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Naive and memory CD4" T cells and T cell activation markers in HIV-1 infected
children on HAART
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SUMMARY

The objective of this study was to investigate the relationship between peripheral blood CD4" T cell
subsets and routine viro-immunological markers in vertically HIV-1-infected children undergoing highly
active antiretroviral therapy (HAART). CD4" and CD8™ T cell subsets were examined by three-colour
flow cytometry. Plasma viraemia was quantified by a standardized molecular assay. A negative
correlation between the %CD4" T cells and both viral load and the %CD8* T cells was observed. A
strong positive correlation between the %CD4 T cells and naive, CD38™" and non-activated CD4™ T cell
subsets was found, whereas the %CD4 T cells correlated negatively with the numbers of memory,
activated and memory-activated CD4" T cell subsets. Elevated percentages of CD8 T cells were
associated with increased memory and CD4" CDG2L-T cell subsets, whereas the naive and
CD4" HLA-DR'CD38" subsets negatively correlated with the CD8%. Co-expression of CD62L on
memory CD4 ™ cells and high expression of HLA-DR (but not of CD38) were associated with high viral
load. No association between viral load and naive CD4" T cells was observed. Specific CD4™ T cell
subsets may be more informative than routine surrogate markers in defining the evolution of HIV

infection and immune reconstitution in children.
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INTRODUCTION

HIV-1 infection causes both a decrease in CD4™ T cell numbers
and activation of the immune system [1,2]. In adults, immune
activation correlates with an increase in CD4" T cells co-
expressing the activation markers CD38 and HLA-DR [1,2].
However, in children the CD38" marker is a maturation, rather
than an activation marker since 75% of all CD4" T cells and 50%
of CD8" T cells normally co-express CD38 in children [3]. A
decrease in immature T cells over the years is accompanied by
decreasing percentages of CD38 cells to normal adult values of
around 30% [4-7]. This fact may contribute to misinterpretation
of this marker in children, since these cells can be either immature
and/or activated [4,8]. An increased expression of HLA-DR on T
cells has also been proposed as a progression marker of HIV-1
infection in both adults [9] and children [10].

Other T cells, such as naive and memory CD4" and CD8" T
cell subsets, have been used in HIV-l-infected adults for

Correspondence: M Angeles Muifioz-Fernandez, Departamento de
Inmunologia, Hospital General Universitario ‘Gregorio Marafién’, C/
Doctor Esquerdo 46, 28007 — Madrid, Spain.

E-mail: Mmunoz @cbm.uam.es

266

highly active antiretroviral therapy

prognostic purposes. Activation of the immune system by HIV-
1 infection enhances the maturation of naive T cells into memory
T cells (CD4* CD45RO™) that are a main target for viral
infection [11-13]. Cells that escape from death circulate in
peripheral blood with a CD45RO™ phenotype. In neonates, more
than 80% of T cells are CD4" CD45RA™ naive cells, while less
than 20% are memory T cells [14,15]. Naive cells are
continuously recycling between peripheral blood and secondary
lymphoid organs, and this traffic is highly dependent on the
expression of L-selectin (CD62L) [16].

Highly active antiretroviral therapy (HAART) has had a
tremendous impact on the treatment of HIV infection [17,18],
resulting in an important suppression of viral load (VL) and
recovery of CD4 T cell numbers, with a dramatic reduction in the
occurrence of opportunistic infections [18]. However, a complete
recovery of CD4 T cell counts and functionality is not achieved
[19-21], contrary to that expected after halting the destruction of
CD4 cells. In turn, HAART in adults induces a reduction in the
activation status of memory cells as detected by activation
markers [22,23], an increase in memory T cell numbers which is
followed later by a gradual and sustained increase in naive T cell
numbers [19-21].
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In children, however, the effects of HAART on naive and
memory T cells have not been well studied. Therefore, the main
goal of our study was to determine the relationship between the
most commonly used immunological (CD4" and CD8" T cells)
and virological (VL) markers to monitor HIV-1 infection [24,25]
and memory, naive and activated CD4 ™" T cell subsets in children
undergoing HAART therapy.

MATERIALS AND METHODS

Fatients and control subjects

Thirty-nine infants born to HIV-1-infected mothers were recruited
in a cross-sectional study between July and September 1999 at the
Paediatric Departments of the University General Hospital
‘Gregorio Marafion’ in Madrid and ‘Virgen del Rocio’ Hospital
in Seville, Spain. All infants were diagnosed as HIV-1-infected on
the basis of positive results in both DNA PCR and virus culture
assays, as described previously [26], and all were treated with
potent antiretroviral therapy. Clinical classification was based on
the 1994 revised guidelines of the Center for Disease Control and
Prevention (CDCP) [27]. The study was conducted according to
the Declaration of Helsinki and approved by the Ethical
Committee. Drugs were prescribed by the treating physician
according to CDCP guidelines [28] upon obtaining written
informed consent from parents or legal guardians.

Quantification of the percentages of CD3" CD4™ and CD3™
CD8™ T cells in whole blood

The technique employed for quantifying the percentages of CD4™
and CD8" T cells in peripheral blood was the TRUCOUNT™
(Becton-Dickinson Immunocytometry Systems, San José, CA,
USA) in whole blood, whereby lymphocytes were selected by
means of an SSC gate against anti-CD45 [29], following the
manufacturer’s instructions. The acquisition was carried out in a
FACSCalibur cytometer (Becton-Dickinson) using the CELL-
Quest (Becton-Dickinson) acquisition program immediately after
cell staining. TRUCOUNT™ Control Beads were used routinely
as a quality control.

Quantification of CD4" T cell subsets

For the analysis of CD4 ™ T cell subsets, we used a combination of
the monoclonal antibodies shown in Table 1. T cell subsets were
analysed by three-colour multi-parametric flow cytometry in
whole blood, lysed and washed [30]. Data acquisition was
performed in a FACScan (Becton-Dickinson) cytometer using
the Lysis II acquisition program (Becton-Dickinson) within 2 h of
cell staining. The optimal parameters for acquisition (detector
sensitivity, detector amplification and compensation) were
determined using Calibrite as a reagent (Becton-Dickinson) and
the AutoComp (Becton-Dickinson) program periodically. Five
thousand events were compiled using a collection gate for CD4™
T-lymphocytes. The gate was defined using the low SSC and high
expression of CD4 [29]. Data were analysed using the Lysis II
analysis program (Becton-Dickinson). Appropriate isotypic con-
trols (IgG1-FITC; IgG1-PE) were used to evaluate non-specific
staining, which was deducted from the remaining results. We
measured HLA-DR and CD38 relative fluorescence intensities
(RFI) as the mean RFI using single-parameter histograms with no
cursor sets. Figure 1 shows a typical FACS plot illustrating the T
cell subsets.

Quantitative HIV-1 RNA assay

Blood samples were collected in EDTA tubes, separated within
4 h and plasma stored at —70°C. HIV-1 RNA was measured in
200 ul plasma using a quantitative reverse transcriptase PCR
(RT-PCR) assay (Amplicor Monitor, Roche Diagnostic Systems).

Statistics
In all analyses, VL was transformed to logjo-scale in order to
normalize the distribution. The relationship between variables was
investigated using a partial correlation coefficient, which
describes the linear relationship between two variables while
controlling for the effects of age. Values of both range between
—1 (a perfect negative relationship) and + 1 (a perfect positive
relationship). A value of 0 indicates no linear relationship.
Differences in characteristics between infants were analysed
using multiple linear regression analysis. Factor variables used to
divide the population into groups were 25% CD4™" T cells, and 4-5
log1o VL (copies/ml), including the effects of age as covariates.
Since the %CD4* and CD8" changes with age in children, a
multiple linear regression analysis was performed for all children
collectively and age-matched to compensate for differences
among groups. We confirmed that virtually all the CD4™
CD45RAY CD62L* T cells expressed CD38, as reported
previously [31]. The subset of CD4" CD45RO™ CD38" T cells
was calculated by subtracting the subset CD4" CD45RA™
CD62L" from the CD4" CD38™ subset.

RESULTS

Demographics and clinical characteristics of the HIV-1-infected
children

Clinical, immunological and virological characteristics, as well as
the antiretroviral therapy regimens of the 39 vertically HIV-1-
infected children are shown in Table 2. In this paediatric
population, the %CD4" T cells correlated negatively with both
logiy VL (r= — 039; P <005), and %CD8" T cells
(r= —0-67; P < 0-001).

Relationship between the %CD4™" T cell subsets and laboratory
markers

We studied the relationship between the percentage of several
CD4" T cell subsets and viro-immunological markers used in
clinical practice (i.e. %CD4"%, CD8" T cells and VL) by using a
partial correlation analysis adjusted by age. Surprisingly, when
analysing the association between VL and the different CD4* T
cell subsets, we found a positive correlation only with the
CD4" CD45RA-CD62L" T cell subset (Table 3).

We found a positive correlation between %CD4" T cells and
both naive (CD4" CD45RA™ CD62L") and CD4% HLA-
DR'CD38" cells (most of them naive cells) (Table 3). Con-
versely, a negative correlation between %CD4" T cells and all
memory T cell subsets (CD4" CD45RA™ CD62L°, CD4" HLA-
DR* and CD4* HLA-DR*' CD38" T cells) was found (Table 3).
We also found a negative correlation between %CD4 " T cells and
the level of HLA-DR expressed on the CD4 cell surface as
measured by RFI (Table 3).

We found a positive correlation between %CD8" T cells and
memory T cell subsets (CD4" CD45RO", CD4" CD45RO™
CD38", CD4" CD45RA™* CD62L" and CD4 " CD45RA-CD62L))
(Table 3). Conversely, we found a negative correlation between
%CD8" and naive (CD4" CD45RA" CD62L"), CD4" CD62L"
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Table 1. Monoclonal antibodies used for the phenotypic characterization
of CD4" T cell subsets

Table 2. Immunological and virological characteristics of the children
included in the study

Tube FITC PE PerCP Analysed subsets Characteristics Values
1 Anti-IgG, Anti-IgG, anti-CD4 CD4™ T cells No. HIV-1 children 39
2 Anti-HLA-DR anti-CD45RO anti-CD4 Memory/activated CD4 Age (years)* 7-6 = 0-54 (3-0; 15-6)
3 Anti-CD45RA anti-CD62L  anti-CD4 Naive CD4 Clinical category
4 Anti-CD38 Anti-HLA-DR anti-CD4 CD4 activated A 10 (25-6%)
B 9 (23:1%)
C 20 (51-3%)

Naive cells were defined as CD62L* and CD45RA™ bright cells
(CD4™ CD45RA™/CD62L"). Memory CD4* T cells were defined as
CD4" CD45RO™ or CD4" CD45RA". Activated CD4" T cells were
defined as CD4" HLA-DR" and CD4" HLA-DR" CD38" 0. FITC:
fluorescein-isotyocianate; PE: phycoeritrin; PerCP: peridinin chloropyll
protein.

and CD4" HLA-DRCD38" T cells (Table 3). We also found a
negative correlation between %CD8" T cells and CD38 RFI
(Table 3).

Differences between CD4™ T cell subsets according to the cut-off
levels of 25% CD4 T cells and 4-5 log ;o of viral load
Previously, we have reported that the cut-off level of 4-5 log;o VL
copies/ml is indicative of high plasma viraemia [32]. Children
having <4-5 log;o VL (copies/ml) showed statistically significant
lower percentages of the CD4" HLA-DR® CD38" subset
(P < 0-05) indicating that the lower the VL, the lower the
immune activation.

Similarly, we have reported that the cut-off level of 25% total
CD4" T cells is indicative of a preserved immunological status
[24]. Children with >25% CD4" T cells showed significantly
higher percentages of naive cells (CD4* CD45RA* CD62L™),
CD4" CD38", CD4" HLA-DR'CD38", CD4" CD45RA" ,
CD4" CD62L" and CD4" CD45RO-DR™ T cells subsets (Fig. 2).
Conversely, we found lower percentages of CD4" HLA-
DR'CD38", CD4" HLA-DR" CD38and all memory subsets in
children with >25% CD4 " (Fig. 2). Thus, the more preserved the
immune status, the higher the levels of naive T cells.

Differences in the laboratory markers according to CD38 and
HLA-DR expression

HIV-infected children were classified according to the expression
of CD38 and HLA-DR in CD4 T cells, respectively. High
expression of CD38 (CD38™) was defined by CD38 RFI values
>75th percentile (54-2) plus %CD4" CD38" cells > 75th
percentile (89-3); conversely, low expression (CD38") was

Lymphocyte subsets
% CD4" T*
% CD8" T*
CD4" T/mm? *
CD8" T/mm? *

259 £ 190 (2-0; 46-2)
473 = 221 (30-4; 79-4)
952 * 146 (35; 3779)
1455 * 133 (267; 4276)

Viral load (VL)

logio VL (log;o copies/ml)* 3-89 = 0-20 (1-30; 5-80)

Antiretroviral treatment

2 NA + indinavir 3 (7,69%)

2 NA + nelfinavir 19 (48,72%)
2 NA + saquinavir 3 (7,69%)

2 NA + amprenavir 2 (5,13%)

2 NA + ritonavir 1 (2,56%)

2 NA + nelfinavir + ritonavir 1 (2,56%)

2 NA + nelfinavir + efavirenz 2 (5,13%)

2 NA + nelfinavir + saquinavir 1 (2,56%)

2 NA + nelfinavir + nevirapina 6 (15,38%)
1 NA + nelfinavir + ritonavir + 1 (2,56%)

efavirenz

*Values are expressed as mean * s.e.m. (min; max). VL, viral load.
NA, nucleoside analogue.

defined by the < 75th percentile of both RFI and %CD4"
CD38" 0. Similarly, children were rated according to high
expression of HLA-DR (HLA-DR™) by HLA-DR RFI > 75th
percentile (14-7) plus the %CD4" HLA-DR™ cells, also the
> 75th percentile (8-2); and children with a low expression (HLA-
DR™) by the < 75th percentile of both parameters. Interestingly,
HIV-1-infected children with HLA-DR™ had higher values of VL
and lower values of CD4" T cells but we did not find any
differences with respect to the expression of CD38 (Table 4).
Therefore, in children, HLA-DR" seems to be a better activation
marker for CD4" T cells than CD38".

Fig. 1. (a) RFI of CD38 and HLA-DR CD4" T cells. (i, iv) Asymptomatic patient. (ii, v) Mild-symptomatic patient. (iii, vi) Patient in
category (iii). RFI of activation markers, especially HLA-DR, were strongly elevated in symptomatic patients, whereas the RFI of CD38 was
not. (b) Analysis of CD4" T cell subsets. (i, ii) Gating of CD4" T cells. The acquisition gate was defined using low SSC and high
expression of CD4 to exclude monocytes. (iii, vi, ix) Asymptomatic patient. (iv, vii, x) Mild-symptomatic patient. (v, viii, xi) Patient in
clinical category (iii). (iii, iv, v) Analysis of memory and memory-activated CD4 " T cells. In HIV-infected children we found a progressive
increase in memory and memory-activated T cell numbers correlating with the progression of the immunodeficiency. (iii, iv, v) Analysis of
naive CD4™" T cells. Naive cells were defined as cells with bright expression of CD45RA and positive for CD62-L. In HIV-infected children
we found a progressive decrease in naive cell numbers and an increase in CD62L" cells correlating with the progression of the
immunodeficiency. (vi, vii, viii) Analysis of activated CD4™ T cells. In HIV* children we found elevated levels of CD4" CD38™ HLA-
DR cells. Most cells in asymptomatic patients expressed CD38 at low intensities but these cells did not co-express HLA-DR. These cells

are mostly naive cells.
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Table 3. Summary of the correlation coefficients of %CD4" and %CD8*T cells and log,q viral load (copies/ml) with the
different CD4™ T cell subsets, expressed as %CD4" T cells

Values (min; max)

Correlation coefficients

Phenotype mean =* s.e.m. % CD4" % CD8" log;p VL
Memory/naive
CD4" CD45RO* DR™ 87 + 1-80 (1-4; 51-3) — 0-53%* - 029 0-27
CD4" CD45RO" DR* 13 £ 025 (0-1; 7-3) - 013 0-28 0-27
CD4"% CD45RO" DR 32.8 + 2.61 (13-2; 82.0) — 0:37* 0-25 0-04
CD4" CD45RO™ DR 572 + 3.56 (6-1; 79-5) 0-57%#% - 036 - 019
CD4" CD45RO™ CD38" 273 + 227 (6-5; 74-2) — 0-56%* 0-34* 0-29
CD4" CD45RO™ 41-6 * 3-60 (15-9; 93-2) — 0:56%% 0-34* 0-17
CD4" CD45RA™ CD62L™" 560 + 3-39 (5-6; 83.7) 0-71%* — 0-40% - 026
CD4" CD45RACD62L* 31.0 + 2:35 (124; 70-8) — 0-48%* 0-08 0-36%*
CD4" CD45RA™ CD62L" 1-5 = 042 (0-1; 11-8) — 0:33% 0-44%3 0-01
CD4" CD45RA CD62L" 11-5 *+ 1-84 (0-9; 49-9) — 0:56%* 0-46%* 0-03
CD4"* CD62L* 87-0 = 2.11 (38-3; 97-4) 0-54%% — 0-49%* 0-03
CD4" CD45RA™ 57-5 + 3.28 (5-8; 84-8) 0-71%% — 0:36* - 027
Activated
CD4" DR* CD38" 69 * 146 (1-3; 52-4) — 0-47%* 0-33 0-33
CD4" DR CD38" 753 * 244 (35-7; 9) 0-70%* — 0-42%%* - 017
CD4" DR" CD38" 33 + 0-59 (0-6; 15-9) — 0-47%* 0-16 0-07
CD4" DR™ CD38" 145 * 1.35 (4-9; 36-3) — 0-54%* 0-33 - 014
CD4" HLA-DR" 10-0 + 1-88 (1-9; 58-7) — 0:52%% 031 0-29
CDh4* CcD38* 82-2 *+ 1.74 (50-2; 94-0) 0-58%* - 030 0-08
RFI CD4" HLA-DR™ 156 * 2:39 (3-8; 73:2) — 0-45%* 0-16 031
RFI CD4" CD38" 49.5 + 1.87 (26-4; 76-4) 0-30 — 0-51%* 0-19
, relative fluorescence intensities. Level of significance P <0 5 P < O . , viral load.
RFI, relative fl i ities. Level of signifi (* 0-05; ** 0-01). VL, viral load
100 1100
80 {80
60 160
40 {40
20 120
0 0

CD4*CD38*

CD4*DR*
CD4*DRCD38~
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CD4*CD45RODR*
CD4*CD45RO*DR*

Fig. 2. Differences in the percentages of activated, memory and naive CD4" T cell subsets, expressed as %CD4 " T cells, in HIV-1-infected
children stratified according to the 25% CD4" T cells cut-off level. O, >25% CD4" [, <25% CD4".
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Table 4. Mean values of %CD4", %CD8" T cells and viral load in the infected children, according to the high or low
expression level of CD38 and HLA-DR

HLA-DR" HLA-DR" P cD3gh CD38'" P
%CD4* 146 + 3.5 29.9 = 1.8 0-001 262 * 2.0 29-8 *+ 5.7 n.s.
%CD8* 512 = 43 44.87 + 22 n.s. 46-1 = 21 47-8 * 6.0 n.s.
log;o VL 470 * 0-43 366 * 0-22 0-040 3-86 * 0-22 413 *+ 0-63 n.s.
(copies/ml)

Values expressed as mean * s.e.m.; VL, viral load; P, level of significance.

DISCUSSION

HIV induces a chronic activation of CD4* and CD8" T
lymphocytes, and predominantly destroys CD4™ T lymphocytes.
Homeostatic mechanisms take place to counteract the fall of
CD4" T cells caused by HIV infection in the organism. HAART
therapy, by inhibiting the chronic activation induced by HIV,
allows the recovery of CD4* lymphocyte numbers and, at least
partially, their function [18]. Information on immune reconstitu-
tion is particularly scarce in HAART-treated children [33,34], and
is focused mainly on the HIV-1-specific response. Thus, the study
of the contribution of the different CD4" subsets to this
phenomenon may add very valuable information.

In our study, we did not find any association between CD4 ™"
CD38" subsets and VL. This is in agreement with the fact that the
surface expression of CD38 in CD4 T cells is a marker of
immaturity in children [8,10]. However, the co-expression of the
memory marker CD45RO and the activation markers HLA-DR or
CD38 plus HLA-DR in CD4" T cells correlated negatively with
%CD4" T cells. Higher VL values in children correlated with
increased co-expression of HLA-DR, measured both as a higher
percentage of cells expressing HLA-DR as well as by the
higher number of HLA-DR molecules per cell (RFI), and with
higher percentages of CD4* HLA-DR™ CD38™ cells. In contrast,
the percentages of activated (CD4* CDHLA-DR™, CD4* CD38™
HLA-DR™) or memory-activated (CD4" CD45RO" HLA-DR™
CD4" CD45RO" CD38™) T cells did not correlate with VL. This
lack of correlation may reflect the effect of ART in reducing
CD4" T cell activation. Moreover, we found a strong association
between the CD4" HLA-DR'CD38™ cell subset and high %CD4 ™
T cells, comparable to the correlation between naive CD4™ T cells
and total CD4 cells. This indicates that CD4" CD38" numbers
could be used in children as a marker of preserved immune status
and its decrease is associated with immunodeficiency. Our data
also indicate that naive CD4™ T cells express CD38, confirming
previously described data [10]. Therefore, we feel this marker
should not be used as an activation marker for CD4 T cells, since
it behaves in a completely different way to HLA-DR on CD4"
cells [10].

Our results suggest that the naive CD4™ T cell subset can also
be considered as a good marker of immune reconstitution in
children, taking into account the strong correlation with the
%CD4"0. Moreover, a strong association between naive CD4 and
naive CD8 lymphocytes was observed [35], which either indicates
a relatively preserved immune system or parallel immune
reconstitution for both T cell subsets in response to HAART.
Our data can be interpreted to mean that HAART somehow

prevented HIV-replication in T cell progenitors, which would be
in agreement with a previous report indicating that CD4" CD8™ T
cells progenitors can be infected and thereby die before
emigrating from the thymus [36]. Available data in adults indicate
that the thymus does not contribute significantly to the immune
recovery induced by HAART, which may in fact result from the
release of sequestered cells from lymph nodes [20]. From birth
until around 20 years of age, more than 80% of the thymus is
composed of lymphoid tissue, and this proportion continuously
declines until it reaches 5% from the age of 40 onwards [37].
Although HAART therapy in children is not completely effective
at inhibiting viral replication, only 20% of HIV-infected children
had VL < 1000 copies/ml, and around 38% had VL > 30 000
copies/ml. Moreover, we have observed high percentages of naive
CD4" T cells after HAART. However, we did not find any
differences in the absolute naive CD4" T cell counts when
stratifying our children by VL (data not shown). In this regard, our
study is in agreement with those reported by other authors that
describe substantial immune reconstitution in children on
HAART, despite repeated virological failures [34]. Our data
suggest that the thymus capacity to regenerate naive T cells after
HAART is probably much higher in infants and young children
than in adults [38].

It has been described that the recovery of CD4" T cells
induced by HAART in adults is limited to memory and naive
lymphocytes that co-express CD62L, CD38 and low levels of
CD44 [31]. The contribution of the memory CD4™ T cells
(particularly cells co-expressing CD62L) to the immune recon-
stitution induced by HAART has been shown to be very important
in HIV-infected adults [20,39]. In our children, CcD4™
CD45RACD62L" cells correlated negatively with %CD4 T
cells. In addition, we found a negative correlation between the
percentages of other memory CD4" T cell subsets (CD4™
CD62L°, CD4% CD45RACD62L ™ CD4" CD38", regardless
of co-expression of HLA-DR) with %CD4 ™" cells. Therefore, our
data discount such an important role for memory T cells in
children, suggesting a small contribution of those T cells to the
immune reconstitution after HAART. Thus, naive T cells
CD45RA™Y CD62L* correlate with preserved immune status
(high %CD4) whereas memory T cells correlate with immuno-
deficiency (low %CD4) even in the context of therapy that
suppresses VL. These results may reflect the level of immuno-
deficiency even in the context of therapy.

Interestingly enough, we found a positive correlation between
memory T cells co-expressing CD62L (CD4" CD45RA
CD62L") and VL. This could indicate that this subset is the
main target for HIV infection within CD4" T cells. On the other
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hand, some subsets of memory CD4™ T cells have been described
to be inherently resistant to HIV replication [40]. In our cohort of
children we did not find any correlation between CD4" CD62L
and CD4" CD38 subsets with VL. We hypothesize that these
subsets could be less susceptible to HIV infection than cells co-
expressing CD38 and CD62L.

HIV infection in children follows a different course than in
adults and there are no data in the literature reporting the
association of CD4 and CDS subsets with the routine prognostic
markers of progression in HAART-treated HIV-infected children.
Our data indicate clearly a strong association between chronic
activation of CD4™ T cells, severe immunological deterioration
and high viral replication. Although this is a cross-sectional study,
it indicates that in children the co-expression of CD38 on CD4™ T
cells is neither a reliable marker of cellular activation nor of worse
prognosis. One of the most important differences among HIV
infection in children and adults is that children always have higher
viral loads than adults [24], even after HAART therapy. There-
fore, complete control of viral replication is often not achieved in
children [34]. However, despite higher VL in children, we
observed normal percentages of naive cells, indicating a good
immune reconstitution after HAART. Although the series of
children studied is rather large, it would be necessary to perform
follow-up studies not only to confirm these data but also to
ascertain clues as to the pathogenesis of the HIV infection in
children.
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