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Long-Term Human Immunodeficiency Virus Infection in Asymptomatic
Homosexual and Bisexual Men with Normal CD4+ Lymphocyte Counts:
Immunologic and Virologic Characteristics
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Froma prospective cohortstudy,24asymptomatic menwereidentifiedwhohad beenantibody
positive for human immunodeficiency virus (HIV) for at least 5 years(median = 9.1) with CD4+
lymphocyte counts ~400 cells/mm', Of these "nonprogressors," 23 (96%)had evidence of HIV
infectionbyeithermvculture or the polymerase chain reaction(PCR)forHIV DNA,although
only1(4%)had a positive assayforHIVRNA(byPCR)and noonewaspositive forp24antigen.
Compared with 24 antibody-negative men and 14men with AIDS, nonprogressors had higher
CD8+ counts and lower natural killer cellactivity. Nonprogressors had higher132-microglobulin
levels than did seronegative controls, suggesting somedegree ofimmunesystem activation. Com
pared with men with AIDS, nonprogressors seemedto havea strongerantibodyresponse to six
different HI\'-relatedproteinsbut did not differsignificantly in neutralizing antibody or antibody
dependent cellular cytotoxic activity.

Natural history studies of human immunodeficiency virus
(HIV)-infected individuals indicate that duration of infection
is an important determinant of developing AIDS [1-5]. For
example, in our prospective cohort study of homosexual and
bisexual men, the risk of developing AIDS was relatively low
for the first several years, gradually increasing to 54%after
11 years [2]. Among those individuals with long-term infec
tion who had not developed AIDS, some had AIDS-related
conditions (such as oral candidiasis or the presence of
prolongedconstitutionalsymptoms); for example,78%of men
whose estimated year of seroconversion was between 1977
and 1980 had AIDS or AIDS-related conditions [2]. Others
without AIDS or AIDS-related conditions may have a low
CD4+ lymphocyte count; in particular, CD4+ lymphocyte
counts of ~ 200 cells/rum' are associated with the greatest
likelihood of progression to AIDS [3].

Whether all HIV-infected persons will eventually develop
AIDS is unknown. However, some men in our study havebeen
seropositive for HIV antibody for 6-10.5 years and remain
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asymptomatic with normal CD4+ cell counts. We were in
terested in learning more about these "nonprogressors" In par
ticular, the goal of our study was to learn whether subjects
with long-term HIV infection who remained asymptomatic
with normal numbers of CD4+ cells were infected with HIV
and whether they were unique with respect to either their
general immune status or their specific response to HIV in
fection.

Methods

Study subjects. The SanFrancisco City Clinic Cohort consists
of 6705 homosexual and bisexual menoriginally recruited during
1978-1980 for studies of the prevalence and incidence of hepatitis
B [6]. Unused serumspecimens from theseoriginal studies were
frozen andstored. Inourfollow-up studies ofAIDS andHIV infec
tion[2, 7], weattempted to contact allofthesemen.We tested cur
rentandstoredserum samples from those whoagreed to participate
for HIVantibody. Persons whowere negative for HIVantibody or
whose dateof seroconversion could be well characterized were en
rolled inourprospective studies, which include anannual interview,
physical examination, andlaboratory evaluation. Dateof serocon
version was estimated using previously described techniques [2,7].
Wedefined AIDS-related conditions as oral candidiasis; hairyleu
koplakia; prolonged idiopathic fever, night sweats, or diarrhea; or
involuntary weight lossof>4.5kginpersons nototherwise meeting
therevised Centers for Disease Control AIDS surveillance case defini
tion [8].

In thelaboratory usedat thetimethisstudy was done, thenormal
range for CD4+ cellswas 408-1583 cells/mm'. For the purpose of
this analysis, we defined a nonprogressor as a study subject with
documented seropositivity forHIVantibody forat least5 years, ab
sence of AIDS or AIDS-related conditions, an absolute CD4+ lym-

 at Penn State U
niversity (Paterno L

ib) on Septem
ber 16, 2016

http://jid.oxfordjournals.org/
D

ow
nloaded from

 

http://jid.oxfordjournals.org/


960 Lifson et al. JID 1991;163 (May)

phocyte count of ~400 cells/mm", no history of taking antiviral
drugssuchas zidovudine, andabsenceofother seriousmedical con
ditions that mayhave resulted in immunodeficiency. Between May
1988andMay1989, weenrolled24 subjectswhometthesecriteria;
6 were asymptomatic with only generalized lymphadenopathy and
18 had no signs or symptoms of HIV infection. We includedmen
withgeneralized lymphadenopathy because many prospective studies
haveshownthat amongHIV-infected subjects, the presenceor ab
senceof lymphadenopathy is notassociated withan increased likeli
hood of progression to AIDS [1, 3, 9].

Forcomparison, weevaluated twocontrolgroups drawnfromsub
jects in our prospective study: men with AIDS and men who were
seronegative for HIVantibody. Tocontrol for durationof infection,
those with AIDSwhohad documented seropositivity for HIV anti
body for ~5 years were chosen; subjectswhosemedicalcondition
precluded thedrawing oflargeamounts ofbloodwere excluded. Four
teen wereenrolled; seven had a history of at leastoneopportunistic
infection diagnostic of AIDS (usually Pneumocystis carinii pneu
monia)andsevenhadKaposi's sarcomaas their onlyAIDS-defining
illness. The median time between AIDS diagnosis and evaluation
in thisstudywas11 months (mean, 14;range,3-28). All 14reported
either past or current use of at least one antiviral drug: zidovudine
in 13 (in some cases in addition to other therapies) and AL-721,
dextran sulfate, andinterferon-S in theother. Seronegative men,who
had been evaluated for HIV antibodyon multiple occasions, were
recruitedfromour studyto approximately equal the numberofnon
progressors; 24 such were enrolled.

Controlsubjects wereseenduring the sametimeperiodas cases.
Allwerereevaluated witha physical examination aspartofthisstudy,
after which fresh blood wasdrawn for the assays describedbelow.

Laboratory evaluation. Tohelpdetermine whetherdetectable vi
rus waspresentin thenonprogressors, peripheral bloodmononuclear
cells (PBMC) werecultured for HIV and evaluated for HIV DNA
bythepolymerase chainreaction (PCR). Tohelpdetectvirus-related
components potentially representing replication, samples wereevalu
ated forHIVRNAbyPCR and forp24 antigen.Toevaluate general
immunestatus, bothnonprogressors and all controlswereevaluated
for T lymphocyte subsets, .8z microglobulin, and naturalkiller cell
(NK) activity. Toevaluate the antibody response to HIV, all sero
positive subjects were evaluated for neutralizing antibody (NA),
antibody-dependent cellular cytotoxicity(ADCC)activity, and an
tibody response to six different core-, polymerase-, and envelope
related proteins.

Antibody. Serum specimens were tested for HIV antibody by
ELISA (OrganonTeknika, ResearchTriangle Park, NC); ELISA
reactivespecimens wereconfirmedby the immunofluorescence as
say (IFA) [10].

Tlymphocyte subsets. Testing wasdoneon cellsobtainedbythe
whole blood lysis method (Q-Prep; Coulter Diagnostics, Hialeah,
FL) stained usingmonoclonal antibodies. Percentages of CD4+ and
CD8+ cells were determined by flow cytometric procedures using
an EPICS profile (Coulter). Absolute numbersof CD4+ and CD8+
cellswerecalculated, basedon total anddifferential white cellcounts
and the percentage of lymphocytes with T cell markers.

.8z-microglobulin. Serum concentrations of .8z-microglobulin
were measuredusing a quantitativecompetitive enzyme immuno
assay according to the manufacturer's protocol (Pharmacia Diag
nostics, Piscataway, NJ).

NK activity. NK activity was measured by assaying the ability

ofthe subject's PBMCto kill the NK-sensitive cell line K562, using
a 51Cr releaseassay [11]. Fresh PBMCwere incubatedwith [51Cr]
labeledcellsat effector-to-target (E:T)ratiosof50:1, 25:1, 12:1, and
6:1. After incubation for 4 h at 37°C in 5% COz, 0.1 ml of super
natant fluid was removed from each well and counted in a gamma
counter. Spontaneous and maximum release of 51Cr wasdetermined
by incubating the mediumaloneor with 1% TritonX, respectively.
Results were expressed as lytic units/Iff cells, calculated accord
ing to the formula of Pross et a1. [12].

HW culture. HIV was isolated by cocultivation of 1 x 106

PBMC from study participantswith 1 x 106 phytohemagglutinin
(PHA)-stimulated PBMCfromhealthy seronegative donors. Every
week, fresh PHA-stimulated donor PBMCwereadded to each cell
pellet, andsupernatant fluids wereassayed forp24antigen. Antigen
negative cultures were kept for 32 days. The presence of virus in
culturefluids wasconfirmed byassay for reverse transcriptase(RT).

PCRforHW DNA. Aspreviously described, samples weretested
induplicate forHIVDNAusingtwosetsofprimerpairs,complemen
tary to two different, conservedgag regions of the viral genome:
SK38/39and SK 101/145 [13]. After 30 cycles of amplification, the
amplified productwasdetectedbyoligomerhybridization usingone
of two radiolabeled probes: SK19 (corresponding to SK38/39) and
SK102 (corresponding to SK101/145).

PCRfor HW RNA. Samplesweretestedfor HIVRNAas previ
ouslydescribed[14]. Afterextraction of RNAandreverse transcrip
tion, the complementary DNA product was amplified (35 cycles)
and detectedusinga p32 end-labeled probe (SK19) specific for the
gag gene region SK38/39.

p24 antigen. The presence of p24 antigen was detected using
a commercialsandwich-type enzyme immunoassay that used mu
rine monoclonal antibody (anti-HIV core antigen) coated onto
microwell strips(Coulter). Reactive specimens wereconsidered posi
tive if the reaction could be specifically neutralized by ~50%.

NA. NA titers were evaluated using monolayers of an HIV
sensitive MT-2 cell line and a standard HTLV-IIIB strain in in
dividualwellson a microtiterplate [15]. Plates were incubatedfor
5-6 days,withformation of HIV-induced microplaques. Propidium
iodide-stained microplaques were visualized by placing the plate
on an ultraviolet lightboxandcountedthrougha stereomicroscope.
Results were expressed as the dilution of serum at which 50% of
the plaque-forming units were neutralized (i.e., 50% reduction in
plaquecount relative to the average count in controlwells).Results
were interpolated using a curve fit to the data points by nonlinear
least squares regression analysis.

Subunit-specific HWantibodies. Serumspecimens wereassayed
for antibodies to six recombinant DNA-derivedantigens. Twopro
teins (p24 and p55) corresponded to the gag region of the viral
genome, one (p31/66) to the pol region, and three (gp41, NHz
terminal componentof gp120, and COOH-terminal componentof
gp120) to the env region. Testing was done at a serum dilution of
1:100 usingan enzymeimmunoassay (Antibody SubunitQuantita
tion; BeckmanInstruments, Diagnostic Systems Group, Brea, CA)
witha goatanti-human IgGconjugated to alkaline phosphatase [16].
Results were expressed as optical density (OD) readings.

ADCC activity. As previously described, ADCC activity was
evaluated usingheat-inactivated sera incubatedwith a 51Cr-labeled
cell line (C5D7) chronicallyinfectedwithHIV [17]. Sera fromeach
donor wereassayed at a finalconcentrationof 1:10 and 1:100. Fresh
PBMC from healthyvolunteers were used as effectorcells at E:T
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Table 1. T lymphocyte subsets, ~2-microglobulin, and natural killer cell (NK) activity for nonprogressors, men with AIDS, and
seronegative controls.

P, P,
Nonprogressors AIDS Seronegatives nonprogressors nonprogressors

Parameter (n = 24) (n = 14) (n = 24) vs. AIDS vs. seronegative

CD4 + count, cells/mm-
Median (mean) 641 (746) 58 (97) 962 (960) <.001 .01
Range 422-1427 11-516 549-1666

CD8+ count, cells/rum-
Median (mean) 1036 (1114) 584 (676) 552 (616) .009 <.001
Range 706-2137 98-1594 319-1181

CD4+:CD8+ ratio
Median (mean) 0.62 (0.72) 0.07 (0.14) 1.60 (1.65) <.001 <.001
Range 0.29-1.51 0.03-0.52 0.91-3.05

P2-microglobulin, mg/l
Median (mean) 2.47 (2.73) 3.81 (4.10) 1.47(1.61) .002 <.001
Range 1.46-5.17 2.44-9.01 1.00-4.82

NK, lytic units/IO? cells
Median (mean) 27 (46.8) 87 (119.0) 89 (102.2) .03 .02
Range 3-150 18-556 10-556

ratios of 50:1, 25:1, 12:1, and 6:1. Cells were incubated and har
vestedas for NK activity. In all assays,a control without serum was
run to determine the level of nonspecific killing of the target cell.
ADCC was defined as the percentage of antibody-specific killing
minus nonspecific killing. The percentage killing was defined as
[cpm(exper) - cpm(spon)] x 100/[cpm(max) - cpm(spon)], where
cpm(exper)wasthe experimentalcountsper minute,cpm(spon)was
the spontaneous release, and cpm(max) was the maximum release.

Statistics. Normallydistributedcontinuousvariableswerecom
pared between two groups using Student's t test and between three
groupsusingone-way analysisof variance. Continuousvariablesnot
normally distributed were compared using the Wilcoxonrank sum
test. Discrete variables were compared using either the x2 or
Fisher's exact test. Correlation between two continuous variables
wasevaluated usingthe Pearsoncorrelationcoefficient. Missingdata
were excluded from analyses.

Results

Study participants. Similar to the entire cohort, non
progressors had a mean age of 36 years (range, 30-46) and
were predominantly (96%) white. Nonprogressors were youn
ger than seronegative men (mean, 41 years; P < .001) and
did not significantly differ with respect to race/ethnicity; non
progressors and men with AIDS did not significantly differ
with respect to either age or race/ethnicity. Nonprogressors
had a mean of 8.7 years (median, 9.1; range, 6.3-10.5) be
tween their estimated date of HIV seroconversion and evalu
ation in this study. This time did not significantly differ from
that of men with AIDS (mean, 9.1 years [P > .10]; median,
8.9; range, 7.4-10.5).

Viral studies. Of the 24 nonprogressors, 23 (96 %) had
a positive PCR assay for HIV DNA, and 18 (75%) had a posi
tive HIV culture. The subject negative for HIV DNA by PCR

also had a negative HIV culture. None of the nonprogressors
had a positive assay for p24 antigen. Of23 evaluated for HIV
RNA by PCR, only 1 (4%) had a positive assay; results were
indeterminate for another.

Measures ofgeneral immunestatus. Results of testing for
CD4+ lymphocyte subsets, CD8+ lymphocyte subsets, CD4+:
CD8+ ratios, 132-microglobulin, and NK activity are summa
rized in table 1. Overall, the three groups were significantly
different with respect to all five assays (P < .01 by Wilcoxon
rank sum test).

When data were analyzed for all cases and controls, CD4+
cell count was inversely correlated with 132-microglobulin
levels (r = - .571, P < .001), and CD8+ cell counts were in
versely correlated with NK activity (r = -.352, P = .009).
CD4+ cell count was not significantly correlated with CD8+
cell count or NK activity; 132-microglobulin levels were not
significantly correlated with CD8+ cell count or NK activ
ity (P> .10). When data were analyzed for just nonprogres
sors, f12-microglobulin levels were significantly associated
with CD8+ cell count (r = .481, P = .017); the correlation
between f1rmicroglobulin and CD4+ cell count (r = - .355,
P = .089) or NK activity (r = -.427, P = .061) was ofbor
derline significance.

Nonprogressors seemed relatively stable with respect to
CD4+ cell count. As noted above, the analysis reported in ta
ble 1 was conducted between mid-1988 and mid-1989. Be
tween 1988 and 1990, each nonprogressor had at least three
CD4+ lymphocyte determinations (median, 5), including at
least one count after the testing reported in table 1.The mean
CD4+ cell count for nonprogressors in 1988 (714 cells/mm')
did not significantly differ from that in 1990 (734 cells/nun";
P> .10).

The seven subjects with a history of at least one AIDS-
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defining opportunistic infection hada lower CD4+ lymphocyte
count than the seven with only Kaposi's sarcoma (median,
90 vs, 41 cells/rum'), although these differences were not
statistically different (P > .10) in part becauseof smallnum
bers and limited power.

Virus-specific antibody studies. Fiftypercentplaque neu
tralization occurred at a median dilution of 1:990 for non
progressors and 1:618 formenwithAIDS(P> .10, Wilcoxon
rank sumtest). With respectto ADCCactivity, nonprogres
sors and those with AIDSdid not significantly differ at any
E:T ratio with a serum dilution of either 1:10 or 1:100 (P >
.10, Wilcoxon rank sum test). For example, median ADCC
results for nonprogressors at a serum dilution of 1:10 (ex
pressedaspercentage lysis) were18%at anE:Tratioof50:1,
19.5% at 25:1, 24% at 12:1, and 20% at 6:1; corresponding
results formenwithAIDS were19.5 %at an E:Tof50:1,24%
at 25:1, 20% at 12:1, and 14% at 6:1.

As shown in table2, for sixdifferent antibodies to thegag,

pol, andenvregions of theviral genome, the ODreading was
significantly higher for nonprogressors than for men with
AIDS. OD readings for the p24, p31/66, p55, gp41, and
COOH-terminal region of gp120 were highly correlated
(r > .70for all comparisons, P < .001); OD readings for the
NHz-terminal region of gp120 were less correlated with
results for other antibodies (.39 ~ r ~ .47), although these
correlations were still highly significant (P ~ .002).

Although the lower limit of normal for CD4+cells at the
time of this study was (\)400 cells/mm', we repeated our
analysis for 19nonprogressors with ~500 cells/mm'. Com
paredwithsubjects withAIDS, nonprogressors stillhadhigher
CD4+ and CD8+ cell counts, as wellas a higherCD4+:CD8+
ratio, a lower J3z-microglobulin level, and higher OD read
ingsfor all six antibodies (P ~ .05for all comparisons); the
groupsdid not differ with respect to NK activity, NA titers,
or ADCC activity.

Discussion

The purposeof this studywasto characterize the immune
system and response to HIV in a group of men who were
seropositive for up to 10.5 years withoutdeveloping AIDS,
AIDS-related conditions, or lowCD4+ cell counts. In many
other studies ofHIV-infected subjects, dateof seroconversion
to HIV wasunknown. Sinceasymptomatic subjects in these
other studies mayhave been infected for less time than sub
jects withAIDS, differences between thegroupscouldreflect
durationof infection. In this study, nonprogressors and sub
jectswithAIDS had verysimilar lengths oftimefrom serocon
version to evaluation.

Our results indicate that asymptomatic men seropositive
for a medianof 9 years were still infected with HIV. Most
nonprogressors had a positive mv culture, and all but one
had HIV DNAdetected by PCR. Previous studies from our
cohort using HIV culture also have identified persistent in-

Table 2. Subunit-specific antibodies for nonprogressors and men
with AIDS.

Nonprogressors AIDS
Antibody (n = 24) (n = 14) P

p24
Median (mean) 2.9 (2.7) 0.4 (1.1) <.001
Range 0.8-3.8 0.05-3.4

p31/66
Median (mean) 3.2 (2.7) 1.4 (1.5) .001
Range 0.5-4.0 0.1-3.2

p41
Median (mean) 3.4 (3.4) 3.2 (3.1) .02
Range 2.8-3.7 1.6-3.7

p55
Median (mean) 3.4 (3.3) 1.9 (1.8) <.001
Range 1.5-4.0 0.1-3.5

gp120, Nlfz-terminal
Median (mean) 0.4 (0.6) 0.2 (0.2) .001
Range 0.1-3.1 0.03-0.4

gp120, COOH-terminal
Median (mean) 1.9 (1.8) 0.5 (0.7) .001
Range 0.3-3.1 0.03-2.3

NOTE. Data are optical density readings.

fection inapparently healthy men[18]; additional studies using
PCRforHIVDNAhave identified viral sequences inasymp
tomatic subjects seropositive for ~7 years [13].

Afterinitial infection withHIV, provirus may integrate with
establishment of latency [19-21]. Alternatively, viral repli
cationmayresultthat is either low-level or moreproductive;
immunodeficiency may be morelikelyto occurin the setting
ofproductive viral infection. Because theyreflect viral repli
cationandexpression, weevaluated samples for p24 antigen
and HIV RNA. Onlyone nonprogressor had a positive PCR
resultfor HIVRNA, andnonehad a positive test for p24an
tigen.

J3z-microglobulin is a protein present as a subunit of the
class I major histocompatibility complex onthesurface ofmany
somatic cells, including T andBlymphocytes andmacrophages
[3, 22]; increased levels of J3z-microglobulin have been as
sociated withstimulation oflymphoid cells[23] andhave been
found to be a predictor ofprogression to AIDS [3]. Ourfinding
of higher levels of J3z-microglobulin in nonprogressors com
paredwithseronegative controls suggests somedegree of im
mune system activation inthose HIV-infected butasymptomatic.
Whether this activation, if present, represents a protective or
harmful process isuncertain. Activation mayreflect animmuno
logic mechanism helping to inhibit viral replication. On the
other hand, mild elevations of J3z-microglobulin may reflect
low-level viral replication andstimulation of the immune sys
tem. According to onehypothesis, chronic immune system ac
tivation (possibly through the interaction of theHIVenvelope
glycoprotein gp120 with theCD4+ receptor) may actually pro
mote CD4+ cell depletion and immunodeficiency [24, 25].

A unique feature of nonprogressors compared with both
seronegative controls andmenwithAIDSwas a significantly
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higher CD8+ cell count. Studies evaluating the prognostic
significance of the CD8+ cell count havesuggested different
conclusions. For example, one studyfound an elevated CD8+
cell count to be significantly associated with subsequent de
velopment of AIDS and a steeper decline in CD4+ cells [9,
26], while other studieshavenot suggested such an associa
tion [27]. Thedifferent findings ofour studymayinpart reflect
the fact that HIV-positive individuals in other studieshavea
range of CD4+ cell counts and have been infected for vari
ous periods of time.

Otherstudies ofhealthy HIV-infected homosexual menhave
demonstrated the presenceof CD8+ lymphocytes that inhibit
HIVreplication, possibly through production ofa lymphokine
[28, 29]. Preliminary studies of our nonprogressors suggest
that these subjects had a greater suppressorcell activitythan
did thosewithAIDS[30]. Anotheranalysis using participants
from our cohort studyalso foundthat asymptomatic HIV-in
fected men had higher numbersof CD8+ cells than did sero
negative controls [31]; using monoclonal antibodies to define
CD8+ cell subsets, seropositives had higher levels of Leu2+
15- (cytotoxic T cells) [32]. Additional preliminary data
fromour nonprogressors also identified an elevated cytotoxic
lymphocyte response to p24 core and gp120 envelope anti
gens over that in subjectswith AIDS [30, 33]. Our findings
and these other data suggest that the CD8+ suppressor or
cytotoxiccell responsemayplayan importantrole in helping
control viral replication and the development of immuno
deficiency.

Another unique feature of nonprogressors comparedwith
both seronegative controls and men with AIDS was a lower
NKactivity. In contrast to our findings, severalother studies
havesuggested that NK activity is lower in those with AIDS
than in those HIV-infected but asymptomatic [34, 35]. Addi
tionalpreliminarydata from this studysuggest that the lower
NK activity in our nonprogressors cannot be explained by a
smaller number of cells bearing NK-associated cell surface
markers, such CDl6(Leullb) [33]; other studies also have
found that a decrease in NK activity did not correlate with
altered numbers of cells bearing CD16 (NK) markers [34].
Although NK activity has been shown to decrease with in
creasinglengthof infection[34], the factthat nonprogressors
and men with AIDS had a similar duration of seropositivity
makes this a less likely explanation for our results.

Sincewe identified an inversecorrelationbetweenNK ac
tivity and CD8+ cell count, a possible explanation for our
findings is that the lower NK activity in our nonprogressors
is relatedto an increased CD8+ cell-mediatedsuppressor ac
tivity. A secondhypothesis is that NKactivityin our subjects
with AIDS was higher than expecteddue to the benefits of
antiviraltherapy. Bothhypotheses deserveadditional investi
gation. In anyevent,our analysis did not identifya beneficial
role for increased NK activity in nonprogressors. Although
NKcellsare importantin immune surveillance [36], theymay

be less helpful in controlling HIV disease progressiononce
chronic HIV infection has occurred.

StudiescorrelatingHIV-specific ADCCactivitywithclin
ical status have reached different conclusions [37-39]. For
example, one study found a significantly higher ADCC ac
tivity in healthyHIV-seropositive men than in subjectswith
AIDS[37];anotherstudy, however, foundthat withinseveral
months of seroconversion, serum ADCC activity stabilized
and wasnot relatedto HIVdiseasestageor progression[38].
Our analysis alsodoesnotsupporta beneficial role forADCC
activity in preventing HIV disease progression. Additional
prospective studies may help further define the association
of ADCCactivitywithdurationof infection and HIVdisease
progression.

We also found that nonprogressors did not have stronger
NA titers to a standard HTLV-illB strain than did subjects
withAIDS. Our results are consistent withotherstudies show
ing that NAtiters to standardstrainsof virus havecorrelated
poorly with clinicalstatus [40]. In addition, an HIV-infected
subject's neutralizing activitymayvaryagainstdifferent HIV
strains [41-43]. Although HIV-infected subjects maydevelop
isolate-specific NA to autologous strains, one study of HIV
infectedsubjects followed overtime identified the emergence
of viral variants with markedly reduced sensitivity to neu
tralization by the host's own sera [41].

Finally, wemeasured antibodies to sixdifferent HIV-related
core, polymerase, and envelope proteins. Although we did
not quantifyantibody titers for these proteins, we did evalu
ate the ELISAOD as a reflection of the strengthof antibody
response. Absorbance values maynotbe linearly proportional
to antibody titers, particularly with high antibody activity;
however, studiesof the ELISAused in other settingshavein
dicatedthat absorbanceassays at a singleserum dilutionmay
provide a semiquantitative assessment of antibody activity
[44]. In studies evaluating enzymeimmunoassays to HIV, the
degreeof ELISAreactivity(expressed as the ratio of the test
absorbance value to the cutoff) was significantly associated
with the likelihood of obtaininga positiveresult on other di
agnostictestsfor HIV, suchas cultureandWesternblot [45].

For all six antibodies we measured, the OD reading was
stronger fornonprogressors thanformenwithAIDS. Whether
antibodyto particularcomponents of HIVconfersprotection
against either HIV infectionor progression of HIV disease
remains uncertain. Declining titers of antibody to p24 may
be associated withan increasedprogression to AIDS,but this
may be secondary to a rise in p24 antigenand formation of
antigen-antibody complexes [46,47]. A majorquestion raised
by our findings is whether the lower OD readings for those
with AIDS reflect a determinant or consequence of im
munodeficiency. Thelower ODreading forallproteins is more
consistent with a general immune impairment seen in per
sons with AIDS. However, we cannotexclude the possibility
that some or all of these antibodieswere initiallydepressed
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in people whosubsequently developed immunodeficiency. To
investigate thispossibility, weplanto test specimens obtained
beforethe development of AIDS and prospectively evaluate
nonprogressors with serial antibody determinations. Recent
studies have also suggested that targetsfor neutralizing anti
bodiesmay be relatedto specific epitopesof gp120 or gp41
[48], suchas the principalneutralizing epitopeof HIV, situ
atedwithin thethirdhypervariable region, theV3 loopofgp120
[49,50]. Additional studiesof our nonprogressors usingan
tibodies directedagainst specific epitopes may also help to
further clarify these issues.

Our findings concerning men with AIDS maydiffer from
previous studies for two reasons. First, almostall men with
AIDS reported past or current use of zidovudine. Whether
zidovudine may have altered the immune response by sup
pressing viral replication or throughsomeother mechanism
cannot be answered in this study and is best addressed by
prospectively evaluating individuals entering clinical trialsor
initiating therapy formedical indications. Second, thosewith
AIDSin this studyhada rangeof clinicalmanifestations and
CD4+ cell counts. This allowed us to evaluate men with
varying degrees of immunodeficiency and clinical presenta
tions rather than only those with the most severe immuno
logic derangements.

In thisanalysis, weprimarily focused onimmunologic char
acteristics andthehostresponse to HIVinfection. Thesefac
tors may be only some of the many determinants of HIV
disease progression. Otherrelevant factors may include genetic
background (especially human leukocyte antigen type) [51,
52], age [5], and characteristics of the viral strainor strains
infecting an individual (including cellular host range and
pathogenicity) [21, 53,54]; laboratorystudieshave alsosug
gested thatotherinfectious agents mayserveas cofactors [55,
56]. Most likelymultiple factors, acting in a complex inter
relationship, modulate the likelihood of developing specific
manifestations of HIV disease.

Whethertheseasymptomatic menwith long-term HIVin
fection and normal CD4+cell counts will ultimately develop
AIDS or other evidence of immunodeficiency is unknown.
Our results suggest thatcertainimmunologic parameters, such
an elevated CD8+ cell count, maybe associated withdelayed
progression to AIDS, whileother responses, suchas NKand
ADCCactivity, do not seemprotective. Additional prospec
tiveandretrospective studies willhelpfurtherdefine the role
of CD8+ cells, antibody response to specific components of
thevirus,andotherimmunologic andhost-specific parameters
in suppressing viral replication and preventing HIV disease
progression. ThestudyofHIV-infected subjects whohave not
developed lowCD4+ cell countsor evidence of HIV disease
is importantnot only for understanding the pathogenesis of
HIVinfection anddetermining prognosis but also for thede
velopment of effective vaccines and therapies.
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