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Increasing numbers of patients are treated with mega-highly active antiretroviral therapy (HAART), or
multiple-combination antiretroviral therapy, in an attempt to overcome the viral resistance that has contrib-
uted to treatment failure. Studies of human immunodeficiency virus (HIV) viral dynamics are used to quantify
the potency of a given regimen. While mega-HAART is expected to provide potent therapy, its potency among
heavily experienced HIV-infected children who have failed previous treatment is untested. HIV dynamics
studies performed in children have provided minimal information on viral dynamics during mega-HAART. The
present study estimates first- and second-phase viral dynamics in six children on mega-HAART, following
failure of combination therapy. The first phase of viral decay was rapid, relative to rates reported in previous
pediatric studies (median � � 0.778d�1, range � 0.583 to 1.088, half-life 1 [t11/2] � 0.894d), while the second
phase revealed results similar to those of previous studies (median � � 0.026d�1, range � �0.005 to 0.206,
t21/2 � 9.316d). This indicates that mega-HAART can provide potent therapy among heavily experienced
pediatric patients.

With the success of highly active antiretroviral therapy
(HAART), increasing numbers of human immunodeficiency
virus (HIV)-infected children have been treated with antiret-
roviral therapy for extended periods of time. Children who fail
HAART regimens are initially switched to alternative regi-
mens consisting of drugs to which they have not been exposed.
However, those failing numerous regimens run out of new
drugs and are in need of salvage therapy. Increasing numbers
of such patients are treated with mega-HAART, or multiple-
combination antiretroviral therapy, in an attempt to overcome
the viral resistance that has contributed to treatment failure
(10).

The potency of therapeutic regimens is reflected in the rate
at which viral load decreases during the first few days after
initiation of treatment (phase 1 viral decay) and during subse-
quent treatment (phase 2 viral decay) (4).

However, studies of viral dynamics in children provide little
information concerning the potency of mega-HAART among
children who have failed HAART regimens (8, 9). Extrapola-
tion from adult viral dynamics studies to pediatric populations
can be problematic because of various factors including the
following: (i) greater viral burden in children, (ii) higher CD4
counts and the decrease of these target cells with age in chil-
dren, (iii) differences in pharmacokinetics, and (iv) differences
in viral replication.

The primary objective of the present study was to estimate

the HIV decay rates among HAART-experienced children
who have failed therapy and who have been changed to mega-
HAART regimens. We hypothesized that these regimens
would be relatively potent in the initial phase of viral reduction
and would continue to reduce viral load during the second
phase, despite the viral resistance which would be expected in
such a group of subjects.

MATERIALS AND METHODS

Subjects. Six HIV-infected children who had failed previous HAART due to
increased viral load or rapid decrease in CD4� count were enrolled. Patient 1
was in Centers for Disease Control and Prevention class B2, patients 2 and 5 in
class B3, and patients 3, 4, and 6 in class C3 (1). The median age was 11 years
(range, 6 to 14 years). Durations of previous antiretroviral regimens were 12 to
32 months (median, 16 months). Previous regimens were stopped at least 14 days
prior to starting the new regimen. Table 1 presents previous and current treat-
ment regimens. All patients had genotype resistance testing done before chang-
ing to the current therapy. We used the consensus statement of the International
AIDS Society-USA Panel to guide our choices (7). In addition, we took into
consideration all previously taken drugs and tried to avoid a drug that was
previously used, even if the genotype testing suggested that the isolated strain
was sensitive to it. These methods resulted in four of the six patients receiving at
least two new drugs. In two patients (2 and 5), we had to use seven drugs because
we could not identify at least three drugs to which they were sensitive and had not
been exposed.

Quantification of plasma HIV-RNA copy number by RT-PCR. HIV-1 RNA
was quantified in 200 �l of plasma (stored at �70C within 6 to 18 h after
phlebotomy) by reverse transcription-PCR (RT-PCR) (Amplicor; Roche), ac-
cording to the manufacturer’s specifications. The lower detection limit of the
assay is 400 copies of HIV-1 RNA per ml of plasma. All assays were performed
in the Children’s Memorial Special Infectious Diseases Laboratory, which par-
ticipates in an ongoing quality assurance program of the Centers for Disease
Control and Prevention.

Statistical analysis. Preliminary data analysis consisted of graphic displays of
the data, based upon the basis spline smoothing method (5). The primary anal-
ysis of plasma RNA data utilized the biphasic viral dynamics model proposed by
Wu and Ding (13).

* Corresponding author. Mailing address: Division of Infectious
Diseases, Section of Pediatric, Adolescent, and Maternal HIV Infec-
tion, Children’s Memorial Hospital, 2300 Children’s Plaza, Box 155,
Chicago, IL 60614. Phone: (773) 880-4757. Fax: (773) 880-3208. E-
mail: ryogev@childrensmemorial.org.

11272



The basis spline smoothing method is a nonparametric technique used to
examine data, with respect to pattern and distribution, without prior distribution
assumptions. The graphic display of patterns in the data is informative for
subsequent model fitting and parameter estimation (5).

The statistical model used to estimate viral decay rates can be written as
follows: V(t) � P1 e�d1t � P2 e�d2t

� e(t), where d1 and d2 are the first- and
second-phase decay rates, P1 and P2 are macroparameters, representing baseline
viral levels, such that P1 plus P2 is equal to the model estimate of the baseline
viral load, and e(t) is measurement error.

This model does not include parameter estimates for the so-called “shoulder
effect, ” representing the delay between the onset of therapy and the time at
which viral load begins to drop (6, 12, 13). Moreover, this method does not
require the assumption of pretreatment steady state.

The nonlinear mixed-effects (NLME) model approach was used to fit this
model (14). Comparisons of this method with other methods can be found in two
recent papers by Ding and Wu (2, 3). The nonlinear mixed-effects model ap-
proach uses all data points together to get population estimates of the decay rates
(fixed effects); it then uses individual data to estimate parameters accounting for
patient variability in decay rates (random effects); finally, it combines them to get
empirical Bayes estimates of each patient’s first- and second-phase viral decay,
denoted as d1 and d2.

The half-life of the two phase decays can be calculated as follows: H1 �
ln(2)/d1 and H2 � ln(2)/d2.

Written informed consent for the Children’s Memorial Hospital Institutional
Review Board was obtained. The children were admitted to the Children’s
Memorial Hospital Clinical Research Center before the new mega-HAART
therapy was started. Blood was drawn (for baseline determination) just before
the first dose of the new regimen and every 6 h for the first 3 days, every 12 h on
days 4 and 5, and every 24 h on days 6 and 7. Blood samples were also taken on
days 14, 28, and 84. At each time point, HIV RNA copies per milliliter was
measured by the RT-PCR Roche Amplicor assay.

RESULTS

Data used for the NLME analysis. Since the primary pur-
pose of the study was to assess viral decay rates, rather than
overall patient success on the treatment regimens, data reflect-
ing periods in which the drugs were not taken were eliminated.
Patient 2 had Pseudomonas aeruginosa sepsis, which resulted in
a drug interruption during the time of the 84-day RNA mea-
sure. Treatment with mega-HAART was reinitiated 10 days
later. Patients 4 and 6 developed toxicity rash and intolerance
to the mega-HAART therapy after days 9 and 6, respectively.
Thus, the last data point for patient 2 is at day 28 and the last
data point for patients 4 and 6 is at day 6. For the remaining
patients, all data available through day 84 were used.

Results from the NLME analysis. The results of modeling
RNA change among the six study subjects are shown in Fig. 1.
Note that the model fits each patient’s data quite well. The

first- and second-phase estimates of viral decay rates are pre-
sented in Table 1. The first phase estimates are relatively steep
(median � � 0.778d�1, range � 0.583 to 1.088, t11/2 � 0.894d)
in comparison with those found in a previous study which
included experienced children (3) (median � � 0.43d�1, range
0.18 to 0.77, t11/2 � 1.6d) and compare favorably with those
reported from adult studies which have used standard HAART
therapy (10–12). The second-phase viral decay estimates (me-
dian � � 0.026d�1, range � �0.005 to 0.206, t21/2 � 9.316d),
while similar to those observed in previous pediatric studies,
should be interpreted with caution, since only three patients
had complete data for the phase 2 time periods.

The statistical model used in the present study did not ex-
clude data from the first few hours after initiation of mega-
HAART therapy, which could have been influenced by the
shoulder effect. This effect consists of a delay in initial viral
reduction, due to virions produced before the pharmacologic
effect of therapy, which are still infectious and capable of
producing viral particles that would be detected by the RNA
assay. Exclusion of these data would have resulted in even
steeper phase 1 estimates of viral decay. This suggests that the
estimates from the present study are conservative, relative to
those from studies which have not used data taken during the
first few hours after the introduction of study treatment (13).

DISCUSSION

The relatively steep phase 1 decay rates found in the chil-
dren studied here indicate that a large component of their
baseline virus was sensitive to the mega-HAART regimens
(e.g., wild-type and/or partially resistant virus). The fact that
their first-phase rates of elimination were more rapid than
those of experienced pediatric patients in previous, non-mega-
HAART studies suggests that the clearance rate of sensitive
HIV strains may increase as the number of potent antiretro-
viral drugs increases.

The first-phase elimination of the sensitive component of
the virus leaves a residue of resistant virus and/or virus from
latently infected cells. Change in this residual component of
the virus is estimated by the phase 2 decay rates. In the present
study, these rates were comparable to those reported in pedi-
atric studies involving children who were less experienced and
were treated less aggressively (8, 9). Thus, although the heavily

TABLE 1. Baseline characteristics and phase 1/2 viral kineticsa

Treatment Baseline Phase 1 decay Phase 2 decay

PID Prestudy Study Sex Age
(yr)

CD4
count

Log10 RNA
(copies/ml)

d1
(d�1)

t11/2
(d)c

d2
(d�1)c

t21/2
(d)

1 D4T/3TC/DDI/HU APV/RTV�LPV/EFV M 11 530 5.510 0.631 1.099 0.045 15.270
2 DDI/D4T/EFV/HU ZDV/DDI/3TC/EFV/NFV/APV/RTV�LPV M 7 25 5.955 0.731 0.948 0.206b 3.361
3 D4T/RTV/APV ZDV/3TC/IDV/RTV M 14 29 4.809 1.088 0.637 �0.005 Infinitee

4 RTV/D4T RTV�LPV/ZDV/3TC/ABC F 12 1,148 4.986 0.826 0.839 —d —
5 APV/RTV/D4T/DDI ZDV/3TC/DDI/EFV/APV/RTV�LPV/SQV F 11 534 5.311 0.583 1.189 0.007 103.000
6 3TC/APV/RTV�LPV D4T/EFV/APV/RTV�LPV F 6 8 5.162 0.916 0.756 — —

Median 11 279.5 5.236 0.778 0.894 0.026 9.316

a D4T, stavudine; 3TC, lamivudine; DDI, didanoside; APV, amprenavir; RTV, ritonavir; LPV, lopinavir; EFV, efavirenz, NFV, nelfinavir; ZDV, zidovudine; IDV,
indinavir; ABC, abacavir; SQV, saquinavir; HU, hydroxyurea; M, male; F, female.

b Data from day 84 not available.
c The half-life of the two phase decays was calculated as H1 � ln(2)/d1 and H2 � ln(2)/d2.
d —, d2 and t21/2 not meaningful, since data only extended through day 6.
e not interpretable due to viral rebound. Treated as longest half-life estimate in calculating median.
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experienced patients in the present study may have had greater
viral resistance than subjects in previous pediatric studies, the
quantity of medication administered in the mega-HAART reg-
imens might have been sufficient to overcome resistance and/or
prevent its emergence. However, the findings presented here
may also reflect a complex effect in which therapeutic activity
against virus from latently infected cells and/or moderately re-
sistant virus outweighs the replication of highly resistant virus.
Our interpretation of the results may be limited by the small
sample size of only six patients and further studies are needed.

The results presented here reflect data gathered in the first
84 days following initiation of mega-HAART treatment. While
not part of the present study, clinical follow-up information
was available for four of the study patients. In patient 3 therapy
was discontinued within 2 weeks of study completion, due to a
potential interaction between the mega-HAART regimen and
initiation of therapy for atypical mycobacteria infection. Pa-
tient 5 maintained viral load suppression for 6 months but then
broke through due to major problems with compliance. In two

patients (1 and 2), the viral suppression achieved by day 84 was
maintained for 26 and 25 months, respectively.

These results suggest that mega-HAART, or multiple-com-
bination antiretroviral therapy, can dramatically increase the
first-phase viral decay rates in experienced children and pro-
vide further benefit during the second phase of viral decay. For
patients who tolerated the mega-HAART, it continued to be
effective during prolonged follow-up. Thus, mega-HAART is
an attractive form of salvage therapy for experienced patients
who have failed previous HAART regimens.
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