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Potent Antiretroviral Therapy of Primary Human Immunodeficiency Virus
Type 1 (HIV-1) Infection: Partial Normalization of T Lymphocyte Subsets
and Limited Reduction of HIV-1 DNA Despite Clearance of Plasma Viremia
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Antiretroviral therapy commenced during primary human immunodeficiency virus type 1
(HIV-1) infection (PHI) may limit the extent of viral replication and prevent early loss of
HIV-specific CD4 lymphocyte function. We studied the effect of current standard therapy (2
nucleoside analogues and a protease inhibitor) in 16 patients with symptomatic PHI. In the
13 patients who completed 1 year of treatment, plasma HIV RNA was !50 copies/mL and
median CD4 cell counts were comparable to HIV-uninfected controls, with naive
(CD45RA+CD62L+), primed (CD45RO+), and T cell receptor Vb subsets all within normal
ranges. However, HIV-1 DNA levels in treated and untreated PHI patients were similar.
Furthermore, CD8 cell counts remained elevated, including activated (CD38+HLA-DR+),
replicating (Ki-67+), and cytotoxic (perforin+CD282) lymphocytes. In conclusion, early an-
tiretroviral therapy resulted in clearance of viremia and prevented loss of crucial CD4 subsets.
The persistence of HIV-1 DNA together with increased CD8 T lymphocyte turnover and
activation indicate continued expression of viral antigens.

Extremely high levels of viremia are observed during primary
human immunodeficiency virus type 1 (HIV-1) infection (PHI)
[1, 2] and are associated with decreases in CD4 cell counts [3],
involving subsets that include both naive and memory CD4 T
lymphocytes [4]. Opportunistic infections in a small proportion
of patients [3] and in vitro hyporesponsiveness to phytohem-
agglutinin, recall, and HIV-1 antigens [5–7] reflect early im-
munodeficiency in PHI. Furthermore, rapid disease progression
is associated with both a low CD4 cell count and more-severe
illness during PHI [8–10]. Therefore, therapeutic intervention
during PHI may prevent the development of such deficits.

In a placebo-controlled trial of zidovudine administered in
PHI [11], CD4 cell counts were increased and minor oppor-
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tunistic infections were observed less frequently in the treated
patients, but plasma viremia was not significantly reduced.
Small uncontrolled studies of dual or triple therapy of PHI
subjects have demonstrated reductions in plasma and lymph
node viral load [12, 13], increases in CD4 : CD8 ratios [13, 14],
and maintenance of HIV-1–specific CD4 function in vitro [7],
but these therapies failed to block induction of a latent carrier
state [15].

The present study describes the effect of standard combi-
nation therapy with zidovudine, lamivudine, and indinavir in
16 patients with PHI. Clearance rates of plasma HIV-1 RNA
and peripheral blood HIV-1 DNA levels, phenotypic profiles
of circulating CD41 and CD81 T lymphocytes, and anti–HIV-
1 antibody levels were determined over 52 weeks of treatment
and were compared with HIV-1-uninfected subjects, untreated
PHI patients, and patients with established HIV-1 infection.

Materials and Methods

Subjects. Sixteen patients with a diagnosis of symptomatic PHI
[3] were prospectively enrolled. Baseline characteristics and clinical
and serological details of the treated PHI patients are summarized
in table 1. Eight subjects were positive by HIV-1 p24 antigen EIA
and negative by HIV-1 antibody EIA and Western blot; 3 subjects
had positive antibody EIA but !4 bands on Western blot; and 5
subjects were positive for EIA and Western blot (>4 bands) but
had !4 bands on Western blot within the 30 days before screening.
All subjects received zidovudine (200 mg 33/day), lamivudine (150
mg 23/day) and indinavir (800 mg 33/day).
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Table 1. Characteristics of enrolled primary human immunodefi-
ciency virus type 1 (HIV-1) patients at study entry.

Characteristic
Median

(interquartile range)

Subjects
Male 16
White 16
Age (years) 35 (30–39)

Transmission
Homosexual activity 15
Use of injection drug 1

PHI symptom scorea 3 (2–4)
Hospital admissions 1
Duration of illness (days) 38 (17.5–70)
Time from onset of symptoms to therapy (days) 23.5 (13–38)
Time from screening to therapy (days) 4 (3–5)
HIV-1 serology at screening

HIV-1 p24 antigen EIA positive 11
HIV-1 antibody EIA negative 8
HIV-1 antibody EIA positive 8
HIV-1 Western blot negative 8
HIV-1 Western blot !4 bands 3
HIV-1 Western blot >4 bands 5

a As described elsewhere [10]. PHI, primary HIV-1 infection.

Control groups comprised (1) 17 consecutive PHI patients, seen
through the Sydney PHI Investigators Group and the Community
HIV Research Network between 1993 and 1996, who received no
antiretroviral therapy; (2) 12 consecutive asymptomatic, treatment-
naive chronically HIV-infected subjects with CD4 cell counts of
275–550 cells/mL; and (3) 56 HIV-uninfected adults.

HIV serology. Coulter HIV p24 EIA (Coulter, Hialeah, FL),
Abbott Axsym HIV Antibody MEIA (Abbott Laboratories, Ab-
bott Park, IL), Wellcozyme HIV Recombinant Antibody EIA (Mu-
rex, Dartford, Kent, UK), and Diagnostic Technology HIV West-
ern Blot (Diagnostic Technology, Singapore) were used in the
diagnosis of PHI. HIV p24 quantitative antibody levels were as-
sayed by anti-p24 HIV antibody EIA (Murex).

Viral load measurement. We measured plasma HIV RNA, us-
ing the Roche Amplicor quantitative RT-PCR kit (version 1.0;
Roche, Branchburg, NJ). Specimens !400 copies/mL were analyzed
by means of the UltraSensitive specimen preparation protocol, with
a detection limit of 50 copies/mL.

HIV-1 DNA levels were quantified by use of a prototype assay
developed at Roche Molecular Systems (Alameda, CA). In brief,
cryopreserved peripheral blood mononuclear cells (PBMC) were
washed twice with 1 mL of Specimen Wash Solution (Roche Mo-
lecular Systems, Somerville, NJ) with centrifugation at 16,000 g
for 3 min. Cells were then lysed with a buffer containing proteinase
K and an internal quantitation standard (QS), as described else-
where [16]. After inactivation of the proteinase K, the samples were
amplified by use of the AMPLICOR MONITOR v1.5 HIV-1 mas-
ter mix (Roche) and detected by use of microwell plates coated
with HIV- and QS-specific probes [16]. Total DNA was determined
with Hoechst dye (Pharmacia, Uppsala, Sweden).

Flow cytometry. Monoclonal antibodies (mAbs) to the follow-
ing lymphocyte cell surface proteins were used: CD3–peridinin
chlorophyll protein (PerCP), CD4-fluorescein isothiocyanate
(FITC), CD4-phycoerythrin (PE), CD8-FITC, CD8-PE, CD38-
PE, HLA-DR-FITC, HLA-DR-PE, CD45RO-PE, CD28-PE, and
CD62L(LEU-8)-FITC (Becton-Dickinson, San Jose, CA); CD28-

FITC (Pharmingen, San Diego); CD4-ECD (PE–Texas Red), CD8-
ECD, CD45RA(2H4)-RD1 and Ki-67-FITC (Coulter); CD38-
FITC (Immunotech, Marseilles, France); CD45RO-FITC (DAKO,
Carpinteria, CA); anti-human perforin-PE (Ancell, Bayport, MN);
and anti–T cell receptor Vb (TCR BV) subfamilies conjugated with
FITC (Immunotech). MAbs were incubated (at the recommended
concentrations) with 100 mL acid citrate dextrose–anticoagulated
whole blood for 10–15 min at 257C before lysis with Optilyse C
(Immunotech) for 10 min at 257C, followed by 1 wash with PBS.
Stained cells were resuspended in 0.5 mL PBS containing 0.5%
paraformaldehyde and were analyzed within 24 h of preparation.

Intracellular staining was performed on whole blood after cell
surface staining, lysis, and fixation with FACS Lysing solution
(Becton-Dickinson) and permeabilization with FACS Permeabil-
izing solution (Becton-Dickinson). Permeabilized cells were incu-
bated with mAb and 5 mL of human gamma globulin (a kind gift
from CSL, Melbourne) for 45 min at 257C and washed once.

Samples were analyzed on a Coulter EPICS XL and compen-
sation levels checked daily. Lymphocyte gates were set manually
on forward and side scatter, and 10,000 lymphocytes were analyzed.
CD3-PerCP and either CD4-ECD or CD8-ECD staining were used
to set gates for analysis of 2-color FITC/PE histograms. Positively
stained cells were determined by comparison with nonspecific con-
trols. In the case of CD45RA, cells dimly stained for CD45RA
were not included as CD45RA1. TCR V b (BV) distribution was
determined by gating on lymphocytes and analyzing CD4-PE and
BV-FITC or CD4-FITC and BV-PE combinations. Samples stained
intracellularly were gated on CD3-PerCP and side scatter with an
FL4 threshold. Specificity of intracellular staining was demon-
strated by means of blocking with cold mAb in preliminary
experiments.

Statistical analysis. Lymphocyte phenotyping results are ex-
pressed as a percentage of either CD4 or CD8 T lymphocytes or
as the absolute number of positively stained cells, calculated with
CD4 and CD8 cell counts. Results for each cohort are expressed
as medians and interquartile ranges. The Mann-Whitney U test
comparing treated PHI patients with control groups was performed
by means of Statview v4.5 for Macintosh (Abacus Concepts, Berke-
ley, CA). The correlation between plasma viremia and activation
markers was analyzed by use of the Spearman rank test. The change
in levels of HIV-1 DNA in treated PHI patients between week 24
and week 52 was analyzed by Wilcoxon signed rank test. A 2-sided
P value !.05 was considered statistically significant.

Results

Subjects. Three of the 16 enrolled patients did not continue
treatment to 52 weeks. One patient stopped treatment inter-
mittently because of renal calculi and withdrew from therapy
by week 20, and 2 patients were lost to follow-up, both from
week 8. One patient substituted stavudine for zidovudine be-
cause of drug intolerance. All treated patients remained clini-
cally well at 52 weeks, with no HIV disease progression.

HIV-1 viral burden in peripheral blood. Plasma HIV RNA
declined from 6.0 log10 copies/mL at baseline to !400 copies/
mL within 20 weeks and was !50 copies/mL in 13/13 patients
after week 36 (figure 1A). Plasma HIV RNA in individual pa-
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Figure 1. Human immunodeficiency virus type 1 (HIV-1) viral burden (median 5 interquartile range) in peripheral blood of treated and
untreated subjects with primary HIV-1 infection (PHI) over 52 weeks. Number of patients studied in each group for each time point is shown.
Day 0 for treated patients represents commencement of therapy. Corresponding time point for untreated patients was assigned as day 21 after
onset of symptoms (table 1). A, Plasma HIV-1 RNA (log copies/mL); B, HIV-1 DNA (copies/mg peripheral blood mononuclear cell DNA).

tients followed a biphasic decline, with a mean slope of the first
phase of 20.157 (range, 20.143 to 20.192) log10 copies/mL/
day) and a mean second phase slope of 20.024 (range, 20.019
to 20.032) log10 copies/mL/day). Calculated half-lives of free
plasma viremia were 1.9 days and 12.5 days, respectively. HIV
RNA fell much more slowly in untreated PHI patients, reaching
stable levels of 4.8 log10 copies/mL (figure 1A).

All treated PHI subjects had detectable HIV-1 DNA in pe-
ripheral blood at week 52. No significant difference in the num-
ber of copies per microgram PBMC DNA was observed be-
tween treated and untreated PHI patients at baseline or at

weeks 8, 24, or 52 (figure 1B). However, the treated PHI patients
showed a greater decrease from baseline, including a significant
decrease from week 24 to week 52 (medians of 65 and 31 copies/
mg PBMC DNA, respectively; ), while untreated PHIP ! .002
patients’ HIV-1 DNA levels remained stable.

CD4 T lymphocytes. At week 52, treated PHI patients had
a median CD4 cell count that was comparable to HIV-1–un-
infected controls (table 2) and higher than untreated PHI pa-
tients, with differences becoming apparent after 6–12 months
of therapy (figure 2A).

Circulating naive (CD45RA1CD62L1) CD4 T lymphocytes
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Table 2. Comparison of circulating lymphocyte subset numbers (cells/mL) between treated primary human immunodeficiency virus type
1 (HIV-1) patients at 52 weeks, HIV-1-uninfected controls, untreated primary HIV-1 patients, and treatment-naive asymptomatic HIV-
1–positive subjects.

Cohort

Treated PHI patients
(week 52)
(n 5 13)

HIV-negative
controls
(n 5 56) Pa

Untreated PHI patients
(week 52)
(n 5 17) Pa

Chronic HIV-positive
patients
(n 5 12) Pa

CD4 T lymphocytes 821b (660–925) 823 (642–1085) .7 525 (477–605) !.001 381 (328–411) !.001
CD45RA1CD62L1 CD4 T cells 142 (67–282) 227 (135–304) .12 ND 70 (37–111) .06
CD45RO1 CD4 T cells 448 (356–581) 411 (323–529) .4 ND ND
CD8 T lymphocytes 852 (630–1014) 430 (359–540) !.001 864 (748–1014) .6 1079 (685–1625) .1
CD45RA1CD62L1 CD8 T cells 208c (147–326) 138 (104–214) !.05 ND ND
CD45RA1CD62L2 CD8 T cells 162c (67–282) 60 (29–106) !.001 ND ND
CD45RO1 CD8 T cells 294 (210–421) 168 (130–240) !.01 ND ND
CD381HLA-DR1 CD8 T cells 124 (81–156) 14 (9–26) !.001 ND 452 (230–754) !.001
CD282 CD8 T cells 371 (308–499) 94 (63–182) !.001 ND 745 (508–1259) !.01

a Nonparametric unpaired Mann-Whitney comparison with treated primary HIV-1 (PHI) patient cohort.
b Numbers represent medians of cell counts (cells/mL) for each cohort, with interquartile ranges shown in parentheses.
c Results for 11 treated PHI patients, weeks 36–52.

rose in the treated PHI subjects in the first 2 weeks and there-
after remained steady (figure 2A). At week 52, there was no
significant difference in the naive CD4 T lymphocyte count
compared with HIV-uninfected controls (table 2). The number
of naive CD4 T lymphocytes in the treated PHI patients tended
to be higher than for patients with established infection (table
2).

Six treated PHI patients who commenced therapy while still
HIV-1–antibody negative had significantly higher naive CD4
T lymphocyte counts at week 52 than did 4 treated PHI patients
who were HIV-1–antibody positive (<4 bands on HIV-1 West-
ern blot) at commencement of therapy (medians, 203 and 57
cells/mL, respectively; ). The median times from onsetP 5 .014
of symptoms to commencement of therapy in these 2 subgroups
were 10 days and 30 days, respectively. Total CD4 cell counts
at 52 weeks were not significantly different between the 2 sub-
groups (medians, 903 and 738 cells/mL, respectively; ).P 5 .7

Recently activated (CD45RO1) CD4 T lymphocytes rose in
the first 4 weeks and continued to increase slightly over the
next 48 weeks (figure 2B). The final number of this primed
subset in the treated PHI patients was not significantly different
from HIV negative controls.

CD4 TCR BV repertoire was examined in 7 treated PHI
patients and compared with 16 HIV-uninfected controls. At
baseline, the only difference observed was a decrease in the
proportion of BV 8.11 CD4 lymphocytes in PHI patients com-
pared with controls (medians, 2.2% and 4.4%, respectively;

; figure 2C), which returned to normal at week 52P 5 .013
(3.6%; figure 2C). In contrast, significant perturbations of 2
TCR BV subfamilies were observed in CD4 lymphocytes from
6 patients with established HIV infection (data not shown).

CD8 T lymphocytes. CD8 T lymphocyte counts for treated
PHI subjects were significantly elevated at week 52, compared
with HIV-uninfected controls (table 2), and were not signifi-
cantly different from the untreated PHI patients. The rapid
decrease in CD8 cell counts in treated PHI patients over the

first 4 weeks of treatment (figure 3A) was due to an abrupt
decrease in CD45RO1 CD8 T lymphocytes (figure 3B). In spite
of this decrease, CD45RO1 CD8 T lymphocytes in treated PHI
patients were still significantly elevated at week 52, compared
with HIV-uninfected controls (table 2).

In contrast, there was a continual slow increase in the
CD45RA1 subset in treated PHI patients (figure 3B). After 36
weeks, the number of naive (CD45RA1CD62L1) CD8 T lym-
phocytes was increased compared with HIV-uninfected con-
trols, but the greatest difference occurred in the resting memory
[17] (CD45RA1CD62L2) CD8 T lymphocyte subset (table 2).

Figure 3B also shows that the number of activated
(CD381HLA-DR1) CD8 T lymphocytes in treated PHI pa-
tients decreased rapidly over the first 4 weeks of treatment but
remained significantly elevated compared with HIV-negative
controls at week 52 (table 2). The number of activated CD8 T
lymphocytes was significantly lower than for untreated asymp-
tomatic HIV-infected subjects (table 2). Similar results were
observed for CD282 CD8 T lymphocytes (table 2).

Association between plasma HIV-1 RNA and CD8 activa-
tion. During the phase of viral load reduction, there was a
linear relationship between the percentage of activated
(CD381HLA-DR1) CD8 T lymphocytes and HIV-1 plasma
viral load in individual treated patients (figure 4A). Seven of
11 patients showed a significant correlation (Spearman’s r,
0.71–0.96).

The correlation between levels of HIV-1 DNA and the level
of activation of CD8 T lymphocytes, shown in figure 4B, was
not quite as strong as for plasma HIV-1 RNA, with 5/12 pa-
tients showing a significant correlation (Spearman’s r,
0.57–0.93).

Characterization of activated CD8 T lymphocytes. Turn-
over of activated CD8 T lymphocytes from week 52 was an-
alyzed by intracellular staining for the nuclear antigen Ki-67
[18]. Treated PHI subjects had an 8-fold higher number of Ki-
671CD381 CD8 T lymphocytes than did HIV-negative con-
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Figure 2. Numbers of circulating CD4 T lymphocytes (median 5 interquartile range) over 52 weeks. Number of patients studied in each
group for each time point is shown. A, CD4 cell counts for treated and untreated subjects with primary human immunodeficiency virus (HIV)
type 1 (PHI); B, Naive (CD45RA1CD62L1) and primed (CD45RO1) CD4 T lymphocyte counts for treated PHI patients. Bars on the right
side of the graph show the observed range for 95% of HIV-negative controls. C, box plots of proportion of TCR BV subfamilies as % of CD41
lymphocytes for HIV-uninfected controls ( ), PHI patients ( ) at baseline and at week 48. Each box plot depicts the 10th, 25th, 50th,n 5 16 n 5 7
75th, and 90th percentiles. Values above and below the 90th and 10th percentiles, respectively, are also shown.
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Figure 3. Numbers of circulating CD8 T lymphocytes (median 5 interquartile range) over 52 weeks. Number of patients studied in each
group for each time point is shown. A, CD8 cell counts for treated and untreated subjects with primary human immunodeficiency cirus (PHI).
B, Naive/resting (CD45RA1), primed (CD45RO1), and activated (CD381HLA-DR1) CD8 T lymphocyte counts for treated PHI patients. Bars
on the right of the graph show the observed range for 95% of human immunodeficiency virus–negative controls.

trols (table 3). Similarly, treated PHI subjects had a 7-fold
higher number of Ki-671HLA-DR1 CD8 T lymphocytes than
did HIV-negative controls. Up to 11% of CD381 or HLA-
DR1 CD81 T lymphocytes were Ki-671 (data not shown).

CD282 CD8 T lymphocytes at week 52 onward were in-
vestigated by intracellular staining for perforin, a molecule as-
sociated with cytotoxic activity [19]. Treated PHI subjects had
a 7-fold greater number of perforin1CD282 CD8 T lympho-
cytes compared with HIV-uninfected controls (table 3). A me-
dian 78% of CD282 CD8 T lymphocytes were perforin1 in
treated patients, and essentially all perforin1 CD8 T lympho-
cytes were CD282 (data not shown).

Serum anti–HIV-1 antibody concentration. Only 2/13
treated PHI subjects exhibited development of typical antibody

responses to HIV-1, as determined by serial Western blots. Four
treated patients exhibited low reactivity to HIV-1 p24 by both
Western blot (figure 5A) and quantitative anti-p24 antibody
EIA (figure 5B). All 4 patients had commenced therapy after
they had detectable reactivity to p24 by Western blot. Another
3 patients showed a slight decline in their positive p24 antibody
levels after 24 weeks (figure 5B). However, 6 treated patients
showed no decline in p24 antibody levels—2 who were strongly
positive and 4 who had intermediate p24 antibody levels.

Discussion

Combination therapy initiated during PHI led to sustained
suppression of plasma viremia, as recently described for a group
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Figure 4. Linear regression plots and correlations between
CD381HLA-DR1 % of CD8 T lymphocytes, plasma human immu-
nodeficiency virus type 1 (HIV-1) RNA (A), and HIV-1 DNA (B) for
treated patient 5064.

Table 3. Turnover and cytotoxic phenotype of CD8 T lymphocytes
in treated primary human immunodeficiency virus type 1 (HIV-1) pa-
tients (at week 52) and HIV-1–negative controls.

T cells
Treated PHI patients

(n 5 6)
HIV-negative controls

(n 5 5) Pa

CD381Ki-671 CD8 16 (10–28) 2 (1–4) !.01
HLA-DR1Ki-671 CD8 14 (8–17) 2 (1.5–3) !.01
Perforin1CD282 CD8 366 (162–407) 53 (41–112) .02

NOTE. PHI, primary HIV-1 infection. Numbers represent medians of cell
counts (cells/mL) for each cohort, with interquartile ranges shown in parentheses.

a Nonparametric unpaired Mann-Whitney comparison with treated PHI pa-
tient cohort.

of patients treated within 45–90 days of onset of symptoms
[20]. Viral dynamics showed a biphasic decline, similar to that
described for asymptomatic chronically HIV-1–infected pa-
tients on similar therapy [21]. HIV-1 DNA in PBMC, in con-
trast, was still detectable in treated patients after 52 weeks, at
levels comparable to untreated PHI subjects, showing that
treatment that was highly suppressive for plasma HIV-1 RNA
had little direct effect on HIV-1 DNA burden. Whether this
DNA exists in the integrated form has not been examined in
the current study. A recent report [15] has demonstrated estab-
lishment of a pool of CD4 cells latently infected with replica-

tion-competent HIV-1 within the first 2 weeks of symptomatic
PHI. The ability to recover infectious HIV-1 from PBMC has
not so far been studied in our group of treated patients.

Early antiretroviral therapy led to a continuing rise in cir-
culating CD4 T lymphocyte numbers, to levels indistinguish-
able from HIV-uninfected controls. This was in contrast to
untreated PHI patients, who experienced decreasing CD4 cell
counts within the first year of infection, in agreement with pre-
vious reports [22, 23]. Furthermore, analysis of CD41 lym-
phocyte repertoire at the level of TCR BV subfamilies showed
no significant perturbations in treated patients compared with
HIV-uninfected controls. A previous study of antiretroviral
therapy in chronically infected subjects reported normalization
of perturbations within CD4 lymphocyte BV families, depen-
dent on relatively sustained suppression of viral load [24]. It
remains possible that, despite normal CD4 T lymphocyte
counts and normal TCR BV repertoire, immune function may
still be impaired.

The number of naive CD4 T lymphocytes in treated PHI
subjects was within the normal range at 52 weeks, a finding
not seen in patients at other stages of HIV-1 infection, receiving
similar therapy [25–29]. Furthermore, the kinetics of the in-
crease in naive CD4 T lymphocytes showed an early rise after
treatment during PHI, in contrast to the slow progressive or
late rises observed in treatment of chronic infection [25–29].
Interestingly, 6 treated PHI patients who commenced therapy
before the appearance of serum HIV-1 antibodies recovered
their naive CD4 T lymphocytes more effectively than did 4
treated PHI patients who commenced their therapy 20 days
later. If confirmed with larger numbers of patients, this rapid
change in the homeostasis of circulating CD4 T lymphocytes
may represent an important early step in the development of
immunodeficiency.

CD8 T lymphocyte counts were reduced early, as a result of
treatment during PHI, but remained elevated at 52 weeks and
were similar in number to those of untreated PHI patients. The
CD45RO1 subset of CD81 T lymphocytes is usually greatly
increased in HIV-1 infection [30, 31], particularly in PHI [4,
32], and is associated with poor prognosis [31]—in the treatment
group, the number of CD45RO1 CD81 T lymphocytes
dropped rapidly after commencement of therapy. These results
also differ substantially from antiretroviral therapy of estab-
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Figure 5. Effect of therapy on serum antibodies to human immunodeficiency virus type 1 (HIV-1). A, Serial HIV-1 Western blot profiles for
1 treated patient with primary HIV-1 (PHI), 1343, and an untreated PHI patient, AND. The results are representative for 4 treated PHI patients
with low reactivity to p24 and for 4 untreated PHI patients studied. HAART, highly active antiretroviral therapy. B, Serum anti–HIV-1 p24
antibody levels measured by quantitative EIA. Results are shown for 1 representative treated PHI patient from subgroups exhibiting maximal
response (2 patients); intermediate, nondeclining levels (4 patients); intermediate, declining levels (3 patients); and low reactivity (4 patients).
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lished infection, where CD45RO1 CD81 T lymphocytes rise
initially after treatment [25], probably as a result of redistri-
bution of pre-existing cells [29].

The number of naive CD81 T lymphocytes was maintained
at or above normal levels. Decreases in this subset have been
described as an important indicator of disease progression [33].
After treatment, the number of CD81 T lymphocytes with the
phenotype of resting memory cells, CD45RA1 CD62L2 [17]
progressively increased, which suggests that they may have re-
verted from CD45RO1 to CD45RA1 cells [34]. Study of the
CD45RA1 CD62L2 CD8 T lymphocytes with tetramer-pep-
tide constructs in suitable subjects may elucidate whether these
cells contain resting HIV-specific memory cells [35].

Activation of CD8 T lymphocytes was significantly reduced
as a result of potent antiretroviral therapy, but not to normal
levels, as previously shown for established infection [25, 26, 36].
The proportion of CD8 T lymphocytes expressing CD38 and
HLA-DR was clearly correlated with plasma HIV RNA con-
centrations, in agreement with recent studies [37–40], but was
less well correlated with HIV-1 DNA burden. A significant
proportion of residual CD381 and HLA-DR1 CD8 T lym-
phocytes contained Ki-67 nuclear antigen, indicating recent
passage through the cell cycle [18] and suggesting that the el-
evation of CD381HLA-DR1 CD8 T lymphocytes is an active
process. HIV-1–specific CD8 T lymphocytes have recently been
shown to express CD38 [35], although the level of CD38 ex-
pression is decreased during antiretroviral treatment [41].

By comparison, in a recent study of primary Epstein-Barr
virus infection, activated CD8 T lymphocytes returned to nor-
mal levels within 16 weeks [42]. Similarly, we have recently
found that 3 patients, infected with an attenuated nef/long ter-
minal repeat mutant HIV-1 and having undetectable plasma
HIV-1 RNA and stable CD4 cell counts [43], also had normal
levels of activation of CD8 T lymphocytes (Zaunders, Geczy,
Dyer, et al., unpublished data). Taken together, these results
suggest that residual activation of CD8 T lymphocytes may
represent an ongoing response to low-level HIV-1 replication
that is not manifest as plasma viremia. In this regard, viral
replication at greatly reduced levels has been described in lym-
phoid tissue of patients successfully treated with combination
antiretroviral therapy [44]. Alternatively, activation may result
from opportunistic infections, although this is unlikely in this
treatment group, or a longer period of time may be required
for full normalization.

CD282 CD81 T lymphocytes also remained elevated after
treatment; this phenotype has been reported to contain HIV-1
specific cytotoxic activity [45, 46]. Most cells within this subset
contained intracellular perforin, an important effector molecule
in cytotoxic T lymphocyte responses to noncytopathic viral
infections [19]. Evidence has been obtained for continuing CTL
responses in treated patients with sustained suppression of
plasma viremia [20], and this may be similarly reflected in
CD282 CD8 T cell numbers in treated PHI patients.

HIV-1 p24 antibody levels declined on therapy in approxi-
mately half of the patients, in accordance with previous reports
[13, 20, 47]. A reduced humoral response may be due to loss
of p24-specific CD4 T lymphocytes in PHI, as demonstrated
in vitro [7], since large amounts of p24 protein, but not intact
virions, remain on follicular dendritic cells in the lymph nodes
of treated patients with established infection [48]. Similarly, the
rapid fall in CD45RO1 CD8 T lymphocytes early in treatment
also suggests interruption of the cell-mediated response.

In conclusion, standard antiretroviral therapy commenced
during PHI appears to have prevented permanent loss of im-
portant subsets of CD4 T lymphocytes, particularly when treat-
ment preceded the antibody response to HIV-1. The persistence
of CD8 T lymphocyte activation, as well as the stable reservoir
of HIV-1 DNA in cellular compartments, however, is consistent
with the conclusion that expression of viral genes has not been
totally suppressed. Further study of CD8 T lymphocytes may
be useful in assessing future antiretroviral regimens.
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