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In contrast to the failed attempts at develop-
ing a vaccine against HIV, efforts to provide 
drug therapies stand as a great success. More 

than 25 agents have been approved thus far, and 
the right combinations can suppress replication 
of the virus, often keeping blood levels so low as 
to be undetectable by standard tests. These 
powerful drug cocktails, collectively termed 
highly active antiretroviral therapy, or HAART, 
have prolonged life and health in countless in-
fected individuals. Yet vexingly, today’s treat-
ments cannot actually cure the infection. If for 
any reason therapy is interrupted, the virus rap-
idly rebounds. 

Figuring out how HIV manages to hang 
around in the company of these potent drugs is 
one of the most important tasks currently fac-
ing researchers. Over the past decade investiga-
tors have gleaned key insights into this mystery. 
The answers, we hope, will ultimately reveal 
whether complete eradication of the virus in a 
patient is feasible.

Understanding the nature of HIV’s hiding 
places, or reservoirs, and what it will take to 
eradicate them requires some insight into how 
HIV typically behaves in the body. Like all 
viruses, HIV needs to get into the body’s cells to 
replicate. There the invader exploits the cells’ 

machinery to make copies of its own genome 
and to translate viral genes into proteins. It thus 
generates new viral copies, called virions, which 
spread to other cells. But unlike most human 
viruses, HIV actually inserts its genome into 
that of the cell. Every time the cell reproduces, 
the viral genes get copied and passed down to 
the daughter cells, thereby ensuring that the 
virus persists for as long as the cell and its prog-
eny survive in the body. 

The immune system typically manages to 
eliminate viruses by knocking out infected cells. 
It identifies such cells readily by the bits of viral 
proteins, or antigens, they display on their sur-
face to flag the presence of interlopers within. In 
the case of HIV, the immune system has a hard 
time eradicating infected cells on its own in part 
because the virus attacks components of the im-
mune system itself. The body does manage for 
a while to counterattack, generating healthy 
new immune cells able to recognize the virus 
and other infectious agents. In untreated indi-
viduals, however, the virus gains the upper hand 
over time, leading to AIDS. 

Today’s powerful drug combinations protect 
the immune system because they suppress HIV 
replication and limit the spread of virus to new 
cells. In theory, these treatments should permit 
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KEY CONCEPTS
■  �Current drug regimens can 

dramatically suppress HIV  
in patients, but none of 
these agents can com-
pletely eliminate the virus. 

■  �To eradicate HIV from  
infected individuals,  
researchers must figure 
out where the virus hides 
and how to hit it in  
those places.

■  �Recent findings have  
exposed some of HIV’s ref-
uges, suggesting new ther-
apeutic targets.

� —The Editors

Eliminating HIV from the body would require flushing the virus out  
of its hiding places and preventing those reservoirs from being refilled. 
A tall order but perhaps not impossible

By Mario Stevenson 

Can hiv Be Cured?

Special Report
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other lymph nodes and circulate in the blood.
In the course of fighting most kinds of viral 

infections, the bulk of helper T cells involved in 
the fight die off when they are no longer needed. 
A subset, however, survives as long-lived mem-
ory T cells, ready to multiply and call in the re-
serves when they encounter signs of reinfection. 
It is these memory T cells that appear to produce 
the most virus in HIV-infected patients. As they 
prepare to divide to fight remembered patho-
gens, they both duplicate their own DNA and 
proteins and churn out new HIV virions. Most 
of the infected memory cells die from the virus 
itself or the immune attack against them, but 
some return to a dormant state. At that point, 
HIV exists only as viral DNA sitting quietly in 

the still healthy parts of the immune system to 
clear out any remaining infected cells and cure 
the disease. So why is the drug-protected im-
mune system failing to do that job?

Keeping a Low Profile
A big component of the answer appears to be 
the persistence of cells that are genetically able 
to make new virions but that do not produce 
any and thus do not inform the immune system 
of their presence. As David I. Watkins notes in 
“The Vaccine Search Goes On,” starting on 
page 69, HIV preferentially infects immune cells 
called helper T lymphocytes, which mostly 
reside in the lymph nodes and connective tissue 
of the gastrointestinal tract but also occupy  

LYING IN WAIT: Even after therapy 
forces HIV in the blood down to 
undetectable levels, the virus 
still lurks elsewhere—ready to 
storm back if given the chance. 

[THE AUTHOR]

Mario Stevenson is David 
Freelander Professor of AIDS 
Research in the Program in 
Molecular Medicine at the 
University of Massachusetts 
Medical School. He earned his  
Ph.D. from the University of 
Strathclyde in Glasgow, where he 
studied liposomal drug uptake in 
macrophages. He is a recipient  
of Harvard Medical School’s 
Shipley Lectureship, chair of the 
research committee of the 
American Foundation for AIDS 
Research, and director of the 
Center for AIDS Research at the 
UMASS Medical Center. He has also 
been a consultant to Merck. In his 
spare time he dabbles in piano and 
in-line speed skating.

© 2008 SCIENTIFIC AMERICAN, INC.



80  SC IE NTIF IC AMERIC AN� November 20 0 8

tami


 to


lpa


bring HIV back after therapy stops. It seems 
that despite the absence of virus in the blood, 
some helper T cells and other cells keep on mak-
ing new virus at a low level even when therapy 
seems to be working beautifully. This activity 
falls under the radar of tests, because the virus 
either hides successfully in the cells or, when re-
leased, stays trapped in tissues and does not find 
its way into the blood. In the past year, for in-
stance, research has revealed that helper T lym-
phocytes in the gut get depleted within weeks of 
the individual contracting HIV and even before 
the virus is detected in the blood. It is therefore 
possible that during treatment the virus can 
continue to replicate in tissues such as those of 
the gut—activity that could go unnoticed for 
quite some time until the virus spills over into 
the blood.

Another Unwitting Accomplice
Most AIDS research has focused on helper 
T cells because they circulate in the blood, 
which can easily be drawn for study. Recently, 
however, investigators have come to realize that 
other immune cells infected by HIV—mac-
rophages and dendritic cells—may also contrib-
ute to resurgence of the virus after HIV therapy 
is halted or after the virus becomes resistant to 
it. Less is known about macrophages and den
dritic cells because they are located strictly in 
tissues, but recent findings suggest that drug 
therapy may not totally stop HIV reproduction 
in these cells. The level may be too low to result 
in the virus reaching the blood in detectable 
amounts. It may, however, be high enough to 
reach nearby T lymphocytes and to continually 
restock the reservoir of dormant infected mem-
ory T cells. Also, some infected macrophages 
seem to evade being killed by the virus inside 
them or by other components of the immune 
system. Macrophages, then, may sit ready to 
pump up replication when drug therapy stops. 

In 2001, for instance, Malcolm A. Martin of 
the NIH and his colleagues reported that al-
though monkeys infected with simian immuno-
deficiency virus (SIV)—a close relative of HIV—

lost most of their helper T lymphocytes within 
a few weeks of being infected, copious quanti-
ties of virus were still being produced. Mac
rophages, it turned out, were generating the vi-
rus. Subsequent treatment of the monkeys with 
a drug that inhibits viral replication—and thus 
prevents infection of new cells—failed to signif-
icantly lower the amount of virus in the ani-
mals’ blood. This finding meant that the mac-

the cells’ genome. This viral DNA does not get 
copied and does not give rise to viral proteins, 
so no protein bits get displayed on the surface. 
Consequently, anti-HIV drugs have no effect on 
the cells, and the immune system remains blind 
to them.

This understanding has been informed by 
studies published in 1997. Teams led indepen-
dently by Robert F. Siliciano of Johns Hopkins 
University, Anthony S. Fauci of the National In-
stitutes of Health and Douglas D. Richman of 
the University of California, San Diego, found 
that inactive T lymphocytes isolated from HIV-
infected individuals do not manufacture HIV. 
When those cells were roused, however, the pre-
viously dormant virus began replicating anew. 
HIV is not the only virus to exhibit such latency. 
An array of viruses can enter into similarly quiet 
states. In fact, some, such as the herpesviruses, 
make proteins that actually encourage the virus 
to become latent. Estimates based on the life 
span of memory T cells suggest it would take in 
excess of five decades for the reservoir of cells in-
fected with latent HIV to naturally die out. 

Researchers are also beginning to compre-
hend that it is not only latent helper T cells that 

Anti-HIV 
immune cells

[OBSTACLE TO A CURE]

The Making of a Hideout

Viral components

Viral genome

Dead T cell

Dormant 
infected T cell

Most HIV in the blood appears to come from immune cells known as memory T lympho-
cytes that have been infected by the virus. These cells, which display bits of HIV on their 
surface, usually die from the infection itself or from an immune attack targeted to the 
displayed bits. But some survive and enter a dormant state (far right). In this condition 
they harbor the HIV genome in their DNA and can make new copies of the virus if 
reactivated but tend to sit quietly for years. 

Newly 
made  
virus

FAST FACTS
■ �In 2007 an estimated  

33 million people worldwide 
were living with HIV.

■ �Every day some 6,000 people 
die from HIV and another  
6,800 contract the virus.

■ �Less than a third of  
people who need HIV treatment 
have access to it.

■ �Highly active antiretroviral  
therapy (HAART) increases  
patient survival by  
 13.3 years on average.

Displayed viral 
fragment

Infected 
memory T cell
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the virus may go on to infect specialized mac
rophages known as microglia, which reside per-
manently within the CNS. 

Evidence suggests that infection of cells in 
the CNS would afford the virus some degree of 
protection from drugs because certain of 
them—notably protease inhibitors important 
to the proper processing of new viral proteins—

do not efficiently cross the blood-brain barrier. 
Further, most other circulating immune cells 
stay out of the brain. No one knows whether 
infected cells in the brain can send HIV out to 
other parts of the body, but if the virus-infect-
ed macrophages can cross the blood-brain bar-
rier into the CNS, they can probably filter back 
out as well. 

Other sites that seem difficult for some drugs 
to penetrate include the walls of the gastrointes-
tinal tract and the genital tract. Semen often 
contains HIV RNA even in people whose blood 
seems to be clear of the virus.

New Plans of Attack
At a minimum, thoroughly clearing HIV from 
an infected individual would require removal of 
all latently infected T cells. One way that 
researchers are currently exploring to address 

rophages were not dying in the process of spew-
ing out new copies of the virus.

HIV also seems to replicate somewhat differ-
ently in macrophages as compared with T cells—

in a way that may be additionally advantageous 
to the virus. Whereas in T cells the virus com-
ponents assemble close to, and subsequently de-
tach from, the cell surface, in macrophages 
some viral particles appear to be deposited into 
compartments within the cells called vacuoles. 
Eventually the vacuoles may migrate up to the 
cell surface to release the stored virus particles. 
The packing of the virus into walled-off com-
partments might help HIV dodge immune de-
tection by preventing the display of antigens on 
the cell surface that tip the immune system off 
to the presence of an intruder. 

Finally, studies suggest that higher drug con-
centrations are needed to suppress viral replica-
tion in macrophages than in T cells. Exactly 
why this should be the case is uncertain. Yet we 
do know that some cellular proteins whose nor-
mal function is to excrete biological substances 
from the cell can interfere with drug therapy by 
hindering the uptake and retention of drugs. 
Perhaps, then, in macrophages these cellular 
proteins are particularly active and so prevent 
the drugs from being efficiently retained inside 
the cells. The same thing may occur in dendritic 
cells, although so far very little is known about 
how these cells respond to HIV.

Anatomical Refuges 
It is not only the inherent properties of helper 
T cells and macrophages that allow HIV to per-
sist in the face of intensive therapy. Certain of 
these cells also sit in anatomical compartments 
that may shelter them from various drugs or 
immune defenses, or both. Ridding the body of 
HIV would necessitate reaching it in those 
places.

The central nervous system (CNS) is one such 
compartment. Researchers have long known 
that the CNS is susceptible to HIV infection. 
The neurological problems that arise in late-
stage AIDS stem largely from the production of 
neurotoxins released from infected macrophag-
es in the brain. To enter the brain, any molecule 
or cell must cross the blood-brain barrier, essen-
tially a selectively permeable membrane that 
regulates the traffic of cells and other substanc-
es from the blood to the CNS. Macrophages 
that become infected with HIV in the tissues 
outside the CNS can apparently cross the blood-
brain barrier and settle down in the CNS, where 

[WHERE THE VIRUS HIDES]

Beyond lying in wait in dormant memory T cells, HIV may reproduce at a low rate in 
certain other immune system cells—particularly macrophages and dendritic cells that 
seem inherently able to ward off immune defenses and anti-HIV drugs to some extent. 
Further, HIV-infected cells in a few parts of the body may be physically shielded to a 
degree from the immune system and certain drugs. HIV made in cellular and anatomical 
reservoirs does not reach the blood readily in aggressively treated patients but might 
generate a vigorous infection if treatment stops. 

HIV’s Many Reservoirs 

Cellular 
Reservoirs

Anatomical 
Reservoirs

Dormant memory T cells  
in lymph nodes and blood

Central nervous system

Gastrointestinal tract

Macrophages and 
dendritic cells in  
various tissues  
(especially in lymph  
nodes, gut and central 
nervous system)

Genital tract

At a minimum, 
thoroughly clearing 
HIV from an  
infected individual 
would require 
removal of all 
latently infected 
T cells.

© 2008 SCIENTIFIC AMERICAN, INC.



82  SC IE NTIF IC AMERIC AN� November 20 0 8

tami


 to


lpa


plexes of DNA and protein that compose chro-
mosomes) in dormant infected T cells. Yet even 
these so-called chromatin remodelers would be 
of limited use if they worked only in T cells and 
the virus were also present in macrophages. 

A second prong of attack for clearing HIV 
from the body would involve blocking all viral 
replication, so that HIV disappears not only 
from the blood but from all tissues and from all 
cell types that harbor it. Drugs currently in use 
typically interfere with one of two enzymes: re-
verse transcriptase, which converts the virus’s 
genetic material from RNA to DNA for inser-
tion into the cellular genome, or protease, which 
helps nascent viral particles to mature. Within 
weeks after a person starts standard therapy, 
the level of virus in the individual’s blood drops 

the latent reservoirs is treating patients with 
compounds that stimulate dormant infected  
T lymphocytes to divide, in the hopes that  
the cells will make virus and thus become vul-
nerable to antiretroviral therapy. A couple of 
limited human trials have tested this approach 
using drugs previously approved to treat other 
conditions. They have yielded mixed results, 
however. 

The ideal agents would tickle the T cells 
enough to rekindle the production of the viral 
proteins that get displayed on the cell surface but 
not so much as to trigger the cells to make new 
copies of the virus. To that end, researchers are 
currently exploring the potential of drugs that 
would induce the synthesis of HIV proteins by 
altering the organization of chromatin (com-

[NEW IDEAS]

At a minimum, erasing HIV from the body would require inducing infected 
dormant T cells to make new virus or viral proteins—actions that would 
invite attack by drugs or the immune system. Such treatments would be 
given together with standard drugs that block cell-to-cell spread of the 
virus. New evidence suggests that intensifying control of HIV replica-
tion—by hitting new viral or cellular targets—could be helpful as well. 

Some potential therapeutic targets for achieving these aims (orange) are 
described at the right. Drugs already on the market take aim at the virus’s 
envelope protein and the T cell’s CCR5 receptor (to block viral entry into 
cells) and try to inhibit HIV’s reverse transcriptase, integrase and protease 
enzymes (to halt, respectively, the copying of HIV’s genome, its insertion 
into the cells’ DNA and the maturation of HIV proteins).

Promising Treatment Approaches

Existing Drug targets

Potential Drug 
Targets

HIV

Infected T cell

Vpu

Integrase

Reverse 
transcriptase

Envelope

CCR5

Vif

LEDGF

Chromatin

Protease

A3G
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can wipe out any virus-making reservoirs left 
over when latent infected memory cells are 
eliminated.

In the past year several new drugs that inter-
fere with previously untargeted steps in viral 
replication have entered into clinical trials. In 
addition to the integrase inhibitor, another drug 
blocks infection by interfering with the ability 
of the virus to attach to a molecular receptor 
known as CCR5 that sits on the cell surface. Re-
search also suggests that certain cellular pro-
teins may be good therapeutic targets. Whereas 
HIV commandeers some of these proteins to aid 
its replication (CCR5, for example), it is now 
apparent that other cellular proteins—or cellu-
lar restrictions, as they are termed—actually an-
tagonize viral replication. 

Six years ago Michael H. Malim of King’s 
College London and his research group identi-
fied the first of these cellular restrictions, called 
A3G. This protein is abundant in macrophages 
and in lymphocytes. Unfortunately, the virus 
has evolved a countermeasure to A3G: it makes 
a protein called Vif that induces the degrada-
tion of A3G. The good news is that both A3G 
and the viral Vif protein represent promising 
targets for therapy. Drugs that inhibit Vif or 
otherwise protect A3G from degradation would 
theoretically render human cells resistant to 
HIV infection. 

Just this year Paul D. Bieniasz of the Aaron 
Diamond AIDS Research Center in New York 
City and John C. Guatelli of U.C.S.D. and their 
teams independently identified a second cellular 
restriction, named tetherin, that prevents the re-
lease of new copies of the virus from infected 
cells. The virus has evolved a defense against 
tetherin, too—in this case, the viral Vpu pro-
tein. Drugs that stymie Vpu could prevent HIV 
from spreading to new cells. 

Basic research will probably continue to re-
veal novel therapeutic targets, which could lead 
to the development of new antiviral agents that  
hit HIV in multiple ways. If we can design drugs 
that complement and intensify the effects of ex-
isting therapies, we may finally be able to de-
plete the all-important latent reservoir and erad-
icate the virus. To that end, larger studies ex-
ploring the impact of long-term therapy 
intensification on the virus are currently under 
way, with results expected within the next two 
years. Those findings should tell us whether  
the eradication of HIV from an infected in
dividual is a realistic goal. We wait with great 
anticipation.� n

to undetectable levels. The slope of decay is fair-
ly consistent from patient to patient, which re-
searchers have taken to mean that the therapies 
thoroughly forestall viral replication. Yet recent 
studies have shown that intensifying existing 
drug regimens with raltegravir, a new drug that 
targets a viral enzyme not hit by earlier agents 
(the viral integrase enzyme, which stitches HIV 
DNA into the cells’ own DNA), actually accel-
erates the viral decay. This success suggests that 
infected cells can probably be hit faster and 
more effectively than is now the case. If that sur-
mise is correct, the work also implies that inten-
sifying HIV therapy even further might limit the 
size of the original latent reservoir, block its lat-
er restocking and—dare we hope—lower repli-
cation so much that the immune system really 

➥ �more to 
explore

Macrophages Are the Principal 
Reservoir and Sustain High Virus 
Loads in Rhesus Macaques after 
the Depletion of CD4+ T Cells by  
a Highly Pathogenic Simian Immu-
nodeficiency Virus/HIV Type 1  
Chimera (SHIV): Implications  
for HIV-1 Infections of Humans.  
T. Igarashi et al. in Proceedings of the 
National Academy of Sciences USA, 
Vol. 98, No. 2, pages 658–663;  
January 16, 2001.

Isolation of a Human Gene That  
Inhibits HIV-1 Infection and Is Sup-
pressed by the Viral Vif Protein.  
A. M. Sheehy et al. in Nature, Vol. 418, 
pages 646–650; August 8, 2002.

Antiretroviral Therapy with the  
Integrase Inhibitor Raltegravir  
Alters Decay Kinetics of HIV, Sig-
nificantly Reducing the Second 
Phase. J. M. Murray et al. in AIDS,  
Vol. 21, No. 17, pages 2315–2321;  
November 12, 2007.

Tetherin Inhibits Retrovirus  
Release and Is Antagonized by 
HIV-1 Vpu. S.J.D. Neil et al. in Nature, 
Vol. 451, pages 425–430; January 24, 
2008.

Promising Treatment Approaches

Potential Drug Targets

Vif (viral infectivity factor)
A cellular protein called A3G undercuts  
HIV’s viability by dramatically mutating  
its genes. But HIV’s Vif protein interferes. 
Inhibition of Vif or some other way of 
shielding A3G should allow A3G to carry  
out its antiviral tasks.

LEDGF (lens epithelium-derived 
growth factor)
In HIV-infected cells, LEDGF, a cellular 
protein, helps integrase to splice HIV DNA 
into the cell’s genome. Some findings 
indicate that LEDGF inhibition reduces  
HIV replication.

CHROMATIN (complexed DNA  
and protein that composes 
chromosomes)
Drugs called chromatin remodelers would 
alter the organization of chromatin in 
dormant infected T cells in a way that 
activates synthesis of HIV proteins—a step 
that would render the cells visible to  
the immune system and susceptible  
to attack. 

Vpu (viral protein U)
HIV-infected cells tether newly made virus  
to the surface, but HIV’s Vpu protein sets it 
free. A Vpu inhibitor should keep the virus 
from spreading to other cells.

Infected cells can 
probably be hit 
faster and more 
effectively than  
is now the case.
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