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Background. Mortality related to human immunodefi
ciency virus (H IV ) infection occurs predominantly in 
patients with C D 4 +  lymphocyte counts o f  less than 50 
cells/mm3. We followed 133 HIV-infected patients 
with enrollment C D 4 counts o f  less than 50 cells/mm3 
to determine if  the risk o f  death during a 1-ycar period 
could be predicted by a single enrollment C D 8+  lym
phocyte count.

Methods. Enrollment data including age, sex, T-cell 
subset counts, p24 antigen status, antiretroviral use, 
and preexisting HIV-related illnesses were collected on 
a cohort o f  133 consecutive patients with enrollment 
CD4 counts o f less than 50 cells/mm3. The cohort was 
followed for 1 year, and survival data were analyzed in 
relation to enrollment variables.

Results. The mean enrollment CD 8 count o f  those pa
tients alive at 1 year was 600  cells/mm3, compared 
with a mean enrollment CD 8 count o f only 370 cells/ 
mm3 in patients who had died prior to 1 year 
(P <  .001). For every 100-cell decline in the enroll

ment C D 8 count, the risk o f  death increased by 16% 
(95%  confidence interval [C l], 5%  to 22% ), indepen
dent o f  other enrollment variables, including C D 4 
counts and p24 antigen status. A significant CD 8 
count warning level o f  415  cells/mm3, irrespective o f 
the presence o f  other enrollment variables, was associ
ated with death within 1 year. The Kaplan-Mcicr esti
mated chance o f death within 1 year was 54%  (95%  
C l, 42%  to 66% ) for patients with C D 8 counts o f  less 
than 415  cells/mm3 compared with only 25%  (95%  
C l, 14% to 36% ) for patients with C D 8 counts greater 
than 415 cells/mm3.

Conclusions. This study finds that a single CD S count 
has important prognostic significance in patients with 
advanced H IV  infection and suggests that potential 
therapies to enhance CD S counts might be beneficial 
to patients with advanced H IV  infection.
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The effect o f  human immunodeficiency virus (H IV ) in
fection on T-cell subsets was noted by early investigators 
of the acquired immunodeficiency syndrome (A ID S).1’2 
Subsequently, much attention has been focused on the
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C D 4+  T-lymphocyte subset in patients infected with 
H IV.

The number o f  C D 4+  T  lymphocytes (C D 4 count) 
tends to decline in patients infected with H IV . This 
decline in C D 4 counts is associated with increasing clin
ical manifestations o f  immune deficiency and an in
creased risk o f  progression to A ID S.3-7 Recent studies 
have found that the risk o f death in patients infected with 
H IV  rises dramatically when the C D 4 count falls below 
50 cells/mm3, and mortality related to H IV  infection 
occurs predominantly in patients with fewer than 50 
C D 4 cells/mm3.8" 10

Less attention has been focused on the C D 8+  
T-lymphocyte subset in patients with H IV  infection. The
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number o f C D 8+ lymphocytes (CD8 count) rises dra
matically shortly after H IV  infection and remains ele
vated. CD8 counts rise dramatically shortly after H IV 
infection and remain elevated through most o f the long 
asymptomatic phase o f H IV  infection.11-12 In addition, 
C D 8+ T  lymphocytes have been reported to suppress 
replication o f H IV  in vitro.13-15 Based on these obser
vations, it has been postulated that changes in CD8 
counts may reflect an important immunologic response 
to H IV infection.11-16 This article is a report o f survival 
among 133 HIV-infected patients with less than 50 CD4 
cells/mm3. O f particular interest is the relation between a 
single CD8 count and the risk o f death in patients with 
advanced H IV  infection.

Methods
A cohort o f 133 patients was enrolled between August 1, 
1991, and October 31, 1991. All patients with a CD4 
count o f less than 50 cells/mm3 measured at the Kaiser- 
Los Angeles Regional B and T-Cell Laboratory were 
enrolled. In the case o f patients with more than one 
qualifying CD 4 count measured during the enrollment 
period, only the earliest T-cell subset data and date were 
used for enrollment. No distinction was made between 
patients whose C D 4 count had recently fallen below 50 
cells/mm3 and patients whose CD 4 counts had been less 
than 50 cells/mm3 for several months or years. The 
enrollment demographic and clinical characteristics o f 
the cohort (mean age, mean T-cell subset counts, sex, 
ethnicity, most recent p24 antigen status within the 3 
months preceding enrollment, antiretroviral agent or 
agents in use at the time o f enrollment, and prior history 
o f opportunistic illnesses) are listed on Tables 1 and 2.

Survival status was determined for all patients at the 
end of 1 year following the dates o f their enrollment, 
which were the same as those o f their qualifying T-cell 
subsets. This status was obtained by review o f hospital 
records, outpatient clinic records, death certificates pro
cessed through the medical center, and telephone inter
view o f area hospices.

T-Lymphocyte Subset Analysis

All blood samples were processed on the day o f collection 
at the same immunology laboratory using the same tech
nique throughout the enrollment period. Anticoagulated 
whole blood samples were incubated at room tempera
ture with single and combined murine monoclonal anti
bodies directly conjugated to fluorescein isothiocyanate 
(FITC) or phycoerythrin (R D 1): anti-CD2 (T ll-F IT C , 
Coulter Corp, Miami, Fla), combined anti-CD4 and

anti-CD8 (T 4-R D 1 and T 8 -F IT C , Coulter Corp). The 
samples were counted on a flow cytometer (Profile One, 
Coulter Corp). Cytotrol (Coulter Corp) patient pool 
control cells were used as quality controls.

Statistical M ethods

The main patient survival analyses were based on the Cox 
proportional hazards model with both univariate and 
multivariate independent variables. Significant univariate 
findings were used to create a pool o f  baseline variables, 
which were subsequently employed in a forward stepwise 
selection o f independently significant risk factors that 
predispose patients to early death. An iterative procedure 
similar to that recently described by LeBlanc and Crow
ley and based on the log-rank test17 was used to identify 
a CD8-count cutoff value that can singly define a warn
ing level for possible clinical application. This was 
achieved by using median CD 8 count values for deaths 
and survivors as the respective lower and upper limits of 
iteration, and the identification o f an iterated value that 
revealed the highest and near-equivalent univariate and 
multivariate significance. The highest significance ensures 
the best discrimination between deaths and survivors, 
whereas the near-equivalence represents adjustment for 
factors other than C D 8 counts. Mortality curves were 
constructed using the product-limit method (Kaplan- 
Meier) and two-group survival comparisons were based 
on the log-rank test.

Results
Tables 1 and 2 present enrollment characteristics o f the 
cohort according to patient survival status at the end of ( 
the postenrollment year. O f the 133 study patients, 63 
(47.4% ) were alive 1 year following the date o f their 
enrollment, 53 (39.8% ) had died before the end o f the 
postenrollment year, and 17 (12.8% ) were lost to fol
low-up during the study period. The cohort was predom
inantly male (98% ) with a mean age o f  40  (± 9 )  years. 
Forty-seven percent o f the patients were white, 26% 
were Hispanic, and 15% were black.

The entries in Table 1 represent the number of 
persons with specific enrollment characteristics, by end- 
of-year status. The subgroups o f enrollment antiretrovi
ral therapy and prior history o f opportunistic illnesses are 
not mutually exclusive since a patient could have a history 
o f one or more opportunistic illnesses or be treated with 
one or a combination o f antiretroviral agents. The entries 
in Table 2 represent the mean and standard deviation of 
enrollment age and enrollment T-cell subsets, by end-of- 
year status.
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Table 1. Demographic and Clinical Characteristics at Enrollment in a Cohort o f Patients 
with Advanced H IV  Infection, by End-of-Year Status

Characterisdc

Survivors 
(n = 63) 
No. (%)

Deaths 
(n = 53) 
No. (%)

Lost to 
Follow-up
(n = 17) 
No. (%)

All
(N = 133) 

No. (%)

Sex
Female 2(3 ) 1 (2) 0 (0 ) 3(2)
Male 61 (97) 52 (98) 17 (100) 130 (98)

Ethnicity
White 28 (44) 29 (55) 5(29) 62 (47)
Black 10 (16) 7(13) 3(18) 20 (15)
Hispanic 18 (29) 13 (25) 4 (24) 35 (26)
Asian 2 (3 ) 0 (0 ) 0 (0 ) 2 (2 )
Native American 1 (2) 0 (0 ) 0 (0 ) 1 (1)
Unknown 4 (6 ) 4 (8 ) 5(29) 13 (10)

P24 antigen*
Positive 13 (21) 21 (40) 4 (24) 38 (29)
Negative 29 (46) 16 (30) 7(41) 52 (39)
Unknown 21 (33) 16 (30) 6 (35) 43 (32)

Antiretroviral
Zidovudine 30 (48) 24 (45) 9 (53) 63 (47)
Didanosine 5(8 ) 7(13) 0 (0 ) 12(9)
Zalcitabine 14 (22) 13 (25) 7(41) 34 (26)
Acyclovir 8(13) 11(21) 3(18) 22 (17)
None 14 (22) 10(19) 1(6) 25 (19)
Unknown 7(11) 1(2) 3(18) 11(8)

History of OI/OM
Pneumocystic carinii pneumonia 17 (27) 18 (34) 6 (35) 41(31)
Kaposi’s sarcoma 11(18) 15 (28) 3(18) 29 (22)
Toxoplasmosis encephalitis 1(2) 3(2) 1(1) 5 (4 )
Cryptococcal meningitis 4 (6 ) 3(6) 1(6) 8 (6 )
Mycobacterium avium complex* 3(5 ) 9 (17) 3(18) 15(11)
Cytomegalovirus retinitis* 1(2) 8 (15) 1(6) 10(8)
Lymphomat 0 (0 ) 2 (4 ) 0 (0 ) 2 (2 )
Candidal esophagitis! 2 (3 ) 10 (19) 0 (0 ) 12(9)
None 27(43) 11(21) 0 (0 ) 38 (29)

*P <  .05. 
t  P <  .01. 
fP <  .001.
OI/OM  denotes opportunistic infection!opportunistic malignancy.

Based on univariate analyses, the study revealed that 
age (P =  .038), positive p24 antigen status (P =  .023), 
prior histories o f  Mycobacterium avium  complex (MAC) 
(P = .022), cytomegalovirus (CM V) retinitis

(P =  .011), lymphoma (P =  .009), and candidal esoph
agitis (P <  .001) were significantly associated with early 
death. Although the sizes o f  the groups with some o f 
these characteristics were small, these baseline character-

Table 2. Age and T-Cell Characteristics at Enrollment in a Cohort o f Patients with 
Advanced H IV  Infection, by End-of-Year Status

Lost to

Characteristic

Survivors 
(n = 63) 

(mean ±  SD)

Deaths 
(n = 53) 

(mean ± SD)

Follow-Up 
(n = 17) 

(mean ± SD)

All
(n = 133) 

(mean ± SD)

Age, y* 39 ± 8 42 ± 10 38 ± 10 40 ± 9
Total T  cells/mm3t 761 ± 440 493 ± 338 583 ±  423 631 ± 417
CD4+ T cells/mm3* 24 ± 12 19 ± 13 21 ± 14 21 ± 13
CD8+ T cells/mm3! 600 ±  382 370 ± 276 448 ±  352 489 ±  354
*P < .05. 
fP < .001. 
tP  <  .0001
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Table 3. Enrollment Characteristics Independently Associated 
with Relative Risk of Death After 1 Year in a Cohort of 
Patients with Advanced H IV Infection ______

Factor
Relative Risk 

(95% Cl) P Value

History
.009Lymphoma 13.97 (2.86-68.55)

Candidal esophagitis 3.92 (1.94-7.97) <.001

Older Age 1.03 (1.01-1.06) .024
Elevated CD8+ T 

cells/mm3 counts*
0.998 (0.997-0.999) .001

*The median enrollment CD8 counts fo r  deaths and survivors o f  the 1-year postenroll
ment period were 275 and 484 cells!mm*, respectively. For every increase o f  100 cells in 
the enrollment CD8 count, the risk o f  death decreased by 16% (95% Cl, 5% to 22%). 
C l denotes confidence interval.

istics cannot be dismissed, since their presence revealed a 
significant difference in survival. For instance, the two 
patients with a prior history o f lymphoma at the time of 
enrollment died within 60 days o f enrollment, compared 
with the rest o f the cohort, which had a median survival 
time o f at least 1 year.

The enrollment total T-cell count (P <  .001), the 
enrollment CD 4 count (P = .016), and especially the 
enrollment CD8 count (P <  .001) were found to be 
significantly associated with a favorable length o f sur
vival. The total T-cell count in this cohort was found to 
be correlated more with the CD8 count (r = .98, 
P <  .001) than with the CD 4 count (r  = .41, P  <  .001). 
It should be noted that the T-cell subset counts for the 
patients who were lost to follow-up, on average, lie 
between the values for survivors and those for deaths.

Based on multivariate analyses, we found that a 
history o f lymphoma, a history o f candidal esophagitis, 
and patient age each were significant independent con
tributors to a higher risk o f death. An elevated CD8 
count at enrollment, in contrast, was found to be a 
significant independent contributor to a favorable sur
vival prognosis, thus associated with a lower risk of 
death. Table 3 presents the significant relative-risk esti
mates o f these independent factors associated with pa
tient mortality. A diagnosis o f lymphoma revealed the 
highest relative risk (14.0) but, as noted earlier, there 
were only two cases with a history o f lymphoma, and this 
relative rarity is reflected in the large confidence interval. 
Survivors and deaths had candidal esophagitis diagnosis 
rates of 3.2%  and 18.9%, respectively, with a highly 
significant (P <  .001) relative risk (3.9) associated with 
the presence o f this condition. For every increase o f 100 
cells in the enrollment CDS count, the risk o f death 
decreased by 16% (95%  Cl, 5% to 22% ). This contri
bution o f higher CDS counts to favorable survival prog
nosis is independent o f other enrollment characteristics,

including CD4 counts, p24 antigen status, and antiret
roviral use.

The median enrollment C D 8 counts for deaths and 
survivors o f the 1-vear postenrollment period were 275 
and 484 cells/mm3, respectively. Increases by a cell count 
o f 5, starting from the lower boundary' o f  275 , and 
subsequent univariate and multivariate analyses resulted 
in a cell-count cutoff point o f  415  that showed the 
maximum significance o f the unadjusted (P <  .001) and 
adjusted (P <  .001) hazards ratio with the closest values. 
CD8 counts that were not within the median boundary 
points did not reveal significant relative risk attributable 
to CD8 baseline counts. Thus, the proximity and small 
size o f the probability values suggests that, irrespective of 
the presence o f other risk factors, the C D 8 count o f 415 
cells/mm3 can singly be used as a high-risk level in pa
tients with a CD 4 count < 5 0  cells/mm3. Based on this 
level, patients were divided into two groups: those with 
enrollment CD8 counts > 4 1 5  cells/mm3 and those with 
enrollment CD8 counts < 4 1 5  cells/mm3. The Figure 
shows the cumulative mortality curves for these two 
groups. The estimated chance o f death within 1 year for 
patients with an enrollment C D 8 count o f  < 4 1 5  cells/ 
mm3 was 54% (95% Cl, 42%  to 66% ), compared with 
only a 25%  (95% Cl, 14% to 36% ) chance o f  death 
within 1 year for patients with an enrollment C D 8 count 
> 415  cells/mm3.

Discussion
This study finds an association between a single CD8+ I 
T-lymphocyte count and the risk o f  death in patients 
with advanced H IV  infection. In particular, lower CD8 
counts at enrollment were associated with higher risk of, 
death within 1 year among patients with C D 4 counts 
below 50 cells/mm3. This study supports a previously! 
identified association between the clinical status o f HIV- 
infected patients and C D 8+  T-lymphocyte anti-HIV 
activity.18-19

A study o f patients at earlier stages o f H IV  infection 
than those in our study found no relation between initial 
CD8 counts and progression to A ID S.20 Still another 
study o f initial CD8 counts and progression to AIDS) 
found a weak increase in the risk o f progression to AIDS 
associated with higher C D 8 counts.21 However, this 
second study was not confined to patients with initial 
CD 4 counts < 5 0  cells/mm3, and it analyzed progression 
to AIDS over a 6 0 -month period following the initial 
CD8 count. For the immediate 6 -month period before 
the diagnosis o f AIDS, that study revealed that the risk of[ 
progression to AIDS was elevated by 10% for each 
1 0 0 -cell decline in the CD8 count, a finding that concurs
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Days After Enrollment
Figure. Kaplan-Meier estimates o f  the cumulative probability o f dying according to the number o f days after enrollment for two 
groups: those with C D 8 counts > 4 1 5  cells/mm3 and those with counts < 4 1 5  cells/mm3 at the time o f enrollment.

with those o f  our study regarding the risk o f death within 
1 year after the initial C D 8 count. The combined find
ings suggest that CD 8 counts may be a useful marker for 
disease progression only in later stages o f  H IV  infection.

It has been postulated that the initial rise in CD 8 
counts following H IV  infection represents an important 
immunologic response to H IV  infection.11- 16 Long-term 
survivors o f  H IV  infection also have been shown to 
possess strong C D 8 +  T-lymphocyte anti-H IV activity, 
compared with patients who demonstrate clinical pro
gression o f  H IV  infection.22 This anti-H IV activity in
cludes suppression o f  H IV  replication mediated by a 
soluble antiviral factor produced by activated CD 8 +  T  
lymphocytes.19’23’24 The findings o f  our study suggest 
that C D 8+  T-lymphocyte-mediated anti-H IV activity is 
still present in varying degrees, even in patients with 
advanced H IV  infection.

The study identified a clinically useful CD 8 count 
warning level o f  415  cells/mm3; below that level the risk 
of death within 1 year is greater than 50% . This warning 
level is in agreement with findings that a decline in CD 8 
counts below 400  cells/mm3 predicts dissemination o f 
CMV and M AC in patients with H IV  infection.25 These 
combined findings suggest that patients with advanced 
HIV infection and C D 8 counts below approximately 
400 cells/mm3 should be strongly considered for prophy
laxis against C M V  and M AC as such prophylactic ther
apies become available. Rifabutin was recently approved 
for the prevention o f  disseminated MAC disease in pa
tients with H IV  infection.26

Family physicians caring for patients with terminal 
illness frequently are asked, “How long will I live?” This 
study finds that C D 8 counts may provide prognostic 
information about patients with advanced H IV  infec
tion. Such prognostic information would be useful to 
family physicians in counseling HIV-infected patients 
and their families, in initiating appropriate prophylaxis 
and monitoring for certain terminal conditions associ
ated with A ID S, and in planning hospice care for pa
tients with advanced H IV  infection.

Finally, this study requires replication before the 
potential value o f  C D 8 counts as a marker for disease 
progression in advanced H IV  infection can be accepted. 
This study’s results are limited in their general applica
tion to women because o f the small number o f women 
participating in the study. Our study suggests that the 
urgent need for new surrogate markers o f A ID S progres
sion for use in evaluating novel therapies27 might be 
partially addressed by the use o f  C D 8 counts as surrogate 
markers in patients with advanced H IV  infection,28 and 
that potential therapies directed at increasing CD 8 
counts might prove beneficial in patients with advanced 
H IV  infection.29-30
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