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Abstract

 

Background.

 

In most subjects infected with
human immunodeficiency virus type 1 (HIV-1), clinical or
laboratory evidence of immunodeficiency develops within
10 years of seroconversion, but a few infected people re-
main healthy and immunologically normal for more than a
decade. Studies of these subjects, termed long-term sur-
vivors, may yield important clues for the development of
prophylactic and therapeutic interventions against the ac-
quired immunodeficiency syndrome.

 

Methods and Results.

 

We studied 10 seropositive
subjects who remained asymptomatic with normal and
stable CD4

 

�

 

 lymphocyte counts despite 12 to 15 years
of HIV-1 infection. Plasma cultures were uniformly neg-
ative for infectious virus. However, particle-associated
HIV-1 RNA was detected in four subjects with a sensitive
branched-DNA signal-amplification assay, whereas in five
others the levels of HIV-1 RNA were too low to detect. In-
fectious HIV-1 was detected in peripheral-blood mononu-
clear cells (PBMC) of three subjects by standard limiting-
dilution cultures, and infectious virus was recovered from

another subject with use of a CD8-depleted culture. The
other six subjects had no detectable infectious virus in
their PBMC. A quantitative polymerase-chain-reaction as-
say revealed that all subjects had detectable but low titers
of viral DNA in PBMC. Overall, the viral burden in the
plasma and PBMC of long-term survivors was orders of
magnitude lower than that typically found in subjects with
progressive disease.

There was no in vitro evidence of resistance by host
CD4

 

�

 

 lymphocytes to HIV-1 infection. However, long-
term survivors had a vigorous, virus-inhibitory CD8

 

�

 

 lym-
phocyte response and a strong neutralizing-antibody re-
sponse. In two subjects the kinetics of viral replication
was consistent with the presence of a substantially atten-
uated strain of HIV-1.

 

Conclusions.

 

Subjects who remain asymptomatic for
many years despite HIV-1 infection have low levels of
HIV-1 and a combination of strong virus-specific immune
responses with some degree of attenuation of the virus.
(N Engl J Med 1995;332:201-8.)
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T

 

HE natural history and pathogenic processes of
human immunodeficiency virus type 1 (HIV-1) in-

fection are complex and variable, and they depend on
a multitude of viral and host factors and their interac-
tions.

 

1

 

 Host factors may result in a variable susceptibil-
ity to HIV-1 infection and its pathogenic effects, where-
as variation in the virus may account for differences in
virulence and disease progression. Although symptoms
related to the acquired immunodeficiency syndrome
(AIDS) or laboratory evidence of immunodeficiency de-
velops in a majority of infected persons within 10 years
of seroconversion,

 

2-5

 

 a small number (approximately
5 percent) of infected persons, termed long-term survi-
vors or persons with long-term nonprogressive disease,
have remained clinically healthy and immunologically
normal for more than a decade.

 

6-11

 

 These long-term
survivors have recently become the subject of intensive

investigation, because they may yield important infor-
mation on the determinants of nonprogression that
may be useful in designing new interventional strate-
gies to contain the disease.

To obtain a balanced view of the pathogenic process-
es in long-term survivors, we examined host, immuno-
logic, and virologic factors in a cohort of 10 subjects
who have remained asymptomatic with normal and sta-
ble CD4

 

�

 

 lymphocyte counts despite 12 to 15 years of
HIV-1 infection.

 

M

 

ETHODS

 

Study Subjects

 

Ten HIV-1–seropositive subjects from the New York metropolitan
area were referred to us because they met our working definition of
long-term survivors of HIV-1 infection: they had no symptoms, nor-
mal and stable CD4

 

�

 

 lymphocyte counts, no prolonged use of anti-
retroviral agents, and at least 12 years of infection. The general clin-
ical characteristics of the cohort are summarized in Table 1. The
subjects ranged in age from 38 to 47 years, and all but one were men.
Seven were infected through homosexual contact, two were infected
through intravenous drug use, and the one woman was infected het-
erosexually. Their CD4

 

�

 

 lymphocyte counts have been consistently
in the normal range, with no decline over time. The duration of
HIV-1 infection was documented by the date of seroconversion in
three subjects (Subjects 1, 4, and 9) who participated in a prospective
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study of the natural history of the disease at the New York Blood
Center. Subject 7 had given birth to an infected child 13 years before
the start of our study, and Subject 8 had had unexplained hypergam-
maglobulinemia and lymphoid hyperplasia on biopsy 15 years before
the study began. The duration of infection in the other subjects was
determined on the basis of the year in which they discontinued high-
risk behavior, such as intravenous drug use (Subjects 2 and 5) or un-
protected homosexual sex (Subjects 3, 6, and 10). None had received
antiretroviral agents for a prolonged period, although some had re-
ceived short courses of zidovudine (Subjects 2 and 7), didanosine
(Subject 2), or recombinant gp160 (Subject 3). No subject was receiv-
ing antiretroviral therapy at the time of this study. As Table 1 shows,
these long-term survivors had a range of HLA class I and II pheno-
types as determined by standard serologic typing (Blood Systems
Laboratory, Scottsdale, Ariz.), indicating that they did not share a
common HLA type. In addition, the 10 subjects were not found to
have epidemiologic features in common.

 

Quantitation and Isolation of HIV-1

 

Infectious HIV-1 in plasma and peripheral-blood mononuclear
cells (PBMC) was quantitated as described elsewhere.

 

12-14

 

 Particle-
associated RNA in plasma was quantitated with a modification of the
branched-DNA signal-amplification assay,

 

15,16

 

 with freshly collected
samples. This ultrasensitive assay has a typical detection limit of
approximately 630 copies of RNA per milliliter of plasma.

 

17 

 

HIV-1
DNA in PBMC was quantitated by the polymerase chain reaction
(PCR) as described elsewhere.

 

18

 

 Briefly, proviral DNA was initially
studied with limiting dilutions to a point at which less than 25 per-
cent of the resulting PCR products were positive. The number of
proviral copies was then estimated by the formula

 

 �

 

ln(F), where F is
the fraction of negative reactions, assuming that the incidental ap-
pearance of positive PCR products follows a Poisson distribution. Ap-
propriate positive and negative controls were included in all quanti-
tative assays.

When the initial attempt to isolate HIV-1 was unsuccessful, subse-
quent attempts were made with up to 5 million PBMC that had been
subjected to CD8

 

�

 

 lymphocyte depletion with immunomagnetic
beads (Dynal, Great Neck, N.Y.).

 

Susceptibility of PBMC from Long-Term Survivors to HIV-1 
Infection in Vitro

 

To assess the susceptibility of cells from long-term survivors to
HIV-1 infection in vitro, PBMC (2 million cells) from each of eight
study subjects (all except Subjects 1 and 9) and two normal controls
were inoculated with 3000 median tissue-culture infective doses
(TCID

 

50

 

) of the HIV-1 isolate JRCSF.

 

19

 

 The cultures were then
washed extensively on the second day, and the expression of p24 an-
tigen in the supernatant was determined by an immunoassay (Abbott
Laboratories, Abbott Park, Ill.) on days 4, 7, and 14 of culture. Sim-
ilar experiments were carried out in parallel with PBMC that had

been largely (

 

�

 

98 percent) depleted of CD8

 

�

 

 lymphocytes by the
immunomagnetic-bead method. In these experiments as well as those
described immediately below, PBMC from subjects with progressive
disease could not be studied in parallel for comparison, because such
cells harbor another infectious isolate of HIV-1 that would have
clouded the interpretation of the results.

 

HIV-1–Inhibitory Activity Mediated by CD8

 

�

 

 Lymphocytes

 

A series of experiments were conducted to quantitate the inhibitory
activity of CD8

 

�

 

 lymphocytes on HIV-1 replication in CD4

 

�

 

 lym-
phocytes. CD4

 

�

 

 and CD8

 

�

 

 lymphocytes were each purified (to 98
percent purity) from PBMC of long-term survivors and normal con-
trols with immunomagnetic beads. CD4

 

�

 

 lymphocytes were then
stimulated for three days by the addition of phytohemagglutinin (2 

 

m

 

g
per milliliter), and CD8

 

�

 

 lymphocytes were stimulated for three
days with an anti-CD3 monoclonal antibody (12F6), irradiated allo-
geneic feeder cells, and interleukin-2 (100 units per milliliter). Two
million CD4

 

� 

 

lymphoblasts were then inoculated with 3000 TCID

 

50

 

of the JRCSF isolate alone or together with variable numbers of au-
tologous activated CD8

 

�

 

 lymphocytes (from 1 million down to 320
in fivefold dilutions). The expression of p24 antigen in the culture su-
pernatant was monitored periodically during the ensuing 14 days.

 

Neutralizing Activity of Plasma against Primary HIV-1 
Isolates

 

Serial dilutions of plasma samples from nine long-term survivors
(all subjects except Subject 1) and four subjects with progressive dis-
ease were tested for neutralizing activity against a panel of 13 pri-
mary HIV-1 isolates (each containing 100 TCID

 

50

 

) obtained after
short-term culture of PBMC from long-term survivors or from U.S.
patients who had the acute infection syndrome, were asymptomatic,
or had AIDS. The assays were performed according to a published
protocol,

 

20,21

 

 with 2 million activated PBMC from a normal donor
used as target cells and the expression of p24 antigen in the superna-
tant used as a measure of HIV-1 replication. Extreme care was taken
to ensure the complete removal of all added plasma from the cultures
before the measurement of p24 antigen, because residual plasma
might contain anti-p24 antibodies capable of interfering substantially
with the p24 antigen assay, resulting in false evidence of virus neu-
tralization.

 

Kinetics of Replication and Cytotoxicity of HIV-1 Isolates

 

HIV-1 was successfully isolated from the PBMC of three subjects
(Subjects 8, 9, and 10) by a standard procedure,

 

12-14

 

 whereas in a
fourth (Subject 7) isolation required CD8

 

�

 

 lymphocyte depletion.
The kinetics of replication in 2 million PBMC from a normal donor
was determined for each viral isolate (3000 TCID

 

50

 

) by serial moni-
toring of p24 antigen expression in the culture supernatant, as de-
scribed elsewhere. Viral cytotoxicity in purified cultures of CD4

 

�

 

*IV denotes intravenous, and ND not done. 

†Each subject is identified by a number and a symbol, which is also used in Figures 1, 2, and 4.

 

Table 1. Clinical Characteristics of Long-Term Survivors.

 

*

 

S

 

UBJECT

 

†
A

 

GE

 

 (

 

YR

 

)/
S

 

EX

 

R

 

OUTE

 

 

 

OF

 

I

 

NFECTION

 

R

 

ANGE

 

 

 

OF

 

 CD4 C

 

OUNTS

 

(

 

CELLS

 

/mm

 

3

 

)
Y

 

EARS

 

 

 

OF

 

I

 

NFECTION

 

HLA T

 

YPE

CLASS I CLASS II

 

1 (

 

�

 

) 38/M Homosexual sex 600–1200 15 A3; B57; Cw3 DR1,7; DQ(ND)

2 (

 

�

 

) 38/M IV drug use 500–700

 

�

 

12 A24,32; B51,52; Cw1,2 DR15,11,52; DQ6,7

3 (

 

�

 

) 46/M Homosexual sex 560–740

 

�

 

13 A2,3; B7,14; Cw7,8 DR15,6,52; DQ1(6)

4 (

 

�

 

) 40/M Homosexual sex 500–1200 14 A1,2; B51,57; Cw2,6 DR7,11,52,53; DQ7,2

5 (

 

�

 

) 41/M IV drug use 800–1000

 

�

 

12 A2,26; B38;Cw3 DR11,13,52; DQ6,7

6 (

 

�

 

) 38/M Homosexual sex 560–860 12 A2,19; B44; Cw3,5 DR52; DQ1

7 (

 

�

 

) 42/F Heterosexual sex 500–850 13 A1,2; B8,58; Cw3,7 DR15,3,52; DQ6,2

8 (

 

�

 

) 44/M Homosexual sex 400–800

 

�

 

15 A2,24; B18,51; Cw1,7 DR52; DQ1,3

9 (

 

✕

 

) 47/M Homosexual sex 600–1100 14 A11,26; B62; Cw3 DR4,6; DQ(ND)

10 (

 

	

 

) 47/M Homosexual sex 550–850

 

�

 

14 A1,25; B18,37; Cw6 DR15,11,52; DQ6,2
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lymphocytes was assessed by serial counting of viable cells by light
microscopy.

 

14

 

R

 

ESULTS

 

Levels of HIV-1 in PBMC and Plasma

 

The levels of HIV-1 in the PBMC and plasma of
long-term survivors were determined by several tech-
niques. First, plasma cultures were uniformly negative
for infectious virus (

 

�

 

1 TCID

 

50

 

 per milliliter) in tests
of nine subjects involving up to 1 ml of sample (Fig. 1).
However, particle-associated HIV-1 RNA was detect-
able in four subjects (Subjects 4, 6, 8, and 10) by an ul-
trasensitive branched-DNA assay

 

15-17

 

; the values ranged
from 839 to 11,549 copies of RNA per milliliter of plas-
ma. The other five subjects had HIV-1 levels below the
limit of detection of the assay (

 

�

 

630 RNA copies per
milliliter). Overall, the amount of HIV-1 in the plasma
of these nine long-term survivors was orders of magni-
tude lower than that found in subjects with progressive
disease. In our experience,

 

12

 

 asymptomatic persons
with progressive disease had titers of infectious HIV-1
ranging from 5 to 100 TCID

 

50

 

 per milliliter of plasma
(mean, 30), whereas patients with AIDS had titers
ranging from 5 to 5000 TCID

 

50

 

 per milliliter (mean,
about 1000). Similarly, subjects with progressive dis-
ease in a recent study of ours had plasma counts of vi-
ral RNA ranging from 4000 to 90 million copies per
milliliter. The mean values were 580,000 copies per
milliliter among patients with CD4

 

�

 

 cell counts below
200 per cubic millimeter and 71,000 copies per millili-
ter among those with counts ranging from 200 to 500
per cubic millimeter.

 

16

 

Levels of HIV-1 were also determined in the PBMC
of long-term survivors. Infectious HIV-1 was detected

and quantified in three subjects (0.2, 50, and 5 TCID

 

50

 

per million cells in Subjects 8, 9, and 10, respectively)
by a standard limiting-dilution assay

 

12-14

 

 (Fig. 1). In
contrast, seven subjects had no detectable infectious
virus in 10 million PBMC (

 

�

 

0.1 TCID

 

50

 

 per million
cells). These negative results are particularly striking
because in other settings we have isolated HIV-1 from
PBMC at a rate approaching 100 percent.

 

12-14

 

 There-
fore, additional attempts to recover infectious HIV-1
were made with 2 million to 5 million PBMC depleted
of CD8

 

�

 

 lymphocytes, because this maneuver has been
shown to improve the efficiency of HIV-1 isolation.

 

22-25

 

The cultures for Subjects 1 through 6 remained nega-
tive, although an HIV-1 isolate was obtained from Sub-
ject 7 by this method (data not shown).

The amount of HIV-1 proviral DNA in the PBMC of
long-term survivors was determined by an established
method of quantitative PCR.

 

18

 

 As Figure 1 shows, all
the subjects had detectable viral DNA, but the copy
numbers were generally quite low, ranging from 10 to
100 copies per million PBMC, except in Subjects 9 and
10, who had 296 and 1783 copies per million PBMC,
respectively. These two subjects also had the highest ti-
ters of infectious HIV-1 in PBMC (Fig. 1). Once again,
the amount of HIV-1 in the PBMC of long-term survi-
vors as measured by these two techniques appeared to
be substantially lower than the levels that we

 

12-14

 

 and
others

 

18,26-28

 

 have found in patients with progressive dis-
ease; such patients had a mean infectious titer of about
1700 TCID

 

50

 

 per million PBMC and a mean count of
about 5000 copies of proviral DNA per milliliter.

It therefore appears that in the long-term survivors
we studied, HIV-1 replication is well controlled in vivo.
What accounts for this finding? The experiments de-

 

Figure 1. Levels of HIV-1 in Plasma and PBMC of Long-Term Survivors.
Each symbol represents a study subject, identified in Table 1. TCID

 

50

 

 denotes median tissue-culture infective dose, and bDNA
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branched DNA. The detection limit of the bDNA signal-amplification assay was 630 copies of RNA per milliliter of plasma.
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scribed below pursue three possible explanations: that
these patients’ CD4

 

�

 

 lymphocytes are less susceptible
to HIV-1 infection; that they have stronger HIV-1–spe-
cific immune responses; and that they harbor strains of
HIV-1 that are defective or attenuated.

 

Susceptibility of PBMC from Long-Term Survivors to HIV-1 
Infection in Vitro

 

PBMC from eight long-term survivors (all except
Subjects 1 and 9) and two normal controls were exam-
ined for their in vitro susceptibility to infection by
JRCSF,

 

19

 

 an exogenous strain of HIV-1, since no infec-
tious virus was found in cells from any of the subjects
except Subjects 8 and 10. As Figure 2 shows, the virus
replicated efficiently to high levels (

 

�

 

10,000 pg of p24
antigen per milliliter) in the PBMC of two normal do-
nors, whereas its replication in the PBMC of long-term
survivors was substantially less. In fact, only one cul-
ture (of cells from Subject 4) reached a level of p24
antigen expression 

 

�

 

1000 pg per milliliter. At first
glance, these results suggest that cells from long-term
survivors were more refractory to HIV-1 infection in vi-
tro. However, when the cultures were depleted of CD8

 

�

 

lymphocytes, the remaining CD4-enriched PBMC from
each long-term survivor supported HIV-1 replication at
levels in excess of 1000 pg of p24 antigen per milliliter,
and in five subjects the level exceeded 10,000 pg per
milliliter (Fig. 2). On average, CD8

 

�

 

 lymphocyte de-
pletion produced a 22-fold increase in peak HIV-1 rep-
lication in PBMC from the eight long-term survivors,
as compared with a 3-fold increase in the two normal
controls. Although CD4-enriched PBMC from several

long-term survivors (for example, Subjects 6 and
8) were less efficient in replicating the JRCSF isolate
(Fig. 2), these cells did support the efficient growth of
other primary HIV-1 isolates (data not shown). On the
basis of the findings shown in Figure 2, we conclude
that the CD4

 

�

 

 lymphocytes from long-term survivors
had no gross intrinsic resistance to HIV-1 infection in
vitro. Instead, there is strong evidence to suggest that
CD8

 

�

 

 lymphocytes from these survivors had substan-
tial HIV-1–inhibitory activity.

 

Detection and Quantitation of HIV-1–Suppressive Activity of 
CD8

 

�

 

 Lymphocytes

 

To show conclusively that CD8

 

�

 

 lymphocytes from
long-term survivors indeed mediate potent suppression
of HIV-1 replication in vitro, a series of experiments
were performed in which CD8

 

�

 

 lymphocytes were add-
ed back to the sample. The results of three such exper-
iments are shown in Figure 3. In CD4-enriched PBMC
from a normal donor, the JRCSF strain of HIV-1 repli-
cated efficiently to high levels, and the addition of 320
to 1 million autologous CD8

 

�

 

 lymphocytes resulted in
only slight reductions in viral replication. In contrast,
for Subjects 2 and 5, the addition of autologous CD8

 

�

 

lymphocytes led to marked reductions (by about two
orders of magnitude) in HIV-1 replication. In quantita-
tive experiments of this type, we were able to de-
termine the minimal number of autologous CD8

 

�

 

lymphocytes required to inhibit peak HIV-1 replication
by 90 percent for eight long-term survivors, as fol-
lows: Subject 2, 40,000 CD8

 

�

 

 lymphocytes; Subject 3,
200,000; Subject 4, 200,000; Subject 5, less than 300;

 

Figure 2. Kinetics of Replication of HIV-1 Isolate JRCSF in PBMC and CD8-Depleted PBMC from Eight Long-Term Survivors and Two
Normal Controls.

Each symbol represents a study subject identified in Table 1. Two normal donors are also shown (
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Subject 6, 1 million; Subject 7, less than 40,000; Sub-
ject 8, 200,000; and Subject 10, 200,000. These findings
show that long-term survivors had a quantitatively
greater HIV-1–suppressive response to CD8� lympho-
cytes than did subjects with progressive disease, in
whom 1 million autologous CD8� lymphocytes were
generally required to induce substantial inhibition of vi-
ral replication.22-24 

Neutralizing Activity of Plasma against HIV-1

Having detected evidence of a strong cellular im-
mune response, we next turned our attention to the
neutralizing activity of plasma samples from nine long-
term survivors against a diverse panel of primary
HIV-1 isolates. The results are shown in Table 2. Al-

though primary HIV-1 isolates are known to be rela-
tively resistant to neutralization by antibody and sol-
uble CD4,21,29 plasma samples from our long-term
survivors had broad neutralizing activity in general, es-
pecially when compared with the lack of neutralizing
activity of plasma samples from subjects with progres-
sive disease. These findings suggest that the long-term
survivors had vigorous functional antibody responses
directed against HIV-1.

Characterization of the Biologic Properties of HIV-1 Isolates 
in Vitro

As has been mentioned, infectious HIV-1 could not
be isolated from six subjects despite multiple attempts
using optimal protocols. Nevertheless, HIV-1 was re-

Figure 3. Kinetics of Replication of HIV-1 Isolate JRCSF in Unfractionated PBMC (�) from a Normal Control and Subjects 2 and 5,
as Well as in CD8-Depleted, CD4-Enriched PBMC without CD8� Lymphocytes (�) and with 1 Million (�), 200,000 (	), 40,000 (�),

8000 (�), 1600 (�), and 320 (�) Autologous CD8� Lymphocytes Added Back to the Cell Culture.
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*Subject 1 was not included because of insufficient plasma samples. The control subjects included two asymptomatic carriers with low CD4� cell counts (Subjects A and
B), a patient with AIDS-related complex (Subject C), and a patient with AIDS (Subject D).

Table 2. Effectiveness of Plasma from Long-Term Survivors and Controls with Progressive Disease in Inhibiting 
Infection by Primary HIV-1 Isolates.

SOURCE

OF PLASMA

(SUBJECT)*  PRIMARY HIV-1 ISOLATE

FROM LONG-TERM SURVIVORS FROM PATIENTS WITH ACUTE INFECTIONS
FROM ASYMPTOMATIC 

PATIENTS FROM PATIENTS WITH AIDS

From
Subject 7

From
Subject 9

From
Subject 10 VS RA JP A WM N-70 JRCSF JRFL LS AC

reciprocal of plasma dilution that produced �90% inhibition of HIV-1 infection

Long-term sur-
vivors

2 16 — — — — — — 16 — — — 32 32
3 8 16 — 64 64 64 64 32 32 32 64 256 �256
4 64 — 64 8 64 16 16 128 8 — 32 16 —
5 256 16 8 16 64 256 32 64 16 16 8 64 32
6 256 16 — 64 64 64 64 16 64 256 64 256 �256
7 128 8 — 8 32 32 16 32 — 64 — 64 32
8 16 — 8 16 8 8 128 128 8 64 128 64 8
9 — — — — 256 256 16 256 8 — — — —

10 32 8 — — 32 �64 8 16 — — 16 — 32

Controls with 
progressive 
disease

A — — — — — — — — 8 — — — —
B — — — — — — — — — 8 32 — —
C — — — — — — — — — — — — —
D — — — — — — — — — — — 8 8
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covered from PBMC of three subjects (Subjects 8, 9,
and 10) by a standard method and from a fourth (Sub-
ject 7) by a CD8-depleted coculture. The kinetics of
replication in these four isolates was assessed in normal
activated PBMC, as shown in Figure 4A. The isolates
from Subjects 9 and 10 replicated to levels similar to
that of a wild-type isolate ( JRCSF); in contrast, the
isolates from Subjects 7 and 8 both replicated to max-
imal levels of p24 antigen expression that were below
1000 pg per milliliter, a finding consistent with substan-
tial attenuation of growth. None of the four isolates
were capable of infecting a number of T-cell lines, in-
cluding MT-2 cells, and thus none were considered to
have a syncytium-inducing phenotype. The cytotoxicity
of these isolates against normal purified CD4� lym-
phocytes was also examined in vitro. As Figure 4B
shows, the isolate from Subject 8 had no cytotoxic ef-
fect at all, whereas those from Subjects 7, 9, and 10
were somewhat cytotoxic, though less so than JRCSF,
which is generally not considered to be one of the more
cytotoxic variants among well-characterized HIV-1 iso-
lates. On the basis of these findings, we believe that vi-
ral attenuation was evident in Subjects 7 and 8.

DISCUSSION

In the asymptomatic long-term survivors we have
described, HIV-1 replication appeared to be well con-
trolled, with the viral load in plasma and PBMC orders
of magnitude lower than those typically found in sub-
jects with progressive disease (Fig. 1). Recently, low
levels of HIV-1 in lymphoid tissues of other long-term
survivors have also been reported.30 These findings are
consistent with those of a large number of published re-
ports suggesting that disease progression is driven by
an increasing viral burden.12,14,16,18,26-28,31-33

In eight of our long-term survivors (all except Sub-
jects 9 and 10) there were distinctive virologic features.
Repeated attempts to isolate infectious HIV-1 from six

of the eight subjects were unsuccessful (Fig. 1); in the
other two (Subjects 7 and 8), viral attenuation was ev-
ident (Fig. 4). These findings, coupled with the ex-
tremely low viral loads observed, suggest that these
subjects may not merely represent one extreme end of
the normal distribution of patients with HIV-1 infec-
tion. These eight subjects were phenotypically similar
to the long-term survivor reported by Greenough et
al.11 In contrast, Subjects 9 and 10, who had higher vi-
ral burdens and wild-type–like viruses, were more sim-
ilar to the subjects with long-term nonprogressive dis-
ease studied by Pantaleo et al.,30 who found higher viral
burdens (mean plasma RNA copy number, 70,000 per
milliliter) and obtained higher rates of virus isolation
than those reported here. It is not clear that such sub-
jects, although they meet the current clinical definition
of long-term survivors,6 will not have progressive dis-
ease in the coming years.

We also studied three potential mechanisms that
would account for the low viral load in long-term sur-
vivors: host-cell resistance, strong immunity, and weak-
ened virus. Our study of the CD4� lymphocytes in our
subjects did find efficient replication of HIV-1 in vitro
and the absence of gross intrinsic resistance to the vi-
rus. However, varying degrees of efficiency in viral rep-
lication were observed among the CD4� lymphocytes
from these subjects, as we34 and others35 have seen with
cells from normal donors.

In a manner consistent with an earlier report show-
ing that persons with long-term nonprogressive disease
have higher levels of HIV-1–specific antibodies and
CD8� lymphocytes,36 we found evidence of vigorous
immune responses to HIV-1. Figures 2 and 3 show a
substantial HIV-1–suppressive response by CD8� lym-
phocytes in all the subjects studied. This suppressive
effect of CD8� lymphocytes was not restricted to cells
with HLA compatibility and was more efficient if there
was cell-to-cell contact (data not shown). Therefore, it

Figure 4. Kinetics of Replication (Panel A) and Cytotoxic Effect on CD4� Lymphocytes (Panel B) of HIV-1 Isolates from Long-Term
Survivors and of the JRCSF Isolate (�). 

Each symbol represents a study subject, identified in Table 1. In panel B, 
 denotes a control culture without virus.
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is likely that these CD8� lymphocytes were qualitative-
ly similar to those with the virus-inhibitory characteris-
tics described by Walker et al.22-24 Although the nature
of these inhibitory cells remains elusive, it is known
that clones of cytotoxic T lymphocytes, when activated
in vitro, can mediate similar inhibition.37 Cytotoxic
T lymphocytes that recognize specific HIV-1 envelope,
core, and polymerase products have been detected in
samples of PBMC from Subjects 1 through 7 and 10
(unpublished data).

These long-term survivors also had potent and broad
neutralizing-antibody responses against a diverse panel
of primary HIV-1 isolates (Table 2). This was in dis-
tinct contrast to findings in subjects with progressive
disease29 (and Table 2). The presence of a high level of
neutralizing-antibody activity and a vigorous CD8�

lymphocyte response indicates that the immune system
of the long-term survivors must have been continually
exposed to viral antigens.

We obtained mixed results with respect to HIV-1 at-
tenuation in long-term survivors. Subjects 9 and 10 had
higher viral loads and harbored HIV-1 isolates that
replicated as efficiently as wild-type viruses. In con-
trast, isolates from Subjects 7 and 8 showed markedly
reduced rates of replication in vitro. We speculate that
the degree of viral attenuation may have been even
higher in the subjects from whom we could not isolate
the virus. The viral genome of these long-term survi-
vors is currently being characterized in order to eluci-
date the possible genetic basis of such attenuation. To
date, no evidence of a gross nef defect has been found
in our 10 subjects,38 although one such case has been
identified by others.39 Recently, defects in the NFkB and
Sp1 sites within the viral long-terminal repeats have
been found in two of our subjects (unpublished data). 

Two previous reports strongly support the notion
that viral characteristics have a critical role in long-
term nonprogressive infection. First, Learmont et al.10

described six recipients of blood transfusions from one
HIV-1–infected donor who have remained well and im-
munologically stable despite a decade of infection. The
blood donor has also remained healthy. This cluster of
long-term survivors suggests the possibility that an at-
tenuated virus was transmitted. Second, experiments
carried out by Kestler et al.40 showed that monkeys ex-
perimentally inoculated with simian immunodeficiency
virus with deletions in the nef gene had no signs of dis-
ease and maintained low viral burdens along with nor-
mal CD4� T-cell counts. This study showed conclu-
sively that viral attenuation can result in long-term
nonprogressive infection.

In summary, the long-term survivors we studied had
low levels of HIV-1 in the presence of strong virus-spe-
cific immune responses combined with some degree of
viral attenuation, thereby tipping the balance in favor
of the infected host. The level of virus and the degree
of immunity observed in these subjects could serve as
important guideposts for our therapeutic and prophy-
lactic efforts against AIDS. Ideally, therapies should
aim to reduce the burden of HIV-1 to the levels seen in
long-term survivors or below, and vaccines should at-

tempt to induce the type of immunity found in these
subjects. Most important, perhaps, long-term survivors
of HIV-1 infection provide a ray of hope indicating that
it is possible to live with the virus for prolonged periods
without harm.

We are indebted to the study subjects for their participation, to
R. Koup and J. Moore for helpful suggestions, and to W. Chen for the
preparation of the figures.
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