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The origin of CD4 T cells reappearing in the blood following antiretroviral therapy in human im-
munodeficiency virus type-1 (HIV-1) infection is still controversial. Here we show, using mathe-
matical modeling, that redistribution of T cells to the blood can explain the striking correlation
between the initial CD4' and CDR' memory T-cell repopulation and the observation that 3 weeks
after the start of treatment memory CD4* T-cell numbers reach a plateau. The increase in CD4* T
cells following therapy most likely is a composite of initial redistribution, accompanied by a con-
tinuous slow repopulation with newly produced naive T cells.

Treatment of human immunodeficiency virus-type 1 (HIV-1)-
infected individuals with potent triple combinations of anti-
retroviral drugs results in a dramatic decline of the viral load to
"undetectable" HIV-1 RNA levels in plasma and tissue in the
majority of patients (R.M. Gulick et al., XI International
Conference on AIDS, Vancouver, July 7-12, Abstr. Th.B.931;
1996; and refs. 1-4). Apart from controlling virus replication,
the major goal of antiviral therapy is to achieve a degree of im-
mune reconstitution. Although significant increases in CD4. T-
cell numbers have been observed, the mechanisms of
T-Iymphocyte repopulation and restoration of immune func-
tion after sustained suppression of HIV replication is still un-
clear. Recent studies have provided evidence for a high
turnover of CD4' T cells driven by the large amounts of virus
that are produced daily, suggesting physical exhaustion of
CD4' T-cell renewal as a cause of CD4' T-cell depletion". If so,
antiviral treatment, despite very efficient control of virus repli-
cation, could have its limit as to the restoration of the immune
system. In the present study we sought to address this issue and
studied in detail the kinetics and characteristics of immune re-
constitution after triple combination therapy.

Response to therapy
Patient recruitment and study treatment were as previously
described in detail'. Briefly, the study recruited 33 adults with
documented HIV-1 infection and CD4' T-Iymphocyte counts
of at least 50 cells/pl, a plasma HIV RNA level of at least
30,000 copies/ml and no prior treatment with antiretrovirals.
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Patients were randomized to receive either immediate triple
combination therapy with ritonavir [600 mg twice a day
(BID)1, zidovudine (ZDV) (300 mg BID) and lamivudine (3TC)
(150 mg BID), or delayed triple therapy, that is, starting with
ritonavir monotherapy, and 3 weeks later adding ZDV and
3TC. Baseline characteristics of patients are shown in Table 1.
No significant differences in baseline values of the immuno-
logical and virological parameters were observed between the
two treatment groups.

HIV-1 RNA levels in plasma decreased significantly over
36 weeks (P < 0.005) to levels below the quantification limit in
a large majority of patients in both groups (Fig. 1 e)4. During
36 weeks of follow-up, mean CD4' T-cell counts increased sig-
nificantly in both groups (P < 0.005) (Fig. la). At 36 weeks, the
mean rise in the group receiving the triple combination ther-
apy from the start of the study was 196 CD4' T cells per micro-
liter blood (s.e.m. 43 CD4' T cells/pi) and in the group with
delayed triple therapy a rise of 145 ± 33 CD4' T cells/pi blood
was observed. For the complete period of follow-up, no signifi-
cant difference was observed between the two treatment
groups in either CD4' T-cell response or HIV RNA reduction.
There was an increase in CD8' T-cell counts in the first two
months of treatment (214 ± 67 and 400 ± 144 CD8' T cells/pl
blood for the early and delayed treatment groups, respectively),
comparable with results from ritonavir monotherapy'; how-
ever, the absolute number of CD8' T cells subsequently de-
clined toward baseline values (Fig. lb). CD19' B cells had a
response similar to that observed for the CD4' T cells (Fig. lc).



In parallel with the quantitative increase in T-cell
numbers the in vitro proliferative response to CD3
monoclonal antibodies, expressed per 10' CD3' T
cells, showed a sustained improvement to approxi-
mately 50% of normal responses (Fig. Id).

CD4* and CD8' T-cell recovery rates
As treatment groups did not differ with regard to the
pattern of T-cell recovery, we combined the data
from both patient groups to analyze the kinetics of
reappearing naive and memory T-cell subsets. T-cell
subsets expressing CD45RA and CD62L are regarded
as truly naive T cells, whereas T cells expressing
CD45R0 and T cells that express CD45RA but lack
CD62L are regarded as memory lymphocytes". For
one representative, well-responding patient, flow cy-
tometric images of CD45RA and CD62L staining are
plotted at three different time points during follow-
up (Fig. 2). The patterns for recovery of naive and
memory CD4` and CD8' T cells in the total study
population are depicted in Fig. 3, a and b.

Both the CD4+ and CD8' recovery rates seem to be
biphasic. For the CD4' T cells the most rapid recov
ery occurs during the first three weeks, whereas rapid
CD8' T-cell recovery is observed within the first six weeks. The
individual T-cell recovery rates of all patients over the entire
period of follow-up, and over the rapid and slow phases sepa-
rately, were estimated by linear regression (Table 2).
Calculating the total-body production over the initial period,
we found a daily increase of 1.3 x 109 CD4' T cells, in agree-
ment with earlier findings"'", and 2.1 x 10`) CD8' T cells. The
average exponential growth rates over this period were

Table 1 Description of baseline characteristics

No. of participants
Early treatment' Delayed treatment'

Male/female 16/1 15/1
Age (years)" 38 (26-57) 39 (26-61)
CDC class at entry'

A 6 8
7 5

4 3
T lymphocytes (cells/plt

CD4* T cells 177 (40-403) 134 (37-600)
CD8' T cells 1027 (273-1777) 927 (320-2277)
CD4'/CD8' T-cell ratio 0.18 (0.09-0.68) 0.16 (0.06-0.60)

T-cell proliferative response
(c.p.m./1 0' T cells)"

CD3 mAb 34 (3-260) 25 (4-258)
Viral load (log copies/m1)"

Plasma RNA levels 5.27 (4.59-6.36) 5.37 (4.50-5.92)
Phenotype

NSI/S1 11/6 11/5

'The immediate triple (early treatment) started with ritonavir, ZDV and 3TC simultaneously, the de-
layed triple started with ritonavir and added 3 weeks later ZDV and 3TC.
°Median values (5 and 95 percentile),
'According the 1993 revised AIDS definition'''.
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Fig. 1 Peripheral blood CD4' and CD8' T-cell
numbers, improvement of T-cell function in vitro,
and HIV-1 RNA load. The immediate triple treat-
ment () started with ritonavir, ZDV and 3TC si-
multaneously, the delayed triple therapy (0)
started with ritonavir and added ZDV and 3TC
three weeks later. a, Mean change from baseline of
CD4' T-Iymphocyte numbers b, Mean change
from baseline of CD8' T-Iymphocyte numbers.
c, Mean change from baseline of CD19' B-Iympho-
cyte numbers. d, Mean change from baseline in
proliferative response per 10' T cells after stimula-
tion with CD3 mAb. e, Mean change from baseline
of plasma HIV-1 RNA levels. Bars represent s.e.m.

500

400

300

200

100

-100

-200

160

140

120

1000 u
0_

g
.0 0

E

NATURE MEDICINE VOLUME 4 NUMBER 2 FEBRUARY 1998

80

60

40

20

0.027/day and 0.008/day, for the CD4+ and CD8' cells, respec-
tively. Thus, although the total increase of CD8' T-cell numbers
is larger than the recovery of CD4* T cells, CD4' T cells expand
three times as fast on a per capita basis. Comparing recovery
rates of naive and memory T cells, in both the CD4* and CD8'
compartments, we saw that most of the early recovery is due to
memory cells (Table 2, 4/5.3 = 75% and 5.6/8.3 = 67%, respec-
tively). For the CD4' T cells the naive and memory exponential
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growth rates differ by a factor of two
(0.015/day and 0.03/day, respectively). For the
CD8* cells they are approximately the same
(0.011/day and 0.007/day, respectively). The
early fast recovery of CD4' T cells is similar to
the estimated total CD4' T-cell recovery re-
ported in earlier studies", which suggests that
the latter also largely resulted from memory T-
cell recovery in the blood.

During the subsequent slow recovery pe-
riod, the total CD4' T-cell production slowed
down to ION CD4' T cells per day, which is
largely explained by production of naive T
cells (Table 2a). For naive CD4' T cells we
found no significant difference in the early
and late production rates (P = 0.07), hence on
average the naive CD4. T-cell recovery rate
over the entire period was 5.7 x 107 cells/day.
This is in agreement with preliminary obser-
vations in a monotherapy trial with ritonavir,
which also reported slow kinetics of naive
C1)4. I cells'. In contrast, the recovery rates of
the memory CDC' T cells in the early and late
periods are significantly different (P < 0.005)
and drop from 10 cells/day to virtually zero.
Although the early CD8' T-cell recovery re-
sembles that of the CD4' T cells, total CD8 .
counts decline during the late phase. This can
be explained by a diminishing antigenic stim-
ulation once the HIV-1 viral load levels have
dropped significantly. The CD8+ T-cell re-
sponse will not only involve HIV-1-specific
cells, but also nonspecific CD8' T cells, acti-
vated as bystander cells stimulated by cy-
tokines".". Indeed most of the decline in
CD8' cells is caused by a drop in memory cells
(Table 2b). In fact, kinetics of naive CD8' T
cells resemble the kinetics of naive CD4+ T

Table 2 Recovery rates of naive and memory CD4+ and CD8' T cells

Total CD4

Cells per pl
blood/day

Total-body
cells/day

Exponential
growth/day

Baseline

0-36 wk 0.9 2.3 x 10° 0.005 184 33
0-3 wk 5.3 1.3 x 109 0.027 187 32
3-36 wk 0.3 7.5 x 10' 0.001 304 31
Naive CD4
0-36 wk 0.2 5.7 x 10' 0.003 43 33
0-3 wk 0.6 1.5 x 10' 0.015 44 32
3-36 wk 0.1 3.2 x 10' 0.002 59 31
Memory CD4
0-36 wk 0.5 1.3 x 108 0.004 119 33
0-3 wk 4.0 1.0 x 109 0.030 120 32
3-36 wk 0.0 0 0.000 207 31

Cells per pl Total-body Exponential Baseline
blood/day cells/day growth/day cells/gl

Total CD8
0-36 wk 1.1 2.7 x 108 0.002 918 33
0-6 wk 8.3 2.1 x 10' 0.008 924 32
6-36 wk -0.8 x 108 -0.001 1296 25
Naive CD8
0-36 wk 0.3 7.5 x 10' 0.001 88 33
0-6 wk 1.2 3.0 x 108 0.011 90 32
6-36 wk 0.2 5.0 x 10' 0.001 135 25
Memory CD8
0-36 wk 0.3 7.5 x 10' 0.001 752 33
0-6 wk 5.6 1.4 x 10' 0.007 757 32
6-36 wk -0.8 -2.0 x 108 -0.001 910 25

Individual linear regression was performed on the peripheral blood T-cell count over the full 36 weeks, over
the initial fast repopulation period (3 and 6 weeks for CD4' and CD8' T cells, respectively), and over the last
period (33 and 30 weeks for CD4' and CD8' T cells, respectively). The slopes of these regression lines pro-
vided the estimates for the daily rates of T-cell recovery. The average daily increase in T cells per microliter of
peripheral blood is represented in column 2 as the mean of all individual slopes. If we assume 2% of the T
lymphocytes
the total

to reside in the peripheral blood, and that a 70-kg individual has 5 liters of blood, we obtained
body average rate of increase in column 3 by multiplying column 2 with 5 x 50 x 106. We calculated

an average daily exponential growth rate by performing a linear regression after taking the natural logarithm
of the T-cell count (see column 4). The number of patients and the average baseline CD4' and CD8' T-cell
count are shown in the last two columns. Note that missing T-cell subset data for one patient resulted in a dif -
ference in baseline value between the total and the first time period. Since the exponential growth was esti-
mated using individual slopes, the average rates, as shown in this table, cannot be directly recalculated.

cells, with a steady increase on the order of
108 cells/day over the entire period. Also CD19' B cell num-
bers increase with strikingly similar kinetics as memory CD4'
T cells (Fig. 1c).

Redistribution or proliferation
There has been some debate as to the origin of the initial CD4'
T-cell repopulation".". Originally it was argued that this fast
repopulation reflects the pretreatment turnover of proliferat-
ing CDC T cells during HIV-1 infection". An important argu-
ment for such a high steady-state CD4' T-cell production of
109 cells/day was the observation that after treatment the ex-
ponential growth rate of the CD4' T cells was inversely corre-
lated with the baseline CD4' T-cell count. Such a CD4+ T-cell
density-dependent growth would account for a growth rate up
to 0.08/day at low CD4' counts'. We find very similar "den-
sity-dependent" results for the recovery of memory CD4' T
cells, as depicted in Fig. 4a, also suggesting growth rates up to
0.1/day at low baseline CD4' T-cell counts, and decreasing to
virtually zero at CD4' counts over 400 cells/pl. However, one
finds a similar relation between the exponential growth rate of
CD8+ memory T cells and the baseline CD4' count (Fig. 4b).
Thus, surprisingly, the per capita CD8' recovery is higher in
patients with lower CD4' counts who have a more impaired
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immune function. The original hypothesis of a density depen-
dent proliferation leaves unexplained why the reconstitution
pattern of the memory CD8' T cells is so similar to that of the
memory CD4' T cells.

This hypothesis also does not explain whyCD4' T-cell repop-
ulation is slowing down to 10' cells/day during the second
phase of T-cell recovery with a virtual lack of memory T-cell
production. If during clinical latency large numbers of CDC T
cells are produced on a daily basis as has been hypothesized",
one would expect the same production to continue during
therapy until normal CD4' T-cell levels are reached.

It has been proposed that the initial CD4' T-cell recovery re-
sults from redistribution of cells from the lymphoid tissue to
the peripheral blood, rather than from de novo production''".
Since 98% percent of lymphocytes resides in the lymphoid
tissues, measurements in peripheral blood should be inter-
preted with care'. Indeed one could argue that with progres-
sive HIV-1 infection, increasing viral load and decreasing
CD4' T cells, a larger fraction of both CD4' and CD8. T cells
will be trapped in the infected and inflamed lymphoid tissues
because of increasing cytokine levels and HIV-related im-
mune activation'''. Furthermore, as memory and naive cells
have different recirculation and homing pathways, differ-

NATURE MEDICINE VOLUME 4 NUMBER 2 FEBRUARY 1998

cells/pl

-2.0



300

250

200

150 -

100 -

50

-0- Naive CD4` cells
-0 Memory CD4" cells
-A- Total CD4' cells

0

900
800 -
700
600
500
400
300
200
100

0

0 6 12 18 24 30 36

-0- Naive C08' cells
-0 Memory CD8" cells

Total CDS" cells

Fig. 2 Representative FACScan

images of one well-responding
patient at baseline, week 6 and
week 36 during follow-up.
Depicted are CD4' and CD8'
cells stained for CD45RA and
CD62L. Percentages of cells are
presented within the according
quadrant, the corresponding
CD4' and CD8' T cells counts
are shown above the images.
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ences in sequestration of naive and memory T cells are to be
expected'. Once the viral load levels are strongly decreased
by antiretroviral treatment, inflammatory responses will be
reduced, cytokine levels will normalize and sequestered T
cells will be released to the peripheral blood compartment. It
is noteworthy that the apparently density-dependent growth
indeed is also fully compatible with redistribution. As the
magnitude of the memory T-cell recovery in the peripheral
blood should be proportional to the total number of memory
T cells in the lymphoid tissue, we calculated for each patient
a "fractional memory T-cell recovery" AB/B, where AB is the
increase in memory cells during treatment and B is the base-
line peripheral blood memory T-cell count. Fig. 4, c and d, de-
picts the fractional recovery of the CD4+ and CD8* memory
cells as a function of the total CDC baseline count. Like the
density-dependent growth, the fractional recovery is in-
versely related to the baseline counts. Calculating the frac-
tional CD4* and CD8 memory recovery one finds a strong
correlation between these two parameters (Fig. 4e, r = 0.83).

Mathematical model for immunological recovery
By mathematical modeling we explored the idea
of redistribution as the first immediate response
of T cells in patients on highly active antiretrovi-
ral therapy, taking into account the two major
lymphocyte compartments. We chose B and L as
the total number of CD4' T cells in the peripheral

Fig. 3 Kinetics of CD4' and CD8' naive and memory lym-
phocyte subpopulations. a, Pattern of (absolute) mean re-
sponse on therapy in the CD4* T-Iymphocyte naive (0) and

memory (0) subset and the total CD4' T-cell count (A).
b, Pattern of (absolute) mean response on therapy in the
CDS' T-Iymphocyte naive (0) and memory (0) subset and
the total CD8' T-cell count (A). Bars represent s.e.m.
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blood and the lymphoid tissue, respectively, and T as a "trap-
ping factor," defined in terms of the lymphocytes that are
trapped in the lymphoid tissue when T > 1. As argued above
this increased retention of lymphocytes (T > 1) is caused by
virus-induced immune activation such as increased cytokine
levels, which will decrease quickly following potent antiviral
therapy. The total number of CDC T cells in the blood can be
expressed as,

B -
SOT

which in the absence of trapping (T = 1) says that 2% of the
lymphocytes reside in the blood. If one argues that the rapid
increase in peripheral CD4' T cells during the first three weeks
of treatment is entirely due to redistribution, that is, the loss of
trapping, the difference in the peripheral blood CD4* T-cell
count,

AB
L L L(T - 1)- - -
50 50T 50T

is proportional to L, and is inversely proportional to T. This can
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Fig. 4 Individual CD4 and
CD8' T-cell increases as a func-
tion of the baseline total CD4* T-
cell count. Depicted are the
recovery rates after start with an-
tiviral therapy during the first
three weeks for CD4' T cells and
during the first six weeks for
CD8' T-cell numbers. CD4' and
CD8- T-cell increases were ex-
pressed as the exponential rate of
increase (a, b, column 4 in Table
2) and as the fractional increase
(c and d). In addition, the relation between the fractional increase of
memory CD4' T cells and memory CD8' T cells during the initial fast re-
population period after start with antiretroviral therapy is shown (e).
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be simplified by calculating the relative increase of peripheral
CDC T cells, that is, fractional increase, as,

L(T - 1)
x SOT -

SOT L
T 1

According to this simple mathematical model, the fractional
recovery AB/B in the peripheral blood is determined by the
trapping factor T only, reflecting the increased residence of T
cells in tissue. Thus if we assume redistribution, the model
shows that fractional growth is directly related to the trapping
factor T; the data demonstrate that there is an inverse relation
between baseline CDC T-cell count and increase in CD4' T
cells after therapy; from that we conclude that T is apparently
higher in patients with lower baseline CDC counts.
Furthermore, trapping of CDC T cells in the lymphoid tissue is
also significantly correlated with viral load levels at baseline (r
= 0.65). The average fractional recovery for the CD4' T cells was
1.2 and for the CD8' T cells 0.6. This results in trapping factors
T of 2.2 and 1.6, respectively, meaning that instead of the nor-
mal 2%, in these HIV-1-infected patients only about 1% of the
T cells resides in the peripheral blood. Additionally, if we as-
sume that a 70-kg individual has 5 liters of blood, this would
mean that the average CD4' T-cell count of 120 cells/pl blood
before the onset of therapy corresponds to 6 x 101" memory
CD4' T cells in the lymphoid tissue (120 x 5 x 100 x 106 = 6 x
101" cells). This is in agreement with Zhang et al.' who studied
the immunological data of CDC repopulation in lymphoid tis-
sues obtained for a subpopulation of the patients that are de-
scribed in the present study. We argue that after the initial
recovery period following antiviral therapy, a new steady state
is approached with an approximately normal distribution of
2% of lymphocytes in the blood. This steady state corresponds
to the ceiling in the memory CD4' T-cell number that is
reached after 3 weeks and remains lower than normal, since
total CD4' T cells numbers in the body are still significantly de-
creased'.

In summary, the biphasic CDC T-cell kinetics, the finding
that CDC memory T cells quickly reach a subnormal plateau,
the similarities between the CD4' and CD8' T-cell repopula-
tion in the blood, the improved CD8' recovery at low C04'
counts and the strong correlation between the fractional CD4'
and CD8' recovery, all find a straightforward explanation in
the redistribution model, hut are not explained by the prolif-
eration model. Obviously, we cannot rule out some contribu-
tion to the initial rise in peripheral blood CD4' T-cell numbers
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of memory CD4' T-cell production. The daily production of
naive CDC and CD8+ T cells does contribute to long-term total
T-cell repopulation and can be compatible with little changes
in the V13 repertoire and CDR3 region in the first months of
antiviral therapy'.
Altogether our results thus suggest that the initial rise in mem-
ory CD4' T cells is not a reflection of high CDC T-cell produc-
tion levels before treatment. During the natural course of
HIV-1 infection in patients with CD4* T-cell counts above 200
cells/pl, normal CD4' T-cell telomere lengths"' and normal
frequencies of HPRT mutations' were found, which also argues
against a markedly increased daily CD4' T-cell production.

Consequences for immune reconstitution
Irrespective the mechanism that causes the initial steep in-
crease in memory CD4' T-cell counts after therapy, our data
provide evidence that the long-term repopulation of newly
produced naive CD4' T cells is a much slower process than
was generally anticipated'''. Our calculated daily production
rate of naive CD4' T cells of 5.7 x 10' cells per day is in good
agreement with the repopulation rate of naive CD4' T cells in
lymphoid tissues' and approaches the estimates reported
after chemotherapy in adults'. These authors showed that
substantial repopulation of CD4' T cells is mainly caused by
an increase in CD45RA' T cells and is only achieved after
more than 12 months with an estimated CDC T cell increase
on the order of 10" cells per day. The same is observed in pa-
tients who received bone marrow transplantation or were
transplanted with purified allogeneic peripheral stem cells"
and in multiple sclerosis patients that had been treated with a
depleting CD4 monoclonal antibody". Slow naive CD4' T
turnover is also compatible with the normal rate at which
naive CD4* T cells lose their telomere length by cell division'
(R.J.delloer. et al., manuscript submitted, K.C. Wolthers et al.,
manuscript submitted).

If the initial restoration of CD4' T-cell numbers in the blood
is mainly due to redistribution of cells previously sequestered
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to lymphoid and inflamed tissues, one has to reinterpret this
"repopulation" with respect to its contribution to the patient's
immune reconstitution. In a recent paper Autran et al."
showed a substantial improvement of antigen-specific re-
sponses by peripheral blood lymphocytes in the first three
months following antiviral combination therapy. If this is
merely caused by an increase in the number of CMV- and tu-
berculin-reactive T cells in peripheral blood mononuclear cells
(PBMCs) as a result of redistribution of memory T cells to the
blood, it need not reflect a generalized immune reconstitution
in the patients.

It has been shown before that a rise in CDC T-cell numbers
following therapy is a correlate of clinical benefit'''.
Qualitative T-cell functional improvement, which is known to
be of prognostic relevance in HIV-1 infection', has been ob-
served in clinical trials'''. Complete quantitative or qualita-
tive reconstitution of the immune system may not be achieved
or may take a long time to be achieved. It remains to be seen
how the initial rapid distribution of memory cells, the gradual
slow increase in naive T cells or the functional improvement of
T cells contribute to immune reconstitution and long-term
clinical response to antiviral combination therapy. We antici-
pate that the latter two may be most critical for successful im-
mune restoration following therapy.

Methods
Lymphocyte counts and T-cell function. Patients were followed at
weekly intervals between week -2 and 4 from the onset of therapy, with
additional visits at day 3 and day 10, and at week 6, 8, and every four
weeks thereafter. Whole blood collected in EDTA was analyzed by a
whole-blood lysis technique. Lymphocyte immunophenotyping for pe-
ripheral CD4' and CD8. T cells and CD19' B cells was assessed by two-
color immunofluorescence flow cytometry with a fluorescence-activated
cell sorter (FACScan, Becton Dickinson, San Jose, CA). Proliferative re-
sponse to CD3 monoclonal antibodies (mAbs) was determined in whole-
blood lymphocyte culture, as previously described in detail'°. In short,
proliferative capacity was measured by adding PHIthymidine to the cul-
tures at day 3. After a 24-h incubation, the incorporation of [1-1]thymidine
was measured as counts per minute. Proliferative capacity was expressed
per 10' CD3' T cells using the absolute CD4' and CD8' T-cell count.

Naive and memory lymphocyte counts. Three-color flow cytometry was
performed for supplemental T-Iymphocyte subsets, expressing the sur-
face proteins CD45RA, CD45R0 and CD621 (L-selectin). A panel of mAbs
to the following cell surface markers was used: fluorescein isothiocyanate
(FITC)-conjugated CD62L, phycoerythrin (PE)-conjugated CD45RA and
CD45RO, CD4 and CD8 PerCP. T-cell subsets expressing CD45RA and
CD62L were regarded as truly naive T cells, whereas T cells expressing
CD45RO, as well as T cells that express CD45RA but lack CD62L, were re-
garded as memory lymphocytes. Note that the sum of memory and naive
cells is less than the absolute number of T cells because of dull stained T
cells for CD45RA and CD45RO.

Viral RNA load. Plasma HIV-1 RNA levels were measured by a quantitative
reverse-transcriptase polymerase chain reaction (RT-PCR) assay

(Amp licor-HIV monitor test, Roche Molecular Systems, Branchburg, NI)
with a mean lower limit of quantification for this study of 251 copies/ml.
Plasma RNA load levels were log-transformed, and cutoff values were as-
signed to measures below the assay's lower quantification limit (logic, 251
= 2.4 log copies/nil).

Statistical analysis. Analyses were performed for the intention-to-treat
population with no data exclusions. Patients withdrawn from study med-
ication were followed until other antiretroviral treatment was started.
Time-dependent analyses were performed using a repeated measurement
model (Proc mixed, SAS 6.11) including baseline values, time since the
start of treatment and therapy group as covariates. Immunological and vi-

rological baseline values were calculated as the mean value of three mea-
surements taken before treatment (week -2, -1 and 0).
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