
Lecture 21: The Biology of HIV



What are Viruses?
A virus particle, or virion, 

consists of the following:

Nucleic acid - Genetic 
instructions, either DNA or 
RNA, either single-stranded 
or double-stranded 

Coat of protein - Surrounds 
the DNA or RNA to protect it 

Lipid membrane - Surrounds 
the protein coat (found only in 
some viruses, including 
influenza; enveloped viruses 
as opposed to naked viruses)

http://betterhealthnaturally.files.wordpress.com/2007/10/virus1.jpg
http://betterhealthnaturally.files.wordpress.com/2007/10/virus1.jpg


What  Type of Virus is HIV?

Human 

immunodeficiency virus

(HIV) is a lentivirus (a 

member of the retrovirus

family

Lentiviruses are transmitted 

as enveloped RNA viruses

Upon target cell entry, viral 

RNA is converted to dsDNA

by a virally encoded 

reverse transcriptase

present in the virus particle A microscopic view of a cell infected 

with HIV [CREDIT: csend.hu]

http://en.wikipedia.org/wiki/Lentivirus
http://en.wikipedia.org/wiki/Retrovirus
http://en.wikipedia.org/wiki/Reverse_transcriptase
http://www.scienceline.org/2007/07/11/scientists-moser-hiv-epidemiologist/
http://www.scienceline.org/2007/07/11/scientists-moser-hiv-epidemiologist/
http://www.scienceline.org/2007/07/11/scientists-moser-hiv-epidemiologist/


What Does HIV look like?
An HIV particle is 

around 100-150 

billionths of a meter in 

diameter. That's about 

the same as:

 0.1 microns

 4 millionths of an inch

 one twentieth of the 

length of an E. coli 

bacterium

 one seventieth of the 

diameter of a human 

CD4+ white blood cell.

http://skepticzone.files.wordpress.com/2009/03/hiv-budding-cdc.jpg
http://skepticzone.files.wordpress.com/2009/03/hiv-budding-cdc.jpg


Major Viral Components

http://www.avert.org/hiv-virus.htm
http://www.avert.org/hiv-virus.htm


The reproductive cycle of HIV, a retrovirus

Vesicles transport the

glycoproteins from the ER to

the cell’s plasma membrane.
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The viral proteins include 

capsid proteins and reverse 

transcriptase (made in the 

cytosol) and envelope 

glycoproteins (made in the ER).
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The double-stranded 

DNA is incorporated

as a provirus into the 

cell’s DNA.
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Proviral genes are 

transcribed into RNA 

molecules, which serve as 

genomes for the next viral 

generation and as mRNAs 

for translation into viral 

proteins.
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Reverse transcriptase

catalyzes the synthesis of

a second DNA strand

complementary to the first.
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Reverse transcriptase

catalyzes the synthesis of a

DNA strand complementary

to the viral RNA.
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New viruses bud

off from the host cell.
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Capsids are

assembled around

viral genomes and 

reverse transcriptase 

molecules.
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Binding of HIV to CD4 T-cell



Dynamics of Cell Entry

• Up to 90% of newly transmitted HIV uses CCR5 (M-tropic) 

• R5 viruses are more often transmitted sexually

• CXCR4-tropic virus emerges in ~50-60% of infected 

individuals within 5yrs 

• X4-tropic (T-tropic virus) associated with pronounced 

depletion of CD4 T cells 

http://www.prn.org/index.php/management/article/hiv_infection_in_children
http://www.prn.org/index.php/management/article/hiv_infection_in_children


Understanding HIV Tropism

Lower CD4 counts 

and higher viral load 

is seen with dual or 

mixed tropic virus 

compared to pure R5 

or X4.

X4- virus correlates 

with syncytia 

formation 

X4 – virus associated 

with more rapid 

progression to AIDS

 CXCR4 is expressed on nearly all 

CD4 T cells whereas only 15-30% 

express CCR5. Therefore, X4 virus 

has a wider range of susceptible 

target cells

http://www.prn.org/index.php/management/article/hiv_infection_in_children
http://www.prn.org/index.php/management/article/hiv_infection_in_children


Sequential Binding of HIV to CD4+ Cells



HIV Receptors Entry and Replication



CCR5 Delta-32 mutation & Resistance to HIV

 ~1% of Europeans, and even more in northern Europe, inherit the CCR5 

mutation from both parents, making them resistant to HIV infection 

10 to 15% of Europeans carry a mutation from 1 parent making it more difficult, 

but not impossible for them to become infected ("elite controllers“- maintain very 

low viral load without ART)

People of African, Asian and South American descent almost never carry it

http://online.wsj.com/article/SB122602394113507555.html
http://online.wsj.com/article/SB122602394113507555.html


"Berlin Patient" Still HIV-free 4 Years after 

Bone Marrow Transplant

 Timothy Ray Brown, a 40-year-old 

man received 2 bone marrow 

transplants for acute myeloid 

leukemia

 Donor had a double or homozygous 

CCR5-delta32 mutation

 The patient was 'conditioned' by 

intensive chemotherapy and 

radiation prior to transplantation

 Successful reconstitution of CD4+ T 

cells in blood and gut without any 

trace of HIV

 The last direct evidence of HIV was 

detectable on day 60 after 

transplantation.

This is currently the 

only case of HIV that 

has been cured in the 

world



HIV and The Immune System



http://articles.sfgate.com/2001-06-04/news/17602888_1_immune-system-aids-research-immune-function
http://articles.sfgate.com/2001-06-04/news/17602888_1_immune-system-aids-research-immune-function
http://articles.sfgate.com/2001-06-04/news/17602888_1_immune-system-aids-research-immune-function
http://articles.sfgate.com/2001-06-04/news/17602888_1_immune-system-aids-research-immune-function
http://articles.sfgate.com/2001-06-04/news/17602888_1_immune-system-aids-research-immune-function
http://articles.sfgate.com/2001-06-04/news/17602888_1_immune-system-aids-research-immune-function


Cell Types Infected by HIV

http://pavlakislab.ncifcrf.gov/nkcartoon.gif
http://pavlakislab.ncifcrf.gov/nkcartoon.gif


HIV and the Epithelium

Free and cell associated HIV may be able to cross these columnar and stratified epithelial cell layers in 

a number of ways. These include:

Free HIV directly infecting the epithelial cells

Free HIV being transported through the epithelial cell

Cell-associated HIV passing between the epithelial cells

Free HIV being bound by specialized immune cells in the epithelial layer

Free HIV gaining access to underlying tissue and cells by the effects of physical damage to the 

epithelial layer

http://www.empro.org.uk/microbicides-how.php
http://www.empro.org.uk/microbicides-how.php


Vaginal Acquisition of HIV infection

http://www.nature.com/nri/journal/v6/n5/full/nri1848.html
http://www.nature.com/nri/journal/v6/n5/full/nri1848.html


Factors that can increase the risk of HIV infection

http://www.nature.com/nri/journal/v6/n5/full/nri1848.html
http://www.nature.com/nri/journal/v6/n5/full/nri1848.html


Factors That can Decrease Risk of HIV Infection

http://www.nature.com/nri/journal/v6/n5/full/nri1848.html
http://www.nature.com/nri/journal/v6/n5/full/nri1848.html


Possible Mechanisms for the Loss of CD4 cells 

After HIV infection

http://pathmicro.med.sc.edu/lecture/cd41.jpg
http://pathmicro.med.sc.edu/lecture/cd41.jpg
http://pathmicro.med.sc.edu/lecture/cd42.jpg
http://pathmicro.med.sc.edu/lecture/cd42.jpg
http://pathmicro.med.sc.edu/lecture/cd43.jpg
http://pathmicro.med.sc.edu/lecture/cd43.jpg
http://www.mcld.co.uk/hiv/?q=syncytia
http://www.mcld.co.uk/hiv/?q=syncytia


HIV Induced Syncytia

http://pathmicro.med.sc.edu/lecture/hiv7.htm
http://pathmicro.med.sc.edu/lecture/hiv7.htm

