
well on antiretroviral therapy; and
third, it helps explain the unique
mode of evolution of HIV in which all
of the major variants that have arisen
during the course of an infection per-
sist indefinitely.

Establishment of Stable Latent
Reservoir

The establishment of a reservoir of
latently infected CD4+ cells is a result
of the normal physiology of the
immune system. Most of the T cells in
the body are in a resting state; approx-
imately half are naive cells (cells that
have not yet responded to any foreign
antigen), and the remainder are mem-
ory cells (cells that have previously
responded to some antigen). The cells
circulate throughout the lymphoid tis-
sues until they encounter an antigen
that they recognize, after which they
undergo blast transformation, prolifer-
ate, and carry out their functions.
Some of the cells survive and revert
back to a resting state as long-lived
memory T cells, cells that allow the
host to respond to the same antigen
again in the future. 

In HIV infection, the virus repli-
cates preferentially in activated
CD4+ cells and tends to kill them
very quickly. However, some of the
activated cells can become infected as
they are in the process of reverting
back to a resting state, resulting in a
stably integrated viral genome in a
long-lived memory T cell. Conditions
for HIV gene expression are unfavor-
able in resting cells; for example, host
transcription factors such as nuclear
factor-κß and nuclear factor of acti-
vated T cells, which are necessary for
high-level HIV gene expression, are
excluded from the nucleus in resting
CD4+ cells. The result of infection in
this case is a stably integrated but
transcriptionally silent form of the

the entire HIV genome arises on a
daily basis. In the presence of a selec-
tive advantage—for example, subopti-
mal antiretroviral therapy—preferen-
tial replication of resistant mutants will
result in a outgrowth of a drug-resistant
viral population. 

Whereas active cycles of replica-
tion produce most of the steady-state
viremia in an untreated patient, some
of the virus in plasma is released by
stable reservoirs of HIV. One of these
stable reservoirs consists of CD4+
cells infected at some time in the past
that carry a latent form of the virus.
With appropriate immune stimula-
tion, these cells can subsequently
become activated and produce virus.
Although the amount of virus pro-
duced by the activation of these
latently infected cells is quantitatively
insignificant, this latent reservoir is
nevertheless clinically important for 3
reasons: first, it renders HIV infection
intrinsically incurable with current
antiretroviral therapy alone; second, it
helps explain what is happening viro-
logically in patients who are doing

Perspective

Scientific Rationale for Antiretroviral Therapy in 2005:
Viral Reservoirs and Resistance Evolution

It has become clear that there are 2
distinct sources of viremia in HIV-
infected individuals and that under-
standing the differences between them
is important for making correct deci-
sions about antiretroviral therapy. In an
untreated patient, most of the plasma
virus is produced by active rounds of
replication in permissive cells, such as
activated CD4+ cells; this is an
extremely dynamic process, with
many new cells being infected each
day, replacing those killed by infection.
In each newly infected cell, the error-
prone process of reverse transcription
of the HIV genome is occurring, gener-
ating mutations that can lead to drug
resistance. Indeed, in a patient with a
plasma HIV RNA level of 30,000
copies/mL, every possible mutation in
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Hope for a cure for HIV-1 infection was dampened by the discovery of a
latent form of the virus that persists in resting CD4+ cells. This reservoir of
latently HIV-infected resting memory T cells represents an archive of viral
genotypes produced in an individual from the onset of infection. Entry into
the reservoir is stopped with suppressive antiretroviral therapy, but the
archived viruses are capable of reinitiating active infections, are released
continuously from this reservoir, and can cause viral rebound if antiretrovi-
ral therapy is stopped. Studies of residual low-level viremia (<50 HIV RNA
copies/mL of plasma) in the setting of effective antiretroviral therapy indi-
cate that such viremia is largely caused by activation of the latently infect-
ed cells and the release of virus from this and other stable reservoirs. These
studies support the notion that the stability of the latent reservoir is con-
sistent with the long life span of resting memory T cells, rather than reflect-
ing rounds of active replication under suppressive antiretroviral therapy
that replenish the reservoir. There may be other stable reservoirs in addition
to the resting T-cell pool, further complicating the problem of eradication.
This article summarizes a presentation on viral reservoirs and viral evolution
by Robert F. Siliciano, MD, PhD, at the International AIDS Society–USA
course in New York in March 2005



virus in a cell that is designed to live a
long time: a perfect recipe for viral
persistence. If these cells are reacti-
vated in the future, they can begin to
produce virus.

Latently infected cells are present
in all infected individuals, at a fre-
quency of approximately 1 per mil-
lion resting CD4+ cells. Virus in
these cells is not eradicated during
antiretroviral therapy. This latent
reservoir appears to be extremely sta-
ble. The best estimates of the decay
of the viral population in this latent
reservoir, based on studies in patients
in whom antiretroviral therapy has
reduced plasma HIV RNA levels to
below 50 copies/mL for as long as 7
years, indicate a half-life of 44.2
months. Based on these estimates,
eradication of HIV from the latent
reservoir would require 73.4 years of
suppressive therapy. 

Role of the Latent Reservoir in
Archiving Viral Strains

Actively replicating viruses in the plas-
ma of viremic patients are a complex
mixture of majority and minority vari-
ants that can be seen as participants
in replicative competition. In the
latent reservoir, there is a broader
group of variants that persist in a
manner that does not allow them to
engage in such competition. In
essence, this reservoir allows viruses
to drop out of the competition and
persist in a latent form, only to
reemerge at a later time. In viremic
patients, there is constant entry of
viruses of a wide variety of geno-
types—including viruses with drug-
resistance mutations, if they have
arisen—into the reservoir. There is no
marked change in reservoir size
because the high level of immune
activation that occurs with viremia
also results in increased emergence of
virus from the reservoir as the host
cells become activated. With initiation
of antiretroviral therapy, entry into the
reservoir is reduced. Exit from the
reservoir is also reduced, owing to the
decreased immune activation that
occurs in the setting of effective
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antiretroviral therapy. Nevertheless, a
small number of latently infected cells
become activated each day and
release virus, which can result in viral
rebound if antiretroviral therapy is
stopped. 

Thus the latent reservoir is an
archive of the viral genotypes that
have been produced in an individual
from the onset of infection. Figure 1
provides an example of the complex
mixture of genotypes present in the
reservoir. The patient represented
received zidovudine beginning in the
early 1990s, followed by the addition
and substitution of a number of other
drugs. After breakthrough viremia
occurred in 1998, all drugs then being
used were switched to a new 4-drug
regimen, and the patient has been
doing well on this regimen. The bot-
tom portion of Figure 1 shows results
of genotypic analysis of HIV isolates
from the resting memory T-cell reser-
voir in this patient, organized accord-
ing to presence of resistance muta-
tions. Each horizontal entry repre-
sents an independent viral clone. 

This picture of the types of virus
present in the individual differs from
that of a routine clinical genotyping of
plasma virus, which shows a popula-
tion average of circulating genotypes.
Analysis of individual clones of virus
in the latent reservoir reveals a wide
variety of genotypes. Wild-type virus
is present, and likely represents virus
sequestered very early in the patient’s
infection, since these strains are at a
large competitive disadvantage in the
context of antiretroviral therapy. Also
present are viruses with resistance
mutations that reflect exposure to var-
ious drugs in the patient’s treatment
history. All of the viruses in the latent
reservoir have the potential to emerge
at some point in the future. Wild-type
virus, which in the absence of
antiretroviral therapy has a competi-
tive advantage against many strains
with resistance mutations, reemerges
as the dominant plasma virus when
patients are taken off failing antiretro-
viral therapy. The latent reservoir
appears to be the source of this
reemergence. 

The latent reservoir allows the virus
in an individual to evolve in a unique
way. With HIV, what occurs is not sur-
vival of the fittest, but survival of all
major forms that have been generat-
ed, and active replication of the forms
that are the most fit under the current
conditions. This situation needs to be
taken into account in strategies for
antiretroviral treatment. For example,
the use of nevirapine to prevent moth-
er-to-child transmission of HIV in
developing countries results in emer-
gence of nevirapine-resistant virus in
most mothers after the single dose of
nevirapine, with the resistant variants
appearing to disappear over time.
However, they are likely to be archived
in the latent reservoir and will have
the potential to reemerge if nevirap-
ine, or other nonnucleoside reverse
transcriptase inhibitors with similar
resistance profiles, are subsequently
used in an antiretroviral regimen.
Similarly, the observation that wild-
type virus may reemerge as the domi-
nant plasma virus when antiretroviral
therapy is stopped in patients in
whom therapy is failing contributed to
the notion of strategic treatment inter-
ruptions to regain viral susceptibility to
antiretroviral drugs. However, the
resistant strains are likely to have been
archived and to reemerge when drugs
are restarted. Patients in whom this
strategy has been attempted did not
have better outcomes as a result of
treatment interruption. 

Studies of Residual Viremia in
Effective Antiretroviral Therapy 

With the initiation of antiretroviral
therapy, viremia is reduced from the
original setpoint of replication in an
individual to some point below the
assay detection limit of 50 RNA
copies/mL. Whether there is residual
active viral replication under such ther-
apy remains controversial. However,
even if it were possible for antiretro-
viral therapy to be 100 percent effec-
tive in preventing new infection of sus-
ceptible cells from the moment treat-
ment was initiated, there would still be
residual low-level viremia, detectable
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Figure 1. Right: Antiretroviral
treatment and plasma HIV RNA
level over time in one patient.
Arrow indicates period of
breakthrough. Bottom: Results
of recent clonal genotypic anal-
ysis of HIV in the latent reservoir
of the same patient showing
persistence of archival wild-type
viruses (Wt) and viruses with
drug resistance mutations (indi-
cated as colored boxes: purple,
nelfinavir; red, zidovudine; dark
blue, lamivudine).
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only with special research assays. This
residual viremia results from the
release of virus from latent reservoirs.
This level of viremia can be termed the
“release point,” representing the
amount of virus released from the
reservoir without any additional cycles
of replication. This point represents the
best that can ever be expected from
antiretroviral therapy in terms of
reduction in viremia. Determining how
close current antiretroviral therapy is to
achieving reduction to this release
point is important because any residu-
al replication can generate drug-resis-
tant variants and replenish the latent
reservoirs. In a recent study, phyloge-
netic analyses of plasma virus and
virus from resting memory T cells were
performed in patients who had been
doing well on antiretroviral therapy for
an average of 3 years (Nettles et al,
JAMA, 2005) Plasma and reservoir
samples were taken at baseline; plas-
ma samples were then taken every
other day for 3 months and 
follow-up samples from the latent
reservoir were obtained at regular
intervals. As shown in Figure 2, the
genetic sequences of the plasma and
reservoir viruses are intermingled and
often identical, consistent with the
idea that the source of the plasma virus
in the residual viremia observed in the
patient is predominantly the infected
resting T-cell pool. No resistance muta-
tions to the drugs in the patient’s
antiretroviral regimen were observed,
despite the fact that a single mutation
could produce high-level resistance for
2 of the drugs in the regimen. 

Such findings suggest that residual
viremia in patients on potent anti-
retroviral therapy may be due to  the
release of virus from the latent reser-
voir and that such viremia can occur
for prolonged periods without viral
evolution (including resistance muta-
tions). In addition, such findings sup-
port the notion that lifelong control of
HIV infection is possible if highly
active regimens can be maintained,
and if suboptimal treatment—and
consequent emergence of resistant
virus—can be avoided. 

Although the above results suggest
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that there can be residual viremia
without viral evolution in patients on
potent antiretroviral therapy who
have viral loads reduced to below
assay detection limits, many patients
experience transient elevations of
viremia into the detectable range
(blips). The source of virus in the blips
remains unclear. Blips are common,
having been detected in 10% to 40%
of patients doing well on antiretroviral
therapy, and available evidence has
suggested that they do not necessari-
ly predict treatment failure. However,
there has been concern that these
blips may represent viral evolution
through active replication and may
thus result in the increased emer-
gence of resistance to ongoing regi-
mens. Much of the data on these tran-
sient elevations are from studies using
relatively infrequent sampling. The
frequent sampling performed as part
of the above-mentioned study provid-
ed an opportunity to more closely
evaluate characteristics of the viral
blips. Blips were detected in the
majority of patients examined; they
were low in magnitude, typically at an
HIV RNA level below 200 copies/mL,
and brief in duration, generally resolv-
ing within 2 to 3 days. These increas-
es were more common in some
patients than in others but showed no
correlation with concurrently mea-
sured plasma levels of antiretroviral
drugs or with intercurrent illness or
vaccinations. 

Genotyping showed that no new
resistance mutations appeared during
or after the blips, with any resistance
mutations found in the samples having
been present in patients at baseline.
These findings are consistent with the
notion that viral blips represent normal
biologic variation or statistical variation
around a mean setpoint value that is
below 50 copies/mL. However, blips
that are greater than 200 copies/mL or
that are reproducible on sequential
testing are a greater cause for concern
in terms of the potential for ongoing
active replication and generation of
resistant mutants. 

With regard to stable viral reser-
voirs, it is possible that reservoirs

other than the resting T-cells exist.
Such other stable reservoirs would
further complicate the problem of
HIV eradication.

Conclusion

Both ongoing replication and viral
release from stable reservoirs con-
tribute to viremia in infected individu-
als. Antiretroviral therapy largely
stops ongoing replication. The low-
level viremia that continues despite
antiretroviral therapy and the (small-
er-magnitude) viral blips that occur in
many patients do not depend on the
presence of new drug resistance
mutations, resulting from rounds of
active replication; they may instead
largely reflect viral release from stable
reservoirs. Most blips may represent
normal biologic and statistic variation
around mean HIV RNA levels of below
50 copies/mL, rather than clinically
significant elevations in viremia.
However, blips that are greater than
200 copies/mL or reproducible on
independent or sequential testing are
a greater cause for concern. 

Findings in the studies of viremia
in patients with plasma HIV RNA lev-
els below 50 copies/mL indicate that
there can be viremia without viral evo-
lution and thus suggest that lifelong
control of viral replication is possible. 
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