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Background: The rate of disease progression among per-
sons infected with human immunodeficiency virus type 1
(HIV-1) varies widely, and the relative prognostic value of
markers of disease activity has not been defined.

Objective: To compare clinical, serologic, cellular, and
virologic markers for their ability to predict progression to
the acquired immunodeficiency syndrome (AIDS) and
death during a 10-year period.

Design: Prospective, multicenter cohort study.

Setting: Four university-based clinical centers participat-
ing in the Multicenter AIDS Cohort Study.

Patients: 1604 men infected with HIV-1.

Measurements: The markers compared were oral candi-
diasis (thrush) or fever; serum neopterin levels; serum j,-
microglobulin levels; number and percentage of CD3°,
CD4", and CD8" lymphocytes; and plasma viral load, which
was measured as the concentration of HIV-1 RNA found
using a sensitive branched-DNA signal-amplification assay.

Results: Plasma viral load was the single best predictor of
progression to AIDS and death, followed (in order of pre-
dictive strength) by CD4" lymphocyte count and serum
neopterin levels, serum J;-microglobulin levels, and
thrush or fever. Plasma viral load discriminated risk at all
levels of CD4" lymphocyte counts and predicted their sub-
sequent rate of decline. Five risk categories were defined
by plasma HIV-1 RNA concentrations: 500 copies/mL or less,
501 to 3000 copies/mL, 3001 to 10 000 copies/mL, 10 001 to
30 000 copies/mL, and more than 30 000 copies/mL. Highly
significant (P < 0.001) differences in the percentages of
participants who progressed to AIDS within & years were
seen in the five risk categories: 5.4%, 16.6%, 31.7%,
55.2%, and 80.0%, respectively. Highly significant (P <
0.001) differences in the percentages of participants who
died of AIDS within 6 years were also seen in the five risk
categories: 0.9%, 6.3%, 18.1%, 34.9%, and 69.5%, respec-
tively. A regression tree incorporating both HIV-1 RNA
measurements and CD4™ lymphocyte counts provided bet-
ter discrimination of outcome than did either marker
alone; use of both variables defined categories of risk for
AlDS within & years that ranged from less than 2% to 98%.

Conclusions: Plasma viral load strongly predicts the rate
of decrease in CD4" lymphocyte count and progression to
AlDS and death, but the prognosis of HIV-infected persons
is more accurately defined by combined measurement of
plasma HIV-1 RNA and CD4" lymphocytes,
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he rate of disease progression among persons

infected with human immunodeficiency virus
type 1 (HIV-1) varies greatly. Approximately 5% of
infected persons (1, 2) develop the acquired immu-
nodeficiency syndrome (AIDS) within 3 years of
infection. By contrast, approximately 12% of in-
fected persons are expected to remain free of AIDS
for more than 20 years (1, 3). The variable course
of HIV-1 infection causes uncertainty for the in-
fected person and complicates decisions about when
antiretroviral therapy should begin,

Many clinical and laboratory measures have been
used to assess prognosis in HIV-1 infection (4). In a
previous comparative study of eight cellular and
serologic markers (5), the single best predictor of
progression to AIDS was the percentage or absolute
number of circulating CD4" lymphocytes. Since that
report was published, new methods have been de-
veloped to reproducibly quantify plasma viral load,
measured as the concentration of HIV-1 RNA (6-
8). Previous studies have shown that the HIV-I1
RNA concentration in plasma after acute HIV-1
infection (seroconversion) provides prognostic infor-
mation that is independent of the CD4" lymphocyte
count (9-12). In a recent study (13), plasma viral
load was found to be a better indicator of prognosis
than the CD4" lymphocyte count; this study, how-
ever, had a small cohort and did not assess the
value of other predictive markers or combinations
of markers. In the present study, we compared the
prognostic value of plasma viral load with that of
clinical, serologic, and cellular markers in a large
cohort of HIV-infected men. We have incorporated
the two most predictive markers—plasma viral load
and CD4" lymphocyte count—into a regression tree
that is useful for assessing the prognosis of individ-
ual patients.

See related articles on pp 929-938 and 939-945
and editorial comment on pp 983-985.
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Methods

Study Sample

Between March 1984 and April 1985, the Multi-
center AIDS Cohort Study (MACS) enrolled a co-
hort of 4954 homosexual men who were 18 years of
age or older and were free of clinical AIDS (ac-
cording to the Centers for Disease Control and
Prevention 1987 definition). Other details about the
recruitment and characteristics of the MACS cohort
have been reported elsewhere (14). Participants in
MACS returned for follow-up visits at 6-month in-
tervals. All participants gave written informed con-
sent, and the study was approved by the internal
review boards of each clinical center.

The baseline visit for the current study was either
the third or fourth MACS follow-up visit (these
visits occurred 1.0 or 1.5 vears after enrollment).
These later visits were selected to minimize the
inherent variability in collecting and processing
blood samples in the start-up phase of cohort stud-
ies. The eligible study sample consisted of HIV-1-
infected persons who were free of AIDS at the
baseline visit for this study and were either seropos-
itive at enrollment into MACS (n = 1813) or had
seroconverted before the baseline visit for this study
(n = 169). All study participants were required to
have a baseline CD4" lymphocyte count (measured
at the third or fourth MACS follow-up visit), to
have plasma samples available in the repository for
measurement of HIV-1 RNA concentration, and to
have had follow-up after the baseline visit for this
study. A total of 1639 of 1982 eligible men (83%)
met these criteria; HIV-1 RNA concentration was
measured in 1604 of these men.

Measurement of Plasma HIV-1 RNA
Concentrations

Heparinized plasma samples were stored at
—70°C until testing was done. The average interval
between collection of blood and freezing of plasma
samples is estimated to have been approximately 6
hours, but times were not always recorded. A sen-
sitive branched-DNA (bDNA) assay ( Chiron Corp.,
Emeryville, California) was used to quantify HIV-]
RNA in duplicate 1.0-mL samples. This assay has a
lower quantification limit of 500 copies/mL and is
linear to concentrations as high as 1.6 X 10° cop-
ies/mL (one copy of HIV-1 RNA is equal to one
molecule of HIV-1 RNA), Additional details about
the bDNA assay and its performance characteristics
are reported elsewhere (15). The mean coefficient
of variation between the 1604 duplicate results was
10.3%.

Measurement of T-Lymphocyte Subsets, Serum
Levels of ,-Microglobulin, and Serum Levels of
Neopterin

T-lymphocyte subsets were measured in ficoll-
hypaque purified peripheral blood mononuclear
cells (done in the centers in Baltimore and Pitts-
burgh) or EDTA-anticoagulated whole blood (done
in the centers in Chicago and Los Angeles) by
staining with fluorescent dye—conjugated monoclo-
nal antibodies that were specific for CD3", CD4",
and CD8" lymphocytes (Becton Dickinson, Moun-
tain View, California), as reported previously (16).
Serum levels of B,-microglobulin (Kabi Pharmacia,
Uppsala, Sweden) and neopterin (Henning, Berlin,
Germany) were measured by using commercial
radioimmunoassays in comparison with standards
provided by the manufacturers.

Study Variables

We analyzed plasma HIV-1 RNA concentrations;
the number and percentage of CD3", CD4", and
CD8" lymphocytes at the baseline visit; and partic-
ipants’ reports of either oral candidiasis (thrush) or
fever of no less than 2 weeks' duration. Neopterin
and B,-microglobulin levels were measured at the
baseline visit; if no baseline levels were available,
we used levels obtained during visits that occurred
within 1 vear before the baseline visit.

Two time intervals were used in analyses of dis-
ease progression: the time to development of AIDS
(according to the 1987 definition from the Centers
for Disease Control and Prevention) and the time
to AlDS-related death. Censoring strategies have
been reported elsewhere (1). The date of analysis
for this study was 1 July 1995. For participants in
whom two or more CD4" lymphocyte counts were
available after the baseline visit (1531 of 1604 par-
ticipants [95%]), we determined the rate of decline
of CD4" lymphocyte counts as an alternate out-
come measure,

Statistical Analysis

To assess the relative prognostic power of each
marker, a variant of g-q plots (17) (Splus software:
g-q plot function [Statistical Sciences, Inc., Seattle,
Washington]) was used to compare the percentile
values of each marker in the group that developed
AIDS with the percentile values in the group that
remained AlIDS-free. We calculated the natural log-
arithms of the ratios of the percentile values be-
cause these ratios have no units and will approxi-
mate zero if the distribution of the marker values
does not differ between groups.

We divided the study sample into four groups of
approximately the same size according to the base-
line HIV-1 RNA concentration (that is, quartiles),
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with breakpoint values of 3000, 10000, and 30 000
copies/ml. To separate participants whose HIV-I
RNA concentrations were below the quantification
limit of the bDNA assay, we subdivided the first
group at 500 copies/mL. This produced five catego-
ries (I through V) of HIV-1 RNA concentrations:
500 copies/mL or less: 501 to 3000 copies/mL; 3001
to 10 000 copies/mL; 10001 to 30 000 copies/mL., and
mare than 30 000 copies/mL, Kaplan-Meier curves
(18) and log-rank tests for the HIV-1 RNA catego-
ries were calculated for the entire study sample and
for the subgroups that either subsequently received
antiretroviral therapy or never received such therapy.

We used a proportional hazards model with risk-
set stratification (18) to estimate and test the statis-
tical significance of the values of relative risks for
AIDS and death among persons in HIV-1 RNA
categories [ through V (PROC PHREG software,
SAS Institute, Cary, North Carolina). Strata were
defined by five categories (I through V) of CD4'
lymphocyte count (with breakpoint values at 200,
350, 500, and 750 cells/mm™), two categories of neo-
pterin levels (with a breakpoint value equal to the
median of 11.5 nmol/L), and two categories of symp-
toms (the presence of thrush or fever or the absence
of both thrush and fever). The breakpoint CD4'
lymphocyte values of 350, 500, and 750 cells/mm®
correspond to the approximate quartile values. The
first quartile was divided into two categories (=200
and 201 to 350 cellssmm®) because persons who
have 200 CD4" lymphocytes/mm® have a higher risk
for AIDS (19).

Table. Baseline Values of Prognostic Markers*

To determine the predictive value of combining
the baseline HIV-1 RNA concentration with CD4"
lymphocyte counts, we constructed a regression tree
using all five categories for both HIV-1 RNA con-
centrations and CD4" lymphocyte counts, To define
the first five nodes of the tree, we compared the
results of two Cox regression analyses using the five
categories of the two variables and selected the
variable with the highest likelihood ratio statistic.
For each of the first five nodes, we then used re-
cursive partitioning (20) to determine which catego-
ries of the second variable defined significantly dif-
ferent risks for AIDS (that is, likelihood ratio test
of Cox regression for a binary split significant at the
5% level). We summarize the effect of the second
variable by providing the P value that corresponded
to the likelihood ratio statistic for each group of
secondary nodes of the tree. Estimates of the prob-
ability of AIDS by 3, 6, and 9 years were derived
from Kaplan-Meier curves for each group defined
by the terminal nodes of the tree. The percentile
method was applied to 500 bootstrap samples in
order to provide 95% Cls for the estimates (21).

Funding Source

The MACS investigators analyzed and inter-
preted all data; analysis was not influenced by the
funding source (Mational Institute of Allergy and
Infectious Diseases) or the manufacturer of the
bDNA assay (Chiron Corp.).

Prognostic Marker All Participants Partickpants wath Participants without Participanis Wha  Participants Who Are Correlation with
{rr = 1804} AIDS (n = 998) AIDS (n = BOE) Died of AIDS Aliwe or Died of Cause HIV-1 RNA
{n = B55) Other Than AIDS (95% Clit
{n = 7491

HIV-1 RNA,

copesimly 10 825 19 145 2636 24 200 4476

{3392-33 370) (7153-52 900) (11711-10 340) (BS1B-&1 7400 {1308-11 460}

Ch4* lymphocyte

count, collsimm®s 527 (376-T16) 466 (332-633) 636 (46T-B36) 454 (314-8608} 630 (450-815) —0.42 (—0.46 to —D.38)
CD4” lympho-

cyles, %f 30 {24-37) 28{21-35) 34 (28-39) 27 (20-33) 34 {28-39) —0.43 (—0.47 to —0.39)
CD8* ymphooyte

count, celiimm’y - 748 (531-981) 751 {532-990) 747 (527-959) 757 (539-1007 736 (525-950) 0.05 (0.00 to 010
CD&* lympho-

cytes, a5 43 (35=500 45 {37-53) 40 (32-46) 46 (37-51) 401(33-47) 0.30(0.25 1o 0.34)
CD3* ymphocyte

count, cellsmm™s 1352 (1044-1719) 1303 (1006-1662) 1433 (1128-1825) 1299 (1003-1671) 1402 (1115=-1780) -0.15({-0.20 to -0.10}
CD3* lympho-

cytes, S% 77 (71-83) TIT{T1-82) 77 (70-83) 7 i71-82) 77 (71=83) =001 (=0.06 to 0.04)
MNeaptenin level,

mmalfL &) 1149 (8.60-16.24) 12.74 (8.57-17.80) 988 (743-1352) 13.03(9.70-18.300 10,11 (7.65=13.90) Q.29 (0.24 to 0.34)
By-micraghabulin

level, poviL &Y 2.26 (1.76-3.00) 241(1.84-3.07)  2.04(1.64-2.86)  2.44 (1.89-3.16) 2.06(162-2.84) 0.20(0.15 10 0.25)
Theush or Tever, % [} BS 30 9.3 32 [Ty

* AIDS = acquired immunodeliciency wndrome, M- = human mmunadeficency virus type 1. HA = not applcable

T Includes 60 participants who died of causes other than K105
& Pearson coerelation with HIV-1 RNA n log base 10

& Values in the second through the fifih colemns ase the median (interguartile range: 25th percentile-T5th percentilel.

| Heoptedin values were missing for 184 partcipants
1 By-micogiobulin values wene mbssing lor 170 parbiopans
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Results

Study Sample and Comparison of Prognostic
Markers

Of the 1604 study participants, 998 had devel-
oped AIDS and 855 had died of AIDS by | July
1995, Median follow-up of AIDS-free participants
was 9.6 years, The Table provides descriptive statis-
tics for the prognostic markers at baseline. Compar-
ison of the natural logarithms of the ratios of the
quartile values in the AIDS group and AIDS-free
group for each prognostic marker indicated that
HIV-1 RNA concentrations were the strongest
predictive marker, followed by CD4" lymphocyte
counts, neopterin levels, and B,-microglobulin lev-
els; CD4" lymphocyte counts were only slightly
more predictive than neopterin levels. The superi-
ority of the HIV-1 RNA concentration as a predic-
tive marker was a consistent finding when we sep-
arately analyzed data from each of the four MACS
centers. The Table also shows that HIV-1 RNA
concentrations were significantly correlated (95% CI
excludes zero) with CD4" lymphocyte count, per-
centage of CD4" lymphocytes, percentage of CDS8'
lymphocytes, CD3" lymphocyte count, and levels of
neopterin and fB.-microglobulin.

Antiretroviral therapy was not available at the
time of the baseline visit for this study (most base-
line visits occurred in September 1985). Subsequently,
1006 of the 1604 participants (63%) received anti-
retroviral treatment, primarily monotherapy with
zidovudine, didanosine, zalcitabine, or stavudine.
The median values of the prognostic markers were
not different in the subgroups that did or did not
receive antiretroviral therapy during follow-up (P =
0.05; data not shown).

Outcome Discrimination by HIV-1 RNA

To assess the effect of baseline plasma concen-
tration of HIV-1 RNA on subsequent decline in
CD4" lymphocyte count, we used a random-effects
linear model (22) to compute change in CD4" lym-
phocyte counts over time, allowing the intercept and
slope to vary among participants (PROC MIXED,
SAS Institute). Figure 1 shows a monotonic relation
between HIV-1 RNA concentrations and decline in
CD4" lymphocyte counts—the higher the HIV-1
RNA concentration, the greater the rate of decline
in CD4" lymphocyte count,

The percentages of participants in HIV-1 RNA
categories | through V who developed AIDS within
6 years were 54%, 16.6%, 31.7%, 55.2%, and
R0.0%. respectively (P < 0.001). The percentages of
participants who died of AIDS within 6 years were
0.9%, 6.3%, 18.1%, 34.9%, and 69.5%, respectively
(P = 0.001). Risk discrimination by baseline HIV-1

RMNA concentration was independent of subsequent
antiretroviral therapy or prophylaxis against Pneu-
maocystis carinii pneumonia (data not shown).

To determine the prognostic value of HIV-1 RNA
at different CD4" lymphocyte counts, Kaplan-Meier
curves for AIDS by HIV-1 RNA category were cal-
culated among participants with CD4" lymphocyte
counts of 200 cells/fmm?® or less, 201 to 350 cells/
mm-, 351 to 500 cells/mm”, or more than 500 cells/
mm- (Figure 2). Within each CD4" lymphocyte cat-
egory, HIV-1 RNA provided significant discrimination
of time without AIDS (P < 0.001) and duration of
survival (P < 0.001; data not shown). A similar anal-
ysis of HIV-1 RNA among categories defined by
percentage of CD4" lymphocytes (0 to 14%, =14%
o 24%, =24% to 29%, and >29%) also showed
highly significant (P < 0.001) discrimination of time
without AIDS and duration of survival (data not
shown).

To determine the prognostic information pro-
vided by the baseline HIV-1 RNA concentration
after controlling for the other markers that were
correlated with it, we used a proportional hazards
regression procedure in which the underlying hazard
was allowed to differ in strata defined by the five
categories of CD4” lvmphocyte count, two catego-
ries of neopterin level (breakpoint of 11.5 nmol/L),
and the presence or absence of thrush or fever.
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Figure 1. Estimated slopes of CD4~ lymphocyte counts by human
immunodeficiency virus type 1 (HIV-7) RNA category. Vertical bars
represent 95% Cis
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Figure 2. Kaplan-Meier curves showing acquired immunodeficiency syndrome [AIDS)-free survival by
human immunodeficiency virus type 1 (HIV-1) RNA category among groups with different baseline CD4"
lymphocyte counts. The five categories of HIV-1 RNA were the followang: |, 500 copses'mL or less; Il, 501 1o 3000
copees/ml; W, 3007 to 10 000 copiesfml; IV, 10001 to 30 000 copesmL; and W, more than 30 000 copiesfml.
MNumbers in parentheses are the sample sizes of the groups at baseline. Groups that were too small to provide
estimates were omitted. The following table hsts the numbers of partiopants in each group after 3, 6, and 9 years:

HW-1 ANA Categosy 3 Years & Years 9 Years
0=200CD4* celis/mm”
W 10 5 F
v 10 | a
201-500 CD4* cellsimm?
1 25 20 16
it 40 i3 12
v 33 14 [
W 35 9 6
351-500 CD4* ealls'mm’
I 45 -] 19
1l 95 60 33
47 m A8 19
W 60 24 ]
=500 CD4* cellsimm?
| 103 90 77
] 173 146 100
iii pAE:] 167 100
v 169 101 50
v 93 40 20
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Data on all four variables were available for 1416
(88.3%) of the 1604 participants. The adjusted rel-
ative risks for AIDS or death from AIDS differed
significantly (P < 0.001) among the five categories
of HIV-1 RNA concentrations; the higher the base-
line HIV-1 RNA concentration, the higher the rel-
ative risk for AIDS and death from AIDS. Specifi-
cally, the adjusted relative risks for AIDS with
HIV-1 RNA categories II through V compared with
category I were 2.4 (95% CI, 1.4 to 4.1), 43 (CL, 2.5
to 7.3), 7.5 (CI, 44 10 12.7), and 128 (CI, 7.5 to
21.8), respectively. The adjusted relative risks for
AlDS-related death with HIV-1 RNA categories 11
through V compared with category 1 were 2.8 (CI,
1.4 to 5.6), 5.0 (CI, 2.5 to 9.8), 9.8 (CI, 49 1o 19.1),
and 18.1 (CI, 9.2 to 35.7), respectively. The recip-
rocal analyses—relative risk for AIDS and AIDS-
related death according to CD4" lymphocyte category
after controlling for HIV-1 RNA concentration,
neopterin level, and thrush or fever—showed that
the adjusted relative risks differed significantly
among the CD4" lymphocyte categories but that
the magnitude of the relative risks was much lower.
For example, the adjusted relative risks for AIDS
with CD4" lymphocyte categories I through 1V rel-
ative to category V were 1.5 (CI, 1.2 to 1.8), 1.8 (CI,
L5 to 2.3), 24 (CI, 1.9 to 3.1), and 4.0 (CI, 3.0 to
5.5), respectively. Use of five categories of percent-
age of CD4" lymphocytes (breakpoint values of
149, 24%, 29%, and 34%) rather than absolute
CD4" lymphocyte count did not change the magni-
tude or significance of the adjusted relative risks.
The adjusted relative risks also remained the same
when age and race were included in each stratified
regression analysis.

Regression Tree Analysis

The final regression tree shown in Figure 3 con-
tains 12 distinct risk categories and provides excel-
lent discrimination of risk for AIDS. To illustrate,
among participants in the lowest risk category
(HIV-1 RNA concentration =500 copies/mL and
CD4" lymphocyte count =750 cells/mm®), only
1.7% developed AIDS within 6 years. By contrast,
97.9% of participants in the highest risk category
(HIV-1 RNA concentration =30 000 cnfics.-"mL and
CD4" lymphocyte count =200 cells/mm”) developed
AIDS within 6 years. The overall association with
AIDS development was stronger for HIV-1 RNA
than for CD4" lymphocytes; in some instances,
however, participants with higher HIV-1 RNA con-
centrations and higher CD4" lymphocyte counts
had a better prognosis than did those with lower
HIV-1 RNA concentrations and lower CD4" lym-
phocyte counts. For each of the 12 risk categories,
we determined whether additional prognostic infor-
mation was provided by levels of neopterin or 8-

microglobulin. Neopterin levels that exceeded the
median of 11.5 nmol/L were associated with signif-
icantly higher risk for AIDS (P < 0.05; likelihood
ratio test) in only 2 of the 12 risk categories. Levels
of B;-microglobulin did not provide additional prog-
nostic information. Because older age at serocon-
version is associated with shorter time to AIDS (1,
23), we examined the effect of a 10-year difference
in age on the risk for AIDS. The adjusted relative
risk for AIDS was significantly higher than 1.0 (P <
(.05) only in participants with HIV-1 RNA concen-
trations of 10000 copies/mL or less.

Discussion

Our study compared the prognostic value of viral
load, measured as the concentration of HIV-1 RNA
in plasma, with that of other traditional markers of
risk for AIDS in a large, well-characterized cohort
of men infected with HIV-1. Plasma viral load was
the single best predictor of clinical outcome, fol-
lowed (in order of predictive value) by CD4" lym-
phocyte counts and neopterin levels, Bo-microglobu-
lin levels, and thrush or fever. We observed a strong
association between viral load and the subsequent
rate of decline in CD4" lymphocyte counts; this
relation has not been shown previously. Plasma viral
load also provided important prognostic information
in all commonly used strata of CD4" lymphocyte
counts (Figure 2). Although our analyses showed
that HIV-1 RNA concentrations are a better pre-
dictor than CD4" lymphocytes, incorporation of
both markers into a regression tree provided more
prognostic information than did either marker alone
(Figure 3). A limitation of our study, however, is
the absence of women or children in the cohort and
the underrepresentation of members of ethnic and
racial minority groups (12.2%).

The third or fourth MACS follow-up visit was
used as the baseline for this study to allow time for
better standardization of sample collection and
laboratory methods among the four sites. For each
MACS center, HIV-1 RNA concentrations and
CD4" lymphocyte counts measured at the third visit
showed significant (P < 0.05) dose-response rela-
tions with AIDS or death from AIDS. A previous
study (13) that used CD4" lymphocyte counts from
the first MACS visit at one center failed to show a
dose-response relation between CD4" lymphocyte
counts and outcome. This was probably due to im-
precision in measurement of CD4" lymphocyte
counts because measurements from the first visit at
the other three MACS centers confirmed the dose-
response relation (5, 16).

Baseline HIV-1 RNA concentrations were highly
predictive of the rate of decline of CD4" lympho-
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1604 Total Farticipants
SO8 Farticipants with AIDS
(P 0.001)

HIV RMA =500 HIV RMA HIV RMNA HIV RBA HV RMA
copiesml 501-3000 3001-10 000 10 001-30 000 copees/mL =30 000 copies'mL
(P = 0.003) copiesiml copiesiml (P = 0.001) (P 0.007)
(P« 0.001) A\
Ch4* Ch4* coa* Coa* CDg* Ccho4a* Cha* cha” cDa* cD4* CD4*
=750 =750 =750 =750 >750 351-750 =350 =500 351-500 201-350 =200
cellsmm®  cellsimm? celtvmm? cellsmm? cellmm?® cellsimm? cellsmm? cellsfmm? cellsimm? cellsimm®  celisfmm?
Partcipants, n L] 56 257 93 300 B4 259 73 141 121 104 70
Participants
with AIDS, n 3 13 S0 E) 179 42 1594 63 105 m 92 67
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with AIDS
{95% CI), %
By 3 years 0.0 7 20 3.2 8.1 9.5 16.1 401 316 479 6.4 855
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0-6) (2=17  (12=21) (F=22)  (32-43) (35-49) (49-61) (B3-84) (SB-76) (B9-BS) (B2-95) (92-100)
By 9 years i6 22.3 354 40 .4 54,7 62.4 76.3 B6.2 76.3 94.4 929 100.0
{0-9) (12-35) (29-41) (30-52) (S4-66) (48-75) (71-81 (77-94) (69-83) (90-93) (B7-98) (100-100)

Figure 3. Probability of developing the acquired immunodeficiency syndrome (AID5) according to human immunodeficiency virus type 1
(HIV-1) concentration and CD4* lymphocyte count. The # values are derived from the likelihood ratio test using Cox regression. Mean 95% Cls were

derved from S00 bootstrap samples using the percentile method,

cyte counts, of AIDS development, and of death
over a l0-year span. The strong link between
plasma viral load and clinical outcome provides
solid evidence that viremia is central to the patho-
genesis of HIV-1 disease. Recent studies (24-26)
indicate that viremia in HIV-1 infection is sustained
by continuous, rapid viral replication, with approxi-
mately 10" virions produced per day (range, 0.4 to
32.0 % 10" virions per day). In addition, plasma
viral load is a direct indicator of the total number of
virus-producing cells in an infected person (26). Pa-
tients with higher plasma viral loads may develop
AIDS in a shorter time because greater virus pro-
duction more quickly exhausts the host's capacity to
replenish destroyed CD4™ lymphocytes. The specific
mechanisms responsible for the destruction of CD4”
lymphocytes and the critical factors that control the
level of virus production are still largely undefined.

Studies on the degradation of HIV-1 RNA in
blood samples indicate that the type of anticoagu-
lant agent used and the time interval between col-
lection and freezing of plasma influence the number
of HIV-1 RNA molecules detected. To minimize
HIV-1 RNA degradation, it is recommended that
blood be collected in tubes that contain EDTA as
the anticoagulant and that the blood be processed
within 4 hours of collection (27). The plasma sam-
ples used in our study were separated from hepa-

rinized blood and stored at —70°C after an average
delay of 6 hours. Studies that have compared blood
samples collected in heparin or EDTA indicate that
the HIV-1 RNA concentration measured by the
bDMNA assay in heparinized plasma is approximately
65% of that in EDTA-anticoagulated plasma after a
processing delay of as long as 2 hours and approx-
imately 45% of that in EDTA-anticoagulated plas-
ma after a delay of 30 hours (27). This suggests that
the plasma HIV-1 RNA values in our study are like-
Iy to be approximately 50% to 60% of those that
would have been obtained if samples had been col-
lected in EDTA, processed within 4 hours, and test-
ed by the bDNA assay. This important difference
should be considered when the results of this study
are incorporated into clinical practice.

We used a sensitive bDNA signal-amplification
assay to measure plasma HIV-1 BNA concentra-
tions. Plasma HIV-1 RNA can be quantified with
other methods, including reverse transcriptase—initi-
ated polymerase chain reaction (RT-PCR) and nu-
cleic acid sequence-based amplification (7, 8). An
RT-PCR technique has recently been approved for
clinical use by the U.S. Food and Drug Adminis-
tration (FDA). We assayed a subset of 400 of the
1604 samples from this study by using the FDA-
approved RT-PCR assay; the assay was performed
after heparinase was added to destroy heparin in
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the samples because heparin inhibits RT-PCR. The
correlation coefficient for the results obtained with
the two assays was (.93 (P < 0.001). Concentrations
of HIV-1 RNA obtained with RT-PCR were ap-
proximately two times higher than those obtained
with the bDMNA assay; however, the magnitude of
the difference varied across the range of values. To
illustrate, samples that were found to contain 3000,
10000, and 30 000 HIV-1 RNA copies/mL when the
bDNA assay was used had 6911, 20 442, and 54 894
copies/mL, respectively, according to RT-PCR (dif-
ferences of 2.30-, 2.04-, and 1.83-fold, respectively).
The relation between the results of the two assays is
summarized by the following formulas: 1) RT-PCR
(copies/mL) = 5.13 x (bDNA copies/mL)" and,
conversely, 2) bDNA value (copies/mL) = 0.2 x
(RT-PCR copies/mL)"'.

Our study establishes HIV-1 RNA as an important
prognostic marker before antiretroviral therapy has
been initiated. Our analyses were not confounded by
antiretroviral therapy because baseline HIV-1 RNA
values did not differ between the subgroups that did
and did not receive therapy during follow-up and be-
cause HIV-1 RNA concentrations predicted highly sig-
nificant differences in time without AIDS and dura-
tion of survival independent of subsequent therapy.

In summary, measurement of HIV-1 RNA con-
centrations and CD4" lymphocyte counts at one
time point provides excellent discrimination of the
risk for AIDS and death from AIDS. Risk for dis-
ease progression exists on a continuum that in-
creases directly with the plasma HIV-1 RNA con-
centration and inversely with the CD4" lymphocyte
count. Combined use of these prognostic markers
should prove useful in individual patient manage-
ment and in the design and evaluation of therapeu-
tic trials. Such trials are needed to define the opti-
mal time to initiate antiretroviral therapy on the
basis of individual risk for disease progression.
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Vex not his ghost; O, let him pass!

He hates him

That would upon the rack of this tough world

Stretch him out longer.

William Shakespeare
King Lear
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