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Biology of HIV 

 
 
Left:  HIV budding from an infected cell. Credit: 
NIAID 
 
HIV belongs to a class of viruses known as 
retroviruses. Retroviruses are viruses that contain 
RNA (ribonucleic acid) as their genetic material. 
After infecting a cell, HIV uses an enzyme called 
reverse transcriptase to convert its RNA into DNA 
(deoxyribonucleic acid) and then proceeds to 
replicate itself using the cell's machinery. 

Within the retrovirus family, HIV belongs to a 
subgroup known as lentiviruses, or "slow" viruses. 
Lentiviruses are known for having a long time 
period between initial infection and the beginning of 
serious symptoms. This is why there are many 
people who are unaware of their HIV infection, and 
unfortunately, can spread the virus to others. 

Similar versions of HIV infect other nonhuman 
species, such as feline immunodeficiency virus (FIV) 
in cats and simian immunodeficiency virus (SIV) in 
monkeys and other nonhuman primates. Like HIV 
in humans, these animal viruses primarily infect 
immune system cells, often causing immune 
deficiency and AIDS-like symptoms. These viruses 
and their hosts have provided researchers with 
useful, although imperfect, models of the HIV 
disease process in people. 

The viral envelope 
HIV is spherical in shape and has a diameter of 
1/10,000 of a millimeter. The outer coat of the virus, 

known as the viral envelope, is composed of two 
layers of fatty molecules called lipids, taken from the 
membrane of a human cell when a newly formed 
virus particle buds from the cell. Embedded 
throughout the viral envelope are proteins from the 
host cell, as well as 72 copies (on average) of a 
complex HIV protein known as Env. These Env 
copies protrude or spike through the surface of the 
virus particle (called a “virion”). Env consists of a 
cap made of three molecules called glycoprotein 120 
(gp120), and a stem consisting of three molecules 
called gyclycoprotein 41 (gp41) that anchor the 
structure in the viral envelope. Much of the research 
to develop a vaccine to prevent HIV infection has 
focused on these envelope proteins. 

The viral core 
Within the viral envelope is a bullet-shaped core or 
capsid, made up of 2,000 copies of the viral protein, 
p24. The capsid surrounds two single strands of HIV 
RNA, each of which has a complete copy of the 
virus's genes. HIV has three structural genes (gag, 
pol, and env) that contain information needed to 
make structural proteins for new virus particles. The 
env gene, for example, codes for a protein called 
gp160 that is broken down by a viral enzyme to 
form gp120 and gp41, the components of the env 
protein. 

HIV has six regulatory genes (tat, rev, nef, vif, vpr, 
and vpu) that contain information needed to 
produce proteins that control the ability of HIV to 
infect a cell, produce new copies of virus, or cause 
disease. The protein encoded by nef, for instance, 
apparently is necessary for the virus to replicate 
efficiently, and the vpu-encoded protein influences 
the release of new virus particles from infected cells. 
Recently, researchers discovered that vif (the protein 
encoded by the vif gene) interacts with an antiviral 
defense protein in host cells (APOBEC3G), causing 
inactivation of the antiviral effect and enhancing 
HIV replication. This interaction may serve as a new 



target for antiviral drugs. 

The ends of each strand of HIV RNA contain an 
RNA sequence called the long terminal repeat (LTR). 
Regions in the LTR act as switches to control 
production of new viruses and can be triggered by 
proteins from either HIV or the host cell. 

HIV’s core also includes a protein called p7, the HIV 
nucleocapsid protein. Three enzymes carry out later 
steps in the virus's life cycle: reverse transcriptase, 
integrase, and protease. Another HIV protein called 
p17, or the HIV matrix protein, lies between the viral 
core and the viral envelope. 

HIV is a retrovirus 
HIV belongs to a class of viruses called retroviruses. 
Retroviruses are RNA (ribonucleic acid) viruses, 
and  to replicate (duplicate). they must make a DNA 
(deoxyribonucleic acid) copy of their RNA. It is the 
DNA genes that allow the virus to replicate. 

Like all viruses, HIV can replicate only inside cells, 
commandeering the cell's machinery to reproduce. 
Only HIV and other retroviruses, however, once 
inside a cell, use an enzyme called reverse 
transcriptase to convert their RNA into DNA, which 
can be incorporated into the host cell's genes. 

Slow viruses 
HIV belongs to a subgroup of retroviruses known as 
lentiviruses, or "slow" viruses. The course of 
infection with these viruses is characterized by a 
long interval between initial infection and the onset 
of serious symptoms. 

Other lentiviruses infect nonhuman species. For 
example, the feline immunodeficiency virus (FIV) 
infects cats and the simian immunodeficiency virus 
(SIV) infects monkeys and other nonhuman 
primates. Like HIV in humans, these animal viruses 
primarily infect immune system cells, often causing 
immune deficiency and AIDS-like symptoms. These 
viruses and their hosts have provided researchers 
with useful, albeit imperfect, models of the HIV 
disease process in people. 

HIV Replication Cycle 
Steps in the HIV Replication Cycle 

1. Fusion of the HIV cell to the host 
cell surface. 

2. HIV RNA, reverse transcriptase, 
integrase, and other viral proteins 
enter the host cell. 

3. Viral DNA is formed by reverse 
transcription. 

4. Viral DNA is transported across the 
nucleus and integrates into the host 
DNA. 

5. New viral RNA is used as genomic 
RNA and to make viral proteins. 

6. New viral RNA and proteins move 
to cell surface and a new, immature, 
HIV virus forms.The virus matures 
by protease releasing individual 
HIV proteins. 

Replication Cycle of HIV 
Entry of HIV into cells 
Infection typically begins when an HIV particle, 
which contains two copies of the HIV RNA, 
encounters a cell with a surface molecule called 
cluster designation 4 (CD4). Cells carrying this 
molecule are known as CD4+ cells. 

One or more of the virus's gp120 molecules binds 
tightly to CD4 molecule(s) on the cell's surface. The 
binding of gp120 to CD4 results in a conformational 
change in the gp120 molecule allowing it to bind to a 
second molecule on the cell surface known as a co-
receptor. The envelope of the virus and the cell 
membrane then fuse, leading to entry of the virus 
into the cell. The gp41 of the envelope is critical to 
the fusion process. Drugs that block either the 
binding or the fusion process are being developed 
and tested in clinical trials. The Food and Drug 
Administration (FDA) has approved one of the so-
called fusion inhibitors, T20, for use in HIV-infected 
people. 



Studies have identified multiple 
coreceptors for different types of HIV 
strains. These coreceptors are promising 
targets for new anti-HIV drugs, some of 
which are now being tested in preclinical 
and clinical studies. Agents that block the 
co-receptors are showing particular 
promise as potential microbicides that 
could be used in gels or creams to prevent 
HIV transmission. In the early stage of HIV 
disease, most people harbor viruses that 
use, in addition to CD4, a receptor called 
CCR5 to enter their target cells. With 
disease progression, the spectrum of co-
receptor usage expands in approximately 
50 percent of patients to include other 
receptors, notably a molecule called 
CXCR4. Virus that uses CCR5 is called R5 
HIV and virus that uses CXCR4 is called X4 
HIV. 

Although CD4+ T cells appear to be the 
main targets of HIV, other immune system 
cells with and without CD4 molecules on 
their surfaces are infected as well. Among 
these are long-lived cells called monocytes 
and macrophages, which apparently can 
harbor large quantities of the virus without 
being killed, thus acting as reservoirs of 
HIV. CD4+ T cells also serve as important 
reservoirs of HIV; a small proportion of 
these cells harbor HIV in a stable, inactive 
form. Normal immune processes may 
activate these cells, resulting in the 
production of new HIV virions. 

Cell-to-cell spread of HIV also can occur through the 
CD4-mediated fusion of an infected cell with an 
uninfected cell. 

Reverse transcription 
In the cytoplasm of the cell, HIV reverse 
transcriptase converts viral RNA into DNA, the 
nucleic acid form in which the cell carries its genes. 
Fifteen of the 26 antiviral drugs approved in the 
United States for treating people with HIV infection 
work by interfering with this stage of the viral life 
cycle. 

Integration 

The newly made HIV DNA moves to the cell's 
nucleus, where it is spliced into the host's DNA with 
the help of HIV integrase. HIV DNA that enters the 
DNA of the cell is called a provirus. Several drugs 
that target the integrase enzyme are in the early 
stages of development and are being investigated 
for their potential as antiretroviral agents. 

Transcription 
For a provirus to produce new viruses, RNA copies 
must be made that can be read by the host cell's 

protein-making machinery. These copies are called 
messenger RNA (mRNA), and production of mRNA 
is called transcription, a process that involves the 
host cell's own enzymes. Viral genes in concert with 
the cellular machinery control this process; the tat 
gene, for example, encodes a protein that accelerates 
transcription. Genomic RNA is also transcribed for 
later incorporation in the budding virion (see 
below). 

Cytokines, proteins involved in the normal 
regulation of the immune response, also may 
regulate transcription. Molecules such as tumor 
necrosis factor (TNF)-alpha and interleukin (IL)-6, 
secreted in elevated levels by the cells of HIV-
infected people, may help to activate HIV 
proviruses. Other infections, by organisms such as 
Mycobacterium tuberculosis, also may enhance 
transcription by inducing the secretion of cytokines. 

Translation 
After HIV mRNA is processed in the cell's nucleus, 
it is transported to the cytoplasm. HIV proteins are 
critical to this process; for example, a protein 
encoded by the rev gene allows mRNA encoding 
HIV structural proteins to be transferred from the 
nucleus to the cytoplasm. Without the rev protein, 
structural proteins are not made. In the cytoplasm, 
the virus co-opts the cell's protein-making 



machinery-including structures called ribosomes-to 
make long chains of viral proteins and enzymes, 
using HIV mRNA as a template. This process is 
called translation. 

Assembly and budding 
Newly made HIV core proteins, enzymes, and 
genomic RNA gather inside the cell and an 
immature viral particle forms and buds off from the 
cell, acquiring an envelope that includes both 
cellular and HIV proteins from the cell membrane. 
During this part of the viral life cycle, the core of the 
virus is immature and the virus is not yet infectious. 
The long chains of proteins and enzymes that make 
up the immature viral core are now cut into smaller 
pieces by a viral enzyme called protease. 

This step results in infectious viral particles. Drugs 
called protease inhibitors interfere with this step of 
the viral life cycle. FDA has approved eight such 
drugs--saquinavir, ritonavir, indinavir, amprenavir, 
nelfinavir, fosamprenavir, atazanavir, and lopinavir-
-for marketing in the United States. An HIV 
inhibitor that targets a unique step in the viral life 
cycle, very late in the process of viral maturation, 
has been identified and is currently undergoing 
further development. 

Recently, researchers have discovered that virus 
budding from the host cell is much more complex 
than previously thought. Binding between the HIV 
Gag protein and molecules in the cell directs the 
accumulation of HIV components in special 
intracellular sacks, called multivesicular bodies 
(MVB), that normally function to carry proteins out 
of the cell. In this way, HIV actively hitch-hikes out 
of the cell in the MVB by hijacking normal cell 
machinery and mechanisms. Discovery of this 
budding pathway has revealed several potential 
points for intervening in the viral replication cycle. 

 
HIV Evolves to Evade the Immune System 
HIV replicates rapidly with several billion new 
viruses made every day in a person infected with 
HIV. What makes HIV so difficult to stop, however, 
is its ability to mutate and evolve. 

Reverse transcriptase, the enzyme that makes DNA 
copies of HIV’s RNA, often makes random mistakes. 
As a result, new types or strains of HIV develop in a 
person infected with HIV. Some strains are harder to 
kill because of their ability to infect and kill other 
types of cells, while other strains replicate at faster 
rates. The more virulent and infectious strains of 
HIV are typically found in people who are in the late 
stages of infection. Different strains of HIV can also 
recombine to produce an even wider range of 
strains. In essence, HIV is constantly changing and 
trying to evade the immune system. Its ability to 
evolve rapidly is one of the major reasons why HIV 
is such a deadly virus. 

HIV Replication Cycle Glossary 
CD4 – a large glycoprotein that is found on the surface of helper T cells, 
regulatory T cells, monocytes, and dendritic cells. Its natural function is 
as a co–receptor that assists the T cell receptor (TCR) to activate its T 
cell following an interaction with an antigen presenting cell. CD4 is a 
primary receptor used by HIV–1 to gain entry into host T cells. 

Co–receptor (CCR5 or CXCR4) – protein molecules on the surface of 
lymphocytes or monocytes that bind to the gp120 protein of HIV and 
facilitate, usually with CD4, entry of viral nucleic acid and proteins into 
the cell. 

DNA (deoxyribonucleic acid) – is a nucleic acid that contains the 
molecular basis of heredity for all known living organisms and some 
viruses and is found in the nuclei and mitochondria of eukaryotes. 
Chemically DNA consists of two polymer strands of units called 
nucleotides made up of one of four possible bases plus sugar and 
phosphate groups. The polymers are joined at the bases by hydrogen 
bonds to form a double helix structure. 

Fusion of virus and cell membranes – a merging of cell and virus 
membranes that permits HIV proteins and nucleic acids to enter the 
host cell. 

Genomic RNA – the nucleic acid that contains all of the hereditary 
information of a virus, and is found in a mature virion. 

gp120 – an HIV glycoprotein having a molecular weight of 120 that 
protrudes from the outer surface of the virion. This glycoprotein binds 
to a CD4 receptor on a T cell to facilitate entry of viral nucleic acid and 
proteins into the cell. 

HIV (human immunodeficiency virus) – is a lentivirus and a member 
of the retrovirus family. HIV infects and destroys helper T cells of the 
immune system causing a marked reduction in their numbers. Loss of 
CD4 cells leads to generalized failure of the immune system and 
susceptibility to life threatening opportunistic infections. 

Integrase – An enzyme found in retroviruses including HIV that 
permits the viral DNA to be integrated into the DNA of the infected 
cell. 

Preintegration complex (PIC) – It is composed of viral RNA and 
proteins (nucleocapsid, p6, Vpr, integrase, and matrix) as well as some 
host proteins. It functions to reverse transcribe genomic RNA into 
double stranded DNA prior to integration into the host genomic DNA. 

Protease – an enzyme that hydrolyzes or cuts proteins and is important 
in the final steps of HIV maturation. 

Nucleus – a membrane enclosed cellular organelle of eukaryotes that 
functions to contain the genomic DNA and to regulate gene expression. 

Reverse transcriptase – an enzyme found in HIV that creates double 
stranded DNA using viral RNA as a template and host tRNA as 
primers. 

RNA (ribonucleic acid) – a nucleic acid that differs from DNA in that it 
contains ribose and uracil as structural components. 

RNA virus – a virus that uses RNA as its genetic material and belongs 
to either Group III, IV, or V of the Baltimore Classification System of 
Viruses. HIV belongs to Group III, double stranded RNA viruses. 

Virion – a single and complete extracellular infective form of a virus 
that consists of an RNA or DNA core with a protein coat or "envelope". 

 



HIV Devastates the Immune System 
Every day, HIV destroys billions of CD4+ T cells in a 
person infected with HIV, eventually overwhelming 
the immune system's capacity to regenerate or fight 
other infections. Below are different ways this may 
occur. 
 
 
Killing Cells 
Directly 
CD4+ T cells 
infected with 
HIV may be 
killed when a 
large amount of 
virus is 
produced and 
buds out from 
the cell surface. 
The budding 
process disrupts 
the cell membrane and causes the cell to die. The 
cell can also expire when the virus excessively uses 
the cell’s machinery for its own purposes, disrupting 
normal activities needed for the survival of the cell. 

Apoptosis (cell suicide) 
 
An HIV-infected 
cell undergoing 
apoptosis. 
Credit: Institute 
of Cell and 
Molecular Science 
When the 
regulation of a 
cell’s machinery 
and functions 
become grossly 
distorted because 
of HIV 
replication, the 
infected cell may 

commit suicide by a process known as programmed 
cell death or apoptosis. There is evidence that 
apoptosis occurs most frequently in the bloodstream 
and lymph nodes of people infected with HIV. 
 
The Death of Innocent Bystander Cells 
Cells that are not infected with HIV may also die as 
a direct result of the effects of HIV infection. 

1. HIV may bind to the cell surface, making it 
appear as if the cell is infected. After 
antibodies attach to the virus on the cell, 
killer T cells, which serve to protect the 
immune system by killing infected cells, 
may mistakenly destroy the cell. This 
process is called antibody-dependent 
cellular cytotoxicity. 

2. CD8 T cells, also known as "killer T 
cells," may mistakenly destroy uninfected 
cells that have consumed HIV particles and 

display HIV fragments on their surfaces. 

3. Because some HIV envelope proteins bear 
some resemblance to certain molecules on 
CD4+ T cells, the body's immune responses 
may mistakenly damage these cells. 

4. Uninfected cells may undergo apoptosis. 
Scientists have demonstrated in laboratory 
experiments that the HIV envelope alone or 
when bound to antibodies sometimes sends 
an inappropriate signal to CD4+ T cells. This 
can cause the cells to undergo apoptosis, 
even if not infected by HIV. 

Destruction of Immune Precursor Cells 
Studies suggest that HIV also destroys precursor 
cells (young cells that have not yet fully developed) 
that later mature into cells with special immune 
functions. HIV can also damage the bone marrow 
and the thymus, which are needed for developing 
precursor cells. The bone marrow and thymus 
probably lose their ability to regenerate, further 
compounding the suppression of the immune 
system. 
 
HIV Hides from the Immune System 
When HIV infects a cell, the virus can hide within 
the cytoplasm (the jelly-like fluid that fills the cell) or 
integrate into the cell’s genetic material 
(chromosomes). Shielded from the immune system, 
HIV can lie dormant in an infected cell for months or 
even years. These cells serve as a latent reservoir of 
the virus. 

Antiretroviral drugs are capable of suppressing HIV, 
even to undetectable levels in the blood, but they 
cannot eliminate the virus hiding in these latent 
reservoirs. A key NIAID research priority is to learn 
how HIV establishes these latent reservoirs and to 
develop strategies to purge the virus from the body. 

HIV can hide in the brain, lymph nodes, skin, 
peripheral blood, reticuloendothelial system, bone 
marrow, and gastrointestinal cells. 
 



Clinical Progression of HIV 
 
 
Typical course of HIV 
infection that shows the 
relationship between the 
levels of HIV (viral load) 
and CD4+ T cell counts 
over the average course 
of untreated HIV 
infection. 
Transmission of HIV 
Among adults, HIV is 
spread most commonly 
during sexual 
intercourse with an 
infected partner. During 
intercourse, the virus can 
enter the body through 
the mucosal linings of 
the vagina, vulva, penis, 
or rectum or, rarely, via 
the mouth and possibly 
the upper gastrointestinal tract after oral sex. The 
likelihood of transmission is increased by factors 
that may damage these linings, especially other 
sexually transmitted infections that cause ulcers or 
inflammation. 

Research suggests that immune system cells of the 
dendritic cell type, which live in the mucosa, may 
begin the infection process after sexual exposure by 
binding to and carrying the virus from the site of 
infection to the lymph nodes where other immune 
system cells become infected. A molecule on the 
surface of dendritic cells, DC-SIGN, may be critical 
for this transmission process. 

HIV also can be transmitted by contact with infected 
blood, most often by the sharing of needles or 
syringes contaminated with minute quantities of 
blood containing the virus. The risk of acquiring 
HIV from blood transfusions is extremely small in 
the United States, as all blood products in this 
country are screened routinely for evidence of the 
virus. 

Almost all HIV-infected children in the United 
States get the virus from their mothers before or 
during birth. In the United States, approximately 25 
percent of pregnant HIV-infected women not 
receiving antiretroviral therapy have passed on the 
virus to their babies. In 1994, researchers showed 
that a specific regimen of the drug AZT 
(zidovudine) can reduce the risk of transmission of 
HIV from mother to baby by two-thirds. The use of 
combinations of antiretroviral drugs and simpler 
drug regimens has further reduced the rate of 
mother-to-child HIV transmission in the United 
States. 

In developing countries, cheap and simple antiviral 
drug regimens have been proven to significantly 

reduce mother-to-child transmission at birth in 
resource-poor settings. Unfortunately, the virus also 
may be transmitted from an HIV-infected mother to 

her infant via breastfeeding. Moreover, due to the 
use of medicines to prevent transmission at delivery, 
breastfeeding may become the most common mode 
of HIV infection in infants. Thus, development of 
affordable alternatives to breastfeeding is greatly 
needed. 

Early Events in HIV Infection 
Once it enters the body, HIV infects a large number 
of CD4+ cells and replicates rapidly. During this 
acute or primary phase of infection, the blood 
contains many viral particles that spread throughout 
the body, seeding various organs, particularly the 
lymphoid organs. 

Two to 4 weeks after exposure to the virus, up to 70 
percent of HIV-infected people suffer flu-like 
symptoms related to the acute infection. Their 
immune systems fight back with killer T cells (CD8+ 
T cells) and B-cell-produced antibodies, which 
dramatically reduce HIV levels. A person's CD4+ T 
cell count may rebound somewhat and even 
approach its original level. A person may then 
remain free of HIV-related symptoms for years 
despite continuous replication of HIV in the 
lymphoid organs that had been seeded during the 
acute phase of infection. 

One reason that HIV is unique is the fact that despite 
the body's aggressive immune responses, which are 
sufficient to clear most viral infections, some HIV 
invariably escapes. This is due in large part to the 
high rate of mutations that occur during the process 
of HIV replication. Even when the virus does not 
avoid the immune system by mutating, the body's 
best soldiers in the fight against HIV-certain subsets 
of killer T cells that recognize HIV-may be depleted 
or become dysfunctional. 

In addition, early in the course of HIV infection, 



people may lose HIV-specific CD4+ T cell responses 
that normally slow the replication of viruses. Such 
responses include the secretion of interferons and 
other antiviral factors, and the orchestration of 
CD8+ T cells. 

Finally, the virus may hide within the chromosomes 
of an infected cell and be shielded from surveillance 
by the immune system. Such cells can be considered 
as a latent reservoir of the virus. Because the 
antiviral agents currently in our therapeutic arsenal 
attack actively replicating virus, they are not 
effective against hidden, inactive viral DNA (so-
called provirus). New strategies to purge this latent 
reservoir of HIV have become one of the major goals 
for current research efforts. 

Course of HIV Infection 
Among people enrolled in large epidemiologic 
studies in Western countries, the median time from 
infection with HIV to the development of AIDS-
related symptoms has been approximately 10 to 12 
years in the absence of antiretroviral therapy. 
Researchers, however, have observed a wide 
variation in disease progression. Approximately 10 
percent of HIV-infected people in these studies have 
progressed to AIDS within the first 2 to 3 years 
following infection, while up to 5 percent of people 
in the studies have stable CD4+ T cell counts and no 
symptoms even after 12 or more years. 

Factors such as age or genetic differences among 
individuals, the level of virulence of an individual 
strain of virus, and co-infection with other microbes 
may influence the rate and severity of disease 
progression. Drugs that fight the infections 
associated with AIDS have improved and prolonged 
the lives of HIV-infected people by preventing or 
treating conditions such as Pneumocystis carinii 
pneumonia, cytomegalovirus disease, and diseases 
caused by a number of fungi. 

HIV co-receptors and disease progression 
Recent research has shown that most infecting 
strains of HIV use a co-receptor molecule called 
CCR5, in addition to the CD4 molecule, to enter 
certain of its target cells. HIV-infected people with a 
specific mutation in one of their two copies of the 
gene for this receptor may have a slower disease 
course than people with two normal copies of the 
gene. Rare individuals with two mutant copies of 
the CCR5 gene appear, in most cases, to be 
completely protected from HIV infection. Mutations 
in the gene for other HIV co-receptors also may 
influence the rate of disease progression. 

Viral burden and disease progression 
Numerous studies show that people with high levels 
of HIV in their bloodstreams are more likely to 
develop new AIDS-related symptoms or die than 
those with lower levels of virus. For instance, in the 
Multicenter AIDS Cohort Study (MACS), 
investigators showed that the level of HIV in an 

untreated person's plasma 6 months to a year after 
infection--the so-called viral "set point"--is highly 
predictive of the rate of disease progression; that is, 
patients with high levels of virus are much more 
likely to get sicker faster than those with low levels 
of virus. The MACS and other studies have 
provided the rationale for providing aggressive 
antiretroviral therapy to HIV-infected people, as 
well as for routinely using newly available blood 
tests to measure viral load when initiating, 
monitoring, and modifying anti-HIV therapy. 

Potent combinations of three or more anti-HIV 
drugs known as highly active antiretroviral therapy, 
or HAART, can reduce a person's "viral burden" 
(amount of virus in the circulating blood) to very 
low levels and in many cases delay the progression 
of HIV disease for prolonged periods. Before the 
introduction of HAART therapy, 85 percent of 
patients survived an average of 3 years following 
AIDS diagnosis. Today, 95 percent of patients who 
start therapy before they get AIDS survive on 
average 3 years following their first AIDS diagnosis. 
For those who start HAART after their first AIDS 
event, survival is still very high at 85 percent, 
averaging 3 years after AIDS diagnosis. 

Antiretroviral regimens, however, have yet to 
completely and permanently suppress the virus in 
HIV-infected people. Recent studies have shown 
that, in addition to the latent HIV reservoir 
discussed above, HIV persists in a replication-
competent form in resting CD4+ T cells even in 
people receiving aggressive antiretroviral therapy 
who have no readily detectable HIV in their blood. 
Investigators around the world are working to 
develop the next generation of anti-HIV drugs that 
can stop HIV, even in these biologic scenarios. 

A treatment goal, along with reduction of viral 
burden, is the reconstitution of the person's immune 
system, which may have become sufficiently 
damaged that it cannot replenish itself. Various 
strategies for assisting the immune system in this 
regard are being tested in clinical trials in tandem 
with HAART, such as the Evaluation of 
Subcutaneous Proleukin in a Randomized 
International Trial (ESPRIT) trial exploring the 
effects of the T cell growth factor, IL-2. 

HIV Is Active in the Lymph Nodes 
Although HIV-infected people often show an 
extended period of clinical latency with little 
evidence of disease, the virus is never truly 
completely latent although individual cells may be 
latently infected. Researchers have shown that even 
early in disease, HIV actively replicates within the 
lymph nodes and related organs, where large 
amounts of virus become trapped in networks of 
specialized cells with long, tentacle-like extensions. 
These cells are called follicular dendritic cells 
(FDCs). FDCs are located in hot spots of immune 
activity in lymphoid tissue called germinal centers. 



They act like flypaper, trapping invading pathogens 
(including HIV) and holding them until B cells come 
along to start an immune response. 

Over a period of years, even when little virus is 
readily detectable in the blood, significant amounts 
of virus accumulate in the lymphoid tissue, both 
within infected cells and bound to FDCs. In and 
around the germinal centers, numerous CD4+ T cells 
are probably activated by the increased production 
of cytokines such as TNF-alpha and IL-6 by immune 
system cells within the lymphoid tissue. Activation 
allows uninfected cells to be more easily infected 
and increases replication of HIV in already infected 
cells. 

While greater quantities of certain cytokines such as 
TNF-alpha and IL-6 are secreted during HIV 
infection, other cytokines with key roles in the 
regulation of normal immune function may be 
secreted in decreased amounts. For example, CD4+ 
T cells may lose their capacity to produce IL-2, a 
cytokine that enhances the growth of other T cells 
and helps to stimulate other cells' response to 
invaders. Infected cells also have low levels of 
receptors for IL-2, which may reduce their ability to 
respond to signals from other cells. 

Breakdown of lymph node architecture 
Ultimately, with chronic cell activation and secretion 
of inflammatory cytokines, the fine and complex 
inner structure of the lymph node breaks down and 
is replaced by scar tissue. Without this structure, 
cells in the lymph node cannot communicate and the 
immune system cannot function properly. 
Investigators also have reported recently that this 
scarring reduces the ability of the immune system to 
replenish itself following antiretroviral therapy that 
reduces the viral burden. 

Role of CD8+ T Cells 
CD8+ T cells are critically important in the immune 
response to HIV. These cells attack and kill infected 
cells that are producing virus. Thus, vaccine efforts 
are directed toward eliciting or enhancing these 
killer T cells, as well as eliciting antibodies that will 
neutralize the infectivity of HIV. 

CD8+ T cells also appear to secrete soluble factors 
that suppress HIV replication. Several molecules, 
including RANTES, MIP-1alpha, MIP-1beta, and 
MDC appear to block HIV replication by occupying 
the coreceptors necessary for many strains of HIV to 
enter their target cells. There may be other immune 
system molecules-including the so-called CD8 
antiviral factor (CAF), the defensins (type of 
antimicrobials), and others yet undiscovered-that 
can suppress HIV replication to some degree. 

Rapid Replication and Mutation of HIV 
HIV replicates rapidly; several billion new virus 
particles may be produced every day. In addition, 

the HIV reverse transcriptase enzyme makes many 
mistakes while making DNA copies from HIV RNA. 
As a consequence, many variants or strains of HIV 
develop in a person, some of which may escape 
destruction by antibodies or killer T cells. 
Additionally, different strains of HIV can recombine 
to produce a wide range of variants. 

During the course of HIV disease, viral strains 
emerge in an infected person that differ widely in 
their ability to infect and kill different cell types, as 
well as in their rate of replication. Scientists are 
investigating why strains of HIV from people with 
advanced disease appear to be more virulent and 
infect more cell types than strains obtained earlier 
from the same person. Part of the explanation may 
be the expanded ability of the virus to use other co-
receptors, such as CXCR4. 

Theories of Immune System Cell Loss in HIV 
Infection 
Researchers around the world are studying how 
HIV destroys or disables CD4+ T cells, and many 
think that a number of mechanisms may occur 
simultaneously in an HIV-infected person. Data 
suggest that billions of CD4+ T cells may be 
destroyed every day, eventually overwhelming the 
immune system's capacity to regenerate. 

Direct cell killing 
Infected CD4+ T cells may be killed directly when 
large amounts of virus are produced and bud out 
from the cell surface, disrupting the cell membrane, 
or when viral proteins and nucleic acids collect 
inside the cell, interfering with cellular machinery. 

Apoptosis 
Infected CD4+ T cells may be killed when the 
regulation of cell function is distorted by HIV 
proteins, probably leading to cell suicide by a 
process known as programmed cell death or 
apoptosis. Recent reports indicate that apoptosis 
occurs to a greater extent in HIV-infected people, 
both in their bloodstreams and lymph nodes. 
Apoptosis is closely associated with the aberrant 
cellular activation seen in HIV disease. 

Uninfected cells also may undergo apoptosis. 
Investigators have shown in cell cultures that the 
HIV envelope alone or bound to antibodies sends an 
inappropriate signal to CD4+ T cells causing them to 
undergo apoptosis, even if not infected by HIV. 

Innocent bystanders 
Uninfected cells may die in an innocent bystander 
scenario: HIV particles may bind to the cell surface, 
giving them the appearance of an infected cell and 
marking them for destruction by killer T cells after 
antibody attaches to the viral particle on the cell. 
This process is called antibody-dependent cellular 
cytotoxicity. 



Killer T cells also may mistakenly destroy 
uninfected cells that have consumed HIV particles 
and that display HIV fragments on their surfaces. 
Alternatively, because HIV envelope proteins bear 
some resemblance to certain molecules that may 
appear on CD4+ T cells, the body's immune 
responses may mistakenly damage such cells as 
well. 

Anergy 
Researchers have shown in cell cultures that CD4+ T 
cells can be turned off by activation signals from 
HIV that leaves them unable to respond to further 
immune stimulation. This inactivated state is known 
as anergy. 

Damage to precursor cells 
Studies suggest that HIV also destroys precursor 
cells that mature to have special immune functions, 
as well as the microenvironment of the bone marrow 
and the thymus needed for developing such cells. 
These organs probably lose the ability to regenerate, 
further compounding the suppression of the 
immune system. 

Central Nervous System Damage 
Although monocytes and macrophages can be 
infected by HIV, they appear to be relatively 
resistant to being killed by the virus. These cells, 
however, travel throughout the body and carry HIV 
to various organs, including the brain, which may 
serve as a hiding place or "reservoir" for the virus 
that may be relatively resistant to most anti-HIV 
drugs. 

Neurologic manifestations of HIV disease are seen 
in up to 50 percent of HIV-infected people, to 
varying degrees of severity. People infected with 
HIV often experience 

5. Cognitive symptoms, including impaired 
short-term memory, reduced concentration, 
and mental slowing 

6. Motor symptoms such as fine motor 
clumsiness or slowness, tremor, and leg 
weakness 

7. Behavioral symptoms including apathy, 
social withdrawal, irritability, depression, 
and personality change 

More serious neurologic manifestations in 
HIV disease typically occur in patients with high 
viral loads, generally when a person has advanced 
HIV disease or AIDS. 

Neurologic manifestations of HIV disease are the 
subject of many research projects. Current evidence 
suggests that although nerve cells do not become 
infected with HIV, supportive cells within the brain, 
such as astrocytes and microglia (as well as 
monocyte/macrophages that have migrated to the 

brain) can be infected with the virus. Researchers 
postulate that infection of these cells can cause a 
disruption of normal neurologic functions by 
altering cytokine levels, by delivering aberrant 
signals, and by causing the release of toxic products 
in the brain. The use of anti-HIV drugs frequently 
reduces the severity of neurologic symptoms, but in 
many cases does not, for reasons that are unclear. 
The impact of long-term therapy and long-term 
HIV disease on neurologic function is also unknown 
and under intensive study. 

Factors that Affect Disease Progression 
Mutations in HIV Co-receptors 
Most strains of HIV use a co-receptor molecule 
called CCR5, in addition to the CD4 molecule, to 
infect a cell. Other HIV strains use a different co-
receptor known as CXCR4 to attack cells. Both 
receptors enable the virus to enter a cell during the 
initial stage of HIV infection. 

Studies have shown that people infected with HIV 
who have specific genetic mutations in one of their 
two copies of the CCR5 gene progress to AIDS 
slower than people with two normal copies of the 
CCR5 gene. There are also rare individuals with two 
mutant copies of the CCR5 gene who appear, in 
most cases, to be completely protected from HIV 
infection. Gene mutations in other HIV co-receptors 
such as CXCR4 also may influence the rate of 
disease progression. 

High Viral Load 
The amount of HIV in a person’s blood often is 
called his or her viral load. People with high viral 
loads are more likely to progress to AIDS faster than 
people with lower levels of the virus. In addition, 
research has shown that the level of HIV in a 
person’s blood after the first few months of 
infection, known as the viral set point, also 
influences the speed of progression to AIDS. Those 
with higher viral set point are much more likely to 
get sick faster than those with lower viral set point. 

Highly active antiretroviral therapy (HAART), 
which is a potent combination of three or more 
antiretroviral drugs belonging to at least two 
different antiretroviral 
drug classes, can help 
lower the viral load 
and viral set point for 
those infected with 
HIV. For many people, 
HAART delays the 
progression to AIDS 
for a prolonged period 
of time. 

Tests for HIV 
Infection 
There are a number of 
tests that are used to 



find out whether a person is infected with HIV, the 
virus that causes AIDS. These include the HIV 
antibody test, P24 antigen test and PCR test. There 
are other types of HIV testing, which are used once a 
person has been diagnosed with the virus. These 
include the CD4 test and the viral load test. 

In addition to an introduction to the different types 
of test, we also look at the reasons to get tested for 
HIV and what an HIV test involves. 
 
The Different Types of HIV Test 
Informaton from The Averting HIV and AIDS 
charity, based in the UK, 
http://www.avert.org/testing.htm 
HIV antibody test  HIV antibody tests are the most 
appropriate test for routine diagnosis of HIV among 
adults. Antibody tests are inexpensive and very 
accurate. The ELISA antibody test (enzyme-linked 
immunoabsorbent) also known as ELI (enzyme 
immunoassay) was the first HIV test to be widely 
used. 

How do antibody tests work?  When a person is 
infected with HIV, their body responds by 
producing special proteins that fight infection, called 
antibodies. An HIV antibody test looks for these 
antibodies in blood, saliva or urine. If antibodies to 
HIV are detected, it means a person has been 
infected with HIV. There are only two exceptions to 
this rule: 

1. Babies born to HIV infected mothers retain 
their mother's antibodies for up to 18 
months, which means they may test positive 
on an HIV antibody test, even if they are 
actually HIV negative. Normally babies who 
are born to HIV positive mothers receive a 
PCR test (see below) after birth. 

2. Some people who have taken part in HIV 
vaccine trials may have HIV antibodies even 
if they are not infected with the virus. 

Most people develop detectable HIV antibodies 
within 6 to 12 weeks of infection. In very rare cases, 
it can take up to 6 months and there are nearly 
always very particular reasons for antibodies 
developing so late such as other auto-immune 
disorders. It is exceedingly unlikely that someone 
would take longer than 6 months to develop 
antibodies. 

What is a window period?  The ‘window period’ is 
a term used to describe the period of time between 
HIV infection and the production of antibodies. 
During this time, an antibody test may give a ‘false 
negative’ result, which means the test will be 
negative, even though a person is infected with HIV. 
To avoid false negative results, antibody tests are 
recommended three months after potential exposure 
to HIV infection. 

A negative test at three months will almost always 
mean a person is not infected with HIV. If an 
individual’s test is still negative at six months, and 

they have not been at risk of HIV infection in the 
meantime, it means they are not infected with HIV. 

It is very important to note that if a person is 
infected with HIV, they can still transmit the virus to 
others during the window period. 

How accurate are antibody tests?  Antibody tests 
are extremely accurate when it comes to detecting 
the presence of HIV antibodies. ELISA tests are very 
sensitive and so will detect very small amounts of 
HIV antibody. This high level of sensitivity 
however, means that their specificity (ability to 
distinguish HIV antibodies from other antibodies) is 
slightly lowered. There is therefore a very small 
chance that a result could come back as ‘false 
positive’. 

A false positive result means that although a person 
may not be infected with HIV, their antibody test 
may come back positive. All positive test results are 
followed up with a confirmatory test, such as: 

  A Western blot assay – One of the oldest 
but most accurate confirmatory antibody 
tests. It is complex to administer and may 
produce indeterminate results if a person 
has a transitory infection with another virus. 

  An indirect immunofluorescence assay – 
Like the Western blot, but it uses a 
microscope to detect HIV antibodies. 

  A line immunoassay - Commonly used in 
Europe. Reduces the chance of sample 
contamination and is as accurate as the 
Western Blot. 

  A second ELISA – In resource-poor settings 
with relatively high prevalence, a second 
ELISA test may be used to confirm a 
diagnosis. The second test will usually be a 
different commercial brand and will use a 
different method of detection to the first. 

When two tests are combined, the chance of getting 
an inaccurate result is less than 0.1%. 

Rapid HIV tests:  An OraQuick HIV-1/2 rapid test 
kit 

These tests are based on the same technology as 
ELISA tests, but 
instead of 
sending the 
sample to a 
laboratory to be 
analysed, the 
rapid test can 
produce results 
within 20 
minutes. 

Rapid tests can 
use either a 
blood sample or 
oral fluids. They 



are easy 
to use 
and do 
not 
require 
laborator
y 
facilities 
or highly 
trained 
staff. 

All positive results from a rapid test must be 
followed up with a confirmatory test, the results of 
which can take from a few days to a few weeks. 

Antigen test (P24 test)  Antigens are the substances 
found on a foreign body or germ that trigger the 
production of antibodies in the body. The antigen on 
HIV that most commonly provokes an antibody 
response is the protein P24. Early in HIV infection, 
P24 is produced in excess and can be detected in the 
blood serum (although as HIV becomes fully 
established in the body it will fade to undetectable 
levels). 

P24 antigen tests are not usually used for general 
HIV diagnostic purposes, as they have a very low 
sensitivity and they only work before antibodies are 
produced in the period immediately after HIV 
infection. They are now most often used as a 
component of 'fourth generation' tests. 

Fourth generation tests:  Some of the most modern 
HIV tests combine P24 antigen tests with standard 
antibody tests to reduce the ‘diagnostic window’. 
Testing for antibodies and P24 antigen 
simultaneously has the advantage of enabling earlier 
and more accurate HIV detection. 

In the UK, fourth generation tests are the primary 
recommendation for HIV testing among individuals, 
but are not offered by all testing sites.1 During June 
2010, the FDA approved the first fourth generation 
test in the United States.2 

PCR test:  A PCR test (Polymerase Chain Reaction 
test) can detect the genetic material of HIV rather 
than the antibodies to the virus, and so can identify 
HIV in the blood within two or three weeks of 
infection. The test is also known as a viral load test 
and HIV NAAT (nucleic acid amplification testing). 

Babies born to HIV positive mothers are usually 
tested using a PCR test because they retain their 
mother's antibodies for several months, making an 
antibody test inaccurate. Blood supplies in most 
developed countries are screened for HIV using PCR 
tests. However, they are not often used to test for 
HIV in individuals, as they are very expensive and 
more complicated to administer and interpret than a 
standard antibody test. 

HIV home sampling and HIV home testing 

It is generally recommended that an HIV test is 
carried out in a healthcare setting. However, in some 
countries home sampling and home testing kits are 
available. 

Home sampling 

With a home sampling kit, a person can take a 
sample (usually a blood sample) and send it to a 
laboratory for testing. They can phone up for the 
results a few days later. If the result is positive then 
a professional counsellor will provide emotional 
support and referrals. The main advantages of home 
sampling are convenience, speed, privacy and 
anonymity. 

There is one company in the USA that offers an 
FDA-approved home sampling kit for HIV.3 Many 
home sampling kits that have not been approved by 
the FDA are being marketed online.4 

There is also a company in the UK that offers home 
sampling services using oral fluid instead of blood.5 
If a person’s test result is positive they will need a 
follow up blood-test at a clinic. 

Home testing 

A home self-test involves a person conducting a 
rapid antibody HIV test in their home. The person 
takes either a blood or saliva sample and can 
interpret the result within minutes. A positive result 
may require a further confirmatory blood-test in a 
clinic. 

UNAIDS suggest that home testing could be a 
partial solution in parts of the world where there is a 
severe number of people living with HIV who don’t 
know their status.6 In many health-care settings 
people worry about their test results remaining 
confidential and supervised home-based testing has 
the potential to help overcome some of these issues.7 
A study in Kenya has also shown that home-based 
counseling and testing (HBCT) can be the most 
effective gateway to getting people who test positive 
into care and treatment.8 However, in many 
countries it is illegal to sell HIV test kits to the 
public. One of the worrying aspects of the 
unregulated use of home tests is that if one is 
purchased over the internet, there is no guarantee 
that the test kit is genuine or will provide accurate 
results. 

There is currently a debate about allowing the kits to 
be sold in the United States of America and the UK. 
Concerns tend to relate to the potential for a person 
to test positive without being linked to the 
appropriate treatment, care and support services. 
However, in September 2011, the United Kingdom’s 
House of Lords Select Committee on AIDS 



recommended repealing laws that prohibit home 
HIV testing on the basis that this would help to 
break down the barriers that stand in the way of 
people coming forward for testing. 
 
Comparison of HIV home sampling and home 
testing services 

 
 
Is there an HIV and AIDS vaccine?  An HIV 
and AIDS vaccine does not yet exist, but efforts to 
develop a vaccine against HIV, the virus that causes 
AIDS, have been underway for many years. Since 
1987, more than 30 vaccine candidates have been 
tested.1 

Why do we need a vaccine for HIV and 
AIDS?  Even a partially effective HIV vaccine 
could save millions of lives. Experts have calculated 
that a vaccine that is 50 percent effective, given to 
just 30 percent of the population could reduce the 
number of HIV infections in the developing world 
by more than half over 15 years. An HIV and AIDS 
vaccine that was more than 50 percent effective 
could cut the infection rate by more than 80 
percent.2 

An HIV and AIDS vaccine would have a number of 
key advantages over today’s HIV prevention 
options. In particular, the protection offered by a 
vaccine during sex would not depend on the consent 
of both partners (unlike condom use), and would 
not require behaviour change (unlike abstinence). 
An HIV vaccine would also be invaluable for 
couples wishing to conceive a child while 
minimising the risk of HIV transmission. 

Children could be given an HIV and AIDS vaccine 

before ever being exposed to HIV, and ideally this 
would protect them from all routes of HIV 
transmission. Vaccinating large numbers of people 
would probably require relatively little equipment 
and expertise, and would be much simpler and 
cheaper than providing antiretroviral treatment for 

those already infected. 

How might an HIV and AIDS vaccine 
work?This image shows an antibody (green) in 
contact with an HIV protein (yellow & red), which is 
a possible target for AIDS vaccine developers. 

An HIV and AIDS vaccine could be effective in 
either of two ways. A “preventive” vaccine would 
stop HIV infection occurring altogether, whereas a 
“therapeutic” vaccine would not stop infection, but 
would prevent or delay illness in people who do 
become infected, and might also reduce the risk of 
them transmitting the virus to other people. 
Although a preventive vaccine would be ideal, a 
therapeutic vaccine would also be highly beneficial. 

The basic idea behind all HIV vaccines is to 
encourage the human immune system to fight HIV. 
The immune system works using a combination of 
cells and chemicals called antibodies. Early vaccine 
research focused on teaching the immune system to 
produce antibodies that would block HIV entering 
human cells. However, products designed to work 
this way failed in clinical trials because the 
antibodies worked only against lab-cultured HIV, 
not against the wild strains of the virus. 

Research has found a very small number of HIV-
infected people produce 'broadly neutralizing 
antibodies' to HIV.3 These antibodies, which 
neutralize a high percentage of the different types of 

  Home sampling (UK) Home sampling (USA) Home testing 
Method Sampling device purchased; 

oral sample taken at home 
and sent to lab for testing 

Sampling device purchased; 
blood sample taken at home 
and sent to lab for testing 

Kit purchased for taking a 
sample and testing it at 
home 

Notification Reactive results given by 
phone; negative results 
given by email 

All results given by phone Results produced at home 

Availability Legal in the UK; available 
online for £34 

Legal in the USA; sold in 
shops, online, by phone and 
mail order for $44 

Illegal in UK; not approved 
for sale in USA 

Potential for 
mistakes 

Oral sample may be taken 
incorrectly, possibly leading 
to a false negative result 

Low potential for mistakes as 
blood sample is clearly 
visible on card 

Test may be performed or 
interpreted incorrectly, 
possibly leading to a false 
result 

Reliability Negative results are 
definitive; reactive results 
are preliminary and must be 
confirmed by further tests at 
a clinic 

All results are definitive; as 
reliable as conventional 
testing 

Negative results are 
definitive; reactive results 
are preliminary and must be 
confirmed by further tests at 
a clinic 

Pre-test 
counselling 

Optional at extra cost, by 
phone 

Optional, by phone Unlikely to be provided 

Post-test 
counselling 

Always provided for 
reactive results, by phone 

Always provided for positive 
results, by phone 

Optional, by phone 



HIV, are now the basis for new research into vaccine 
development.4 

Other research has focused on encouraging the 
immune system to produce cells to fight HIV. 
Nevertheless, many scientists believe such “cell-
mediated” approaches will not be very effective on 
their own, even as therapeutic vaccines. It seems 
likely that a really effective vaccine will have to take 
a two-pronged approach involving both cells and 
antibodies. 

Why is it difficult to develop a vaccine for 
HIV and AIDS?  Developing a vaccine is a very 
difficult challenge for scientists. There are many 
reasons for this, including: 

1. Nobody has ever recovered from HIV 
infection, so there is no natural mechanism 
to imitate 

2. HIV destroys the immune system cells that 
are meant to fight against it 

3. Soon after infection, HIV inserts its genetic 
material into human cells, where it remains 
hidden from the immune system 

4. HIV occurs in several subtypes, each of 
which is very different from the others 

5. Even within each subtype, HIV is highly 
variable and constantly changing 

6. There are no good animal models to use in 
experiments although the use of non human 
primate (NHP) models could become a 
more significant model for HIV vaccine 
design and testing in the future.5 

However, there are reasons to be optimistic about 
the search for an AIDS vaccine, despite the 
difficulties and the slow progress so far. Vaccines 
against other diseases took many decades to 
develop, and HIV was only discovered in the mid 
1980s. It is therefore much too early to give up hope, 
especially given the current speed of scientific 
progress. In the past, some experts doubted the 
possibility of an effective polio vaccine, yet today 
polio is close to being eradicated thanks to 
successful vaccination programmes. 

One particular reason for remaining hopeful is that 
most people remain healthy for several years after 
becoming infected with HIV, and a small number of 
people have survived as long as 20 years without 
developing AIDS, even though they never entirely 
rid themselves of the virus. In addition, neutralizing 
antibodies that have been found among a minority 
of people suggest that the immune system can be 
quite effective at controlling HIV. 
 
What HIV and AIDS vaccine trials have 
already taken place? 

The AIDSVAX vaccine trials  The first vaccine 
candidate to undergo Phase III trials was called 

AIDSVAX. Two separate studies were conducted. 
One had around 5,400 participants - mostly gay 
American men - while the other involved around 
2,500 injecting drug users in Thailand. The vaccine 
was made from a single HIV protein and was meant 
to stimulate a protective antibody response. The 
trials began in 1998 and 1999 respectively, and 
ended in 2003. No beneficial effect was found in 
either population group.8 

The STEP and Phambili vaccine trials  Two Phase IIb 
trials of a vaccine candidate created by the 
pharmaceutical company Merck were halted in 
September 2007. The studies - known as STEP and 
Phambili - had been expected to produce their first 
results by 2010. The trials were stopped when 
researchers found people receiving the vaccine were 
no less likely to become infected with HIV than 
those given the placebo - the version that had no 
medicinal properties. The STEP trial had started in 
2004 in the USA, Canada, Australia, Peru and the 
Caribbean; the Phambili trial had begun in January 
2007 in South Africa.9 10 

There is some concern that slightly more HIV 
infections occurred among people who received the 
Merck vaccine than among those who took a 
placebo. The vaccine was delivered using 
adenovirus type 5, which causes the common cold. It 
has been suggested that the vaccine may have 
provoked a different immune response among 
people who already had some immunity to the 
adenovirus strain, and that this may have made 
them more susceptible to HIV infection. This 
hypothesis - which is supported by laboratory 
evidence11 - raises questions about the use of 
adenovirus in future vaccines.12 It has also been 
noticed that uncircumcised men were four times 
more likely to become infected with HIV if they 
received the vaccine than if they received the 
placebo.13 

Following the failure of the trial several other trials 
were delayed to ensure the design of the trail took 
into account what had been learnt from the Merck 
vaccine study. 

Leading vaccine researcher Dr. Gary Nabel 
described the results of the Merck vaccine trial as “a 
big blow to the field”.14 Nevertheless, Dr. Seth 
Berkley, President and CEO of the International 
AIDS Vaccine Initiative, has stressed that the 
outcomes are not all negative: 

“Though the Merck candidate failed, the trial did not. The 
contribution of the volunteers was not in vain. As a result 
of their dedication, the field will have new data that will 
inform future vaccine design, help with the prioritization 
of candidates in the pipeline and guide decisions on how 
to best proceed with ongoing and upcoming trials.”15 
The ALVAC / AIDSVAX vaccine trial 

In 2006 AIDSVAX was used in another Phase III trial 



in combination with ALVAC.16 It was hoped that a 
trial combining AIDSVAX, which promotes the 
production of antibodies to HIV, and ALVAC, 
which is designed to stimulate a cellular response to 
the virus, would prove more effective than the 
previous AIDSVAX trial.17 The trial, officially called 
RV144, recruited 16,402 young adults in Thailand. 

The results, published in late 2009, showed that 74 
trial candidates who received a placebo became 
infected with HIV, compared to 51 who had 
received the vaccine candidate.18 Although further 
examination produced mixed results, the analysis 
which the authors claimed was most relevant 
showed the vaccine prevented HIV infection by 31.2 
percent. Drawing on this statistically significant 
result, the authors concluded that the trial showed a 
"modest protective effect of vaccine".19 

Opinion differed over the significance of the study. 
Seth Berkley, of the International AIDS Vaccine 
Initiative was optimistic: 

“The outcome is very exciting news and a significant 
scientific achievement. It’s the first demonstration that a 
candidate AIDS vaccine provides benefit in humans. 
Until now, we’ve had evidence of feasibility for an AIDS 
vaccine in animal models. Now, we’ve got a vaccine 
candidate that appears to show a protective effect in 
humans, albeit partially.”20 
However, Dr. Otto Yang, an immunologist at 

University of California, LA, said: 

"the results are weak enough that we need to be very 
careful about assigning too much optimism to them... It 
seems not so likely that the vaccine really did what it was 
intended to do".21 
In 2011, scientists reported that they had discovered 
molecular clues that helped to explain why the 
vaccine prevented HIV for some but not for others. 
Researchers examined the blood of 41 of the people 
who received the vaccine yet still contracted HIV 
and 205 of the participants who did not become 

infected. Two types of antibodies found in some 
participants’ blood were found to affect their chance 
of becoming infected with HIV. One, called 
immunoglobulin G (IgG) made people 43 percent 
less likely to become infected if it was present in 
their blood, and the other, called IgA, made 
participants 54 percent more likely to become 
infected.22 Nelson Michael, Director of the US 
Military HIV Research Program commented that the 
results demonstrated that the trial was not, as had 
been debated, a statistical fluke: 

"This lends biological credence to the initial clinical study 
results, it suggests that what happened in RV144 was 
related to vaccination."23 
 
Drug therapy for people with HIV & 
AIDS 

 
Antiviral drug treatment is the main type of 
treatment for HIV or AIDS. It is not a cure, but it can 
stop people from becoming ill for many years. The 
treatment consists of drugs that have to be taken 
every day for the rest of a person’s life. 

The aim of antiretroviral treatment is to keep the 
amount of HIV in the body at a low level. This stops 
any weakening of the immune system and allows it 
to recover from any damage that HIV might have 

caused already. 

The drugs are often referred to as: 

1. antiretrovirals 
2. ARVs 
3. anti-HIV or anti-AIDS drugs 

 
Taking two or more antiretroviral drugs at a time is 
called combination therapy. Taking a combination of 
three or more anti-HIV drugs is sometimes referred 
to as Highly Active Antiretroviral Therapy 

Antiretroviral drug 
class 

Abbreviations First approved 
to treat HIV 

How they attack HIV 

Nucleoside/Nucleotide 
Reverse Transcriptase 
Inhibitors 

NRTIs, 
nucleoside 
analogues, 
nukes 

1987 NRTIs interfere with the action of an HIV 
protein called reverse transcriptase, which 
the virus needs to make new copies of itself. 

Non-Nucleoside 
Reverse Transcriptase 
Inhibitors 

NNRTIs, 
non-
nucleosides, 
non-nukes 

1997 NNRTIs also stop HIV from replicating 
within cells by inhibiting the reverse 
transcriptase protein. 

Protease Inhibitors PIs 1995 PIs inhibit protease, which is another 
protein involved in the HIV replication 
process. 

Fusion or Entry 
Inhibitors 

 2003 Fusion or entry inhibitors prevent HIV from 
binding to or entering human immune cells. 

Integrase Inhibitors  2007 Integrase inhibitors interfere with the 
integrase enzyme, which HIV needs to 
insert its genetic material into human cells. 



(HAART). If only one drug was taken, HIV would 
quickly become resistant to it and the drug would 
stop working. Taking two or more antiretrovirals at 
the same time vastly reduces the rate at which 
resistance would develop, making treatment more 
effective in the long term. 
 
There are five groups of antiretroviral drugs. Each of 
these groups attacks HIV in a different way. 
 
NRTIs and NNRTIs are available in most countries. 
Fusion/entry inhibitors and integrase inhibitors are 
usually only available in resource-rich countries. 

Protease inhibitors are generally less suitable for 
starting treatment in resource-limited settings due to 
the cost, number of pills which need to be taken, and 
the particular side effects caused by protease drugs. 
 
Statistics from the United Nations on the prevalence 
of AIDS worldwide  are available here: 
 
http://www.unaids.org/globalreport/documents/
20101123_globalreport_slides_chapter2_em.pdf 
 
 


