
HUMAN IMMUNODEFICIENCY VIRUS 1

HIV-1



INTRODUCTION

• HIV pandemic causes one million deaths a 
year worldwide (no longer in top ten)

• First AIDS cases were recognized clinically 
1981 
– Kaposi’s sarcoma and Pneumocystis carinii

pneumonia in young homosexual men

• 1983 HIV was isolated by Luc Montagnier and 
Robert Gallo

• Subsequently sequenced etc…..



History

• HIV is a mutation of SIV which likely spread to humans 

from bushmeat in the 19th century.

• Small, remote, isolated populations prevented the 

spread. An individual would get sick and die without 

much chance to spread it around.

• The huge growth of trucking in Africa started in the 

1950’s caused spread to the cities through sexual 

contact of truckers, villagers, and urban populations.

• With air travel it spread globally in the 1970’s.



PATHOGENESIS OF AIDS

how does HIV cause AIDS?

HIV: human immunodeficiency virus

HIV is a member of the lentivirus family, a subgroup of 

retroviruses, RNA viruses that replicate via a DNA 

intermediate

AIDS: acquired immunodeficiency syndrome

AIDS is defined by a loss of CD4 T lymphocytes (less 

than 200/cubic mm or the occurrence of opportunistic 

infections or cancers



VIRUS STRUCTURE
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•This is the proto virus molecule. 

This giant protein molecule must 

be cut by protease to make viable 

virions. Protease inhibitors disrupt 

this process.



CLASSIFICATION: genotypes
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VIRUS LIFE CYCLE





HIV infects cells that carry the receptor and 

co-receptor

CD4: Expressed on the surface of CD4 T 

lymphocytes (helper T lymphocytes) and 

macrophages (including dendritic cells)

CCR5: Expressed on CD4+ T lymphocytes and on 

macrophages

CXCR4: Expressed on CD4+ T lymphocytes and T 

cell lines 
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• HIV has high mutation rate during the 

virus replication

– Due to the “jumping” and loose 

interaction between Reverse 

transcriptase template

– Many mutations are non viable and don’t 

reproduce but some do making novel 

strains in a single host which rapidly 

evade host immune response and 

develop resistance to antiviral drugs

– Old strains die out and are replaced with 

new

HIV Reverse Transcription







-Viral protease cleaves gag-pol polyprotein

-Protease inhibitors inhibit this action 

resulting the production of unmatured, 

noninfectious viral particles





PATHOGENESIS



DC-SIGN





Natural history course of HIV infection
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Viral Load

• Plasma load % who died in 6 yrs Progressed

• <500 copies/ml 0.9 5.4

• 501-3000 6.3 16.6

• 3001-10 000 18.1 31.7

• 10 001- 30 000 34.9 55.2

• > 30 000 69.5 80.0





CCR5 and HIV infection



Receptor and co-receptor

• Early on it was recognized that CD4 was a 
receptor for HIV-1

• However, expression of CD4 in mouse 
cells did not permit HIV infection

• When mouse  cells were fused with 
human cells these cells became infected

– Additional receptor – coreceptor!!!!



• The  coreceptors CXCR4 and CCR5

• A deletion of 32 base pairs was identified 
in the CCR5 gene (a mutation conferring 
immunity to HIV!)

– CCR5-delta 32 protein is not expressed on 
the cell surface. HIV cannot attach!

– HIV-1 infection in persons homozygous for 
mutation is extremely rare.







CCR5-delta 32

• Allele is common in white population with the prevalence of 10-
14%

• Approximately 1% of the white population are homozygous for 
this gene
– Resistant for infection

• Heterozygous population
– Has lower risk for HIV-1 infection

– Attenuated disease course

• Subsequently, other mutations resulting in dysfunctional CCR5 
protein has been identified in high risk seronegative 
populations. (High risk behavior without infection.)

• THUS, the availability of cell surface CCR5 is critical 
determinant of susceptibility to HIV infection and disease 
progression 



CCR5delta32 and immune function

• Persons who are homozygous for 
CCR5delta32 seem to have a normal life 
expectancy

• No apparent alteration in risks for 
infectious or immunological disorders

– Redundancy of chemokines and their 
chemokine receptors

– Can be compensated for by the other 
chemokine receptors for directing cellular 
trafficking and cellular activation





Therapy

• Two classes of CCR5 antagonists in 
development
– antibody to CCR5

– Small molecule inhibitors
• FDA has proved: Maraviroc

• Many others in clinical development

• Inhibit HIV binding



HIV-1 VIRAL DYNAMICS



Natural history course of HIV infection

Production of viral load



ANTI-RETROVIRAL TREATMENT SHOWS

3 DIFFERENT COMPARTMENTS



Why 3 levels of reduction?

• As antivirals take hold new infection goes 

down and infected cells die off.

• First the t cells with ½ life of 1 day

• Then macrophages with ½ life of 14 days. 

• But latent T cells have ½ life of 44 months.

• Memory cells are the problem. The 

antivirals only work when the T cells are 

activated, often decades down the road.



Viral dynamics

• Productive infections in CD4 T cells produce at least 
10 new infectious viral particles per cell – capable to 
infect at least 10 other uninfected CD4 T cells

• Effective therapy should reduce the amount of 
infectious viral particles to less than one in relatively 
short time period  (see phases of viral dynamics: 
phase 1 and 2)

• Why no  cure for infected patients?
– Low-level virus replication in sites where drugs are not 

efficiently penetrating

– Latent HIV pool in resting memory CD4 T cells



HIV Latency

• HIV exists in resting memory CD4 T cells – Third 
Phase in viral dynamics after administration of potent 
antiretroviral drugs 

• Memory cells are long lived – half-live approximately 
44 months

• The size of this latently infected cell pool is 
approximately “only” 105-106 latently infected 
cells/patient

• However, clearance of this latent reservoir is predicted 
to require the administration of anti-retroviral therapy 
for at least 60 years

• Approaches to activate and exhaust the latent 
reservoir are needed – not currently available!



• YOU NEED TO ACTIVATE EVERY 

LATENTLY INFECTED CELL IN HUMAN 

BODY TO BE ABLE TO CURE A 

PATIENT – OTHERWISE THE VIRAL 

LOAD REBOUNDS AFTER 

DISCONTINUATION THE THERAPY

• WITH CURRENT DRUG TREATMENTS -

CURE IS IMPOSSIBLE



HIV and CD4 T cell depletion

• HIV infects CD4 T cells resulting in high viral load in 
infected individuals

• This infection kills CD4 T cells

• Homeostasis: The body replaces killed cells by 
producing more CD4 + T cells.

• This continues until you run out of stem cells. Then 
T cell count drops and the opportunistic infections 
take their toll. Person goes from HIV + to AIDS.



Natural history course of HIV infection

Production of viral load



The Tap and Drain Model for CD4 T cells 

in HIV infection

Healthy HIV AIDS

From Dr. Daniel Douek

NIH

Production Production Production

Death Death Death

In homeostasis:

Production = Death

Due to an increase of death

of CD4 cells, immune system

increases the production:

“try to keep it in homeostasis”

Production exhausted





Aquired ImmunoDeficiency Syndrome

• A diagnosis of AIDS is conferred when the T cell count falls below 

200 or major opportunistic infections appear:

• Pneumocystic Carinii Pneumonia (which we get all the time)

• Kaposi’s Sacroma (caused by HHV-8 which most of us have.)

• Pelvic inflammatory disease

• Thrush(candida albicans which most of us have)

• Shingles (everyone in the room has the pathogen) 

• A host of cancers; brain, cervical, lymphomas…



Treatment

• Most people who are HIV + are put on a protease inhibitor and 2 

reverse transcriptase inhibitors. This keeps viremia low and T cell 

count close to normal.

• In most cases this allows for a normal life span but the meds must 

be changed  as the virus mutates and/or the body rejects.

• Antivirals have many side effects and liver and kidney complications

• Suspected exposures are treated with heavy antivirals immediately

• PrEP – Truvada is recommended for people healthy people in 

intimate relationships with HIV+ partners or people who engage in 

high risk behavior. Decreases spread by 90%.

• The WHO has adopted “Treatment as containment.”

• Education and antiviral use has decreased the spread of HIV for 

many years.



Current ARV Medications

NRTI

▪ Abacavir (ABC)

▪ Didanosine (ddI)

▪ Emtricitabine (FTC)

▪ Lamivudine (3TC)

▪ Stavudine (d4T)

▪ Tenofovir (TDF)

▪ Zidovudine (AZT, ZDV)

NNRTI

▪ Delavirdine (DLV)

▪ Efavirenz (EFV)

▪ Etravirine (ETR)

▪ Nevirapine (NVP)

▪ Rilpivirine (RPV)

PI

▪ Atazanavir (ATV)

▪ Darunavir (DRV)

▪ Fosamprenavir (FPV)

▪ Indinavir (IDV)

▪ Lopinavir (LPV)

▪ Nelfinavir (NFV)

▪ Ritonavir (RTV)

▪ Saquinavir (SQV)

▪ Tipranavir (TPV)

Integrase Inhibitor 

(II)

▪ Raltegravir (RAL)

▪ Elvitegravir* (EVG)

Fusion Inhibitor

▪ Enfuvirtide (ENF, T-20)

CCR5 Antagonist

▪ Maraviroc (MVC)

March 2012 www.aidsetc.org 59

* EVG currently available 

only in coformulation with 

cobicistat (COBI)/TDF/FTC











HIV VACCINES

NO VACCINES

HIV mutates a lot so it is difficult to make an antibody 

that will still work after mutation.  A vaccine can 

stimulate the immune system to make an antibody that 

will work against one strain but not others. Even within 

one infected person HIV will mutate many times.

Also the most important antigen is hidden until after 

binding.

Work continues on multivalent vaccines.



Phylogenetic tree of HIV-1 envelope sequences in Nairobi women. Journal of Virology, May 

1999, p. 4393-4403, Vol. 73, No. 5
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