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Our objective was to study the probability of achieving
undetectable viral load levels in HIV-1-infected children after 36
mo of highly active antiretroviral therapy (HAART). A prospec-
tive, multicenter, longitudinal study in 41 HIV-1-infected chil-
dren on HAART was undertaken. Viral load was quantified using
standard molecular assay. CD4� and CD8� T cell subsets were
determined by flow cytometry. The probability of achieving
undetectable viral load was determined using Kaplan-Meier
curves according to groups by percentage CD8� at baseline
(CD8� �25% or �25%). Lower baseline CD8� T cell levels
conditioned a less effective virological response to HAART in
children, independent of baseline CD4� T cell numbers and viral
load levels. A greater number of children (81%) from CD8�
�25% group than from the CD8� �25% (40%) presented
undetectable viral load levels (p � 0.013). Additionally, the

CD8� �25% group showed a 4.5-fold higher (95% confidence
interval: 1.1–19.2) relative proportion for achieving viral load
�400 copies/mL than the CD8� �25% group (p � 0.039). We
concluded that monitoring CD8� T cell numbers may be valu-
able in deciding when to start HAART in vertically HIV-1-
infected children. (Pediatr Res 53: 309–312, 2003)

Abbreviations
ART, antiretroviral therapy
HAART, highly active antiretroviral therapy
VL, viral load
PI, protease inhibitor
RT-PCR, reverse transcriptase PCR
RP, relative proportion
95% confidence interval, 95% CI

HAART has been shown to have a profound impact in terms
of reducing mortality, AIDS-defining illnesses, and hospital
admissions (1, 2). Several studies have been conducted to
evaluate the predictive markers of initial virologic response to
HAART in either previously antiretroviral naïve or experi-
enced patients (3, 4). However, little is known about the
relationship between the plasma VL response over the first 36
mo of HAART and the baseline CD8� T-cell values measured
at the time of starting HAART in HIV-1-infected children.
Studies of immune response generated in HIV-infected indi-
viduals indicate that CD8� T cells play an important role in
controlling viremia (5), and the emergence of HIV-1-specific
CD8� cytotoxic T-lymphocyte activity coincides with the
clearance of viremia during primary HIV-1 infection (6, 7).

We therefore analyzed data from a cohort of HIV-1-infected
children on first-line HAART to evaluate the probability of
achieving undetectable VL levels by 36 mo after initiation of
HAART according to their baseline CD8� T-cell numbers.

METHODS

Study subjects. Forty-one vertically HIV-1-infected children
were recruited in a prospective longitudinal study between
December 1996 and October 2001, at the General University
Hospital “Gregorio Marañón” in Madrid, and the “Virgen del
Rocío” Hospital in Seville, Spain. All HIV-infected children
had first-line HAART with a combination of two nucleoside
analogues plus one PI for an average of 39.8 � 1.5 mo.
Response to therapy was evaluated by serial measurements of
percentage CD4� and percentage CD8� T cells and VL every
3 mo until 18 mo of age and every 6 mo thereafter. Because
CD4� T-cell numbers fall naturally with age in uninfected
infants, and, even adjusting for age (8), absolute counts in
HIV-1-infected infants seem to be much less useful for pre-
dicting disease progression than in adults (9), we compared
follow-up of both groups in terms of relative numbers. The
institutional ethics committees approved the study. Therapeutic
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success was defined as achievement of undetectable VL levels.
Informed written consent was obtained for all the pediatric
patients. The study was conducted according to the Declaration
of Helsinki and approved by the ethical committees of the
hospitals involved. Clinical classification was based on the
1994 revised guidelines of the Centers for Disease Control
(CDC) (10): A (asymptomatic), B (symptomatic moderate),
and C (symptomatic severe or AIDS).

Quantification of T-cell subsets in peripheral blood. T-
lymphocyte subsets in peripheral blood were quantified by
direct immunofluorescence using MAb of the T series and flow
cytometry (FACScan, BD Biosciences, San Jose, CA, U.S.A.)
as previously described (11).

Quantitative HIV-1 RNA assay. Blood samples were col-
lected in EDTA tubes and separated within 4 h; plasma was
stored at �70°C. HIV-1 RNA was measured in 200 �L plasma
using a quantitative RT-PCR assay (Amplicor monitor, Roche
Diagnostics, Basel, Switzerland). Limit of detection was 400
copies/mL.

Statistics. CD4� and CD8� numbers are expressed as
percentages. In all analyses, VL was transformed to log10 scale
to normalize its distribution. Differences among infants’ char-
acteristics according to a critical value of percentage CD8� T
cells at baseline (�25% or �25%) were analyzed using inde-
pendent-samples two-tailed Mann-Whitney U test, Kaplan-
Meier, and Cox regression analysis. The cut-off level of 25%
CD8� was chosen inasmuch as it has been previously reported
to have prognostic value (12). The differences between groups
and clinical categories were determined by Pearson �2 and
Fisher exact text.

We determined the probability of achieving undetectable VL
using Kaplan-Meier curves according to group percentage
CD8� and compared them by the log-rank test (Mantel-
Haenszel), with follow-up curtailed at the last CD8� T-cell
determination. A Cox regression analysis to assess RP and
95% CI of undetectable VL, adjusted for basal values of
percentage CD4� and percentage CD8� T cells, age, and
log10 VL was applied, to compensate possible differences. All
RP estimates were calculated with respect to the CD8� �25%
group.

RESULTS

We performed a prospective longitudinal study in 41 verti-
cally HIV-1-infected children rated into two groups according
to CD8� T cells at baseline: 10 children with CD8� �25%
and 31 children with CD8� �25%. Age, clinical category,
mean CD4�, and percentage CD4� T cells and VL were
comparable between both groups of children, as shown in
Table 1. The group with CD8� �25% showed higher CD8�
T-cell counts, and a lower percentage of children in clinical
category C (AIDS) than those with CD8� �25% (Table 1).
The antiretroviral therapy pre-HAART and the change in
HAART drugs during follow-up are detailed in Table 2. HIV-
children with CD8� �25% had more changes in the ART
drugs during follow-up than the CD8� �25% group.

CD4� and CD8� T cells and VL were analyzed during
follow-up, as illustrated in Figure 1. The CD8� �25% group

controlled VL quickly (by the third month after HAART). By
contrast, the CD8� �25% group showed a small decrease of
VL (0.93 log10 VL versus 1.41 log10) within the first 3 mo of
therapy, although the VL remained always above 4 log10 (Fig.
1C). A sharp decline in VL with slopes similar to those
observed initially in the group CD8� �25% was observed
thereafter (Fig. 1C).

Kaplan-Meier estimates and Cox regression analysis were
used to assess time to achieve undetectable VL according to
baseline CD8� T cells. As shown in Figure 1D, a greater
number of children (81%) from the CD8� �25% group than
the CD8� �25% (40%) presented undetectable VL levels (p
� 0.013). The CD8� �25% group showed a 4.5-fold higher
(95% CI: 1.1–19.2) relative proportion for achieving VL �400
copies/mL than CD8� �25% group (p � 0.039). Moreover,
we have not observed influences of the CDC clinical categories
(A, B, and C) when including this variable together with the
different categories. Interestingly, in those children, HAART
allowed the recovery of percentage CD8 T cells to values near
40%. Neither baseline CD4� T cell numbers nor VL were
predictive of virological outcome after HAART (data not
shown).

By multiple Cox regression analysis, CD8� T cell numbers
as a continuous variable was significant for therapeutical suc-
cess (VL�400 copies/mL) and independent of CD4� T cell
numbers, VL, and age as covariates.

DISCUSSION

HIV-1 infection in pediatric patients shows distinctive char-
acteristics from the adult features (12, 13), and these differ-

Table 1. Immunological and virological characteristics of HIV-1
children at entry into the study

CD8� �25% CD8� �25%

No. HIV-1 children 10 31
Age (y) 4.2 � 1.2 (1.0; 13.6) 5.9 � 0.7 (1.3; 16.0)
CDC clinical category

A 1 (10.0%) 12 (38.7%)
B 1 (10.0%) 7 (22.6%)
C 8 (80.0%) 12 (38.7%)

T-lymphocyte subsets
CD4/mm3 591 � 193 (9; 1436) 590 � 107 (5; 2620)
CD8/mm3 545 � 112 (154; 1100) 1544 � 222 (181; 5580)*
% CD4� 21.9 � 6.2 (0.8; 49) 17.3 � 1.9 (1.0; 38)
% CD8� 19.3 � 2.1 (2; 25) 49.7 � 2.6 (26; 82)*

Viral load (copies/mL)
Log10 VL 5.53 � 0.29 (3.66; 6.43) 5.28 � 0.09 (4.53; 6.37)

Values are expressed as mean � SEM (min; max). CDC, Centers for
Disease Control and Prevention; VL, plasma viral load.

* p � 0.01 compared with CD8� �25% group.

Table 2. Antiretroviral therapy of HIV-infected children

CD8� �25% CD8� �25%

Treatment pre-HAART
Nontreated 0 5 (16.1%)
Monotherapy 1 (10.0%) 6 (19.4%)
Combination therapy 9 (90.0%) 20 (64.5%)

HAART drug changes
No changes 4 (40%) 21 (67.7%)
One change 2 (20%) 7 (22.6%)
Two changes 4 (40%) 3 (9.7%)
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ences may have important consequences for the management
of these patients. On the other hand, treatment with HAART
modifies viral replication dynamics and induces a significant
decrease of viral replication (14), although most therapeutic
regimens have failed in achieving a complete suppression of
HIV-1 replication in children (15, 16).

We have carried out a prospective, longitudinal, observa-
tional study in a pediatric population on HAART to define the
predictive power of pre-HAART CD8� T cells for virological
response to HAART. We have studied the evolution of the
most relevant markers of HIV infection progression (percent-
ages of CD4� and CD8�, and VL) in the two groups of
children. We have observed that the probability of achieving an
undetectable VL was strongly associated with pre-HAART
percentage of CD8� T cells. Thus, we have observed suppres-
sion of VL to undetectable levels in a higher proportion of
children of the CD8� �25% group than in the CD8� �25%
group. However, both groups showed a similar increase of
CD4� T cells over time, indicating a comparable immune
reconstitution. On the other hand, the children in the CD8�
�25% group presented a faster decrease in VL compared with
the CD8� �25% group. Moreover, the predictive power of
CD8� T-cell numbers on virological success was independent
of CD4� T-cell numbers, VL, CDC clinical category, and age.
These results suggest that the effect of HAART on the inhibi-
tion of viral replication (17, 18) is CD8� T-cell dependent.
There are, however, differences in the distribution of clinical
categories, because children with baseline CD8� T cells
�25% were in a more advanced stage of the disease and there
is a trend toward younger age, which might have biased the
results.

HIV-1 infection by vertical transmission represents a unique
mechanism of acute infection. Further studies are necessary to
design more effective therapeutic strategies to suppress VL to
undetectable levels and to increase percentage of CD4� early
and adequately in most of the treated children. In the manage-
ment of HIV-1-infected children starting HAART, it is crucial
to detect signs that are associated with incomplete suppression
of VL so that more effective therapies can be implemented.
HAART raises CD8� T-cell numbers in HIV-1-infected pa-
tients (19). The CD8� �25% group showed a lower median
time (median, 10.0 mo; range, 3.5–16.5 mo) in achieving
undetectable VL levels than the CD8� �25% group (25.1
mo). It is possible that in several cases with high viral repli-
cation, earlier development of drug-resistant virus may occur
and eventually result in virologic failure (20). However, our
results suggest that children with low CD4� (�15%), indica-
tive of severe immunosuppression, but with CD8� �25% may
control HIV-1 replication. Thus, when the CD8� T-
lymphocyte numbers fall below a critical value, this may
predict less effective virologic suppression and therefore may
be used as a reliable marker as to whether to begin HAART. It
is even more important to define which children are going to
respond to HAART early and effectively in terms of VL, and
our results indicate that CD8� T-lymphocyte numbers have
much to say in this regard.

Figure 1. (A, B, and C) Values of the mean of CD4� and CD8� T cell
percentages in peripheral blood, and plasma log10 VL (copies per milliliter) in
the different groups of HIV-1-infected children during follow-up. HIV-1-
infected children were separated into two groups according to CD8� T cells
baseline: 10 children CD8� �25% and 31 children CD8� �25%. Each point
on the percentage CD4�, percentage CD8�, and VL lines represents the mean
of the values observed for all children. (D) Kaplan-Meier estimates for
undetectable VL evolution during follow-up. HIV-1-infected children were
separated into two groups according to CD8� T cells baseline.
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