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Introduction
With the discovery of the relationship
between a high level of plasma HIV-1
RNA and an increased rate of disease pro-
gression (1, 2), therapeutic emphasis in
HIV-1 infection has been to reduce plas-
ma viremia to the lowest level possible.
Treatment with highly active antiretrovi-
ral therapy (HAART) results in a rapid
reduction of plasma viremia in most sub-
jects, and suppression of plasma viremia
can be maintained for more than 3 years
with adherence to the prescribed anti-
retroviral drug regimen. However, the
discovery of a long-lived reservoir of
infectious HIV-1 and evidence for ongo-
ing, low-level viral replication in subjects
on HAART suggest that subjects would
have to take suppressive therapy for
many years to eradicate HIV-1 (3–7).
HAART is not without potential pitfalls.
Adherence to the complex drug regimens
can be difficult, with adverse events caus-
ing serious problems (8, 9). In addition,

HAART is unaffordable for most indi-
viduals in developing countries (10).

We report here on 6 subjects who had
variable adherence to their prescribed
drug regimens. After cessation of drug
therapy, 3 of the 6 subjects temporarily
contained plasma viremia for 4 to more
than 24 months. We have quantified
HIV-1–specific immune responses in
these individuals and show that sup-
pression of viral replication in the
absence of HAART is associated with
strong virus-specific immune responses.

Methods
Subjects. Four of the 6 subjects were
enrolled in trial “313,” which provided
therapy within 120 days of infection
with the combination of ritonavir,
zidovudine, and lamivudine (3TC). The
clinical characteristics of this cohort
have been described elsewhere (11). Sub-
ject no. 12 formally withdrew from the
trial after 15 months. Further follow-up

was limited to visits in December 1997
and September 1998. One subject (no.
3005) was enrolled in trial MMA-197,
which provided therapy within 90 days
of HIV-1 infection with d4T, ritonavir,
saquinavir, and 3TC. The remaining sub-
ject, no. 31, was chronically infected with
HIV-1 (for approximately 27 months)
when enrolled into trial 509. Subject no.
31 was treated with d4T, ritonavir,
saquinavir, and ddI. All studies had eth-
ical approval from the Rockefeller Uni-
versity Institutional Review Board.

Adherence to HAART. Estimates of
adherence are based on the percentage
of total recommended drug doses taken
by the subject during each interval
between visits and calculated by the clin-
ical staff. These estimates were corrobo-
rated with direct subject interviews.

Quantifying plasma HIV-1 RNA. Levels
of plasma HIV-1 RNA were quantified
with an RT-PCR assay (Roche Diag-
nostics Inc., Branchberg, New Jersey,
USA) with a lower limit of detection
of 50 copies/mL (with dilution), or
with a branched DNA assay (Chiron
Corp., Emeryville, California, USA)
with a lower limit of 500 copies/mL
(for subject no. 31).

Immunological measurements. The lim-
iting dilution assay, used for quantify-
ing the HIV-1–specific cytotoxic T
lymphocyte precursor (CTLp) fre-
quency, has been described previously
(12). Results are expressed as
CTLp/106 PBMCs.

The enzyme-linked immunoassay
(ELISPOT), used for quantifying the
release of cytokines from antigen-spe-
cific CD8+ T cells, has also been
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described previously (13). Results are
expressed as spot-forming cells
(SFCs)/106 PBMCs.

From our previous studies of HIV-
1–infected untreated subjects, we have
established a descriptive range of
strength of CTL responses: low (CTLp,
11–50/106 PBMCs; SFC, 10–200/106

PBMCs), moderate (CTLp, 51–100/106

PBMCs; SFC, 201–500/106 PBMCs),
and high (CTLP > 101/106 PBMCs; SFC
>501/106 PBMCs) (11–14).

Isolation and characterization of virus iso-
lates. Viruses were isolated from plasma
by coculture with activated donor
PBMCs (15). Virus stocks were propagat-
ed on stimulated PBMCs. The 50% tissue
culture infectious doses (TCID50) were
determined as described previously (16).

Binding antibody titers. The midpoint
titers of binding antibody to recombi-
nant, monomeric gp120 from the HIV-1
JR-FL strain were determined by ELISA,
as described previously (17). The JR-FL
gp120 protein was a gift from P. Mad-
don (Progenics Inc., Tarrytown, New
York, USA).

Neutralization assay. Neutralization
assays were performed as described pre-
viously (18), with some modifications
(A. Trkola et al., manuscript in prepara-
tion). The calculated inhibitory doses
(serum neutralization titers) are report-
ed as titers and refer to the reciprocal of
the dilution of sera in this final mix-
ture. The titers causing 50% and 90%
reduction in p24 production were
determined by linear regression analy-
sis. If the appropriate degree of inhibi-
tion was not achieved at the lowest
serum dilution (1:50), a value of less
than 1:50 was recorded.

Results
Plasma viremia and adherence to HAART
therapy. Age at study entry, drug therapy,
and pretreatment virological and
immunologic data are shown in Table 1.
Subjects nos. 11 and 12 had a rapid
reduction in plasma viremia, whereas
the rate was slower in nos. 6 and 8 (Fig-
ure 1, a–e; and Figure 2, a–e). Subjects
nos. 6 and 8 were fully adherent to ther-
apy for 13 and 12 months, respectively,
whereas nos. 11 and 12 had begun inter-
mittent dosing by 1 month after start-
ing HAART (Figure 1; and Figure 2, a
and e). At 692DFOSx, subject no. 11 dis-
continued HAART completely. Strik-
ingly, plasma viremia remained low for
more than 12 months (Figure 2a). Sub-
ject no. 12 stopped HAART at 421DFOSx,

after intermittent adherence and a 1-
month temporary discontinuation
(297–325DFOSx) with plasma virus
rebound (Figure 2e). After final discon-
tinuation, he had a transient rebound in
plasma viremia, which was reduced to
fewer than 300 copies/mL without anti-
retroviral drug therapy. Plasma viremia
remained at low or undetectable levels
for longer than 24 months (Figure 2e),
although relatively few sampling points
were available for analysis.

Subjects nos. 6 and 8 were fully adher-
ent to HAART for 1 year or more before
becoming intermittent with dosings.
Subject no. 6 was intermittently adher-
ent to HAART for 2 months and then
discontinued therapy at 514DFOSx. His
viremia remained at fewer than 150
copies/mL for 4 months (514–639DFOSx)
before rebounding to 9 × 104

copies/mL. He resumed HAART at
676DFOSx and remained fully adherent
to the drug regimen for the ensuing 10
months, before final discontinuation at
982DFOSx. His plasma viremia rebound-
ed to around 105 copies/mL by
1026DFOSx (Figure 1a). Subject no. 8 dis-
continued HAART for 1 month at
638DFOSx. Viral replication to a level of 2
× 105 copies/mL was detected at
659DFOSx (Figure 1e) but dropped to low
levels with resumption of therapy. At
865DFOSx, he stopped taking all drugs
owing to acute hepatitis A infection,
and plasma viremia increased to
around 3 × 105 copies/mL (Figure 1e).

Subject no. 3005 was fully adherent
to HAART from 90 to 130DFOSx and was
then intermittent for 1 month. He dis-
continued HAART at 158DFOSx and had
a rebound to 72,133 copies/mL. He
resumed therapy, and viremia was
reduced to 16,193 copies/mL at
228DFOSx (Figure 3c). Subject no. 31
started on HAART therapy in February
1996. He was fully adherent to HAART
for 340 days after initiation of treat-
ment (DFIRx), but he temporarily dis-
continued for 3 days at 340DFIRx. He
resumed drugs at full dosing for 275
days and then discontinued all drugs at
618DFIRx. He resumed HAART at
701DFIRx (Figure 3e).

HIV-1–specific cellular immune responses.
Before treatment, subjects nos. 11 and
12 had broad HIV-1–specific CTL
responses directed to several viral anti-
gens (Figure 2, b and f). In contrast, nos.
6 and 8 had a monospecific-Nef CTL
response (Figure 1, b and f). After start-
ing HAART, decay half-lives (t1/2) for

CTLp ranged from 3 to 8 days, except in
subject no. 8, in whom the t1/2 was con-
siderably slower (Figure 1f).

When subject no. 11 discontinued
HAART at 692DFOSx, he had moderate
to strong Env- and Pol-specific CTLp
responses, which were maintained for
12 months (Figure 2b). Quantification
of antigen-reactive CD8+ T-cell respons-
es using ELISPOT also showed high lev-
els before and after drug discontinua-
tion (Figure 3b). In subject no. 12,
plasma viremia rebounded by 436DFOSx,
and all HIV-1–specific CTL responses
increased (Figure 2f). Plasma viremia
was contained to fewer than 300
copies/mL without HAART (465DFOSx),
and HIV-1–specific CTLp was main-
tained at moderate frequency for longer
than 24 months (Figure 2, e and f).

HIV-1–specific CTLp responses were
at a low level in subject no. 6 but
increased when he became intermittent
with HAART therapy. At the time of
the first HAART cessation (514DFOSx),
he had broad and strong CTLp
responses. These declined, and only a
low Nef-specific CTLp response was
present when viral rebound occurred at
639DFOSx (Figure 1b). CTL responses
increased with this rebound in viremia
(654–696DFOSx). When he stopped ther-
apy for the second time (982DFOSx), his
CTLp responses had declined. Viral
rebound occurred, and all CTLp
responses increased in temporal asso-
ciation. Similarly, HIV-1–specific CTLp
responses were at low or undetectable
levels in subject no. 8 when he stopped
HAART for the first time (638DFOSx).
Viremia was not contained, and he
resumed therapy. He then stopped all
drugs because of acute hepatitis A
(865DFOSx), after which all CTLp
responses transiently fell below detec-
tion (923DFOSx). When viral replication
increased, his Gag-specific CTLp
response also rose (Figure 1f).

Two other subjects (nos. 31 and
3005) failed to contain viral replica-
tion after HAART discontinuation.
Quantification of the HIV-1–specific
CD8+ T-cell response in subject no.
3005 showed a moderate level of HIV-
1 specific SFC at time of intermittent
therapy 130–144DFOSx. After discontin-
uation of therapy, plasma viremia rose
to 72,133 copies/mL (200DFOSx); no
HIV-1–specific CD8+ T cells were
detected (Figure 3, c and d). Subject
no. 31 was fully adherent to drug ther-
apy between 343 and 618DFIRx, and
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HIV-1–specific CD8+ T-cell responses
were low or absent. As in subject no.
3005, viremia was not contained and
antigen-reactive cells were not detect-
ed (Figure 3, e and f).

HIV-1–specific humoral immune respons-
es. Before therapy, subjects nos. 6, 8, and
12 had moderate anti-gp120 binding
antibody titers (midpoint titers of
103–104), whereas subject no. 11 had a
higher titer (>104) (Figure 1, c and g;
and Figure 2, c and g). Subject no. 11
had gradual increases in both gp120
and p24 binding antibody titers during
the first 1–2 years. Anti-p24 titers con-
tinued increasing after HAART discon-
tinuation (Figure 2c). The pattern of
anti-gp120 and gp-p24 responses
observed in subject no. 12 was broadly

similar to that seen in no. 11. Subject
no. 6 had an increase in anti-gp120 titer
to 1:40,000 and a smaller, transient
increase in anti-p24 titer at the time of
peak plasma virus rebound (639DFSOx).
Upon recommencing HAART, anti-
gp120 titers slowly declined to 1:10,000.
At the second discontinuation, anti-
gp120 and anti-p24 binding antibody
titers again increased significantly to
1:275,000 and 1:1,100, respectively. A
broadly similar pattern of binding anti-
body responses was observed in no. 8
(Figure 1, c and g).

Before therapy, neutralizing antibody
titers were undetectable in subjects nos.
6, 8, and 11. After starting HAART, 90%
inhibitory doses of neutralizing anti-
body to pretreatment viral isolates (pre-

ID90) rose in subject no. 6 (from <1:50
to 1:371). The pre-ID90 spiked to
1:2,726 at 639DFOSx when plasma virus
peaked, but afterward, it returned to
moderate levels (1:745) (Figure 1d).
Neutralization titers in subject no. 8
also increased to moderate levels (from
1:72 to 1:652) near the time of
detectable plasma virus despite low
anti-gp120 titers (never >1:5,000) (Fig-
ure 1, g and h). Neutralization titers in
subject no. 12 increased to an unusual-
ly high level of 1:2,868 after the peak in
plasma viremia at 465DFOSx (Figure 2h),
whereas neutralization titers remained
moderate (<1:350) in subject no. 11
(Figure 2d). Of note, the neutralization
antibody titers were lower against post-
treatment viral isolates in all 4 subjects
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Figure 1
Longitudinal study of virological and immunological parameters in subjects nos. 6 and 8. Plasma viremia is shown in a and e. The horizontal bars at
the top of a and e represent the estimation of adherence to HAART. Filled bars reflect full adherence; gray bars intermittent adherence; and open
bars no drug therapy. The frequency of HIV-1–specific CTLp/106 PBMCs is shown in b and f. Binding antibody titers to gp120 and p24 are shown
in c and g. Neutralizing antibody titers to previral isolates (pre-ID90) and postviral isolates (post-ID90) are shown in d and h.



(Figure 1; and Figure 2, d and h), sug-
gesting that some degree of viral escape
from HIV-1–specific humoral respons-
es may have taken place.

Discussion
Three of 6 HIV-1–infected study sub-
jects suppressed plasma viremia for 4 to
more than 24 months after HAART dis-
continuation. This is surprising, as a
majority of subjects who cease HAART
experience rapid viral rebound to
pretherapy levels (19, 20) with rare
exceptions (21, 22). In this study, we
assessed virological and immunological
factors to determine correlates of viral
suppression. The most striking associ-
ation with suppression of plasma
viremia after HAART cessation was the
presence of broad and strong HIV-
1–specific immune responses.

Previous evidence that HIV-1–specif-
ic immune responses contribute to the
containment of HIV-1 replication come
from both in vitro and in vivo studies.
The decline in primary viremia is tem-
porally associated with the HIV-1–spe-
cific CTL response (23, 24), and, in
some individuals who develop CTL
escape mutants in primary infection,
viremia rapidly increases (25). However,
the maintenance of the HIV-1–specific
immune response appears to depend
on antigenic stimulation, and these
responses decline during suppressive
HAART (17, 26–28). In the subjects
studied here, intermittent adherence to
the drug regimen appeared to stimulate
HIV-1–specific immune responses, even
at low levels of plasma viremia. Their
intermittent adherence seems to have
boosted their immune responses by

providing a low but sufficient level of
antigen, thereby increasing the
“immunological set point” — the level
of HIV-1–specific immune response in
equilibrium with viral replication after
seroconversion. This autoimmuniza-
tion would be a powerful stimulus to
boost CTL and antibody responses. The
threshold level of viral replication
required to boost immune responses
seems greater than the low levels of
ongoing replication seen in patients
with plasma viremia levels below detec-
tion (6, 29).

Two patterns of suppression of viral
replication upon HAART discontinua-
tion were noted. In the first, exempli-
fied by subjects nos. 11 and 6, discon-
tinuation was not followed by
immediate viral rebound. Viral sup-
pression lasted for more than 12
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Figure 2
Longitudinal study of virological and immunological parameters in subjects nos. 11 and 12. Plasma viremia, measured by RT-PCR, is shown in a and
e. The horizontal bars at the top of a and e represent the estimation of adherence to HAART. Filled bars reflect full adherence; gray bars intermittent
adherence; and open bars no drug therapy. The frequency of HIV-1–specific CTLp/106 PBMCs is shown in b and f. Binding antibody titers to gp120
and p24 are shown in c and g. Neutralizing antibody titers to previral isolates (pre-ID90) and postviral isolates (post-ID90) are shown in d and h.



months in subject no. 11 and for 4
months in subject no. 6. At the time of
drug discontinuation, broad and
strong HIV-1–specific CTL responses
were present, along with moderate neu-
tralizing antibody titers. In these cases,
we hypothesize that HIV-1–specific
CTL responses were of sufficient
breadth and strength to maintain viral
replication at a low level. In the second
pattern, as seen in subject no. 12, viral
rebound occurred but was contained to
a low level without restarting drug ther-
apy. Neutralizing antibody titers were
boosted to high levels, as were HIV-
1–specific CTL responses. We postulate
that in this case, HIV-1–specific CTL
and neutralizing antibodies controlled
viral replication, and viremia was
reduced to below detection. The autol-
ogous neutralization titer seen in sub-
ject no. 12 was exceptionally high. We
hypothesize that the strength and
breadth of HIV-1–specific immune
responses in subject no. 8 were not suf-
ficient to contain viral replication.

Why did suppression of viral replica-
tion fail in subjects nos. 6, 31, and
3005? In subject no. 6, viremia was sup-
pressed for 4 months and his CTL
responses waned, leaving a low mono-
specific-Nef response. Putative mecha-
nisms for the reduction in frequency or
effectiveness of CTL include virus
escape from CTL recognition (25, 30),
clonal exhaustion, lack of CD4+ help
(31), and anergic antigen-reactive T
cells (32). When subject no. 6 resumed
HAART after breakthrough viremia, his

HIV-1–specific immune responses
again declined, resulting in low CTLp
levels when he stopped again. This may
explain why he failed to control viremia
upon second discontinuation. Subjects
nos. 31 and 3005 had low or absent
HIV-1–specific CD8+ T-cell responses
before HAART discontinuation, failed
to contain viremia, and, interestingly,
had no increase in frequency of HIV-
1–specific SFC with viral rebound.

The majority of patients who are
poorly adherent to their drug regimens
and discontinue drugs fail to experience
prolonged suppression of plasma
viremia as observed in the 3 patients
reported here. Our results suggest that
the patients who contained viral repli-
cation had higher levels of immune
responses than those who did not.
However, it is uncertain how this may
be achieved, and uncontrolled discon-
tinuation of HAART may have serious
consequences, including the develop-

ment of drug resistance. Structured
therapeutic intervention studies
designed to test the hypothesis that the
immunological set point can be
increased and plasma viremia reduced
for prolonged periods should therefore
proceed with caution. Our data also
support the exploration of an alterna-
tive approach: boosting HIV-1–specific
immune responses in HAART-treated
individuals by postinfection therapeu-
tic immunization.
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Figure 3
Longitudinal study of virological and immunological parameters in subjects nos. 11, 3005, and 31. Plasma viremia was measured by RT-PCR (a and c) or
bDNA (e). The horizontal bars at the top of a, c, and e represent the estimation of adherence to HAART. Filled bars reflect full adherence; gray bars inter-
mittent adherence; and open bars no drug therapy. The frequency of HIV-1–specific SFC/106 PBMCs is shown in b, d, and f.

Table 1
Clinical profiles

Pretreatment data

Subject no. Age at baseline Drug regimen Plasma viremiaA CD4 count CD8 count

6 34 Ritonavir, zidovudine, 3TC 39,190 821 801
8 37 Ritonavir, zidovudine, 3TC 17,200 584 800
11 22 Ritonavir, zidovudine, 3TC 24,230 465 612
12 27 Ritonavir, zidovudine, 3TC 22,560 392 440
31 52 D4T, Ritonavir, saquinavir, DDI 84,960B 319 840
3005 31 D4T, Ritonavir, saquinavir, 3TC 72,924 581 596

AMeasured using the RT-PCR assay, which has a lower limit of detection of 50 copies/mL. BMeasured using the
branched DNA assay, which has a lower limit of detection of 500 copies/mL.
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