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Origem do HIV



Relembrar é viver...

1981- AIDS ou sindrome da imunodeficiéncia adquirida é descrita
em adultos jovens, do sexo masculino e homossexuais, com
sarcoma de Kaposi.

1983- Francoise Barré-Sinoussi, do grupo de Luc Montagnier,
(Instituto Pasteur, Franca), identificou um virus associado a
linfoadenopatia (LAV).

1984- Robhert Gallo, nos EUA, descreveu o HTLV-III.

1986- Fica evidente que o LAV e o HTLV-IlIl séo, na realidade, o
mesmo Virus.
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Origin of HIV-1 in the chimpanzee Pan froglodytes troglodytes
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A Origem do HIV

A Gag (488aa)

HIV-1-M-HXB2

B Pol (927aa)

HIV-1-M-HXB2
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A Origem do HIV

_ Sykes’s monkey Sooty mangabey

Chimpanzee '

Red-capped
mangabey

Western gorilla

LHoest’s monkey Mandrill

Cold Spring Harb Perspect Med 2011;1:a006841



A Origem do HIV e sua diversidade

HIV-1 HIV-2

L %
|

Group M Group N Group O Group P
| am

F F T T T
A B £ D F G . H J K CRFS

= O grupo M se divide em 9 subtipos
= Individuos de alto risco podem ser reinfectados e gerar recombinantes

= Subtipos vs AIDS, nao existe diferenca clara (infectados com subtipo D
morrem mais rapido)

= Subtipo C é liberado em maior quantidade no trato reprodutor feminino.



O virus



Virus da imunodeficiéncia Humana (HIV)

Familia : Retroviridae
Género: Lentivirus

Virus pequenos de RNA envelopados
RNA linear simples-fita (~9,3 kb)

Célula alvo: Linfécitos T CD4+

Etiologicamente associado com:

AIDS
Linfoma associado a AIDS
Doenca de Hodgkin

Mieloma multiplo



O HIV € um retrovirus complexo

Regiao que codifica outras

Sinal de proteinas importantes para
empacotamento o ciclo viral
T AAAA
\E
5’ LTR gag pol env 3’'LTR
Proteina associada a membrana (MA) Transcriptase reversa Proteina do envelope
Proteina do capsideo (CA) RNase H Determina o tropismo

Proteina associada ao RNA (NC) Integrase do virus



O HIV € um retrovirus complexo

) I:II: |
gag pol vif vpr vpu env tat| nef
rev
B HIV-2
LTR LTR
5" 3
3 5
vif vpr
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gag pol vpx tat rev env tat| nef
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Virology Lectures 2019 « Prof. Vincent Racaniello  Columbia University Princi

es of Virology, ASM Press



Genoma e transcritos do HIV

a HIV transcripts
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Proteinas do HIV

; . 1 . Infectividade e
b HIV proteins < || it , N
L [Tev ] —  replicagdo
| j < Rev, p19 => 11 g
—— Ga Vif, p23 i
Gag P8 AT Tapid >

Pol | B B Env | Nef, p27
J Vpr, Vpu,
Gag-Pol precursor, pri60 p15 p16
Protease, PR, p10 -
aon r Env precursor,
RT, p66, p51 A \ gp160
Integrase, IN, p32 j 1
& '
> Gag precursor, prb5
: SU, gp120
Matrix, MA, p17
T ¥ Capsid, CA, p24 ™, gpd1
L p2  Cellular protease cleavage
| Nucleic-acid binding NC, p7
] p1
Viral protease -
cleavage Late domain, p6




Proteinas do HIV

LTR nef
Long terminal repeat ;/iral infectivity Viral protein U gp160 envelope Nf?gative
Contains control regions Rl (ped) Promotes CD4 protein ' . effector (p27)
that bind host transcription Overcomes inhibitory degradation and Cleaved in endoplasmic Promotes down-
factors (NF-xB, NFAT, effects of APOBECS, influences virion reticulum to ﬂnzo (SL) regulation of surface
Sp.1, TBP) preventing hypermutation release and gp41 (TM) CD4 and MHC 1
Required for the initiation and viral DNA degradation Overcomes gp120 mediates CD4 P
of transcription inhibitory effects and chemokine receptor Blocks apoptosis
Contains RNA trans-acting of tetherin g:g(dilira‘tgéswf':llé?o%p‘“ Enhances virion
response element (TAR) . infectivity
that binds Tat Contains RNA response Alters state of
lement (RRE) that S
ginds Rev cellular activation
Progression to disease
slowed significantly in
absence of Nef

gag pol vpr rev tat

Pr56%9 Polymerase Viral protein R (p15) Regulator of viral Transcriptional

Polyprotein processed by PR Encodes a variety Promotes G5 genoSpIasion. (919) achvalor (pid)
MA, matrix (p17) of viral enzymes, cell-cycle arrest Binds RRE Binds TAR

Undergoes myristylation that

including PR (p10),

Facilitates HIV

Inhibits viral RNA

In presence of host

: RT and RNAase H infection of splicing and promotes cyclin T1 and CDK9
?elp§ target gag polyprotein (p66/51), and IN (p32) macrophages g'\uclearI etxp|>ort c|>_f i enhances RNA Pol Il
0 lipid rafts ' incompietely splice elongation on the viral
CA capsid (p24) all processed by PR viral RNAs DNA template

Binds cyclophilin A and CPSF6
Target of TRIMS¢.

NC, nucleocapsid (p7)
Zn finger, RNA-binding protein

p6
Regulates the terminal steps in
virion budding through
interactions with TSG101 and
ALIX1

Incorporates Vpr into viral
particles

WC Greene, BM Peterlin: Nat Med 8:673, 2002.



Estrutura do HIV

p32 gp120  gp41
integrase

p17
p24
ssRNA
P10 — S oot
protease & [/,
MHC proteins Reverse transcriptase

(p64)
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O ciclo viral



Células alvo do HIV

Células que apresentam o Receptor CD4 e os
Co-receptores CXCR4 ou CCRY5, entre elas:

= Linfocito T Auxiliar CD4+
= Macrofagos

= Células Dendriticas



Receptores do HIV

a Non-synctium inducing b Synctium inducing

CD4+* T-helper cell Macrophage

CDA4* T-helper cell

CD4 receptor
CCRS5 recepto

Cepas “R5”

Cepas “X4”



Receptores do HIV

Nature Raviews | Drug Discovery
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WS- Ciclo do HIV

Lipid raft
microdomain

Env
gp120 - ___
—gp4l \) :
RNA packaging

ESCRT recruitment
Secretory B targetui ‘a and virus budding “K
pathway A Pfjmuuim«imion \

® 4] |
- L8 %

W o s - N "‘ ' /i%;"\Viral genomic RNA \X

: 5004 Producer §0i:10.1038/nrmicro3490



Infeccao



HIV: Infeccao primaria

== Crossing the
mucosal barrier

Virus-host cell interactions

O and local propagation
/ \ of infection
= DC-SIGN (dendritic cell-specific, -
. . . Infected, Infected,
lcam-3 grabbing nonintegrin) como activated resting

CD4* T cells CD4* T cells
carregador de HIV

Dissemination to
draining lymph nodes

Immune activation

Systemic dissemination
of virus and infected cells



HIV: Infeccao primaria

Epithelial cells

Y @
=)
Intrae




Receptores:HIV - S

. epithelial cell
Lumen of vagina I

S /e ‘ =

Submucosal
epithelium

Immature

DC Subepithelial

CD4'Tcell ( Subepithelial

¢ macrophage

C-type lectin
or other HIV
attachment factor

Lymph node

Infected DC

HIV-bearing DC



Receptores:HIV

TABLE 3 - Human Cells Susceptible to HIV

Hematopoietic

T-lymphocytes
B-lymphocytes
Macrophages

NK cells
Megakaryocytes
Dendritic cells
Promyelocytes

Stem cells

Thymic epithelium
Follicular dendritic cells
Bone marrow endothelial cells

Skin

Langerhans cells
Fibroblasts

Brain

Capillary endothelial cells
Astocytes

Macrophages (microglia)
Oligodendrocytes

Choroid plexus ganglia cells
Neuroblastoma cells
Glioma cell lines (Neurons)
Dental pulp fibroblasts

Bowel

Fetal adrenal cells
Columnar and goblet cells
Enterochromaffin cells
Colon carcinoma cells

Other

Myocardium

Renal tubular cells

Synovial membrane
Hepatocytes

Hepatic sinusoid endothelium
Hepatic carcinoma cells
Kupffer cells

Pulmonary fibroblasts
Adrenal carcinoma cells
Retinal cells

Cervix-derived epithelial cells
Cervix

Prostate

Testes

Osteosarcoma cells
Rhabdomyosarcoma cells
Fetal chorionic villi
Trophoblast cells

Adv Dent Res 19:10-16, April, 2006




HIV: isolamento de particulas infecciosas

Estimated quantity

Fluid Virus isolation” of virus¢
Cell-free fluid
# Cerebrospinal fluid 21/40 10-10,000
Ear secretions 1/8 5-10
Feces 0/2 None detected
Milk 1/5 <1
» Plasma 33/33 1-5,000¢
Saliva 3/55 <1
# Semen 5/15 10-50
Sweat 0/2 None detected
Tears 2/5 <1
Urine 1/5 <1
Vaginal-cervical 5/16 <1
Infected cells
Bronchial fluid 3/24 Not determined
» PBMC 89/92 0.001-1%¢
Saliva 4/11 <0.01%
» Semen 11/28 0.01-5%
Vaginal-cervical fluid 7/16 Not determined

Particulas infecciosas por mL ou % de células que liberam virus.



HIV: isolamento de particulas infecciosas

1 i i H Asymptomatic phase Development
e Active viral replication throughout course of i oamamaie) iy s
disease 1,200
— R CD8* Tcells
e Major reservoirs of infection exist outside of g NS « . B
A . + * =
blood 3 800+ \. gr?tsi-l-!lv :
2 00 R
- Lymphoreticular tissues (bone marrow, g CDA4* T cells 5 :3;
lymph nodes, spleen, MALT) o N &
O g
- Central nervous system 200 -
- Genital tract 7 0
8
e Atleast 10 x 109 virions produced and S5 107
destroyed each day ;%
. . a .52
o TipofHIVinplasmais<§handmaybeas &' [0i% - 7 ¢ o o o

short as 30 min Weeks , Years
Time after HIV infection

irology Lectures 2019 « Prof. Vincent Racaniello « Columbia University Principles of Virology, ASM Press



Epidemiologia



HIV no mundo

Prevalence of HIV among adults aged 15 to 49, 2016
By WHO region

Prevalence (%) by WHO region
Eastern Mediterranean: 0.1 [<0.1-0.1] || Europe: 0.4 [0.4-0.4]

Western Pacific: 0.1 [<0.1-0.2] I Americas: 0.5 [0.4-0.5] | Global prevalence: 0.8% [0.7-0.9]
| South-East Asia: 0.3 [0.2-0.3] Bl Africa: 4.2 [3.7-4.8] O W5 17 3300 Kemetes
T
The boundaries and names shown and the desgnations used on this map do not imply the expression of any opinion whatscever Data Source: World Health Organization

#7235 World Health
L% 2 Organization

©WHO 2017 All nghts reserved

on the part of he Workl Health Organization conceming the legal status of any country, femtory, city or area or of its authorifes, Map Production: Informaton Evidence and Research (IER)
or conceming the defimitabion of its frontiers or boundaries. Dotted and dashed Ines on maps represent approximate boeder lines World Health Organizaton
for which fhere may not yet be full agreement.



HIV no mundo

e
1.8 million

people newly infected
[1.4 million — 2.4 million]

36.9 miliion o
people living with HIV 2017

[31.1 million —43.9 million]

R
0.9 million

HIV-related deaths
[0.7 millions - 1.3 million]

WHO 2017
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HIV no mundo

People living with HIV
in 2017

36.9 million
[31.1 million — 43.9 million]

35.1 million
[29.6 million —41.7 million]

18.2 million
[15.6 million — 21.4 million]

16.8 million
[13.9 million — 20.4 million]

1.8 million
[1.3 million — 2.4 million]

Source: UNAIDS/WHO estimates

People newly infected
with HIV in 2017

1.8 million
[1.4 million — 2.4 million]

1.6 million
[1.3 million — 2.1 million]

180 000
[110 000 - 260 000]

HIV-related
deaths 2017

940 000
[670 000 - 1.3 million]

830000
[590 000 - 1.2 million]

110 000
[63 000 -160 000]



HIV no mundo

A African

25.7 million

&Americas
/3.4 million

3609mi|lion

people living / &South-.E?st Asia
with HIV.globally < 3.5 million

~ AEurope

2.3 million

. _AEastern Mediterranean

350000

AWestern Pacific

Source: UNAIDS/WHO estimates 1.5 million



HIV no mundo
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B CRFO1_AE
O CRF02_AG
O CRF03_AB
B Other CRFs
0O URFs

TRENDS in Molecular Medicing

= Subtipo C (50%), B e A (10-12%), G (6%), CRF02_AG (5%), CRF01_AE
(5%), D (2,5%) do total de infeccdes por HIV-1.

= Subtipos F, H, J, K transmisséao limitada (<1%)



Epidemiologia do HIV

Vias de transmissao

= Sanguinea (transfusdo e compartilhamento
de drogas injetaveis);

= Vertical (méae para filho);

= Ocupacional (materiais perfurocortantes).

= Asvias de transmissao podem variar segundo a regiao.



Epidemiologia do HIV

Vias de transmissao

United States Eastern Europe and Latin America South and
Central Asia South-East Asia

[] Men having sex with men [_] Injecting drug users  [_] Commercial sex workers and their clients [1] All others

Mother to child at birth, ~5%



Epidemiologia do HIV

Transmissao sexual

Principal forma de transmisséo do HIV no Brasil e no Mundo;

Fatores que aumentam o0 risco de transmissdo relacao
heterossexual sao:

Alta viremia;

anal receptiva;

Relacao sexual durante a menstruacao;

Presenca de outra DST



Patogénese
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Curso da infeccao por HIV
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Acute HIV syndrome
Wide dissemination of virus

/ Seeding of lymphoid organs
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Curso da infeccao por HIV

Typical Progressor Rapid Progressor
Primary HIV Primary HIV
Infection  Clinical Latency AIDS Infection AIDS
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Curso da infeccao por HIV

Acute
10%

108
10*
10?

HIV RNA
(copies/ml of plasma)

Set point viremia

Asymptomatic/chronic phase

Development of AIDS

1,200

CD4* T cells (cells/ul)
[~
8
1

S S - S— - S— S 6 S S 6 I S S © S A © S 6 e © e © G © Ge o

CD4* T cells

51192 84D 4O ‘OU aANR|RY

400 -
200
o v L \\\\ { f T T L L T
5 10 15 2 a 6 8 10 12 |
-7 Weeks "o, Years P .
R Time after HIV infection
T T R T —
Symptoms Symptoms Symptoms
Swollen lymph nodes Usually: no symptoms 200-500 CD4* T cells/ml
(Lymphadenopathy) Sporadically: fatigue, mild weight loss, Oral/skin lesions
Fever generalized lymphadenopathy, Genital warts
Diarrhea rash, shingles Development of Kaposis sarcoma
Reactivation of latent
At cellular level At cellular level Mycobacterium tuberculosis
CD4* T cells decline temporarily CD4* T cells gradually decline
CD8* T cells increase CD8* T cells: levels largely unaffected <200 CD4+ T cells/ml
(homeostasis) & anti-HIV-1 CTLs and CTL responses evolve Opportunistic infections by
increase temporarily B cells: co-evolution of anti-viral protozoa/bacteria/fungilviruses
B cells: anti-HIV-1 antibodies appear antibodies and viral antigens Weight loss
Acquisition of macrophage tropism Malignancies
Infection of central nervous system Neurological symptoms
(in some patients)
At cellular level
CDA4* T cell depletion, loss of
helper function
HIV-1-specific CD4*/CD8* T cell exhaustion
B cells: decrease/dysregulation
« Columbia University natural killer (NK) cells: impairment of function
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Sintomas neuroldgicos
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Virus and viral e
proteins, cytokines
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Neurological symptoms

Chemokines
(CCI2, CcCla)

IL-15 -—0

In tory: o f
Onflammatory: CHS Soxicity) { e lotlind Lisconiciion

" —» Nitric oxide (neuronal cell death)

™ Arachidonic acd
metabolites
. (CNS toxicity)

"\ platelet-derived
activation factor

(CNS disease in children) Quinolinic acid «—

(Cytokines: CNS toxicity) <

Toxic factors
(heat stable, heat labile)




Curso da infeccao por HIV

Alds



Curso da infeccao por HIV
AIDS

= NuUmero de linfocitos T CD4+ < 200 céls/mma3;
= Aumento da carga viral (alta viremia);

- ~

Populacao viral homogénea,;




Curso da infeccao por HIV

AIDS

:
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Reverse Transcriptase (103 X cpm/ml)

20 30 4I-0
Days in Cuiture

0 10

Fig. 4 - Differences in replication of HIV-1 recovered from an individual early in
infection (O) and later, when he had progressed to disease (/\) (Cheng-Mayer
et al.,, 1988b). Note that the early virus replicates at low titer, and peaks after
a longer period of time than the faster-replicating virus, recovered later at the
time of disease.
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Curso da infeccao por HIV

AIDS

Desenvolvimento de:

= infeccOes oportunistas

= tumores (possivel envolvimento de mecanismos diretos)

= alteracO0es neuroldgicas: Neurotropismo bastante

acentuado (cepa viral) gque, freqguentemente, leva ao
aparecimento de sindromes neuroldgicas especificas



Curso da infeccao por HIV

Processos virais como alvos terapéuticos

Fusion

inhibitors

Entry
inhibitors

Maturation

T

Protease
inhibitors

Uncoating

transcription

NRTIs
NNRTIs

ntegrase

v \

Integration

o bl\ Translation
e oo o~ WA

°0Q
vv

Nucleus

/

- e / RNA export

\/V

3

Transcruption

""""\

Nature Reviews | Microbiology
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Curso da infeccao por HIV

Processos virais como alvos terapéuticos

——— éé People newly infected with HIV

- y Ss 7 HIV-related deaths

0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Source: UNAIDS/WHO estimates
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TESTES DIAGNOSTICOS PARA HIV

DETECCAO DE ANTICORPOS (ELISA, IMUNOBLOT, WESTERN BLOT)

= Triagem inicial,

= Detectam a resposta do hospedeiro contra o virus (0s anticorpos)
e Nao 0 proprio virus;

= Presenca dos anticorpos - 6 a 12 semanas apos a infeccao;

= Nao é recomendado para menores de 2 anos — presenca dos
anticorpos maternos adquiridos durante a gestacao.

DETECCAO DO VIRUS (BIOLOGIA MOLECULAR E CULTIVO VIRAL)

= Detecta diretamente o virus;

= Usado em algumas situacdes: esclarecimento de exames soroldgicos
iIndeterminados, acompanhamento laboratorial de pacientes e
mensuracao da carga viral para controle de tratamento;

= Recomendado para o diagndstico em criancas menores de 2 anos
(biologia molecular).



TESTES DIAGNOSTICOS PARA HIV

Testes de deteccao de anticorpos do hospedeiro:

= ELISA e Western-blot
Western-blot

ELISA




Obrigado!!!



