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Introduction
Variation in clinical progression
There is wide variation in clinical progression rates and
plasma viremia among patients infected with HIV-1 [1].
The basis for variation in disease progression is partly
attributable to genetic differences across individuals,
such as human leukocyte antigen (HLA) [2]. However, the
capacity of HIV-1 to induce disease may vary across viral
isolates. There is variation in virologic and immunologic
responses to antiretroviral therapy across patients [3],
which is mediated by variation in host and viral factors.
With the advent of antiretroviral therapy, we have come to
appreciate that virologic failure (viral loads not durably
suppressed below the lower limits of detection) does not
portend clinical failure [4•], suggesting the relationship
between high viral replication and clinical virulence may
be altered by drug resistance. Multiple lines of evidence
indicate the fitness and virulence of HIV-1 vary among

treatment-naïve patients and those receiving combination
antiretroviral therapy.

Definition: fitness
We define viral fitness as the extent of adaptation by a virus
for replication in a defined environment. A virus such
as HIV-1, which replicates to high levels in a human host,
is highly fit for that environment. The determinants of
HIV-1 fitness are complex and include tissue tropism,
immune system evasion, drug resistance, and viral replica-
tion capacity (Table 1).

Definition: virulence
Virulence is the capacity of the virus to injure the host.
HIV-1 is fit and virulent for human hosts because it causes
progressive immunodeficiency and death in most infected
persons in the absence of effective antiretroviral therapy.
HIV-1 is thought to have evolved from a zoonotic transfer
of SIVcpz, a primate lentivirus endemic in some chimpan-
zee colonies, in the first half of the 20th century [5,6].
However, SIVcpz does not cause progressive immuno-
deficiency [7], and therefore is fit but not virulent for the
chimpanzee. Hence, fitness and virulence may be partly or
entirely distinct from one another.

Precedent for drug resistance–mediated changes 
in microbial fitness and virulence
There is precedent in microbiology for resistance-mediated
genetic changes to have direct impact on microbial
virulence and transmissibility. Drug resistance may be
mediated through single amino acid changes, such as
the R292K mutant oseltamivir-resistant neuraminidase
Haemophilus influenza [8], or through horizontal transfer of
large blocks of genetic material (“pathogenicity islands”)
among vancomycin-resistant Enterococcus faecium (VRE) [9]
or methicillin-resistant Staphylococcus aureus (MRSA) [10].
Colonization by VRE may be enhanced over vancomycin-
sensitive E. faecium but is not usually associated with
disease, suggesting determinants of transmission and
virulence are distinct in these isolates. In contrast, MRSA
is highly transmissible and associated with significant
morbidity and mortality [11]. Acyclovir-resistant herpes
simplex virus (HSV) 2 is observed among immunocom-
promised hosts [12], likely because of absence of immune
system control, allowing drug pressure to become the
dominant selection pressure against the virus. Acyclovir-

Viral fitness, defined as the extent of viral adaptation to 
the host environment, arises from tissue tropism, immune 
system evasion, drug resistance, and viral replication capac-
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of drug resistance who carry a low pol RC virus. Reduced 
HIV-1 replication capacity and virulence may occur 
because of drug resistance or viral escape from host 
immune responses.
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resistant HSV-2 is not readily transmitted, which is in
marked contrast to the epidemiologically very successful
drug-susceptible variants of HSV. Multidrug-resistant
Mycobacterium tuberculosis (MDRTB) is less likely to appear
in case clusters, suggesting these isolates cause fewer
secondary cases. However, secondary cases of MDRTB are
widely reported, and MDRTB remains pathogenic [13].
Hence, microbiology indicates a spectrum of virulence
that is associated with adaptation to drugs or drug
resistance. It has not been fully determined where HIV-1
fits in this spectrum.

Measuring the fitness of HIV-1
Viral fitness is described within a defined ecosystem.
The ecosystem that exists in humans can be modeled
in the laboratory in several ways, each of which has
significant limitations.

In vivo fitness
The ideal measure of viral fitness of HIV-1 is observation
of in vivo competition of two or more variants by tracking
the relative proportion of each virus over time, allowing
estimates of relative fitness [14,15]. Assessment of in vivo
fitness is difficult because of the need to sample many
different tissue sources at frequent time points, followed
by labor-intensive, sensitive polymerase chain reaction–
based quantitation methods that distinguish between
mutant and wild-type variations of the virus. Hence, viral
fitness is rarely measured in vivo.

Animal models
The SCID-hu thy/liv mouse model [16] carries a human
fetal thymic and kidney tissue explant that recapitulates
development of human thymocytes and supports
replication of HIV-1.

In vitro fitness assessments
A variety of in vitro systems are used to approximate viral
fitness. Distinct viral strains may be introduced into a
single in vitro cell culture system. Observation of the rate at
which one isolate overgrows one or several other viruses

allows estimates of the relative fitness of that virus relative
to its competitors. Alternatively, two or more viral isolates
may be introduced into separate culture systems under
identical conditions and observed for growth rates in
the absence of a competing strain. Neither system will
recapitulate the selection environment of the host but may
provide important information about viral growth kinetics
in human cell populations. The lymphoid histoculture
system (tonsil) is used to assess fitness and virulence of
HIV-1 for lymphocyte populations [17].

In vitro assessment of replication capacity
Replication capacity, the ability of a virus to replicate
in an ideal environment, may be assessed through assays
that measure the amount of viral replication over a single
replication cycle. These assays can use whole viruses
derived from culture, provided that replication is limited
to a single cycle by limiting the time of the culture or
by adding potent inhibitors that block second-round
infections. More routinely, single-cycle replication capac-
ity assays are performed using viruses that are genetically
manipulated so that they cannot replicate more than one
cycle. These assays typically involve inserting part of
the viral genome derived from patient-derived tissues
into a viral vector that can be used to measure the
amount of replication. These assays involve a patient-
derived pol/pro gene segment, which encompasses viral
protease, reverse transcriptase, and several cleavage sites
within GAG [18,19].

Clinical Observations Regarding Viral Fitness
Viral load and clinical progression
In 1997, Mellors et al. [1] observed that progressively
higher levels of plasma HIV-1 RNA were associated with
more rapid rates of CD4 decline among patients not
receiving antiretroviral therapy. Plasma HIV-1 RNA has
been and continues to be a key laboratory predictor of
CD4+ T-cell loss [20]. Among treatment-naïve patients
with a drug-sensitive virus, antiretroviral therapy is associ-
ated with dramatic reductions in plasma viremia, gains in
CD4+ T-cell counts, and significant reductions in morbid-
ity and mortality from HIV/AIDS-associated illnesses [21].

Partial virologic responses to combination 
antiretroviral therapy
In 1995, Eron et al. [3] described partial virologic
responses to dual therapy of the nucleoside reverse
transcriptase inhibitors (NRTI) lamivudine and zidovu-
dine. Regardless of dose, the partial virologic responses
of patients receiving combination therapy were more
profound than responses of patients receiving mono-
therapy, and CD4 responses were greater. Resistance
to lamivudine is conferred by the M184V mutation and
has been associated with partial virologic responses to
therapy and lowered viral fitness in vitro [22] and in vivo

Table 1. Determinants of viral fitness

Determinant Description 

Tissue tropism Ability to enter and replicate 
in discrete cell populations

Immune system evasion Ability to evade human immune 
responses such as neutralizing 
antibody or cytotoxic T-cell 
responses

Drug resistance Ability to replicate in the 
presence of antiviral compounds

Replication capacity Ability to replicate in an ideal 
environment with abundant 
cellular targets and no inhibitors
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[23,24]. The T215Y mutation confers high-level resistance
to zidovudine and has been associated with decreased
viral fitness [25]. In the absence of treatment, the T215Y
mutation does not always revert to the wild-type (T215)
and instead may mutate further to T215C, -D, -S, -N, or
other variants. These variants are called “shadow” muta-
tions because they indicate prior selection for the resistant
mutants. The change from Y to T involves two nucleotide
changes, whereas the change from Y to C is only one
nucleotide (A to a G in second position). Furthermore, the
T215C/D mutants have markedly restored viral fitness,
as indicated by their persistence in patients. Shadow muta-
tions appear to place patients at greater risk for emergence
or re-emergence of zidovudine resistance [26] because the
genetic pathway to resistance is now shortened, and/or the
resistant variant may remain at low levels in latently
infected cells. This demonstrates how the likelihood of
reversion to, or conversion from, a drug-resistant variant is
dependent on the complexity of the genetic pathway and
the magnitude of the possible fitness gain.

CD4+ expansions during virologic 
failure of a protease inhibitor
In 1997, Hammer et al. [21] reported more profound
virologic responses and greater expansion in CD4 T-cell
counts among patients receiving indinavir, lamivudine,
and z idovudine  compared with  lamivudine and
zidovudine alone. In contrast, Hirsch et al. [27] reported
comparable CD4+ T-cell gains over 6 months of follow-up
among patients receiving indinavir monotherapy and
patients receiving a combination of indinavir, zidovudine,
and lamivudine, although virologic responses were
better with the three-drug regimen. It was speculated that
protease inhibitors (PIs) might spare CD4 cell counts
through direct inhibition of cellular proteasomes critical
for antigen presentation by major histocompatibility
complex [28]. Alternatively, drug resistance mutations
within protease might exact a viral fitness cost. For exam-
ple, viral protease D30N and L90M mutations selected by
PIs have been associated with decreased viral fitness [29].
Mammano et al. [19,30] and Zennou et al. [31] performed
some of the earliest, detailed phenotypic and functional
characterizations of PI-resistant HIV-1. Mutations to PIs
have been associated with reductions in viral enzymatic
efficiency [32], inappropriate cleavage of gag proteins [31],
and changes in peptide specificity [33].

CD4 preservation during virologic drug failure: 
has virulence been lowered?
Ledergerber et al. [4•] observed that patients receiving
a PI-based regimen who had achieved an initial decline
in viral load to the limit of detection but subsequently
experienced rebound had an equivalent risk for clinical
progression compared with patients who maintained
complete suppression. In contrast, patients who never
achieved undetectable levels had an increased risk for

progression, possibly reflecting low drug exposure
because of poor adherence. In a separate study, patients
in long-term virologic failure of a PI-based regimen
[34] were compared to untreated patients from the
San Francisco Men’s Health Study [35]. The patients in
virologic drug failure demonstrated significantly slowed
CD4 T-cell loss and even sustained increases in CD4 T-
cell counts at levels of viremia associated with rapid CD4
loss in untreated patients [34]. These findings suggested
the in vivo virulence of HIV-1 was decreased among
patients in long-term virologic failure of a PI-based
regimen. Among patients unable to suppress plasma
viral load to below the limits of detection, the degree
of change in plasma viremia from pretherapy levels
proved to be a better predictor of CD4 responses than the
absolute level of viremia [34].

Recovery of viral fitness in a patient with 
resistance to ritonavir monotherapy
Nijhuis et al. [36] performed a detailed study of one
patient administered ritonavir monotherapy to determine
if continued viral evolution under drug pressure would
restore fitness lost with the development of PI resistance.
The patient’s virus was derived at time points from
pretherapy baseline to day 115. The protease gene was
cloned into a reference virus (HXB2) and assayed in cell
culture for viral growth compared to a recombinant virus
bearing the patient’s baseline wild-type protease.
The authors also assessed the catalytic efficiency of the
patient’s viral protease for its cognate p6 cleavage site
in GAG. A viral isolate of nearly wild-type replication
efficiency emerged by day 28, followed by the emergence
on day 82 and 115 isolates that each exceeded wild-type.
After an initial 200 CD4+ cell per µL gain, by day 55 of
monotherapy CD4 counts had resumed decline. Resistant
variants, which emerged in the first 60 days of therapy,
replicated poorly compared to wild type and did not show
detectable protease enzymatic activity. However, the day
82 isolate bore a protease of greater catalytic efficiency
(kcat/Km) than the wild-type protease. This work suggested
that PI-resistant viruses isolated from patients in long-
term virologic failure of a PI-based regimen might
experience rapid viral fitness recovery and force a resump-
tion of CD4+ T-cell loss.

Replication capacity not recovered by protease 
inhibitor–resistant patients receiving 
combination therapy
These careful observations of one patient failing PI
monotherapy do not address the likelihood of fitness
recovery in viruses that are adapting to a PI and NRTI
during combination therapy. Subsequent clinical obser-
vation demonstrated that patients in long-term virologic
failure of a PI-based regimen including at least two NRTIs
sustained partial viral load suppression and elevated CD4
counts for more than 3 years [37].
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We observed 20 patients who had previously experi-
enced virologic failure of antiretroviral therapy, from
time of salvage on a new PI-based regimen [38•].
Each patient rapidly developed high-level phenotypic
resistance to the prescribed PI and additional resistance
to NRTIs. As resistance increased rapidly, replication
capacity (pol RC) was observed to decrease to low levels
and in proportion to the level of initial decline in plasma
viremia. pol RC remained low over time, despite viral
evolution toward greater phenotypic resistance to PIs and
NRTIs, and increasing plasma viremia levels. Continued
viral evolution did not act to restore pol RC. Primary
resistance mutations were observed to generally lower
viral pol RC, whereas secondary mutations had a sum
neutral effect and might lower or raise pol RC. Contrary
to observations by Nijhuis et al. [36], the appearance
of secondary resistance mutations was not generally
“compensatory” for pol RC. The durability of CD4
protection appeared linked to pol RC durably reduced
to below 45% of control virus. Change in viral load from
pretherapy levels proved to be a better predictor of CD4
change compared to absolute viral load because it tracks
changes in viral replication capacity.  In this way,
partial virologic responses among patients with drug
resistance are a measure of the degree of reduction in
the fitness and virulence of HIV-1. pol RC may not have
recovered because of complex mutation patterns and
coevolution between protease and the gag cleavage sites
(eg, the rate limiting p6 cleavage site) [39] contained in
the viral construct.

Replication capacity and virulence restored after 
stopping a protease inhibitor–based regimen
In a study of 16 patients in long-term (average 30
months) virologic failure of a PI-based regimen, viral
replication capacity was observed to be decreased
compared to a distribution of wild-type viruses [40•].
When patients were randomized to stop therapy, patients
undergoing treatment cessation experienced outgrowth of
an archived, wild-type virus of increased viral replication
capacity. Viral loads increased shortly after cessation of
therapy but before the emergence of wild-type virus.
The early increase in viral load before any appearance
of better-replicating, drug-susceptible virus indicates
that the partial viral load suppression observed during
therapy is caused, in part, by continued antiviral activity
against the partially resistant virus. The timing of the
emergence of the wild-type virus coincided with a second
abrupt increase in viral load to baseline levels and
resumption of rapid loss of CD4 cells (Fig. 1). A highly
virulent form of HIV-1 returned when the low pol RC,
drug-resistant virus was overgrown. Hence, partial viro-
logic responses during virologic drug failure are attribut-
able to continued antiviral activity against partially
resistant viruses and drug selection that maintains poorly
replicating viruses.

Biological Basis for CD4-Sparing 
Clinical Phenotype
In vitro assessments of fitness and virulence 
of protease inhibitor–resistant HIV-1
Liegler et al. [41] assayed PI-resistant isolates drawn from
patients with partial virologic suppression and sustained
CD4 counts. Although somewhat delayed, the PI-resistant
viruses eventually achieved similar viral loads and
remained cytopathic for CD4 cells in a highly activated,
phytohemagglutinin-stimulated, peripheral blood
mononuclear culture system. In this system, tropism was a
strong determinant of target cell depletion, whereas drug
resistance was not. Penn et al. [42] introduced PI-resistant
isolates into a complex tissue culture system of human
tonsil tissue. In this model system of human lymphoid
tissue, the PI-resistant viruses replicated to high levels,
indicating a high capacity for replication, and displayed
equal virulence for CD4 T cells. The results of Liegler et al.
[41] and Penn et al. [42] suggested that the replication
capacity deficit of PI-resistant isolates may be overcome
in lymphoid cell populations with a high cellular
activation state, which effectively rescues viruses with low
replication capacity that retain wild-type levels of virulence
regarding their capacity to deplete target cells. In each of
these models, the drug-resistant variants depleted target
cells in proportion to the amount of virus replication,
indicating that the specific virulence (the amount of cell
death per unit of replication) of drug-resistant HIV-1 in
these systems is preserved. These model systems are consis-
tent with clinical observations in which partial CD4 T-cell
responses are correlated with partial viral load responses.

Drug resistance and tropism
Stoddart et al. [43] demonstrated that PI-resistant virus
clones did not replicate in human thymic explants and
in SCID-hu thy/liv mice, resulting in complete preservation
of thymocytes, relative to infections by a drug-sensitive
homologue. The drug-resistant viruses also replicated
slightly less well on activated lymphocytes [41], but the
replication impairment was much more severe in thymic
tissues. Reduced viral fitness in tissues critical to CD4 devel-
opment, expansion, and/or storage, such as thymus or
resting lymphocytes, may be the basis for CD4+ T-cell
count preservation observed in patients bearing PI-resistant
isolates. These results highlight that viral fitness varies
across compartments, virulence is determined in part by
tropism for the target tissue, and that immune activation
may be an important factor that affects the amount of viral
replication and target cell depletion.

How low pol replication capacity 
virus preserves CD4 counts
Low pol RC HIV-1 may not replicate well in thymus or
other tissues, allowing maturation of thymocytes into
naïve CD4+ T cells, replenishing depleted memory and
effector CD4+ populations in the periphery. PI-resistant,
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low pol RC viruses may be less likely to induce high-level
cellular activation [37] associated with CD4+ T-cell
loss [44]. Alternatively, low pol RC may be a consequence
of robust immune responses that force genetic changes
in the virus that lower pol RC. Patients with robust immune
responses against the virus may not experience dys-
regulation into the high activation states associated with
CD4+ T-cell loss in HIV-1 disease.

Wild-type fitness variation
There is substantial variation in the fitness of wild-type,
drug-sensitive isolates of HIV-1. Quinones-Mateu et al.
[45] used a dual competition assay to demonstrate that
variants from long-term nonprogressors were out-
competed by variants from patients with progressive
disease. Viral pol RC has been observed to vary widely
among recently infected patients without phenotypic and
genotypic evidence of drug resistance [46]. Among patients
with pol RC lowered to below 43%, we observed significant

preservation of CD4 counts (663 versus 512 cells/µL,
P = 0.004). CD4 counts remained elevated over time in the
absence of treatment. After initiation of treatment, patients
with low pol RC maintained higher CD4 counts and
showed evidence of greater increases in CD4 counts after 1
year of treatment, despite having comparable levels of
virologic response to therapy. The threshold pol RC value of
43% observed among treatment-naïve patients with a
drug-sensitive virus was similar to that observed in patients
in long-term virologic failure of a PI-based regimen
with sustained CD4 counts [47]. Daar et al. [48] recently
reported delayed disease progression rates at lowered levels
of pol RC in a cohort of HIV-infected hemophiliacs with
progressive disease.

Immune escape and viral fitness changes 
during the course of infection
The genetic basis of lowered pol RC among wild-type, drug-
sensitive viruses is just now being investigated, but the first

Figure 1. A and B, 16 patients in long-term 
virologic failure of a protease inhibitor–based 
regimen elected to stop antiretroviral therapy. 
After a median 6-week period, drug-sensitive 
HIV-1 of restored replication capacity emerged. 
Coincident with the emergence of drug-
sensitive HIV-1 was a dramatic increase in 
HIV-1 RNA levels and a resumption of acceler-
ated CD4+ T-cell loss. These results indicate 
a virulent form of HIV-1 returned when drug 
resistance mutations were lost and replication 
capacity was restored [40•]. Reprinted with 
permission from The New England Journal of 
Medicine (copyright 2001, Massachusetts 
Medical Society; all rights reserved).
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identified genetic correlates may by under HLA pressure [49].
Moore et al. [50] have demonstrated HLA-restricted patterns
of viral evolution in the viral reverse transcriptase gene
of adults infected with HIV-1. The authors detected poly-
morphisms at sites included in known HLA-restricted
epitopes and identify other sites likely to be under control by
specific HLA alleles. Position 135 of reverse transcriptase was
much more likely to change away from wild-type isoleucine
to another residue (odds ratio = 93, P < 0.0001) among
patients carrying a B*5101 allele, which is known to present
an epitope containing the 135 position. Barbour et al. [49]
have independently observed that change from the wild-type
isoleucine at position 135 of reverse transcriptase is associ-
ated with lowered viral replication capacity. Taken together,
these results suggest that immune escape from HLA class I
pressure may be more likely to occur at residue changes that
lead to lowering of viral fitness. Modulation of the fitness
and virulence of HIV-1 by the human immune system is an
important future area of research.

Resistance and viral fitness changes to non-
nucleoside reverse transcriptase inhibitors 
and new drug classes
Clinical resistance to non-nucleoside reverse transcriptase
inhibitors (NNRTIs) may increase, decrease, or have no
effect on viral fitness. Little et al. [51] have suggested that
patients in early infection with an NNRTI-resistant virus
have higher plasma HIV-1 RNA levels. Huang et al. [52]
observed that NNRTI mutations V106A, G190C/S, P225H,
M230L, and P236L lowered pol RC. Archer et al. [53] and
Gerondelis et al. [54] reported that K103N, V106A, and
Y181C mutations, each of which are commonly observed
in patients with resistance to NNRTIs, do not significantly
impact fitness in vitro. It is unsurprising that the effect of
NNRTI resistance on fitness should vary, given the position
of the NNRTI-binding site. All NNRTIs bind a common
pocket distant from the reverse transcriptase–active site.
Hence, NNRTI mutations are likely to exert their effects
through interactions that cascade through the protein to
the active site. These effects on viral enzyme efficiency may
be buffered or enhanced in certain genetic backgrounds.
In contrast, primary resistance mutations to PIs and reverse
transcriptase generally fall close to the active site of the
enzyme. The impact of resistance to new drug classes such
as integrase inhibitors or fusion inhibitors (inhibitors of
viral envelope contact with host cell surface proteins)
on the in vivo virulence and fitness of HIV-1 is unclear
and will need to be carefully monitored over time. Early
reports suggest resistance mutations to diketo acid–based
inhibitors of integrase are associated with decreased
enzyme catalysis and viral replication in vitro [55].

Conclusions
Decreased pol RC has been associated with partial suppres-
sion of viremia and preservation of CD4 counts over time.

PI-resistant, multidrug-resistant HIV-1 has lowered pol RC
and is less virulent [38•,40•], with CD4 counts remaining
elevated significantly above pretreatment levels for
more than 3 years [37]. We have observed development of
resistance and steadily increasing viremia, but not recovery
of replication capacity or virulence among patients with PI-
resistant, multidrug-resistant HIV-1 receiving continuous
treatment with combination antiretroviral therapy [38•].
The effect of multidrug resistance on pol RC, associated
partial virologic response, and CD4 cell sparing appears to
be durable in some patients followed over 2 to 3 years.
Additional follow-up is needed to determine if viruses that
are drug-resistant and fully virulent will evolve. Experience
indicates that evolution of full virulence and resistance
can occur for some but not all microbes. Tracking HIV-1
evolution with respect to resistance and virulence is an area
of active investigation.

The standardized pol RC assay has been shown to
correlate well with estimates of in vivo fitness after therapy
is stopped [15,40•]. Nonetheless, it remains surprising
that a viral construct including only 10% of the HIV-1
genome should correlate with in vivo changes in viral load
and CD4 T-cell counts. The viral protease and reverse
transcriptase measured in the pol RC assay are two of only
three enzymes (the other is integrase) encoded by HIV-1,
and play crucial roles in the lifecycle of HIV. Protease
cleavage of the gag polyprotein mediates virion assembly,
maturation, and therefore, viral infectivity. Reverse
transcriptase mediates transcription of the viral RNA
into viral DNA for insertion into the host DNA through
viral integrase. Reductions in the activity of protease or
reverse transcriptase may have profound impact on
viral replication. The cleavage sites within gag, and the
individual structural proteins coded within, are known
to genetically vary inside and outside of the context of anti-
retroviral therapy and may significantly impact viral
fitness. Modification of the pol RC assay to include all
of GAG may enhance the predictive power and potential
utility of the assay.

It is unknown if drug-resistant HIV-1 is less likely to be
transmitted. The prevalence of drug-resistant forms among
newly infected patients may be lower than the proportion of
exposures to drug-resistant forms of HIV-1 [56]. Moreover,
few of the recently infected patients with drug resistance
carry a true high-level multidrug-resistant variant, which is
often associated with lowered viral fitness [51,57]. Drug
resistance may lower risk for transmission because of partial
virologic suppression. Risk for transmission is greater at
higher viral loads; hence, any reduction in viremia, even if
only a partial reduction, should reduce risk [58].

The clinical utility of replication capacity assays has not
been defined. The assays appear to have some prognostic
value for predicting subsequent trends in CD4 counts in
treated and untreated patients, but additional information
is needed to evaluate whether baseline replication capacity
assessment provides additional predictive value after
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considering baseline levels of CD4 T-cell counts, viral load,
T-cell activation, and viral tropism. The prognostic value of
replication capacity measurements remains to be con-
firmed with additional, larger studies. Clinically relevant
cut-offs for predicting subsequent virologic and immuno-
logic events will need to be defined. Once this occurs,
research can be planned to evaluate the role of replication
capacity measurements in clinical decision making, includ-
ing how often to monitor untreated patients, when to
start antiretroviral therapy, when to switch therapy after
virologic failure, and what intensity of therapy to prescribe
(ie, how many drugs). Such clinical evaluation of labora-
tory tools requires several years, as it has for viral load and
drug resistance assays. In the meantime, these measure-
ments are providing insights into the basic relationships
between viral evolution and virulence, which underlie all
aspects of the HIV/AIDS epidemic.

Extending life, reducing morbidity, and restoring
immune competence are the central goals of antiretroviral
therapy in HIV-1 disease. This is best accomplished by
complete suppression of viral replication. For patients with
extensively cross-resistant viruses who cannot achieve
improvements in virologic response using new agents,
continued treatment to maintain a virus of lowered pol RC
is superior to cessation of treatment. For maximum clinical
benefit and for public health prevention measures to halt
the growth of the epidemic, every reasonable attempt
should be made to reduce and maintain viral replication to
the lowest levels possible.
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