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Sharp declines in HIV-related morbidity and mortality over the last 4 years are due in part to a fuller understanding of the
pathogenesis of HIV infection, the availability of sensitive assays that measure viral replication in vivo, and the use of
combinations of antiretroviral drugs that profoundly suppress viral replication for prolonged periods (i.e., highly active
antiretroviral therapy, or HAART) (1, 2). These welcome developments, however, have not come without a host of new
caveats and cautions. Currently available antiretroviral drugs, although potent, are unable to inhibit viral replication
completely (3–6); in addition, HIV is able to persist in latent and anatomically privileged reservoirs (7). HAART regimens
are further handicapped by the myriad toxicities and drug interactions associated with their use. These factors, combined
with the requirement that patients take a large number of pills, often in excess of 10 daily, make adherence to the
regimens exceptionally difficult. Perhaps the greatest obstacle to the optimal, judicious use of HAART is the uncertainty
that pervades the decision-making process. Recommendations regarding when to initiate antiretroviral therapy, what
drugs to use, and what constitutes treatment failure are based on an uncomfortable mixture of real data and expert
opinion (8, 9). Encouraged by early hopes of HIV eradication, many clinicians strive at all costs to achieve undetectable
levels of plasma viremia in their patients. […]
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Sharp declines in HIV-related morbidi-
ty and mortality over the last 4 years are
due in part to a fuller understanding of
the pathogenesis of HIV infection, the
availability of sensitive assays that
measure viral replication in vivo, and
the use of combinations of antiretrovi-
ral drugs that profoundly suppress viral
replication for prolonged periods (i.e.,
highly active antiretroviral therapy, or
HAART) (1, 2). These welcome develop-
ments, however, have not come without
a host of new caveats and cautions. Cur-
rently available antiretroviral drugs,
although potent, are unable to inhibit
viral replication completely (3–6); in
addition, HIV is able to persist in latent
and anatomically privileged reservoirs
(7). HAART regimens are further hand-
icapped by the myriad toxicities and
drug interactions associated with their
use. These factors, combined with the
requirement that patients take a large
number of pills, often in excess of 10
daily, make adherence to the regimens
exceptionally difficult.

Perhaps the greatest obstacle to the
optimal, judicious use of HAART is the
uncertainty that pervades the decision-
making process. Recommendations
regarding when to initiate antiretroviral
therapy, what drugs to use, and what
constitutes treatment failure are based
on an uncomfortable mixture of real
data and expert opinion (8, 9). Encour-
aged by early hopes of HIV eradication,
many clinicians strive at all costs to
achieve undetectable levels of plasma
viremia in their patients. Unfortunately,
it is becoming increasingly clear that
this strategy leads to frequent switching
of HAART regimens, which rapidly
exhausts effective treatment options.

In this issue of the JCI, Rizzardi and
colleagues provide clinicians with a
valuable benchmark that will help to
optimize the use of HAART (10). The
investigators studied 118 treatment-
naïve patients with CD4+ T cells counts
greater than 250 cells/µL and levels of
plasma viremia greater than 5,000

copies/mL who achieved an unde-
tectable level (i.e., < 50 copies/mL) of
plasma viremia on HAART. A baseline
lymph-node biopsy was performed in 53
of these patients; baseline virologic and
immunologic parameters in peripheral
blood and lymphoid tissue were ana-
lyzed for their predictive value with
regard to response to treatment. By
between 2 and 24 weeks after therapy
began, plasma viremia was undetectable
in all cases. Some of the variability in the
duration of the treatment needed may
be due to the fact that 8 different regi-
mens were employed in 5 different stud-
ies. However, independent of possible
drug-specific effects, the number of cells
in lymphoid tissue that expressed HIV
RNA at baseline correlated strongly with
the baseline levels of plasma viremia,
and both of these variables were highly
predictive of the duration of treatment
necessary to suppress viremia.

The correlation between the number
of cells expressing HIV RNA in lym-
phoid tissue and the level of plasma
viremia extends previous observations
and highlights an important facet of the
pathogenesis of HIV infection (11). Ear-
lier work had clearly established the role
of lymphoid tissue as a major site of HIV
replication in vivo (12, 13). Initial stud-
ies with HAART demonstrated that
steady-state levels of plasma viremia
derive largely from newly infected target
cells that are in a rapid state of turnover
(14–16). This conclusion follows from
the rapid exponential decay of plasma
viremia following initiation of HAART
and the fact that the antiretroviral drugs
employed (i.e., reverse transcriptase and
protease inhibitors) block infection of
new cells but do not affect viral RNA
expression in cells that are already
infected. Taken together, these previous
findings suggest that constant infection
of new target cells in lymphoid tissue is
a major contributor to the level of plas-
ma viremia in a patient; the observa-
tions of Rizzardi et al. lend further sup-
port to this hypothesis.

It should not be surprising that the
time necessary to achieve an unde-
tectable level of plasma viremia depends
on the baseline level of plasma viremia
and the number of cells in lymphoid tis-
sue expressing HIV RNA. Exponential
decay of plasma viremia for several weeks
after initiation of HAART is followed by
a slower, but also fairly constant second
phase of decay. The steep exponential
decay reflects the rapid turnover of
infected CD4+ T cells, whereas the sec-
ond-phase decay reflects attrition of
longer-lived infected cells, such as
macrophages (16). The exponential
nature of the decay predicts that the
higher the baseline level of plasma
viremia, the longer it will take to achieve
an undetectable level. Thanks to the
robust data set in the study by Rizzardi
et al., this prediction is confirmed and
should prove to be a very useful bench-
mark for following the response to ini-

tial antiretroviral therapy. Using the plas-
ma viremia decay curve generated by the
118 study subjects, one can readily pre-
dict the time necessary to achieve an
undetectable level given any baseline
level of viremia. Thus, for a baseline level
of plasma viremia of 1,000 HIV RNA
copies/mL, a level of less than 50
copies/mL should be achieved after
approximately 15 days of therapy; for a
baseline of 10,000 copies/mL, approxi-
mately 7 weeks of therapy would be nec-
essary; for a baseline of 100,000
copies/mL, 11.5 weeks; and for a baseline
of 1,000,000 copies/mL, 16 weeks. The
baseline number of cells expressing HIV
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RNA in lymphoid tissue was also an
excellent predictor of the time necessary
to achieve undetectable levels of plasma
viremia. Given the cohort’s mean num-
ber of HIV-expressing cells per area of
lymphoid tissue (72 cells per 100 mm2),
decay curves revealed that 83 days of
treatment would be necessary to abolish
detectable viremia. This estimate is in
excellent agreement with the predicted
73 days of treatment necessary to achieve
viremia of less than 50 copies/mL from
the cohort’s mean baseline level of
viremia (∼ 60,000 copies/mL).

How should the findings of Rizzardi
and colleagues alter the care of HIV-
infected individuals? Current guidelines
recommend that a change in antiretro-
viral therapy be considered if plasma
viremia remains in the detectable range
4 to 6 months after initiating therapy
(8). This recommendation is greatly
strengthened by the data of Rizzardi et
al; only 1 (0.8%) subject in the study
failed to reach this benchmark by that
time. Each time they initiate therapy on
a patient, clinicians might be encour-
aged to consult Figure 3 in the article by
Rizzardi et al., which depicts the esti-
mated time to suppress plasma viremia.
Both patient and physician might then
have a more accurate expectation
regarding the length of time that will be
needed to achieve an undetectable level
of viremia, and plans for follow-up test-
ing of viral load can be made according-
ly. However, variable responses should
still be expected; in this regard, individ-
uals with 100,000 copies/mL at baseline
required approximately 3–21 weeks of
therapy to achieve an undetectable
viremia. Another caveat concerns the
interpretation of data in patients with
high baseline viremia, because only 2
patients in the cohort had baseline lev-
els of viremia greater than 1,000,000
copies/mL.

Several variables have strong predic-
tive power for virologic success or failure
during antiretroviral therapy. Baseline
levels of viremia and numbers of CD4+

T cells are both important prognostica-
tors (17–20); higher levels of viremia and
lower numbers of CD4+ T cells predict a
shorter duration of viral suppression.
The rate of decay of viremia and the
depth of the nadir achieved are also
prognostically important with regard to
viral suppression (20–24). Data from

the DELTA trial further suggest that the
nadir level of viremia achieved on thera-
py is predictive of survival (25). The pres-
ent report allows for the prediction of
the time necessary to achieve a level of
viremia less than 50 copies/mL; impor-
tantly, this time interval recently was
shown to be another prognostic variable
related to viral suppression (20).

These findings naturally raise ques-
tions about the possibility of aggressive
intervention aimed at altering the vari-
ables associated with virologic success
during initiation of antiretroviral thera-
py. One potentially beneficial strategy
would apply an extremely aggressive
antiretroviral drug regimen early in
treatment, in an attempt to maximize
the rate of decay of viremia. A standard
regimen could be substituted once
viremia reached undetectable levels.
Another intervention to consider could
apply to individuals experiencing a sub-
optimal rate of decay of viremia after
initiation of therapy. Drug-resistance
testing could be useful in this setting to
rule out the possibility that antiretrovi-
ral therapy had selected for a drug-
resistant virus. If there were no signs of
emerging drug resistance, another anti-
retroviral drug might be added to the
regimen in an effort to accelerate the
decline in plasma viremia. These
approaches should be tested in an effort
to maximize the benefits of antiretrovi-
ral therapy, but the temptation to treat
numbers rather than individuals must
be avoided, and long-term clinical cor-
relative data are imperative.
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