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The risks and benefits of structured treatment interruption (STI) in
HIV-1-infected subjects are not fully understood. A pilot study was
performed to compare STI with continuous highly active antiret-
roviral therapy (HAART) in chronic HIV-1-infected subjects with
HIV-1 plasma RNA levels (VL) <400 copies per ml and CD4� T cells
>400 per �l. CD4� T cells, VL, HIV-1-specific neutralizing antibod-
ies, and IFN-�-producing HIV-1-specific CD8� and CD4� T cells were
measured in all subjects. STIs of 1-month duration separated by 1
month of HAART, before a final 3-month STI, resulted in aug-
mented CD8� T cell responses in all eight STI subjects (P � 0.003),
maintained while on HAART up to 22 weeks after STI, and aug-
mented neutralization titers to autologous HIV-1 isolate in one of
eight subjects. However, significant decline of CD4� T cell count
from pre-STI level, and VL rebound to pre-HAART baseline, oc-
curred during STI (P � 0.001 and 0.34, respectively). CD4� T cell
counts were regained on return to HAART. Control subjects (n � 4)
maintained VL <400 copies per ml and stable CD4� T cell counts,
and showed no enhancement of antiviral CD8� T cell responses.
Despite increases in antiviral immunity, no control of VL was
observed. Future studies of STI should proceed with caution.

CD8� T cells � neutralizing antibodies � CD4� T cells

The HIV-1 plasma RNA level (VL) measured after acute
HIV-1 infection has been correlated with rate of subsequent

disease progression (1, 2). Cell-mediated immunity, in particu-
lar, has been shown to be important for suppressing HIV-1 viral
replication (3, 4). Indeed, inverse relationships exist between
antiviral CD8� T cell responses and VL as well as CD4� T helper
responses and VL in some subjects (5–7). These observations
suggest that there is a balance between virus and host immune
responses, and that augmented immunity may lead to de-
creased VL.

Patients on highly active antiretroviral therapy (HAART)
have decreases in the magnitude, activity, and activation level of
HIV-1-specific cellular immune responses (8–13). Thus, it is not
surprising that the majority of subjects who interrupt HAART
experience viral load rebound (14–19). However, anecdotal case
reports describe HIV-1-infected subjects who received early
treatment but were intermittently adherent to HAART. In these
patients, antiviral CD8� T cell responses and neutralizing anti-
body titers increased during HAART, and VLs remained low
when HAART was interrupted (20, 21). These cases opened the
possibility of using cycles of structured treatment interruptions
(STI) to augment the anti-HIV-1 immunological response, re-
duce VL, and reduce antiretroviral drug exposure and toxicities
(22–25).

The first STIs were recently assessed in a group of HIV-1-
infected patients identified and treated with HAART early after
infection (26). In these subjects, HIV-1-specific T helper re-
sponses were preserved, and HIV-1-specific CD8� T cell re-
sponses were augmented, by periods of STI. When compared
with historical controls from the MultiCenter AIDS Cohort
Study, the effects on VL after final treatment interruption were

dramatic. Six of thirteen patients (�50%) maintained VL �500
copies per ml for a median of 6.5 months without HAART (26).

The majority of HIV-1-infected patients start HAART during
the chronic stages of disease. Reports of asymptomatic, chron-
ically HIV-1-infected subjects who are intermittently adherent to
HAART suggest that STI may increase HIV-1-specific CD8�

and CD4� T cell responses in these subjects (27–29). Here, we
report on a pilot study of the immunologic and virologic effects
of STI in asymptomatic patients with chronic HIV-1 infection.

Materials and Methods
Patients. Twelve asymptomatic, chronically HIV-1-infected pa-
tients were recruited from the Duke University Adult Infectious
Disease Clinic between June 1999 and February 2000. The
eligibility criteria were: (i) documented HIV-1 infection; (ii)
CD4� T cell count �400 cells per �l for at least 6 months before
entry; (iii) VL �400 copies per ml for at least 3 months before
entry; and (iv) renal, hepatic, and hematopoietic function tests
within defined limits. While on HAART, these subjects are
representative of early chronic HIV-1 disease. The study pro-
tocol was approved by the Duke University Institutional Review
Board, and all patients gave written informed consent.

Study Design. Eight patients were randomized to undergo STIs
(STI subjects) and four patients to continuous HAART (control
subjects) through a computer-generated randomization model.
The subjects then followed the treatment schedules outlined in
Fig. 1. STI subjects underwent two cycles, each consisting of 1
month of STI followed by 1 month on HAART, based on a
previous study showing high viral rebound during a month-long
treatment interruption followed by efficient resuppression of
virus 1 month after returning to HAART (15). After the second
cycle, the safety and immunological effects of STI were studied
during a 3-month period without HAART. The control subjects
received continuous HAART for the entire 7-month study
period. The study protocol mandated treatment resumption if
the VL was �100,000 copies per ml during the final 12-week STI,
if the CD4� T cell count decreased to �200 cells per �l at any
point during the study, or if a patient withdrew consent. Periph-
eral blood samples for laboratory measurements were obtained
weekly during STI, and every other week during HAART.

Viral Load and CD4� T Cell Counts. Plasma samples were assayed for
HIV-1 RNA with a reverse transcription (RT)-PCR assay
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(Roche Amplicor, Branchburg, NJ; lower limit of detection 400
copies per ml). CD4� T cell counts in samples of peripheral
blood mononuclear cells (PBMC) were quantified with standard
flow cytometric analyses using fluorescent monoclonal antibod-
ies (Becton Dickinson).

Measurement of HIV-1-Specific CD8� and CD4� T Cell Responses.
HIV-1-specific CD8� T cell responses were measured from
cryopreserved PBMC samples by cytokine flow cytometry with
recombinant vaccinia virus constructs expressing HIVIIIB Env-
gp160, Gag-p55, RT-Pol, and Nef (Therion Biologics, Cam-
bridge, MA) as described (30–32). HIV-1-specific CD4� T cell
responses in cryopreserved PBMC samples were also measured
by the same method except with p24 whole-protein stimulation
at 5 �g�ml (Protein Sciences, Meriden, CT; refs. 29 and 30).
Background control frequencies were low (mean � 0.14% for
control TK� vaccinia virus construct and 0.09% for baculovirus
extract control). Antigen-specific frequencies were obtained by
subtracting background response and were expressed as percent
of CD3, CD8 or CD3, CD4 double-positive cells, respectively. A
response was considered positive if it was greater than one
standard deviation above the distribution of control conditions
(standard deviation for TK construct was 0.14% and for bacu-
lovirus extracts was 0.08%). The total HIV-1-specific CD8� T
cell response was calculated by summing the positive responses

specific for HIVIIIB Env-gp160, Gag-p55, RT-Pol, and Nef. The
breadth of the HIV-1-specific CD8� T cell response was ob-
tained by summing the number of different antigen-specific
positive responses.

Virus Isolation and Characterization. Viruses of STI subjects were
isolated by coculturing PBMCs with phytohemagglutinin-
stimulated PBMCs (PHA-PBMCs) from a healthy, uninfected
donor as described (33). Viral stocks were propagated in PHA-
PBMCs, and the coreceptor use was determined by p24 produc-
tion on established cell lines (34).

Neutralizing Antibody Titers. Viral isolates were incubated with
sequential autologous serum samples and neutralization was
monitored in PHA-PBMC. The neutralization titer measured
was defined as the reciprocal of the serum dilution that caused
an 80% reduction in p24-Gag antigen synthesis as described (33,
35). Neutralizing antibodies were also measured with the T cell
line adapted (TCLA) strains HIV-1IIIB, HIV-1MN, and HIV-1SF2

in MT-2 cells (34). Titers in the MT-2 assay were defined as the
reciprocal of the serum dilution at which 50% of cells were
protected from virus-induced killing as measured by Neutral
Red uptake. Stocks of the TCLA strains were prepared in H9
cells as described (34).

Statistical Analysis. Statistical analyses were performed with SIG-
MASTAT 2.03 software (SPSS, Chicago). Tests were matched to
data type and distribution. Statistical analyses included the
Wilcoxon signed-rank test, paired t test, and general descriptive
statistics. P values � 0.05 were considered significant if the
power coefficient was greater than 0.80 with alpha coefficient of
0.05.

Results
Pre-STI Characteristics of Study Subjects. Twelve patients with
chronic HIV-1 infection were enrolled, and the demographics of
these subjects are shown in Table 1. After completion of the
continuous HAART schedule, subject 15 asked to undergo the
STI schedule as a nonrandomized subject. Before initiation of
HAART, the median VL was 42,529 copies per ml (minimum �
700 copies per ml; maximum � 760,000 copies per ml; mean �

Fig. 1. Schematic presenting schedule of structured antiretroviral treatment
interruptions (STI). STI subjects underwent two 4-week-long STIs and one
12-week-long STI. Control subjects remained on HAART. Gray rectangles, STI
periods; White rectangles, on HAART periods.

Table 1. The demographic, immunologic, and virologic profiles of subjects

Patient
no.

Study
arm Age

Ethnicity,
sex

Pre-HAART Pre-STI End of STI Post-STI¶

Coreceptor
usage

CD4
count*

Viral load
(logs)*

CD4
count*

Viral load
(logs)*

CD4
count*

Viral load
(logs)*

CD4
count*

Viral load
(logs)*

1 STI 56 Wh, M 463 4.28 641 �2.60 590 4.68 705 �2.60 R5
2 STI 49 NA, M 450 2.84 478 �2.60 341 3.62 529 �2.60 R5
3 STI 37 Bl, M 271 4.71 425 �2.60 250‡ 4.98‡ 428 �2.60 R5
6 STI 44 Wh, M 487 5.34 728 �2.60 539 5.07 793 3.05 R5
7 STI 56 Wh, M 379 na 779 �2.60 543 4.44 801 �2.60 R5

10 STI 44 Wh, M 352 4.53 556 �2.60 345 4.48 333§ 4.77§ R5�X4
12 STI 49 Wh, M 21 5.88 363 �2.60 224‡ 5.02‡ 333 3.40 R5�X4
11† STI 44 Bl, F na na nd �2.60 nd† nd† nd† nd† nd†

15 Cntrl, STI 54 Wh, M 576 na 851 �2.60 730 3.96 723 3.31 R5
4 Cntrl 45 Wh, M 329 na
8 Cntrl 54 Bl, M 326 5.27
9 Cntrl 38 Wh, M na na

Wh � caucasian, NA � Native American, Bl � Black, M � male, F � female, na � not available, nd � not tested.
*CD4� T cell counts are measured in units of cells per �l, and viral loads are in units of log10 (RNA copies per ml).
†Subject withdrew consent at week 6 and could not be included in analysis.
‡Subjects did not complete final 12-week STI. Parameters were measured at last time point before returning to HAART.
§Subject remains off HAART for 30 weeks after the end of the final scheduled STI, and values represent most recent measurements off HAART.
¶Post-STI values represent measurements taken between 38 and 64 weeks from enrollment.
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180,000 copies per ml; 95% confidence interval (CI) � 309,168
copies per ml) and the median CD4� T cell count was 414
cells��l (minimum � 21 cells per �l; maximum � 576 cells per
�l; mean � 374 cells per �l; CI � 142 cells per �l) in STI subjects
(Table 1). These subjects received HAART for at least 1.6 years
(median 2.7 years) before enrollment in this study. During
HAART, the median CD4� T cell count increased from pre-
HAART level to 598 cells per �l (P � 0.001; power � 0.998;
paired t test). The VL was suppressed to �400 copies per ml for
a minimum of 1.1 years before initiating STI (median 2.0 years;
Table 1).

Study Intervention and Adverse Events. Three STI subjects did not
complete the full 28-week STI schedule. Subject 11 had rash with
hives upon resuming her antiretroviral drug regimen (lamivu-
dine, stavudine, and nevirapine) at week 6 and withdrew from
the study. Subject 3 chose to resume HAART at week 20 while
presenting with respiratory symptoms, lymphadenopathy, and an
enlarged left tonsil with exudate and mild erythema. At this time,
his CD4� T cell count had decreased to 250 cells per �l and his
VL had increased to 95,611 copies per ml (Table 1). Subject 12
had increased fatigue, sinus congestion, headache, and myalgias
at week 22. At this time, he met the criterion for HAART
resumption with VL of 103,641 copies per ml. Thus, a total of
eight STI subjects (seven randomized and one nonrandomized)
completed at least 20 weeks of the study and were used in the
analysis of STI.

Viral Loads and CD4� T Cell Counts. Historical HIV-1 RNA deter-
minations and CD4� T cell counts garnered from clinical records
were used to establish pre-HAART baselines (Fig. 2, Table 1).
RNA determinations were not available for subjects 7 and 15.
During the first STI, seven of eight subjects experienced VL
rebound. Subjects 3, 6, 7, 10, 12, and 15 had VL rebound greater

than 10,000 copies per ml during the first STI. Subjects 2, 3, 6,
10, and 12 had a VL peak measured between study weeks 19–24
during the last STI. As a group with some individual variation,
VL returned to pre-HAART baseline levels by the end of the last
STI (P � 0.35; power � 0.054; paired t test). VL was resup-
pressed to a low level after return to HAART post-STI in all
subjects.

During STI, the CD4� T cell counts decreased. Subjects 1, 3,
6, 12, and 15 had CD4� T cell counts decrease after the first two
STIs. By the end of the last STI, all subjects had declines in CD4�

T cell counts. Importantly, in no case did the levels fall consis-
tently below pre-HAART baseline, and the CD4� T cell count
never fell consistently below 200 cells per �l (Fig. 2, Table 1). In
subjects 3 and 12, the CD4� T cell percentage decreased �50%
from pre-STI level (data not shown). In all eight of the STI
subjects the CD4� T cell levels returned to pre-STI levels after
resumption of HAART (P � 0.94; power � 0.050; paired t test).

Effect of STI on HIV-1-Specific Cellular Immune Responses. STI had
little effect on HIV-1-specific CD4� T cell responses in this
cohort. In all subjects, CD4� T cell responses were below
detection before STI and remained so over the vast majority of
time points during STI (data not shown). Of note, the HIV-1-
specific CD4� T cell responses were measured from cryopre-
served PBMC samples, and may not have been optimal for
measuring lower-level CD4� T helper responses expected to be
found in chronically HIV-1-infected subjects. The effect of STI
on the HIV-1-specific CD8� T cell responses is shown in Table
2. Before STI, HIV-1-specific CD8� T cell responses were
generally low or undetectable. The mean total HIV-1-specific
CD8� T cell percentage was 0.30% of CD8� T cells (CI �
0.34%). The breadth of the response was also low with a mean
breadth of 1.13 antigens (CI � 1.13 antigens; data not shown).
These results are consistent with the decrease of HIV-1-specific
CD8� T cell responses to a low level on HAART (8–11, 27).

Fig. 2. Longitudinal follow-up of HIV-1 plasma RNA levels and CD4� T cell levels in eight chronically HIV-1-infected individuals undergoing STI. Time of
follow-up was in weeks after initiation of first treatment interruption. HIV-1 plasma RNA, and CD4� T cell counts are presented along the left and right y axes,
respectively. If measurements were available, tabs on the left and right y axes represent pre-HAART baseline for HIV-1 plasma RNA level and CD4� T cell count,
respectively. Gray rectangles, STI periods; White rectangles, on HAART periods.
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During STI, the percentage of HIV-1-specific CD8� T cells
increased markedly to a maximum of greater than 2.5% of CD8�

T cells in five subjects. The total HIV-1-specific CD8� T cell
frequency was lower (�0.50% of CD8� T cells) in subjects 3 and
12 at time of withdrawing from STI and returning to HAART.
The mean total HIV-1-specific CD8� T cell percentage and
breadth by the end of the last STI were 1.77% (CI � 1.04%) and
3.33 antigens (CI � 0.86 antigens). Compared with pre-STI level,
both the percentage and breadth of the total HIV-1-specific
CD8� T cell response increased significantly by end of the last
STI (P � 0.003 and 0.02, respectively; paired t tests).

Augmented HIV-1-specific CD8� T cell responses were main-
tained (mean magnitude, 0.98% of CD8� T cells; mean breadth,
2.80 antigens; CIs of 0.72% and 1.04 antigens, respectively) up
to 22 weeks after return to HAART in the five subjects for whom
follow-up was available. The increases were significant com-
pared with pre-STI levels (P � 0.03; paired t tests). No significant

increases in HIV-1-specific CD8� or CD4� T cell responses were
measured in control subjects during follow-up (data not shown).

Effect of STI on HIV-1-Specific Neutralizing Antibody Titers. Neutral-
izing antibody titers against T cell line adapted (TCLA) strains
and autologous HIV-1 isolate were measured longitudinally
during follow-up (Table 2). The assessments were made with sera
collected during STI to avoid possible artifacts due to residual
amounts of antiretroviral drugs in the samples. In general, high
titers were observed against all three TCLA strains with no
change in titer during STI. Autologous neutralizing titers were
assessed with virus that was isolated between 3 and 7 weeks after
the initiation of the last STI. Unexpectedly, the isolates were
sensitive to neutralization by earlier autologous serum samples
in seven of eight cases. A spectrum of potencies was observed.
Subjects 2, 6, 7, and 10 had neutralizing antibody titers that were
sporadically detectable, whereas subject 12 had no detectable

Table 2. Effect of STI on HIV-1-specific neutralizing antibodies and CD8� T cells

Patient no. Study week

Nab titer to virus*

Study week

CD8� T cells

Autologous HIV-1IIIB HIV-1MN HIV-1SP2 Total response, %

1 4 25 285 763 858 0 0.47
12 110 351 1,002 444 6 0.84
20 105 264 753 532 16 0.75
24 �256 259 1,150 970 28 2.58
28 100 455 1,762 1,217 41 1.96

2 4 7 398 2,077 1,441 0 0.00
9 — 478 1,189 847 6 0.47

12 150 1,019 3,095 3,837 16 3.03
20 18 406 3,859 2,313 27 2.48
24 10 667 7,632 5,426 31 1.06
28 7 799 6,662 8,564

3 4 7 271 728 805 1 0.00
12 50 1,258 1,485 1,504 16 0.38
20 19 465 377 788 20 —
24 44 325 777 710 43 0.50
28 — — — —

6 4 �4 273 1,985 1,430 �6 0.25
12 5 664 2,307 680 16 —
20 4 316 2,024 900 28 1.01
22 6 602 16,594 598 41 0.67
24 18 919 2,876 1,000
28 20 797 2,434 712

7 4 �4 115 432 1,126 0 0.28
12 18 220 861 3,978 8 0.00
20 — 177 811 2,353 16 0.63
22 — 263 668 2,162 27 1.23
24 7 260 433 3,175 33 0.70
28 17 199 1,070 1,247

10 4 38 282 390 1,040 0 1.23
12 6 359 1,456 841 8 2.52
20 �4 119 1,076 1,209 16 2.89
22 — 31 897 1,994 28 —
24 �4 180 822 —
28 30 — — —

12 4 �4 109 391 472 0 0.00
12 �4 378 630 1,835 6 1.22
20 �4 102 1,006 2,862 16 2.68

22 0.46
15 4 256 83 2,507 452 0 0.14

12 122 130 2,080 997 8 2.66
20 — 75 1,204 4,899 16 2.34
24 210 — — — 27 2.70

*Neutralizing antibodies were measured in either PHA-PBMC (autologous primary isolates) or MT-2 cells (HIV-1IIIB, HIV-1MN, and HIV-1SF2). Dashes represent time
points not tested.
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neutralizing antibody titers against autologous virus. Subject 15
had high neutralizing antibody titers, and subject 3 had moderate
neutralizing titers, against autologous virus at the first STI, which
were maintained in both subjects for the entire study period.
Subject 1 had low autologous neutralizing antibody titers ini-
tially, but these increased to high levels by the last STI (Table 2).

Discussion
Assessing the risks and benefits of STI is the key for deter-
mining whether it can be applied to patients with chronic
HIV-1 infection. This randomized, controlled pilot study of
cyclic STIs in chronically HIV-1-infected subjects showed that
all subjects had VL rebound and CD4� T cell counts decline
during STI. HIV-1-specific CD8� T cell immunity was signif-
icantly augmented during STI and maintained up to 22 weeks
after resumption of HAART, whereas HIV-1-specific neu-
tralizing antibody titers increased in one. However, the
boosted antiviral immunity was not associated with an effect
on VL rebound, during STI, and no changes in HIV-1-specific
CD4� T cell frequency were observed. VL decreased to a low
level and CD4� T cell counts returned to pre-STI levels after
resumption of HAART. No clear therapeutic benefits of STI
were observed in this study, although the procedure was
relatively safe and resulted in increased HIV-1-specific im-
mune responses and temporary periods off continuous
HAART dosing. Although other studies have shown an effect
on HIV-1 rebound after cycles of treatment interruption in
chronically infected subjects, closer analysis must be per-
formed to determine the optimal schedule for reproducing the
effects observed in such cases (28).

Safety is the primary concern in performing STIs. Previous
studies of HIV-1-infected subjects intermittently adherent to
HAART or undergoing STI have shown little risk for selecting
drug-resistant viral strains during interruption periods (15–17,
28, 36). Resumption of HAART after month-long STI results in
VL suppression kinetics similar to those in drug-naive individ-
uals (15–17, 36). However, VL rebounds back to pre-HAART
baseline levels during therapy interruption in the majority of
subjects, suggesting that a single STI may have no effect on the
level of VL rebound (14–17, 19, 37). In the current study, VL
rebound to pre-HAART levels and efficient resuppression of
VL to a low level on resumption of HAART after last STI was
observed, consistent with previous findings (15–17, 28, 36). The
effect of this VL rebound on long-term clinical outcome is
unknown.

Previous studies of asymptomatic, chronically HIV-1-infected
subjects report small change in CD4� T cell levels during short
treatment interruptions lasting 7 to 55 days (17, 28, 36). In the
current study, CD4� T cell levels did not drop after two cycles
of month-long STIs in three of eight subjects. Subjects 3 and 12
had progressive drops during the first two STIs and �50%
declines from pre-STI CD4� T cell baselines during the last STI.
By the end of the final STI, CD4� T cell counts had fallen to
some degree in all subjects. Importantly, on HAART resump-
tion, CD4� T cell counts returned to pre-STI levels in all
subjects. The mechanism of these temporary drops in CD4� T
cell levels and the effect on disease progression need further
analysis. Direct HIV-1-mediated toxicity, activation, and redis-
tribution of these cell subsets into lymphoid tissues, impaired T
cell production, and increased T cell turnover may all play roles
in CD4� T cell declines.

STIs can reverse some of the toxicities associated with pro-
longed HAART treatment (25), but are not free of adverse
events. In addition to CD4� T cell declines, symptoms of primary
HIV-1 infection may recur (38). Two subjects in this study had
physical symptoms during STI. One had mild left cervical
lymphadenopathy with tenderness and an enlarged tonsil with
exudate and mild erythema. A second experienced increased

fatigue, sinus congestion, headache, and myalgias. Both of these
subjects had VL rebound to levels near 105 copies per ml and
CD4� T cell declines. A third subject reported rash and hives,
commonly associated with nevirapine-use in females (39), and
decided to return to HAART. Future studies should take careful
note to watch for adverse physical and psychological events and
to determine whether or not they are associated with the extent
of VL rebound, CD4� T cell decline, HAART regimen, and�or
STI-based anxiety.

There may be some immunological benefits to performing
STI. Preliminary, supportive information has been gained from
chronically HIV-1-infected patients who interrupted treatment
either to reduce adverse events or for treatment holiday (28, 29).
In these subjects, HIV-1-specific CD4� and CD8� T cell re-
sponses increase significantly (28, 29). In prospective studies of
chronically HIV-1 infected subjects undergoing month-long STI,
not all subjects had increases in antiviral CD8� T cell responses
(27, 36). Similarly, after the first STI in our study two of eight
subjects had definitive increases in HIV-1-specific CD8� T cell
responses. After three cycles of STI, CD8� T cell responses had
increased significantly in all eight subjects. The magnitude of
these increases varied from subject to subject. The augmented
CD8� T cell responses were maintained for up to 22 weeks after
STI, but as yet there are no predictive indicators of which
subjects are most likely to mount stronger CD8� T cell responses
after STI.

We did not observe increases in HIV-1-specific CD4� T cell
responses in this cohort. The absence of detectable increases in
anti-HIV-1 CD4� T cell cytokine responses from cryopreserved
samples suggests that the CD4� T cell responses were either
weak or undetectable in this cohort. Although some subjects are
able to augment HIV-1-specific CD4� T cell responses, not all
chronically infected subjects have sustained CD4� T cell re-
sponses after STI (28, 36). Additionally, the lack of complete
viral load suppression to below detection between month-long
STI periods in some study subjects may have also contributed to
the lack of observed increases in HIV-1-specific CD4� T cell
responses, which have been noted to rise upon efficient sup-
pression of VL (28).

Interestingly, STI may also affect the HIV-1-specific humoral
response. Neutralization titers against autologous HIV-1 isolates
increase in some early-treated subjects interrupting HAART,
but the effect of STI on humoral responses of chronically
infected subjects is poorly understood (20). Seven of our subjects
had detectable neutralization titers, suggesting that the neutral-
izing antibody response continues to mature in chronically
infected subjects during HAART, whereas the neutralization
determinants of the virus remain relatively constant because of
the suppression of virus replication. Two subjects did maintain
moderate to high neutralization titers throughout longitudinal
follow-up against viral isolates obtained from the end of the third
STI period, strongly suggesting that there is little risk of selecting
neutralization escape variants in an STI regimen. In fact, just the
opposite may occur, as one chronically infected subject mounted
a humoral response with increased neutralization potential
against autologous HIV-1 strains. Therefore, a minority of
chronically HIV-1-infected subjects may augment neutralization
titers in response to STI, whereas the majority of subjects seem
to have little or no changes. It is not possible to rule out that if
humoral immunity could be augmented, the outcome of STI may
be different.

In the current study, we did not observe an effect on VL
rebound after three STIs, perhaps because of the lack of
detectable increase in antiviral CD4� T cell responses required
for CD8� T cell function, or the lack of increase in neutralizing
antibody titers in the majority of subjects, or due to a STI
schedule that may not have been optimal for observing immune-
mediated control of viral replication after STI. Whether an
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effect on VL would have been observed had the patients
remained off therapy for a longer duration, upon additional
STIs, or after longer on-HAART ‘‘rest’’ periods cannot be
determined. Predictive indicators of which chronically infected
subjects are most likely to benefit from STI are still needed.

In conclusion, we observed a significant augmentation in
HIV-1 immunity after three cycles of STI. The magnitude of the
augmentation of antiviral CD8� T cell responses and neutral-
ization titers varied, and CD4� T cell counts and VL did not
seem to be a predictor. STI, however, came at a cost. VL rebound
occurred and CD4� T cell levels declined during STI, but were
reversible upon HAART resumption. Despite augmented anti-
HIV-1 immunity, there was no blunting of VL rebound during
STI. These results suggest that month-long cycles of STI and

HAART were relatively safe but may not impact VL rebound
during prolonged HAART interruption.
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