
Because HIV-1 infected infants with rapid progression (RP) of
disease might benefit from early and intense antiretroviral
therapy, the identification of predictive factors of RP becomes
extremely important. Currently, the best predictive factors of
RP in HIV-1 infected children are HIV-1 RNA levels and CD4-
positive T-cell counts. A decrease in CD3-positive T-cell count
has been identified as a predictive factor of AIDS development
in HIV-1 infected adults. Our objective was to evaluate
decreased number of CD3-positive T-cells as a predictive fac-
tor of RP in infants. Peripheral blood lymphocytes from HIV-1
infected infants (up to 6 months of age) were analyzed for an
association of lymphocyte subsets with RP, which was defined
as the occurrence of AIDS or death before 18 months of age. In
infants with RP (n = 32), CD3-positive T-cell counts were 3093
cells/µL at <1 month of age, 3092 cells/µL at 1 to 3 months,
and 2062 cells/µL at 3 to 6 months. Non-RP infants (n = 49)
maintained their CD3-positive T-cells counts at approximately
4000 cells/µL for at least 6 months of life. CD3-positive and
CD4-positive T-cell counts were significantly associated with
RP. Our results suggest that a decreased CD3-positive T-cell
count may be used to predict RP in HIV-1 infected infants (RR
= 2.16, P = .001). (J Allergy Clin Immunol 2001;108:265-8.)
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Vertical transmission of HIV-1 still occurs at signifi-
cant levels in medically underserved inner-city commu-
nities and underdeveloped countries.1 More than 20% of
HIV-1 infected infants develop Centers for Disease Con-
trol and Prevention (CDC) class C disease2 (equivalent to
AIDS) or die before 18 months of age.3 Early antiretro-
viral therapy for HIV-1 infected infants has been recom-
mended, particularly those with rapid progression (RP)

of disease.4 Several studies have suggested different sur-
rogate markers to assess the risk of RP in pediatric pop-
ulations, including HIV-1 RNA levels, lymphocyte sub-
sets, and serum proteins.5,6 Increasing HIV-1 RNA levels
are good predictors of disease progression in infants and
children, though there is a large overlap of the HIV-1
RNA plasma values of HIV-1 infected infants who devel-
op AIDS early with those of HIV-1-infected infants who
stay asymptomatic.7 A low CD4-positive T-cell count is
also a strong determinant of HIV-1 disease progression.5

In HIV-1 infected adults, decreases in CD3-positive T-
cell counts occur 1.5 to 2.5 years before the development
of AIDS, independently of CD4-positive T-cell counts.8

Therefore, we hypothesize that the analysis of CD3-
positive T-cells in HIV-1–infected infants could be used
to assess the risk of RP in a large cohort of subjects, such
as the Pediatric Pulmonary and Cardiac Complications of
Vertically Transmitted HIV Infection (P2C2) Study
(1990-1996).9

METHODS

Study population

The P2C2 Study population has been described earlier, and expla-
nations of recruitment, examinations, laboratory analysis, and quali-
ty assessment have been presented.9 For this longitudinal study, we
analyzed children who were born to HIV-1–positive women and
prospectively enrolled at birth or by 28 days of life (birth cohort).
Ninety-three of 600 infants enrolled were infected with HIV-1; they
were examined at intervals of 3 to 6 months through 5 years of age.
Progression to CDC class C disease or death was considered rapid if
it occurred before 18 months of age. The relatively high incidence of
RP (43.5%) in our cohort has been discussed previously.9

T-cell determination

CD3-positive, CD4-positive, and CD8-positive T-cell numbers
were determined by means of 2- or 3-color fluorescence flow
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cytometry in laboratories certified by the National Institute of Aller-
gy and Infectious Diseases, AIDS Quality Assurance Program.
Absolute numbers were determined arithmetically on the basis of
complete blood counts from the same blood sample and expressed
as numbers of cells per microliter of blood.

Statistics

CDC stage–specific cumulative morbidity and mortality were
estimated through use of the Kaplan-Meier method. Repeated mea-
sures analyses of lymphocytes (cube-root transformations) were
performed by means of SAS Proc Mixed (Cary, NC), which esti-
mated the means and 95% CIs according to disease progression and
age. To estimate the relative risk (RR) of RP and to examine the
temporal relationship between lymphocyte phenotypes and RP, we
included each of the phenotype measures as a time-dependent
covariate in a Cox regression model of disease progression. The
Cox model was fit separately for each T-cell subset.

RESULTS

Morbidity and mortality of HIV-1 infected

infants

Table I summarizes the cumulative morbidity and
mortality according to the CDC classification system. By
18 months of age, 10.9% of the children had died and
32.6% were in class C (AIDS). Forty HIV-1–infected
infants (43.5%) had reached class C or died by 18
months of age. Over 90% of the infants took antiretrovi-
ral medications. Most of the infants were African 
American (44.1%) or Hispanic (34.4%).

Lymphocyte subset analysis

T-cell subset counts available after 1 week and up to 6
months of age and before the identification of CDC class
C symptoms were used in the lymphocyte subset analy-
ses. Among the 93 HIV-1–infected infants, 81 had data
(128 measurements) available for analysis, 8 did not have
data before 6 months of age, and 4 had CDC class C
symptoms before the earliest T-cell measurement. The
mean CD3-positive T-cell counts were lower in HIV-
1–infected infants who were subsequently identified with
RP (n = 32) than in non-RP HIV-1–infected infants (n =
49). Mean CD3-positive T-cells were significantly lower
before 1 month of age (P = .05), at 1 to 3 months (P =
.05), and at 3 to 6 months (P < .001) in the infants with
RP (Fig 1). Mean CD3-positive T-cell counts were
approximately 4000 cells/µL at each age category in the
non-RP subgroup but declined from 3093 cells/µL before
1 month and 3092 cells/µL at 1 to 3 months of age to 2062
cells/µL at 3 to 6 months in the RP subgroup. The mean
CD3-positive T-cell count remained lower in HIV-infect-
ed infants with RP after adjustment for maternal CD3-
positive T-cell count and zidovudine exposure in utero.

A total of 36 infants received antiretroviral therapy.
There was no significant effect on CD3-positive T-cell
counts associated with receiving antiretroviral therapy (P =
.24). Mean CD4-positive T-cell counts (P = .002 and P <
.001 at 1 to 3 months and 3 to 6 months, respectively) and
mean CD8-positive T-cell counts (P < .001 at 3 to 6
months) were lower in RP infants than in non-RP infants.
CD8-positive T-cell counts initially increased in all of the
infants but decreased sharply at 3 to 6 months of age in
those with RP. In non-RP infants, the CD8-positive T-cell
counts remained stable (Fig 1). The estimates of RR of
developing RP of HIV-1 disease were elevated on the basis
of CD3-positive T-cells (RR = 2.16 per 2000 cells/µL
decrease; 95% CI, 1.36-3.40; P = .001) and CD4-positive
T-cells (RR = 2.30 per 1000 cells/µL decrease; 95% CI,
1.52-3.47; P < .001) but not on the basis of CD8-positive T-
cells (RR = 1.44 per 1,000 cells/µL decrease; 95% CI,
0.91-2.27; P = .12). The 5-year cumulative survival was
lower for children with baseline CD3-positive T-cell counts
below the median (49.7%; SE, 8.1) than for children with
baseline counts above the median (85.5%; SE, 5.5; P <
.001). The association between CD3-positive T-cell count
and survival remains significant (P < .006) after adjustment
for serum IgG levels, albumin levels, and HIV-1 RNA load.

FIG 1. T-cell subset counts from HIV-infected infants with RP of
disease (�) and HIV-infected infants with non-RP of disease (�)
during their first 6 months of age. A, CD3-positive T cells. B, CD4-
positive T cells. C, CD8-positive T cells. The numbers of subjects
at each time interval are given under the graphs.
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DISCUSSION 

The progression of HIV-1 infection to AIDS is thought
to occur when the immune system is unable to control
viral replication and there is subsequent destruction of
CD4-positive T-cells. CD8-positive T-cells are major
components of the antiretroviral immune response. In
subjects with RP, CD8-positive T-cell counts initially
increased when CD4-positive T-cell counts decreased,
but they subsequently fell. The presence of anti–HIV-1-
specific CD8-positive T-cells correlates with long-term
survival10; however, the value of CD8-positive T-cell
counts for prognosis of HIV-1 disease progression is con-
troversial. The rise and following decline of CD8-posi-
tive T-cell numbers might be responsible for the lack of
statistically significant association with progression of
disease. In the present study, the total T-cell population,
assessed by the measurement of CD3-positive T-cell
counts, is predictive of RP in HIV-1 infected infants.
Using the same patient cohort, we have previously shown
that a high baseline CD4-positive T-cell count and a low
baseline HIV-1 viral load were significant independent
factors associated with survival, in agreement with simi-
lar studies in the literature.6

The use of the total number of T cells as an indicator
of HIV-1 disease progression is based on the concept of
blind T-cell homeostasis.8 This theory proposes a regula-
tory mechanism that keeps the total number of T cells
constant, increasing the number of CD8-positive T cells
when the number of CD4-positive T cells decreases.
When both CD8-positive and CD4-positive T-cell counts
drop, the development of AIDS occurs. Evidence show-
ing that the decreased number of CD3-positive T cells is
an indicator of AIDS progression in children has not
been reported. The determination of CD3-positive T-cell
counts might provide additional information needed to
make the decision to start early antiretroviral treatment in
HIV-1 infected infants and therefore delay the disease
progression.

We thank Dr Jane Pitt for her careful review of the manuscript;
the National Heart, Lung and Blood Institute for support of this
study; and the children and families of the P2C2 Study.

Appendix

Project Officer, National Heart, Lung and Blood Insti-
tute: Hannah Peavy, MD

Chairman of the Steering Committee: Robert B.
Mellins, MD

Clinical centers (Principal Investigators): Baylor Col-
lege of Medicine, Houston, Tex (William T. Shearer,
MD, PhD); Children’s Hospital, Boston/Harvard Med-
ical School, Boston, Mass (Steven Lipshultz, MD);
Mount Sinai School of Medicine, New York, NY (Meyer
Kattan, MD); Presbyterian Hospital in the City of New
York/Columbia University, New York, NY (Robert B.
Mellins, MD); UCLA School of Medicine, Los Angeles,
Calif (Samuel Kaplan, MD).

Clinical Coordinating Center: Kirk A. Easley, MS,
The Cleveland Clinic Foundation, Cleveland, Ohio.

Chairman of the Policy, Data and Safety Monitoring
Board: Henrique Rigatto, MD

A complete list of the study participants can be found
elsewhere.9
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