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Increased expression of CD38 on CD8� T cells is associated
with activation of the immune system, progression of HIV
disease, and death in adults. The prognostic significance of these
cells in HIV-infected children, where the picture is complicated
by age-related differences in CD38 expression, remains contro-
versial. Measuring the unimodal expression of CD38 on CD8� T
cells in adults and children by flow cytometry is best accom-
plished by quantitating the antigen on the cell surface. To our
knowledge, this technique has not previously been reported in a
pediatric population. Vertically HIV-infected children were age
matched for mild (n � 26) and severe (n � 23) clinical disease.
Eleven age-matched HIV-negative controls were included for
comparison. Quantitation of CD38 on CD8� T cells was per-
formed at baseline and 1 y later. The ages of the children in the
three clinical groups did not differ significantly (p � 0.6004).
HIV-infected children had significantly increased CD38 mea-

surements in comparison with the HIV-negative controls (p �
0.0131), and the severe disease group tended to have higher
measurements than the mild disease group. Increased
CD38�CD8� T cells were significant predictors of death within
the first year (p � 0.043). These findings support the view that
increased CD38 expression on CD8� T cells has the same
prognostic significance in pediatric as in adult HIV disease.
(Pediatr Res 51: 740–745, 2002)

Abbreviations
%CD8�CD38�, percentage of CD8� T cells expressing
CD38
CD8�(CD38�), quantitation of CD38 on CD8� T cells
ABC, antibodies bound per cell
PE, phycoerythrin
HAART, highly active antiretroviral therapy

Elevated CD38 expression on CD8� T cells has been found
to be a strong prognostic marker of disease progression to
AIDS and death among HIV-infected male adults (1–3). In the
pediatric setting, the situation appears unresolved. In infants
and older children, increased CD8� T cells expressing CD38
(%CD8�CD38�) have been documented to be positive predic-
tors of survival in HIV infection (4–6) but have also been
associated with advancing disease (7–9).

The immaturity of the immune system in childhood compli-
cates assessment of the significance of CD38 expression in

HIV-infected children. CD38, a glycoprotein expressed on
early hemopoietic cells, is lost during cell maturation and
re-expressed during cell activation (7, 10, 11). Newborns
express high levels of CD38 on their T cells that decrease with
age (2, 8, 11). CD38 in this patient population is therefore a
marker of immaturity as well as of the immune activation that
occurs in HIV infection (9).

CD38 is ubiquitously expressed on lymphocytes in a uni-
modal distribution (9, 12). Therefore, in HIV-uninfected or
-infected patients, cells that express CD38 are difficult to
clearly distinguish from those that do not (Fig. 1) (12). Quan-
titating the mean intensity of CD38 expression on CD8� T
cells rather than just the proportion of positive cells
(%CD8�CD38�) is preferable and provides a better reflection
of the continuous distribution of CD38 on CD8� T cells (2, 6,
13).

Received March 8, 2001; accepted October 26, 2001.
Correspondence: Gayle G. Sherman, P.O. Box 79722, Senderwood, 2145, Johannes-

burg, South Africa; e-mail: gayles@mail.saimr.wits.ac.za
Supported by the South African Institute for Medical Research, Johannesburg, South

Africa, and the Medical Research Council, Johannesburg, South Africa.

DOI: 10.1023/01.PDR.0000017478.64723.79

0031-3998/02/5106-0740
PEDIATRIC RESEARCH Vol. 51, No. 6, 2002
Copyright © 2002 International Pediatric Research Foundation, Inc. Printed in U.S.A.

ABSTRACT

740



To our knowledge, CD38 expression on CD8� T cells in
HIV-infected children has not been quantitated. The aim of this
study was to quantitate CD38 expression on CD8� T cells
[CD8�(CD38�)] in a vertically HIV-infected pediatric popu-
lation naive to antiretroviral therapy and to assess its usefulness
as a surrogate marker for disease progression and death.

METHODS

Subjects. Perinatally HIV-infected patients at Chris Hani
Baragwanath Hospital, Soweto, South Africa were age-
matched for mild (n � 26) and severe (n � 23) clinical disease.
Mild clinical disease was defined as no more than two hospital
admissions for non-life-threatening events or diseases unre-
lated to HIV infection, no evidence of severe malnutrition, and
no previous prolonged oxygen requirements. Severe clinical
disease was defined as at least one admission for a severe or
life-threatening event associated with HIV infection and/or
more than two hospital admissions with HIV-associated con-
ditions and/or severe failure to thrive (defined as an expected
weight for age of �60%) and/or previous oxygen requirement
of longer than 48 h. This clinical definition was preferred to the
Centers for Disease Control clinical categories because the
diagnosis of category-specific conditions often requires inva-
sive procedures and expensive laboratory tests that are unat-
tainable in a setting of limited resources. Eleven age-matched
HIV negative controls were enrolled. These were well children
returning to outpatient clinics for routine checkups after a
hospital admission for an acute illness. All children were
clinically free of infection at the time of enrollment into the
study. The HIV-infected children had received no antiretroviral
therapy but had access to prophylaxis for opportunistic infec-
tions and treatment for intercurrent infections. Ethics approval
for this study was obtained from the Committee for Research
on Human Subjects of the University of the Witwatersrand.
Written informed consent was obtained from the parent or legal
guardian of all children enrolled in the study.

Measurements. The study commenced in September 1998,
and 1-y follow-up of the HIV-infected children was completed
in April 2000. Clinical data were recorded at 6-mo intervals
and blood samples were taken at baseline and 1 y later.
Peripheral blood was sampled in EDTA. Venesection was
delayed if the child was acutely ill to avoid the possibility of
transient increases in CD38 expression (2). A white cell count
and lymphocyte percentage was obtained using the H3 Tech-
nicon (Bayer AG, Wuppertal, Germany). A manual differential
count was performed only when the automated analyzer failed
to generate a result. Blood for flow cytometry was prepared
within 4 h of sampling. CD4� T cells, CD8� T cells, and B
cells were enumerated according to standard flow cytometry
protocols (14–16) on an Epics XL flow cytometer (Beckman
Coulter, Inc., Fullerton, CA, U.S.A.) with a multiloader and the
Coulter Multi-Q-Prep system. The antibody reagents were all
purchased from Beckman Coulter and included Tritest (CD3
energy-coupled dye, CD4-RD1, and CD8-FITC), CD19-FITC,
and CD45-RD1.

CD38 measurements on CD8� T cells were performed by
whole blood analysis using Immunoprep (Beckman Coulter,
Inc.) on a FACSCalibur flow cytometer (BD Biosciences, San
Jose, CA, U.S.A.). The antibody reagents were purchased from
BD Biosciences and included CD38 (Leu 17)-PE, chosen
because the PE fluorochrome:MAb ratio was the closest to a
1:1 conjugate, CD8-peridinin chlorophyll protein, and
CD3-FITC.

Figure 1. An illustration of the CD38 measurements on CD8� T cells on
age-matched patients in the three clinical categories: (A) HIV-uninfected
control, (B) HIV-infected child with mild clinical disease, and (C) HIV-
infected child with severe clinical disease. Because no clear CD38-positive and
-negative CD8� T-cell population is discernible, an arbitrary cut-off was set for
all cases (marker M). The percentage of CD8� T cells expressing CD38
(%CD8�CD38�) in A of 31.06% is significantly different from B and C, with
76.53% and 87.76%, respectively. The quantitation of CD38 on CD8� T cells
[CD8�(CD38�)] in the three clinical groups shows an increasing geometric
mean and CD38 ABC per CD8� T cell in cases A to C.
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T cells, defined as CD3� cells with low side scatter, were
gated. Five thousand CD8� T cells, defined as CD3 and CD8
co-expressing cells, were acquired from within the T-cell gate.
CD38 measurements were performed on the CD8� T-cell
population.

Because of the continuous spectrum of CD38 expression on
CD8� T cells, %CD8�CD38� was measured by setting an
arbitrary cut-off point for all cases. This cut-off point was
predetermined using a PE-conjugated anti-mouse IgG1 iso-
typic control on CD8� T cells in 10 cases. The average of the
mean channel number at which the signal became negative was
325 and was designated as the cut-off point.

The quantitation of CD38 expression on CD8� T cells
[CD8�(CD38�)] was done using commercially available
QuantiBRITE PE beads (BD Biosciences) to determine num-
ber of ABC as described previously (13). The same PE voltage
settings were used for the QuantiBRITE beads and the patient
samples. The voltage was determined by placing the lowest
and highest fluorescent peaks of the beads within the second
and fourth logs of PE fluorescence to ensure linearity of the
fluorescence intensity (17). The linear regression curve ob-
tained using the QuantiBRITE PE beads was used to convert
the geometric mean of the logarithmic FL2 fluorescence of a
cell population into the number of ABC.

Quality control measures for both flow cytometry instru-
ments were performed as described elsewhere (15, 16). Both
instruments participate in an external quality assurance pro-
gram viz National External Quality Assurance Scheme.

The Quantiplex HIV RNA bDNA system (Chiron, Em-
eryville, CA, U.S.A.) was used to measure viral loads, which
are reported in RNA copies per milliliter of plasma.

Data analysis. Because many of the variables were corre-
lated with age, comparisons of groups were done using an
analysis of covariance (ANCOVA), adjusting for age. Data
were transformed where necessary, to obtain approximate nor-
mality of the residuals. However, as age did not differ signif-
icantly between the clinical groups, the nonparametric
Kruskal-Wallis test was used to confirm results where there
was skewness in the data that could not be corrected by
transformation. Because results using the two tests were very

similar, the p values reported in this paper are from the
Kruskal-Wallis tests. Changes between baseline and y 1 were
tested using a Wilcoxon matched pairs test. In view of the
skewness of many of the variables, the correlations reported
are Spearman rank correlations, and medians with minimum
and maximum values are reported rather than means and SD.
The Kruskal-Wallis test was used to test for differences be-
tween the three clinical groups. Where significant differences
were found, the Wilcoxon-Mann-Whitney test determined
which pairs differed significantly. Linear discriminant analysis
was used to examine the predictiveness of various variables.

RESULTS

The ages of the children ranged from 4 mo to 11 y and did
not differ significantly (p � 0.6004) between the three clinical
groups (Table 1). A total of seven patients, three with mild and
four with severe clinical disease, had no follow-up CD38
measurements performed (Table 2). Four of these seven pa-
tients were excluded from follow up when they became eligible
for enrollment in an antiretroviral therapy trial. Three patients
were lost to follow-up within the first year. Six patients, three
with mild disease and three with severe disease, who had CD38
measurements at 1 y had no baseline measurements performed.
Nine children, eight of whom were classified as having severe
disease, died during the first year. The CD4� T-cell percent-
ages, viral loads, and CD38 measurements were all signifi-
cantly negatively correlated with age (Table 3). Viral load was
positively correlated with CD8�(CD38�) and %CD8�CD38�

measurements at baseline and at 1 y (r � 0.4539, p � 0.002
and r � 0.4665, p � 0.005 for CD8�(CD38�); and r � 0.3839,
p � 0.011 and r � 0.4435, p � 0.009, for %CD8�CD38�,
respectively). The sample size was too small to definitively
establish whether the correlation between the viral load and the
CD38 measurements was related to age, however, a separate
examination of older versus younger children indicated that the
correlation was not the result of the joint correlation with age.

At baseline, HIV-infected children classified as having se-
vere disease had significantly higher CD8�(CD38�) and
%CD8�CD38� than the HIV-uninfected children (Table 4).
Hb levels in HIV-infected children were significantly lower
than in HIV-uninfected children. The children with clinically
mild disease had higher CD4� T cell percentages (p � 0.0005)
and lower viral loads (p � 0.0034) and CD8� T-cell percent-
ages (p � 0.0047) than those with severe disease. These
findings, in conjunction with eight deaths occurring in the
group with severe clinical disease and only one death in the
mild clinical disease group (Table 2), suggest that the clinical

Table 1. A summary of the patients enrolled in each clinical
category at baseline

Clinical Category No. Patients
Age in Months, Median

(Range)

HIV� mild disease 26 49.5 (4–137)
HIV� severe disease 23 45 (4–126)
HIV� controls 11 40 (4–130)

Table 2. The progression of patients in the mild and severe clinical categories from baseline to the 1-y follow-up

1-Y Follow-up

TotalMild Severe (A) Severe (D) LFU Trial

Baseline
Mild 20 2 1 1 2 26
Severe — 11 8 2 2 23

Total 20 13 9 3 4 49

A, alive; D, died; LFU, lost to follow-up; Trial, antiretroviral therapy trial.

742 SHERMAN ET AL.



categorization used in this study was justifiable.
Figure 1 illustrates the differences in CD38 expression on

CD8� T cells measured in three children between 22 and 24
mo of age, representing the three different clinical categories.

Combining the severely and mildly affected patient groups,
the HIV-infected group had higher CD8�(CD38�) (p �
0.0131) and %CD8�CD38� (p � 0.0277) in comparison with
the control group at baseline (Fig. 2). The children with severe
clinical disease had higher CD8�(CD38�) (p � 0.0514) and
%CD8�CD38� than those with mild disease (p � 0.1886)
(Table 4 and Fig. 2). The preferable method for measurement
of CD38 expression on CD8� T cells viz the CD8�(CD38�)
approached statistical significance. As expected, the
CD8�(CD38�) and %CD8�CD38� were strongly positively
correlated (r � 0.9569 at baseline, 0.9853 at y 1, both p �
0.0005) (1).

Bottled CD38 PE, estimated to have an average of 79% of
the intensity of purified CD38 PE that has a PE fluorochrome:
MAb ratio of 1:1, was used in this study (13). The values
reported for CD38 ABC on CD8� T cells in this population of
children are therefore likely to be underestimated.

The clinical category to which the children were assigned at
baseline remained constant at the 1-y follow-up except for
three children who progressed from the mild to the severe
clinical disease group, one of whom died (Table 2). The CD4�

T-cell absolute numbers (p � 0.0001) and percentages (p �
0.0347) decreased over the 1-y follow-up period but the viral
loads (p � 0.8042) and CD8�(CD38�) (p � 0.6164) did not
change significantly over that time. The %CD8�CD38� de-
creased significantly (p � 0.0139) over the year with the
decrease occurring in the group with mild disease (p � 0.0218)
but not the group with severe disease (p � 0.4413). This may
reflect the decrease in %CD8�CD38� expected with age in the
group of patients with mild, nonprogressive disease (Fig. 2).

Table 4. A comparison of the medians in the three different clinical groups

Variable

Clinical Disease Group

p Value DifferencesControl Mild Severe

CD8�[CD38�] (ABC) 6 803 15 450 20 519 0.0086 c�s
%CD8�CD38� (%) 54.7 76.5 82.1 0.0386 c�s
CD8� T cells (106/L) 972 1 603 2 174 0.0036 c�m,s
%CD8� T cells (%) 26.4 46.1 58.0 �0.0001 c�m�s
CD4� T cells (106/L) 1 302 735.5 312 0.0001 c�m�s
%CD4� T cells (%) 34.4 23 10.7 �0.0001 c�m�s
Hemoglobin (g/dL) 11.7 10.9 10.4 0.0065 c�m,s
Viral load (copies/mL) — 29 487 199 756 0.0034 m�s

c, control; m, mild disease; s, severe disease at baseline.
Significant differences between the groups are indicated.

Table 3. Correlations with age at baseline are maintained at the 1-y
follow-up (Spearman correlation coefficients, p value in brackets)

Variable
Correlation at

Baseline
Correlation

at 1 Y

CD8�[CD38�] (ABC) �0.5514 (�0.001) �0.5215 (0.002)
% CD8�CD38� (%) �0.5624 (�0.001) �0.4799 (0.004)
%CD4� T cells (%) �0.3079 (0.017) �0.3696 (0.031)
Hemoglobin (g/dL) 0.1869 (0.153) 0.2901 (0.096)
Viral load (copies/mL) �0.4768 (0.001) �0.5340 (0.001)

Figure 2. Box and whisker plots illustrating (A) the %CD8�CD38� and (B)
the CD8�(CD38�) in ABC according to clinical status at baseline and 1 y of
follow-up. The box plot represents the median values with the 25th and 75th
percentiles. Maximum and minimum values, including outliers, are indicated.
The number of patients in each group is shown on the x axis
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Increased CD8�(CD38�) was a stronger predictor of death
than the viral load measurement, although less significant than
the CD4� T cell percentage and Hb levels (Table 5).

Discriminant analysis confirms CD8�(CD38�), CD4� T-
cell percentage, and Hb level at baseline as statistically signif-
icant predictors of progression to death within the first year
(Table 6). The cut-off values obtained may be useful as a guide
in clinical practice, however, the error rates should be taken
into consideration.

DISCUSSION

Immune activation in HIV infection may differ in adults and
children inasmuch as most children are infected perinatally and
HIV is introduced into a naive and developing immune system
(9). Information regarding immune activation in HIV-infected
adults can therefore not be extrapolated to the pediatric popu-
lation. There is conflicting evidence regarding CD38 expres-
sion as a prognostic marker in HIV-infected children (4–9).
This evidence is based predominantly on measurements of
%CD8�CD38�. The %CD8�CD38� and CD8�(CD38�)
measurements are highly correlated, but the latter is preferable
because of the heterogeneous expression of CD38 on the cell
surface (2, 6, 12, 13). This study confirmed that CD38 expres-
sion on CD8� T cells is negatively correlated with age (2, 8,
11) and increased in HIV-infected children in comparison to
HIV-uninfected age-matched controls (1, 4, 5, 8, 9). These
findings are consistent with CD38 being a marker of immatu-
rity and immune activation. Total CD4� T-cell depletion and

CD8� T-cell expansion occurred in HIV-infected children
when compared with age-matched controls (8).

It has previously been observed that HIV-infected children
who were clinically symptomatic seemed to have brighter
CD38 expression on CD8� T cells than those that were asymp-
tomatic (8, 9). This increased fluorescence suggests a greater
density of CD38 on the CD8� T cells of children with more
advanced HIV disease. Formal quantitation measurements sug-
gest that CD38 expression on CD8� T cells is increased in
severe compared with mild clinical disease. As is the situation
in the adult HIV-infected population, increased CD38 expres-
sion on CD8� T cells in HIV-infected children appears to be
associated with disease progression.

The significance of increased %CD8�CD38� is controver-
sial as it has been associated with a favorable prognosis (4–6)
and with progression to AIDS in HIV-infected infants and
older children (7, 9). Quantitation of CD38 on CD8� T cells
supports the latter view by demonstrating that increased
CD8�(CD38�) was a significant predictor of death in children.

A positive correlation between CD38 expression on CD8� T
cells and viral load has been documented in HIV-infected
adults (1). The same correlation was suggested in children by
this study. An opposing view in perinatally infected children
who had survived for more than 5 y is that an inverse corre-
lation between viral load and %CD8�CD38� existed (5).
These children were, however, all receiving antiretroviral ther-
apy at the time of the study, which may have influenced the
results. Further evidence to support the findings documented

Table 5. The significance of the CD38 measurements, CD4�, and CD8� T cell percentages, viral load, and hemoglobin levels as predictors of
death when the baseline values for the children surviving to follow-up were compared with the children who died within 1 y

Baseline Values Median and
Minimum � Maximum

Values
Survived to 1 Y

(n � 27)
Died within a Y

(n � 9) p Value

CD8�[CD38�] (ABC) 15 888 (4 576–26 743) 24 453 (14 005–33 330) 0.043
%CD8�CD38� (%) 74.9 (40.8–99) 87.3 (74–99.4) 0.104
%CD4� T cells (%) 18.1 (4.3–38) 2.0 (0.4–29.8) 0.002
%CD8� T cells (%) 52 (13.4–74.5) 50.8 (30.4–77.9) 0.674
Viral load (copies/ml) 70 798 (1 074–3 903 310) 241 988 (10 812–2 154 020) 0.371
Hemoglobin (g/dl) 10.9 (8.1–12.5) 9.6 (8.4–10.6) 0.015

The ages of those who survived and those who died did not differ significantly (p � 0.8008).

Table 6. CD8�[CD38�], CD4� T-cell percentage, and hemoglobin at baseline are statistically significant predictors of progression to
death at 1 y

Variable

Survived Died

% Correct p Value Cut-off
Predicted to Have: Predicted to Have:

Survived* Died† Died* Survived†

CD8�[CD38�] 18 9 5 4 63.9% 0.0205 19 262 ABC
%CD4� T cells 19 8 7 2 72.2% 0.0025 12.66%
Hemoglobin 20 7 6 3 72.2% 0.0153 10.19 g/dL

Patients who survived the 1-y follow-up period are divided into those that were correctly predicted to have survived and those that were incorrectly predicted
to have died by the variables listed. Patients who died within the first year are similarly divided. The cut-off point for the discriminant analysis for each variable
is given, indicating that children with lower levels would be predicted to die, e.g. using the cut-off value of 19 262 ABC for CD8�[CD38�] in practice means
that 4 of the 9 children who died were predicted to survive and 9 of the 27 that survived were predicted to die, giving a misclassification rate of 36.1%. The
error rate for %CD4� T cells was 27.8% where a cut-off of 12.66% CD4� T cells incorrectly predicts that 2 children who died would survive and 8 children
who survived would die. If a prediction of whether an HIV-infected child would be alive or dead within 1 y were to be made using a hemoglobin of � or �10.19
g/dL, respectively, 72.2% of the outcomes would be correctly predicted.

* Correctly predicted; † incorrectly predicted.
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here is that children who fail to respond to HAART and
maintain high viral loads also maintain high %CD8�CD38�,
whereas those who have a good virological response to
HAART have decreased %CD8�CD38� (10). This situation in
response to HAART has also been documented in HIV-
infected adults (2).

CD8�(CD38�) is a stronger predictor of progression to
death in HIV-infected children than viral load. However, the
%CD4� T cells and Hb levels were the best predictors of
progression to death in these children and are easier and less
expensive to perform than CD38 quantitation. In the adult
situation, CD38 on CD8� T cells was a stronger predictor of
outcome than the percentage or absolute number of CD4� T
cells (2). A tentative classification for using specific reference
ranges of CD8�(CD38�) to predict the risk of disease progres-
sion to AIDS has been proposed for use in adults (2). In
children, where age is negatively correlated with CD38 on
CD8� T cells, establishing such reference ranges would re-
quire a larger study to enable age-specific values to be related
to the risk of disease progression. Age-specific ranges for
CD8�(CD38�) may strengthen the prognostic value of this
marker in children with regard to CD4� T cells thus concurring
with the situation seen in adults (2).

Increased CD38 expression on CD8� T cells in HIV infec-
tion is associated with high viral loads, disease progression,
and death in adults. The findings of this study would suggest
that the same is true in pediatric HIV disease. The utility of
CD8�(CD38�) as a prognostic marker in HIV-infected chil-
dren in clinical practice is complicated by the variation of this
marker with age.
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