
2000; Bailey et al., 2006; Verity et al., 2007]. Consistent
with this model, reduction of viral replication to unde-
tectable levels in patients under HAART also coincides
with a decline of general immune activation markers
[Autranetal., 1997; Bisset et al., 1998; Bouscarat et al.,
1998; Giorgietal., 1998], and the titers of HIV-1-specific
binding and neutralizing antibodies [Morris et al., 1998;
Markowitz et al., 1999; Binley et al., 2000; Killian et al.,
2006; Bongertz et al., 2007; Hayashida et al., 2008]. At
the same time, however, abnormally high CD& ™ T-cell
activation levels [Greenough et al., 1999; Wang et al.,
2002; Hunt et al., 2008] and strong HIV-1-specific hu-
moral responses [Wang et al., 2002; Kloosterboer et al.,
2005; Pereyra et al., 2008] have heen described in some
elite controller and non-progressing elite controller
subjects. In this study, one of the four individuals
analyzed (Patient 46) exhihited high levels of CD8&™
T-cell counts, [((2-M, and antibody avidity to HIV-1
proteins. Overall, these results support the notion that
non-progressing elite controllers (and elite controllers)
are immunologically heterogeneous [Pereyra et al,
2008], and suggest that individual immune responses
are not simply driven by the level of plasma viremia.

Because most of these individuals are identified after
several years of HIV infection, very little is known about
when and how the infection starts tobe controlled. Some
clues, however, could be obtained from the analysis of
antibody avidity. HIV-1 viremia must be sustained
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initially for at least 1 year to generate a fully mature
response, and initiation of HAART during acute/early
HIV infection may hlock the typical evolution of the
HIV-1-specific antibody response [Binley et al., 2000,
Kassutto et al., 2005; Hare et al., 2006; Killian et al.,
2006; Hayashida et al., 2008], and prevents the matura-
tion of antibody avidity [Selleri et al., 2007]. Initiation of
HAART during the chronic phase of HIV infection,
however, seems to have only minor effects on the Al
[Suligoietal., 2002, 2003]. Thus, the low Al observed in
some non-progressing elitecontrollers may reflecta very
early containment of HIV-1 replication, before a fully
mature antibody response had sufficient time todevelop.
The suppression of viremia during the acute phase of
HIV infection seen in some HLA-B57 elite controllers
[Altfeld et al., 2003], and the finding that most
non-progressing elite controllers have homogeneous
populations of ancestral proviruses that date close to
the patient’s seroconversion time [Bello et al., 2005] are
consistent with this hypothesis. Data from elite control-
ler macaques also demonstrate that viral replication is
quickly brought under control after acute phase viremia
[Loffredoetal., 2007]. The high Al ohservedin Patient 46
mayreflecta later initial suppression of viralreplication.

In summary, the long-term persistence of normal
percentages of CD3* HLA-DR™ and CD8™ CD38F T
cells and a low proportion of anti-gpd41-binding anti-
bodies clearly distinguish non-progressing elite control-
lers among the individuals infected with HIV-1.
However, these individuals are not immunologically
homogeneous. Some of them show no evidence of im-
mune system abnormalities and display an immature
HIV-1-specifichumoral immuneresponse similartothat
of patients infected recently. We suggest that these
patients are the most likely candidates to have “true”
non-progressive infection. Other non-progressing elite
controllers display little evidences of immune activation
and HIV-1-specific antibodies with high avidity. Wheth-
er such limited chronic immune activation is a prognos-
tic marker of future progressive disease remains to be
determined. Understanding the mechanisms that allow
the natural persistence of a detectable HIV-1-specific
immunity in the absence of chronic activation and
damageoftheimmune system for long time periods may
provide unique insights into the development of an
effective HIV vaccine.
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10 — Conclusoes

>

O presente estudo € a avaliagdo mais abrangente da populagado que procura
testagem para o HIV na area metropolitana do Rio de Janeiro realizado até
agora e pode contribuir para a formulagdo de politicas renovadas com o
objetivo de prevenir e tratar pessoas vivendo com HIV/AIDS no Rio de

Janeiro.

Nossos dados destacam que os HSH continua a ser uma populagao
altamente vulneravel e intervengdes de prevengao centradas neste grupo

devem ser continuamente implementadas.

Devido ao fato de que nossos dados foram obtidos a partir de uma populagao
que procurou por iniciativa propria o teste de HIV, os resultados ndao podem
ser generalizados para a populagdo em geral ou para o conjunto de homens
que fazem sexo com homens que vivem na regidao metropolitana do Rio de

Janeiro e devem ser vistos com a cautela necessaria.

Nos CTAs aqui estudados a prevaléncia de infeccdo pelo HIV se mostrou
associada a composicao da populacdo atendida, e diferengcas foram
evidenciadas mesmo estando o0s centros em uma mesma regiao

metropolitana.

Embora tenham sido encontradas taxas de prevaléncia consistentemente
mais elevadas na capital, o cenario que foi observado na periferia ndo é
muito diferente e o baixo uso de preservativos compde um cenario propicio a

novas infecgdes.

Campanhas de prevencado devem se concentrar na preveng¢ao de doencas

sexualmente transmissiveis em geral e buscar intensificar os esforgos na
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periferia, em individuos com menor escolaridade e enfatizar a importancia da

retestagem como uma ferramenta para o diagndstico precoce.

A aplicagdo de uma zona cinzenta contribuiu para uma redugéo significativa
da presenca de amostras indeterminadas quando BED-CEIA e os testes de

Al foram aplicados para a avaliagao da infecgao recente pelo HIV-1.

A avaliagdo do estado imune nas amostras com resultados discordantes -
apos a etapa de "zona cinzenta" - mostrou-se util para a identificacdo de

amostras com resultado falso recente.

Os dados obtidos sugerem que o teste de Al é mais especifico do que o teste
BED-CEIA.

O algoritmo aqui proposto ndao mostrou diferenga em cenarios com diferentes

proporgcdes de amostras inicialmente caracterizadas como incidentes.

A sensibilidade do algoritmo para reduzir a propor¢cdo de amostras
indeterminadas associa-se com a proporgao de individuos com diagnostico

tardio.

Nao foi observada variacdo importante no padrao de subtipos de HIV-1

quando comparou-se RS e LTS no primeiro ano de estudo.

O aumento da propor¢ao de amostras recombinantes, bem como uma maior
proporcao de amostras relacionadas com CRFs, em comparagao com URFs
foi observado ao longo do tempo e se alinha com dados recentes publicados
pela OMS-UNAIDS. Neste estudo esta tendéncia parece se dever ao
aumento da prevaléncia de amostras caracterizadas como relacionadas a
CRFs ao longo do tempo entre os homens, sendo este aumento mais

pronunciado entre os heterossexuais do que entre os HSH.
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A abordagem utilizada para este estudo também permitiu a identificagdo de
novos casos de isolados de HIV-1, como genomas recombinantes
relacionados ao subtipo K, encontrado pela primeira vez no Rio de Janeiro e
uma deteccao relativa crescente de amostras recombinantes envolvendo os

subtipos A e G entre os individuos caracterizados como recém infectados.

Nossos dados revelam que as taxas globais de resisténcia primaria aos
antiretrovirais permaneceram relativamente estaveis ao longo do tempo,

entretanto as taxas encontradas relatam um cenario preocupante.

Entre os HSH a taxa de resisténcia foi o dobro da registrada em homens
heterosexuais, o que sugere uma distribuicdo desigual em relagdo a
resistencia primaria em determinados grupos. Como consequéncia,
recomenda-se que os estudos futuros devem buscar analisar grupos

especificos para detectar eventuais padroes.

Estes resultados alinham nosso estudo com outros realizados no Brasil que
tém sugerido um incremento na resisténcia primaria aos antirretrovirais no
Brasil, 0 que sugere a necessidade de intensificar a discussao sobre o custo-

beneficio da realizagao do teste de genotipagem antes do inicio da terapia.

O aumento da frequéncia de formas recombinantes e de subtipos que nao
eram comumente encontrados em nosso meio sinaliza a necessidade de um
maior monitoramento de nossos instrumentos de diagndstico,

acompanhamento e tratamento da infeccao por HIV-1.

A longa persisténcia das baixas propor¢des de anti-gp41 do HIV-1 sugerem
que o teste BED-CEIA pode ser um parametro adicional para a triagem de
controladores de elite ndo progressores e que o teste de Al poderia ser

utilizado em conjunto para melhorar a especificidade na busca dos LTNPs.
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