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We and others have postulated that a constant number of T lymphocytes is normally 
maintained without regard to CD4• or cos• phenotype ('blind' T-cell homeostasis). Here 
we confirm essentially constant T-celllevels (despite marked decline in CD4• T cells and 
Increase in cos• T cells) in homosexual men with incident human Immunodeficiency 
virus, type 1 (HIV-1), infection who remained free of acquired immunodeficiency 
syndrome (AIDS) for up to eight years after seroconversion. In contrast, seroconverters 
who developed AIDS exhibited rapidly declining T cells (both CD4• and cos•) for 
approximately two years before AIDS, independent of the time between seroconversion 
and AIDS, suggesting that homeostasis failure is an important landmark in HIV disease 
progression. Given the high rate of T-cell turnover in HIV-1 infection, blind T-cell 
homeostasis may contribute to HIV pathogenesis through a cos• T lymphocytosis that 
interferes with regeneration of lost CD4• T cells. 

Consistent features of HIV-1 infection are progressive loss of 
C04• T lymphocytes and increase in cos· T lymphocytes. In a 
three-year follow-up of incident cases of HIV infection in the 
Multicenter AIDS Cohort Study (MACS), we observed that these 
two processes tended to balance each other, beginning 1.5 years 
after seroconversion'. This led us to postulate a homeostatic 
mechanism that maintains a constant level of circulating T cells 
without regard to the phenotype (C04• or cos•) of the T cells'. 
The same mechanism was independently proposed by Adleman 

and Wofsy', who reviewed evidence that it operates in HIV-nega
tive populations such as bone marrow transplant recipients and 
experimental animals and termed the mechanism 'blind home
ostasis' (ref. 3). 

Recently, high rates of co4• T-cell turnover in HIV-1 infection 
have been demonstrated'·' , highlighting the dynamic nature of 
the immune response to HIV infection and the need to under
stand how this response is regulated. Blind T-cell homeostasis, if 
it exists, could have important implications for the pathogenesis 
of HIV-1 infection. First, it would explain the stimulus to replace 
lost CD4· cells. Second, it would account for the gradual shift in 
the balance between CD4' and Cos· T cells, since only the for
mer would be lost from HIV-related mechanisms. Third, it pre
dicts that the net preferential replacement of co4• T cells by 
CDS• T cells would eventuate in critically low levels of Co4• lym
phocytes leading to immune failure. Importantly, only a very 
small net loss of co4• T cells per unit time would be sufficient to 
drive this process to a very low level of CD4• T cells over the long 
incubation period of AIDS2

• 
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Variakojls, jerry Wesch, Steven M. Wolinsky. Los Angeles: University of California, 
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Steven Piantadosi, Sol Su. National Institutes of Health: National Institute of Allergy 
and Infectious Diseases: Lewis Schrager, Project Officer; National Cancer Institute: 
Daniela Seminara. 
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The follow-up described in our earlier report' extended only to 
three years after seroconversion, a length of time when no more 
than 5% of subjects developed AIDS. In the present study, the 
follow-up extends to S years after seroconversion with substan
tially higher rates of AIDS cases. Patients with AIDS are well 
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Fig. 1 Geometric means 
of absolute numbers of cir
culating T-cell subsets 
(CD3', CD4', and CD8' 
lymphocytes) as a function 
of months since seroconver
sion in MACS seroconvert
ers for whom the time of 
seroconversion was known 
to within ±4.5 months (n = 
372). Error bars indicate 
95% confidence intervals, 
and the vertical dotted line 
the estimated time of sere
conversion. Numbers of ob
servations at each data 
point, beginning at <24 
months before seroconver
sion (the leftmost points on 
the graph), are 776, 162, 
209, 256, 372, 368, 335, 
301, 286, 265, 248, 227, 
203, 195, 162, 155, 138, 
121, 107, 90, 65, 86. 

0-

<-24 

All Observations 
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known to have depressed levels of total T cells6
• Therefore, we 

could test not only whether blind T-cell homeostasis held true 
but how long before AIDS it fails. The longitudinal data provided 
by cohorts with precise dates of seroconversion and onset of 
AIDS allow forward (from seroconversion) and backward (from 
AIDS) analysis to present a comprehensive description of total T 
cells as well as the principal T-cell subsets (CD4' and CDS') dur
ing the time between seroconversion and the onset of clinically 
defined AIDS. The results show that blind T-cell homeostasis is 
maintained for long periods after HIV-1 infection is established, 
but is lost in the last two years preceding AIDS. 

Preservation of blind T-cell homeostasis 
Circulating T-lymphocyte levels in the full sample of 372 MACS 
seroconverters with well-defined times of seroconversion are 
shown in Fig. 1. The sum of CD4' and CDS' lymphocytes essen
tially equalled the number of T cells and is not shown in subse
quent figures. As previously reported, there was a progressive 
decline in C04' lymphocytes after seroconversion, more rapid 
for the first 6 to 12 months and then more gradual. COB' lym
phocytes rose similarly beginning at seroconversion. Total T (in
cluding C03') lymphocytes declined slightly for the first 12 
months after seroconversion and exhibited a gradual decline 
thereafter. Because T -cell levels are lower in AIDS than in earlier 
stages of HIV infection•, we hypothesized that this gradual de
cline ofT lymphocytes was specifically due to lower T-celllevels 
in subjects who developed AIDS. As shown in Fig. 2, removal of 
observations from the 107 individuals who developed AIDS dur
ing the study period essentially abolished the decline in T-cell 
levels shown in Fig. 1, although a slight decline after 63 months 
persisted. A progressive decline in C04' lymphocytes (to a geo
metric mean of 3SO cells per microlitre by 96 months after sera
conversion) as well as a rise in cos· lymphocytes is shown in 
Fig. 2. This pattern again suggests a compensatory rise in CDS' 
lymphocytes in response to decline in C04' lymphocytes. It 
should be pointed out that the changes in C04' and CDS' lym-
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phocytes were not precisely matched to the change in CD3' lym
phocytes at all time points; for example, between 45 and 81 
months the CDS' cell count changed only slightly while the 
CD4' cell count declined at a variable rate. These discrepancies, 
as well as the decline in T cells after 63 months, could be due to 
imprecision in the compensatory mechanism, or to the fact that 
many AIDS-free seroconverters had limited follow-up (see legend 
to Fig. 2) and, therefore, could have been close to developing 
AIDS, as discussed below. Taken together, these data extend our 
previous observations on blind T-cell homeostasis for an addi
tional 5 years after seroconversion, and thus provide compelling 
support for the postulated blind T-cell homeostatic mechanism. 

Loss of blind T-cell homeostasis 1.5-2 years before AIDS 
Given that in AIDS-free HIV' individuals the T-cell levels were 
relatively constant and that they are low at the onset of AIDS, we 
next investigated the trajectories of T-celllevels among the 92 se
roconverters who had well-defined dates of onset of AIDS (Fig. 
3). Very little change in T-cell levels was seen until approxi
mately 1.5 years before AIDS. After this time, however, numbers 
of circulating T cells declined sharply. By regression analysis, the 
mean rate of change during the last 1.5 years before AIDS was 
-14.2% per 6 months (95% confidence interval = -17.7% to 
-10.6%), that is, the mean value for a given 6-month period was 
equal to approximately S6o/o of the mean value for the preceding 
6-month period. Over the 1.5-year period of decline, this corre
sponded to a decline from about 1,400 to about 900 T cells per 
microlitre at the onset of AIDS. In contrast, the estimate for the 
interval-1.5 to -3.5 years before AIDS was -2.5%, which was not 
significantly different from 0 (95o/o confidence interval = -5.1 o/o 
to +0.1 o/o). These results indicate a change in T-cell homeostasis 
approximately 1.5 years before the onset of AIDS. 

To determine whether these observations could have been af
fected by the use of antiretroviral therapy or Pneumocystis carinii 
pneumonia (PCP) prophylaxis, we performed a similar indepen
dent analysis on the seroprevalent (seropositive at study entry) 
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Fig. 2 Similar to Fig. 1, ex-
cept that observations from 
subjects who developed 
AIDS (n = 1 07) have been 
excluded from the analysis. 
Numbers of observations 
for each time point are as 
follows, beginning at the 
leftmost: 698, 136, 169, 
195, 265, 262, 236, 212, 
195, 182, 164, 157, 139, 
136,114, 114,100,89, S1, 
70,51,71 . 

o - All Observations 

I I I I I I 

< -24 -12 0 12 

MACS participants who did not receive any retroviral therapy or 
PCP prophylaxis before developing AIDS (n = 624). In these men, 
the estimated rate ofT-cell change was -10.9% per 6 months for 
0-1.5 years before AIDS (95% CI = -12.5%, -9.4%). This estimate 
falls inside the 95% confidence interval calculated above for the 
corresponding interval for the seroconverters who developed 
AIDS. Also similar to the seroconverters, the estimated rate of 
change for the seroprevalent cases for the interval 1.5 to 3.5 years 
before AIDS was very small, -0.4% per 6 months (95% CI =-1.7%, 
+0.9%). Thus, our estimates of the timing and magnitude ofT-cell 
changes before AIDS were independently confirmed in a second, 
untreated cohort, indicating that they were not substantially in
fluenced by use of antiretroviral therapy or PCP prophylaxis. 

Downward inflection ofT cells but not other cells 
The change in slope of CD3• lymphocytes at 1.5 years before 
AIDS onset did not occur for other haematologic variables 
(Fig. 3). The only exception was the total lymphocyte count, 
which paralleled the T-cell count. This is not surprising since 
most lymphocytes are T cells and the slope of non-T cells over 
time changed very little. Granulocytes and platelets declined 
at essentially constant rates over the 60 months preceding 
AIDS, and although the decline of hemoglobin has been re
ported to accelerate slightly around two years before AIDS', 
this was not apparent here. In summary, the change in slope 
was larger and much more abrupt for T cells than for any 
other cell type, implying a specific failure of homeostasis of T 
cells preceding the onset of AIDS. This change in T-cell slope 
was reflected to a much smaller extent in changes in the per
cent of circulating T cells among lymphocytes, as measured in 
the standard flow cytometry assay gated on the total lympho
cyte population. Specifically, mean T-cell percentages were 
77.8, 77.0, 76.2, and 73.5 percent at 21, 15, 9, and 3 months 
before AIDS, respectively. This disparity is due to the parallel 
change in T and total lymphocytes shown in Fig. 3 and men
tioned above. 
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Consistency of time from failure of T -cell homeostasis to 
onset of AIDS 
We asked whether the relationship between failure of T-cell 
homeostasis and the onset of AIDS was dependent on the du
ration of HIV -1 infection. To address this question, the 92 se
roconverters who developed AIDS at known times were 
stratified into four groups according to the time from serocon
version to AIDS (0-3, 3-4.5, 4.5-6.0, and >6.0 yrs). The trajec
tories of the total CD3•, CD4•, and cos• T cells for these four 
groups are depicted in Fig. 4. Two conclusions can be drawn 
from these data. First, for the groups that had sufficiently long 
pre-AIDS intervals (groups 2-4), levels of CD3• lymphocytes 
were essentially constant during most of the time from sera
conversion until approximately 18 months before the onset of 
AIDS. Second, the slopes at which T cells declined in the 18 
months preceding AIDS were remarkably similar for the four 
groups. Regression analysis of these data (Table 1) confirmed 
that the four T -cell slopes in the 1.5 years before AIDS were sta
tistically different from zero, but not from each other (P = 
0.15), and that earlier slopes for all groups were close to zero. 
The entries in Table 1 correspond to -[1 - exp (slope)], where 
slope is the 6-month rate of change of the log-transformed 
CD4•lymphocyte counts for a given period before the onset of 
AIDS. In the piecewise linear model used (described in detail in 
ref. 8), the slopes correspond to sums of regression coefficients 
whose standard errors are obtained using the covariance ma
trix from maximum likelihood procedures. 

CD4· and cos· T cells showed very different patterns around 
the time that total T cells began to decline, with CD4• lympho
cytes accelerating their decline slightly and cos· T cells leveling 
off, then beginning to decline (Fig. 4). Overall, loss of cos· T 
cells contributed slightly more than loss of CD4 • T cells to the de
cline in total T cells in the 1.5 years preceding AIDS. The mean 
levels of circulating CD4•lymphocytes present 21 months before 
AIDS in the four seroconverter groups were 622, 322, 328 and 
283 per microlitre, respectively. The corresponding figures for 15 
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Fig. 3 Geometric means of 
haematologic measurements 
as a function of months be-
fore (negative numbers) or ~ after (positive numbers) the 
onset of AIDS (t = 0, vertical '§" 
dotted line). G, granulocytes; ]! 

a; 
P, platelets; L, lymphocytes; .8. 

~ H, hemoglobin; T, CD3• (1) ~ 
lymphocytes; and N, non-T E 

:l 

lymphocytes (defined 
z 

as 
~ CD3- lymphocytes). Cell § c: 

counts (G, l, T, M, N) are in Ill 
Cl> N 

cells per microlitre, haemo- ~ 
0 

globin in grams x 1 o-2 per ·c: 
a; 

1 00 ml, and platelets in cells E 
§ &l 

X 1 o> per microlitre. Num- (!} 

bers of observations at each 
data point, beginning with 
the leftmost and ending at 
the first point after onset of 0 

AIDS, are: 29, 18, 28, 32, 41, 
47, 56, 59, 68, 73, 71 I 73, 
76, 65, 53, 40. 

Months from AIDS 

months before AIDS onset were 399, 2S7, 234, and 1S6 per mi
crolitre, respectively. 

precipitating event in the progression to AIDS, as suggested by 
three findings of this study. First, the timing and magnitude of 
the T-cell decline relative to the onset of AIDS were remarkably 
consistent regardless of the interval between seroconversion and 
AIDS onset. Second, the downward inflection point in T-celllev
els at approximately 1S months before AIDS was unique to co3• 
T cells. Third, the loss ofT cells was due to substantial declines in 
both CD4• and cos· T cells, indicating a relative failure of pro
duction of both T-cell subsets. CD4• T cells play a central role in 
initiating immune responses11

, and cos· lymphocytes mediate 
several types of host defence against HIV, including cytotoxicity 

Discussion 
Regulated T -cell turnover during the incubation period of AIDS 
HIV -1 causes a chronic disease that can take many years to run 
its course. Our understanding of HIV progression is changing 
from the paradigm of a slow virus infection to that of a raging 
war between the virus and the immune system. Recently, unex
pectedly high rates of CD4+ T-cell turnover in HIV-1 infection 
were demonstrated•·•. Here, we complement these studies by ad
dressing the homeostatic regulation of this 
turnover, the balance of T-cell populations 
that is maintained, and the consequences of 
homeostatic failure. We show that numbers of 
circulating T lymphocytes remained constant, 
or nearly so, in HIV-1 seroconverters who were 
AIDS-free during the follow-up period, despite 
profound shifts in CD4• and cos• T-cell sub
sets. Among the subjects who did develop 
AIDS, the T lymphocytes were constant, or 
nearly so, up to 2 years before AIDS onset, 
when they declined. Further, failure of the 
blind homeostatic mechanism in the period 
before AIDS largely, if not completely, ex
plained the declining T-cell levels in the co
hort as a whole. According to these results, the 
gradual decline in CD4• lymphocytes that is 
well recognized as a cardinal feature of HIV in
fection could be a regulatory phenomenon 
due to slow net loss of co4• lymphocytes. Un
derlying this gradual net change is a far more 
dynamic process in which substantial T-cell 
losses are continually offset by a homeostatic 
replacement mechanism1

'
2

'
9

'
10

• 

Failure ofT-cell homeostasis may represent a 
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Table 1 Rates ofT-cell decline In HIV-1 seroconverters 
by time periods before AIDS 

Years before AIDS Percent change in CD3• levels by seroconverter group 

-1.5 to 0 

-3.5 to -1.5 

<-3.5 

(years from seroconversion to AIDS) 
<3.0 yr 3.0-4.5 yr 3.5-6.0 yr >6.0 yr 

-14.9 
(-22.5, -6.5) 

0.4 
(-14.0, 17.1) 

-11.6 
(-17.5, -5.3) 

l.S 
(-5.5, 2.0) 

-14.0 
(20.4, -7.0) 

-1.6 
(-6.2, 3.2) 

-1.2 
(-7.0, 5.0) 

-13.2 
(-19.4, -6.4) 

-5.5 
(-9.S, -1.0) 

0.0 
(-2.6, 2.6) 

*Data are means (95% confidence interval) of the percent change in CDJ+ lymphocyte 
count per 6 months in the time period indicated. 

Slopes of T-cell decline per 6 months, expressed as a percentage of the value at the 
beginning of each 6-month period, determined as described in the Methods. 
Confidence intervals including 0 indicate a mean that is not statistically different from 0 
at the level of P = 0.05. 

Slopes for the four groups at 0-1.5 years before AIDS are not statistically different 
from each other. Changes in CD3+ lymphocytes in the intervals more than 1 .5 years 
before AIDS were not significantly different from 0, except for group 4 which exhibited a 
marginally significant decline in the interval 1 .5-3.5 years before AIDS. 
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against infected cells '2-" 
and suppression of repli
cation15'16, Thus, the de
cline of both CD4• and 
cos· T cells due to inade
quate compensatory T-cell 
production could explain, 
at least in part, both the 
loss of immune function 
and the increase in HIV 
load that characterize the 
last 1.5 to 2 years before 
an AIDS-defining illness". 

What could account for 
this failure of homeosta
sis? One possibility is an 
increase in T -cell destruc
tion. Although Ho et al. • 
and Wei et al.' demon
strated a high rate ofT-cell 
replacement, their studies 
were cross-sectional. Thus, 
it remains possible that T
een replacement in their 
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donors, although high, 
was lower than it had 
been earlier in the disease 
process. Specifically, pro
gression of HIV disease in 
the 1.5 to 2 years before 
AIDS could primarily re
flect compensation fail
ure, with no abrupt 
change in underlying HIV 
disease activity such as an 
increase in viral load or 
change in viral properties 
(these changes could fol-

Fig. 4 Geometric means of absolute numbers of circulating CD3•, CD4+, and cos• lymphocytes as a func
tion of months before (t < 0) or after (t > 0) the onset of AIDS (t = 0; vertical dotted line) in MACS serocon
verters for whom the time of onset of AIDS was known (n = 92). Data shown are all postseroconversion values 
for 6-month intervals based on more than 1 0 observations. The numbers 1-4 indicate the values for the four 
groups of seroconverters defined by the intervals between seroconversion and the onset of AIDS as shown. 
The top (solid) group of lines represents data for CD3• lymphocytes, the middle (dotted) group of lines data 
for cos· lymphocytes, and the bottom (dashed) group of lines data for CD4• lymphocytes. Numbers of ob
servations for each point, in chronological order by group beginning with the leftmost point for each group 
and ending with the first point after onset of AIDS, were as follows: Group 1: 1 1, 15, 14, 1 7, 14, 1 1; Group 2: 
13, 18, 22, 22, 19, 22, 22, 17, 16, 11; Group 3:16,21,21, 18, 19, 20, 19, 17, 18, 17, 11; Group4: 29, 18, 
25, 24, 25, 24, 22, 23, 24, 20, 1 8, 20, 1 9, 1 7, 15, 1 3. 

low consequent to loss of adequate T-cell homeostasis). Al
though no one would dispute the need for direct antiviral 
therapy, it follows from the above interpretation that mainte
nance of compensatory T-cell production could also be an im
portant target of therapy for HIV infection. These processes need 
not be mutually exclusive. For example, HIV may suppress T-cell 
replacement through direct or indirect mechanisms. Another 
possibility is that a certain level of CD4• lymphocyte function is 
needed to support T-cell homeostasis, and this is lost as the CD4• 
level declines. In support of this possibility, apoptosis of both 
CD4• and cos· T cells in short-term unstimulated cultures in
creases as CD4• numbers decline in HIV infection18

'
19

• Since apop
tosis accompanies lymphopoiesis'•, progressive failure of newly 
produced CD4• and CDS• lymphocytes to survive to maturity 
could account for this finding. 

Although we have identified the time point of failure to the 
nearest 6-month interval for the groups studied, the precise tim
ing of this event is less important than the fact that it occurs sub
stantially before the onset of AIDS. It is not essential for the 
hypothesis that T-cell decline before the inflection point before 
AIDS be exactly zero, or that decline in co4• lymphocytes pre
cisely match increase in cos· lymphocytes. In fact, T cells de
clined very slightly throughout our study, and changes in C04• 
and cos· lymphocytes were not always exactly reciprocal. These 
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findings could be due to a lag in tht> ability ofT-cell production 
to keep pace with a gradually accelerating loss of CD4• T cells, or 
to variable follow-up of the cohort. The essential point is that 
homeostatic mechanisms result in nearly complete compensa
tion for T -cell loss but undergo a marked deterioration at some 
time before AIDS. 

The results presented here were obtained using parametric re
gression methods for the analysis of repeated measurements al
lowing the within-individual correlation of the CD3• lymphocyte 
counts to have a damped exponential correlation structure•. Al
ternative models for the correlation structure are provided by 
random-effects models, which allow different individuals to 
have different slopes. The average of the individual slopes then 
provides the description of the rate of change at the population 
level. We fit these random-effects models, and the estimates were 
virtually identical to those in Table 1; despite higher standard er
rors under the random-effects models, the inferences (that is, sig
nificant results) were unchanged. 

Other implications of blind T-cell homeostasis In HIV 
pathogenesis 
Preservation of T -cell homeostasis could explain why some HIV• 
individuals, who maintain high levels of CD3• lymphocytes in 
the face of co4• counts of <200per microlitre, remain AIDS-free 
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for many years. More generally, relatively slight individual-to
individual variation in the ability to replace lost T lymphocytes 
could contribute to the variability of the incubation period of 
AIDS. 

The loss ofT -cell homeostasis also focuses attention on events 
occurring 1lh-2 years before the onset of AIDS. Rates of decline 
of other haematologic parameters, including CD4• lymphocytes 
and haemoglobin7

'
8

'
20

, are altered beginning approximately two 
years before the diagnosis of AIDS, although these alterations are 
subtle compared to the pronounced inflection of CD3• lympho
cytes and were not seen in the present study. This is also the 
time frame in which syncytium-inducing HIV isolates can 
emerge21

• Loss of T -cell homeostasis could be secondary to any of 
these or other related events, such as deterioration of lymphoid 
tissueS22

'
23 or possibly loss of the ability to generate cos· lympho

cytes that can control HIV. To address these questions, it will be 
important to establish the timing of failure ofT-cell homeostasis 
relative to these other events in individual subjects. 

Clearly, failure ofT-cell homeostasis is only one of many 
pathogenetic mechanisms in HIV in:fection, because substan
tial T-cell dysfunction and loss of CD4• lymphocytes have usu
ally occurred by the time T cell numbers begin to fall (though 
not always, as shown by Group 1 in Fig. 4). Moreover, as we 
have previously suggested, T-cell turnover may result in a 
gradual replacement of normal T cells with hypofunctional 
cells over the course of HIV infection 1• Such a mechanism 
could contribute to the changes in activation level, pheno
typic expression, and/or function of circulating T cells that are 
evident in all stages of HIV infection (reviewed in refs 24, 25), 
as well as to the eventual failure of T-cell homeostasis as 
demonstrated in this study. The possibility that T-cell home
ostasis in the peripheral blood is due to redistribution of tissue 
T cells, rather than the production of new T cells, must also be 
considered. Arguing against this possibility is the report that 
mice depleted of CD4• lymphocytes in both blood and tissues 
using anti-CD4 monoclonal antibody exhibited a compen
satory increase in cos· lymphocytes in lymph nodes and 
spleen which paralleled those in the blood2

• 

Despite these uncertainties, failure ofT-cell homeostasis ap
pears to represent a recognizable and clinically significant land
mark in the natural history of HIV infection. As such, 
measurements of all T-cell subsets, not just the CD4• subset, may 
provide important information for the monitoring of patients 
and the design of drug and vaccine trials. The present study sup
ports the exploration of treatment strategies for HIV infection 
which include maintaining and/or augmenting the physiologic 
replacement of lost T cells (both CD4• and CDS•). 

Methods 
Study population and definition of seroconverters. The study de
sign was similar to that previously reported' and is summarized here. 
Homosexual/bisexual men in the MACS were seen twice yearly for 
physical examination and laboratory testing. HIV-1 seropositivity 
was defined as a positive ELISA and a western blot with bands corre
sponding to at least two of the following genes of HIV-1 : gag, pol, 
and env. Of the 5,579 men enrolled, 3,388 were seronegative at 
baseline and 466 of these (13.7%) became seropositive (serocon
verted) between 1984 and 1993. The date of seroconversion was 
defined as halfway between the last seronegative and the first 
seropositive visit. The present analysis used data from the 372 sera
converters whose date of seroconversion was known to within ±4.5 
months, and included data through 9/30/93. The 1987 CDC defini-
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tion of AIDS, which relies on symptoms rather than CD4• lympho
cyte counts to define AIDS26

, was used, because we were interested 
in the relationship between T-celllevels and the clinical status of the 
study subjects. Under this definition, 1 07 seroconverters developed 
AIDS during the study period. This included 92 for whom th~ date of 
onset was known based on confirmed medical records, and was thus 
highly reliable, and 1 5 for whom AIDS was diagnosed postmortem 
and thus the date of onset was unknown. 
Measurement of T -cell subset levels. Peripheral blood mononu
clear cells were stained with monoclonal antibodies by a whole
blood lysing method27 and analysed by two-color flow cytometry by 
using procedures that have been described28

'
29 and monoclonal anti

bodies specific for CD3, CD4, and CDS (Becton Dickinson lmmuno
cytometry Systems, San jose, California). Absolute numbers of cells 
per microlitre of blood were calculated using the complete blood 
count with automated 1 0,000 cell differential. 
Statistical methods. To investigate longitudinal changes in 
haematologic parameters, data were grouped into 6-month in
tervals based on time relative to seroconversion or the diagnosis 
of AIDS. Data are given as geometric means and 95% confidence 
intervals of the means. Individuals who developed AIDS provide 
data to retrospectively describe the trajectories of CD3• lympho
cyte counts. These trajectories were analysed with a regression 
model applied to post-seroconversion data from the AIDS cases 
in the seroconverter and seroprevalent members of the MACS co
hort. Before we fit the regression model, we tested whether the 
CD3• lymphocyte counts fulfilled the normality assumption at 
each of the 22 semesters from seroconversion that we analysed. 
We found that all but two failed the normality test, whereas only 
3 of the 22 semesters failed if the CD3• lymphocyte counts were 
log-transformed. Therefore, we carried out the regression analy
sis in the log scale of the CD3• lymphocyte counts, and we pre
sent the geometric mean as the corresponding descriptive 
statistic. In spite of the appropriateness of the log transformation, 
we also fit the final regression model using the raw CD3 cell 
counts and found the inferences to be robust with respect to the 
transformation. 

The model provided estimates of average CD3• lymphocyte 
count at the onset of AIDS as well as slopes (rates of change) of 
CD3+ lymphocytes in the intervals 0-1.5, 1.5-3.5, and >3.5 years 
before the onset of AIDS. These intervals were selected based on 
preliminary analyses exploring smaller intervals to identify the time 
points where the changes in slopes were greatest. Slopes for time 
periods containing small numbers of observations were not calcu
lated. Correlations of repeated observations obtained from each in
dividual were taken into account by using a two-parameter damped 
exponential correlation structure, which has been shown to model 
T-cell subsets appropriately". To assess the consistency of the trajec
tories according to the times from seroconversion to AIDS, the 92 
AIDS cases were divided into 4 groups (:53, 3 to 4.5, 4.5 to 6, and 
>6 yr), such that each group had similar numbers of individuals and 
observations (Fig. 4). 

Note added in proof: The high rates of CD4• lymphocyte turnover 
reported in refs 4 and 5 are controversial (Nature 375: 193-19S, 
1995). The high rates of apoptosis of both CD4• and cos· T cells 
in short-term unstimulated cultures, as discussed above, are con
sistent with high T-cell turnover. However, the importance of 
blind T-cell homeostasis in the pathogenesis of profound CD4• 
lymphocyte depletion does not depend on the magnitude ofT
een turnover, but rather on the preferential destruction of CD4• 
over CDS• T cells. 
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