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Abstract

CD8 T cells are divided into naive and memory subsets
according to both function and phenotype. In HIlV-negative
children, the naive subset is present at high frequencies,
whereas memory cells are virtually absent. Previous studies
have shown that the overall number of CD8 T cells does not
decrease in HIV-infected children. In studies here, we use

multiparameter flow cytometry to distinguish naive from
memory CD8 T cells based on expression of CD11a,
CD45RA, and CD62L. With this methodology, we show that
within the CD8 T cell population, the naive subset decreases
markedly (HIV + vs. HIV -, 190 vs. 370 cells/,lp; P < 0.003),
and that there is a reciprocal increase in memory cells, such
that the total CD8 T cell counts remained unchanged (800
vs. 860 cells/pul; P < 0.76). In addition, we show that for
HIV-infected children, the naive CD8 T cell and total CD4
T cell counts correlate (k P 0.001). This correlated loss
suggests that the loss of naive CD8 T cells in HIV infection
may contribute to the defects in cell-mediated immunity
which become progressively worse as the HIV disease prog-

resses and CD4 counts decrease. (J. Clin. Invest. 1995.
95:2054-2060.) Key words: T cell subsets * acquired immu-
nodeficiency syndrome - T4 cells * T8 cells * naive T cells

Introduction

CD8 T cells, which provide cell-mediated immunity through
both cytotoxic and suppresser mechanisms (1), are subdivided
by multiparameter flow cytometry (FACS®) into subsets ac-

cording to the differential expression of surface proteins. These
subsets are also functionally distinct (2, 3). In particular, the
subset that expresses the CD45RA surface marker (CD45RAhi),
which is often referred to as the naive (or virgin) subset, makes
a relatively poor cytokine response after T cell receptor stimula-
tion. In contrast, the so-called memory subset, which secretes
a wide variety of cytokines in response to T cell receptor stimu-
lation, expresses CD45RO (another isoform ofCD45 [reference
3]) instead of CD45RA (3, 4).

Address correspondence to Leonard A. Herzenberg, Beckman B007,
Department of Genetics, Stanford University, Stanford, CA 94305-5125.
Phone: 415-723-5054; FAX: 415-725-8564. R. L. Rabin's present ad-
dress is Laboratory Clinical Investigation, Bldg. 10, Room lN228,
NIAID, NIH, 9000 Rockville Pike, Bethesda, MD 20892.

Received for publication 16 June 1994 and in revised form 12
January 1995.

Several reports have described changes in the CD8 T cell
subsets in HIV-infected individuals. The total CD8 T cell count
in blood usually increases initially and only falls late in the
disease (5, 6). Naive CD8 T cell frequencies, estimated on the
basis of CD45RA expression alone, were found to decrease
little (7, 8) or not at all (9). Memory CD8 T cell frequencies,
estimated on the basis of CD45RO expression ( 10, 11), were
found to increase in infected children. However, the methodol-
ogy used in these studies did not definitively resolve the naive
and memory subsets, since the shift from CD45RA'I to
CD45RO (CD45RA-) is reversible and thus not all CD8 T
cells that express the CD45RA'I (CD45RO-) phenotype are
naive (12, 13).

Recent studies have identified several other surface markers
(14) that provide a better indication of the maturation from
naive to memory, e.g., the increase in expression of CD1la
(LFA-la) (15) and the loss of expression of CD62L (L-selec-
tin, LECAM) (16). Therefore, to definitively resolve the mem-
ory and naive subsets in studies presented here, we used three-
color multiparameter flow cytometry to simultaneously measure
CD8, CD45RA, and either CD1la or CD62L. The results of
this study unequivocally demonstrate that HIV-infected children
lose a substantial fraction of their naive CD8 T cells and show
a compensatory gain in absolute numbers of memory CD8 T
cells.

In an accompanying manuscript (17), we present results
from a study of over 250 HIV-infected adults showing that, as
in studies presented here for HIV-infected children, the naive
CD8 subset is lost in parallel with total CD4 T cells. The studies
presented here were completed before our adult study was un-
dertaken and provided one impetus for that study. Together,
these two studies demonstrate that loss of the functionally im-
portant naive T cells from both CD4 and CD8 lineages is charac-
teristic of HIV infection and thus suggest that the loss of these
cells may play a major role in the immunopathogenesis of HIV
disease.

Methods

Subjects. 12 HIV-infected children were recruited from the outpatient
clinics at Children's Hospital Oakland (CHO)' and seven from Lucille
Packard Children's Hospital (LPCH) at the Stanford University Medical
Center. All HIV-infected children were receiving antiretroviral therapy
(either AZT, DDI, or DDC, or some combination thereof). All children
followed at CHO and two children at LPCH were receiving monthly
intravenous immunoglobulin therapy.

The children who served as HIV-negative controls were recruited
from the Pediatric Endocrinology Clinic at LPCH. All children accepted
into the study had no risk factors for HIV infection. The HIV-negative

1. Abbreviations used in this paper: CHO, Children's Hospital Oakland;
LPCH, Lucille Packard Children's Hospital; PE, phycoerythrin.
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controls either were considered healthy and in no need of therapy or
were isolated growth hormone or isolated thyroid hormone deficient
and were being treated with replacement therapy. Children were rejected
from the study if they were receiving steroid therapy, had a history of
cancer, had a CD4/CD8 ratio of < 1, or were not growing parallel to
the normal growth curve.

All participants in this study were recruited for our investigation
of glutathione levels in plasma, red blood cells, and peripheral blood
mononuclear cell subsets in HIV-infected children. The result of the
glutathione analyses will be reported elsewhere. All children were un-
dergoing venipuncture for purposes relevant to their clinic visit. In-
formed consent was obtained; an additional 3 ml of blood was taken at
the time of blood draw and placed in a heparinized tube. All participants
had blood taken for a complete blood count, either from the aliquot
taken for purposes of this study or because it was clinically indicated.
This study was approved by the Institutional Review Boards of Chil-
dren's Hospital Oakland and Stanford University Medical Center.

Function analysis. Functional analyses for Fig. 2 were performed
on PBMC isolated from buffy coats of HIV-negative healthy adults.
Cells were stained with fluorescent conjugates of CD8, CD45RA, and
CD62L under conditions which do not alter the ability to flux calcium
nor to stimulate the cells: briefly, cells were never cooled on ice, but
maintained at room temperature; cells were stained for 15 min with the
conjugates in the presence of 0.02% sodium azide, and washed exten-
sively with azide-free medium.

For the calcium flux experiments, cells were preloaded for 45 min
with 10 pjg/ml Indo-l (Molecular Probes, Inc., Eugene, OR) at 37TC.
Before FACS ® analysis, stained cells were warmed for 5 min to 37TC.
A baseline value for the ratio of Indo-1 fluorescences was collected for
30 s; then 10 ig of anti-CD3 (G19-4, kind gift of Dr. J. Ledbetter,
Bristol-Meyers Squibb Pharmaceutical Research Institute, Seattle, WA)
was added to the cells. FACS ' analysis was continued for up to 15
min. The ratio of Indo-l fluorescences collected in the violet (395-415
nm) and in the green (515-560 nm) was computed by analogue circuitry
(Roederer, M., M. Bigos, T. Nozaki, R. Stovel, D. Parks, and L. A.
Herzenberg, manuscript submitted for publication).

For proliferation and cytokine analysis, cells from the CD8 subsets
were sorted (> 99% purity, as assessed by reanalysis of sorted cells).
For proliferation, 5,000 cells were deposited in V-bottom wells con-
taining a total of 100 M1 of RPMI supplemented with 10% fetal calf
serum, and stimulated with combinations of 20 nM phorbol myristate
acetate, 50 ng/ml anti-CD3 (Leu4), 1 pAg/ml Staphylococcus enterotoxin
A, and 20,000 irradiated P815/B7 cells (kind gift of Lewis Lanier,
DNAX Institute, Palo Alto, CA). Cells were maintained in culture for
3 d; after which 1 /iCi of [3H]thymidine was added. After an additional
18 h, cells were harvested, and cell-bound radioactivity was quantitated.
For cytokine analyses, 50,000 sorted cells were deposited into pre-
warmed (37°C) medium containing stimulants. After 6 h, RNA was
isolated using RNAzol B (TelTest, Inc., Friendswood, TX). Total
cDNA was synthesized using 1 Mg of random hexamers in a 20-I1
reaction volume. One-tenth of each cDNA was then amplified by PCR
using primers specific for each cytokine; products were separated on a
2% agarose gel and visualized by ethidium bromide staining. Primers
forfl-actin were also used to verify equivalent recovery of mRNA from
the cells. The following primer pairs were used: /B-actin, TGACGG-
GGTCACCCACACTGTGCCCATCTA and CTAGAAGCATTGCGG-
TGGAC-GATGGAGGG; y-IFN, ATGAAATATACAAGTTATATC-
TTGGCTTT, GATGCTCTTCGACCTCGAAACAGCAT; IL-2, ATG-
TACAGGATGCAACTCCTGTCT, GTCAGTGTTGAGATGATGCT-
TTGA; IL-4, ATGGGTCTCACCTCCCAACTGCT, CGAACACTT-
TGAATATTTCTCTCTCAT; IL-5, GCTAGCTCTTGGAGCTGCC-
TAC, TCAACTTTCTATTATCCACTCGGTGTTCATTAC; IL-10,
ATGCCCCAAGCTGAGAACCAAGACCC, TCTCAAGGGGCTGG-
GTCAGCTATCCC; GM-CSF, ATGTGGCTGCAGAGCCTGCTGC,
CTGGCTCCCAGCAGTCAAAGGG.

Materials. The following conjugated monoclonal antibodies were
kind gifts of Becton Dickinson Immunocytometry Systems, (San Jose,
CA): phycoerythrin-conjugated Leu-8 (PE-Leu-8, CD62L), PE-Leu-
M5 (CD1 lc), fluorescein isothiocyanate (FITC) Leu 18 (CD45RA),

and PE-Leu 18. The following conjugated monoclonal antibodies were
obtained from PharMingen (San Diego, CA): FITC-HIT3a (CD3),
FITC-3G8 (CD16), biotin and PE-RPA-T8 (CD8), CyS-PE (Cy-
ChromeTm) conjugated RPA-T4 (CD4), FITC-CIlll (CDl1a), and
CyS-PE H130 (CD45). When biotin-conjugated monoclonal antibodies
were used, they were revealed with Cy5-PE conjugated avidin (Phar-
Mingen).

For purposes of this report, we stained for the following combina-
tions of immunophenotype surface markers (FITC, PE, Cy5-PE): CD16,
CD llc, and CD45; CD3, CD4, and CD8; CD1 la, CD45RA, and CD8;
CD45RA, CD62L, and CD8. The glutathione stain does not affect the
intensity nor the ability to detect any of the immunofluorescence re-

agents (data not shown; see reference 18).
Multiparameterflow cytometry. Peripheral blood mononuclear cells

(PBMC) were isolated from whole blood by Ficoll-Hypaque density
centrifugation (Ficoll-Paque was obtained from Pharmacia AB, Uppsala,
Sweden). The PBMC were washed and suspended in RPMI media
deficient in biotin, phenol red, and riboflavin and stained for intracellular
glutathione concentrations as described previously (18). The PBMC
were then washed, and, at 4°C, stained with the combinations of fluoro-
chrome-conjugated monoclonal antibodies listed above. The stained
PBMC were then resuspended in 0.8% paraformaldehyde to inactivate
HIV and analyzed on a dual laser (argon 360 nm, argon 488 nm)
flow cytometer (FACStar Plus'; Becton Dickinson Immunocytometry
Systems) interfaced to a VAX 6300 computer (Digital Computer, May-
nard, MA) and FACS/DESK* software (19). Independent analyses
have shown that staining for intracellular glutathione does not affect
subsequent staining for surface marker proteins and fixing with para-
formaldehyde alters neither the representation of subsets nor surface
antigen quantitation.

Total counts of all subsets of T cells were calculated as follows:
(percentage of subset/percentage of lymphocytes) X absolute lympho-
cyte count. The percentage of CD4 and CD8 T cells was calculated
from the percentage of CD3+CD4+ or CD3+CD8+ T cells (Table I).
The percentage of lymphocytes was calculated as the percentage of
cells expressing the common leukocyte antigen (all isoforms of CD45),
which are not monocytes (CDl 1 chi) or contaminating granulocytes
(CD1 lc', CD16 hi) The absolute lymphocyte count was taken from
the complete blood count.

To define subsets, we used only CD8 hi expression to identify CD8
T cells. To exclude natural killer cells (which are CD8'°) we used a

very bright reagent which segregates them from CD8 T cells.
Statistical analysis. Differences between HIV-negative control and

HIV-infected children were evaluated by Mann-Whitney U nonparamet-
ric testing. Linear correlations between absolute counts (cells/microli-
ter) of lymphocyte subsets with each other were evaluated by least
squares regression analysis. Frequency testing of groups of study sub-
jects was done by x2 analysis. All statistical evaluations were performed
with StatView 4.0 software (Abacus Concepts, Berkeley, CA) and an
Apple Macintosh microcomputer (Apple Computer, Cupertino, CA).
All P values are two tailed.

Results

Study subjects. The study groups consisted of 19 HIV-infected
and 17 HIV-negative control children (Table I). Of the HIV-
negative control children, five (29%) children with congenital
hypothyroidism were being treated appropriately with L-thyrox-
ine (Synthroid; Boots Pharmaceuticals, Lincolnshire, IL), and
the five (29%) who are growth hormone deficient were receiv-
ing recombinant human growth hormone (Protropin; Genen-
tech, South San Francisco, CA). Those diagnosed as normal
variant short stature (29%) and "other" ( 12%) were not receiv-
ing therapy of any kind.

Of the 19 HIV-infected children, 5 (26%) acquired the virus
through contaminated blood products; 3 of these children have
AIDS. The remaining 14 (74%) HIV-infected children acquired
the virus vertically; 5 of them have AIDS.
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Table L Study Subjects

HIV negative control HIV-infected

Age
10-24 mo 1 1
2-4 yr 4 7
5-8 yr 3 4
9-13 yr 6 7
14-16 yr 3 0
Median yr 9.8 5.7

Sex
Male 12 8
Female 5 11

Mode of transmission
Vertical 14 (4)*
Horizontal 4 (2)

Diagnosis
CHTt 5
GHD 5
NVSS 5
Other 2

T cell counts (median)
CD4O 1320 626
CD8 875 764

* In parentheses, number of children with AIDS. CHT, congenital
hypothyroidism; GHD, growth hormone deficiency; NVSS, normal vari-
ant short stature; Other are healthy children in whom disease has been
ruled out. § P < 0.0005 by Mann-Whitney U nonparametric testing.

Multiparameter FACS® analysis ofCD8 T cells. Represen-
tative CD8 T cell subsets are shown in Fig. 1. Flow cytometric
analysis for three surface markers identifies a subset of cells
which expresses low levels of CD1 la (CD1 laII) and high levels
of CD45RA (CD45RAhi, Fig. 1, top row, solid arrows). A
similar analysis identifies a subset which is CD45RAhi and
CD62Lhi (Fig. 1, bottom row, solid arrows). This subset fits
previous definitions of the naive subset of CD8 T cells (16,
20). We have recently shown by four-color immunofluores-
cence analysis that all cells that fit the naive phenotype
(CD11aIO, CD45RAhi) are also CD62Lhi (data not shown);
however, not all CD1 laa cells are CD45RAhi. Thus, it is neces-
sary to simultaneously measure three antigens (CD8, CD45RA,
and CDl la or CD62L) to uniquely identify the naive cells.

In addition to the naive subset, Fig. 1 (left) shows three
other subsets of CD8 T cells. For the purposes of this report,
we refer to all of these subsets as memory cells because they
are all CDIlahi (15). These subsets of memory or effector
cells further segregate on the basis of CD45RA and CD62L
expression (Fig. 1, bottom row). In general, the most frequent
of these is the CD45RA-, CD62L- subset (Fig. 1, bottom
row, hollow arrows); additional memory subsets express only
CD62L or only CD45RA.

Functional analysis of CD8 subsets. To confirm the pre-
viously identified functional differences between naive and
memory CD8 subsets, we did three kinds of analyses on the
naive and memory subsets: cytoplasmic calcium flux (a prereq-
uisite event for proliferation, and the extent of the flux is related
to proliferative capacity); proliferative response to several mito-
genic stimuli, measured by DNA synthesis; and cytokine mRNA
profiles in response to several stimuli, determined by reverse

PCR. Fig. 2 A shows that the different subsets have substantially
different capacities to transport calcium in response to the CD3
triggering. The naive cells respond very well, with a vigorous
and sustained increase in cytoplasmic calcium. In contrast, the
memory subsets show a much weaker flux. As expected, the
ability to flux calcium is correlated with the subsequent mito-
genic capacity of these cells (Table II), i.e., the naive cells
proliferated to a greater extent than the memory subsets. Finally,
data from a limited survey of the cytokine profiles of the subsets
(Fig. 2 B) are also consistent with the known phenotype of
naive and memory cells. That is, the naive cells have a much
more restricted cytokine profile, while only the memory subsets
made the typical memory/effector cytokines IL-4, IL-5, or
y-IFN.

Loss of naive CD8 and increase in memory CD8 T cells.
Fig. 1 demonstrates that the majority of the CD8 T cells in
HIV-negative control children are naive (middle, solid arrows).
In contrast, the representative plots of HIV-infected children
(Fig. 1, right) demonstrate a decrease of the naive subset and
a commensurate increase of the memory subsets of CD8 T cells.

Summary data for all the children in the study are shown
in Fig. 3. In agreement with previous reports, the total CD8 T
cell count (5, 6) and the frequency of the CD45RAhi, CD8
T cells (previously taken as the naive subset) do not differ
significantly (7-9) between the HIV-infected and control chil-
dren. In contrast, the naive subset as we define it (CD45RAh,
CD1 la", CD62Lhi) is clearly decreased in HIV-infected chil-
dren in absolute number (P c 0.003), as well as percentage of
total CD8 T cells. While all memory subsets increased, the
most significant increase was found for the CD45RA - CD62L -
subset (P c 0.0004). The other memory subsets are also in-
creased, although not to the same extent (HIV-infected versus
HIV-negative controls, P < 0.05 for both subsets). Therefore,
the increase in the total CD8 counts in HIV-infected children
is due exclusively to an expansion of the memory subsets of
CD8 T cells.

No differences were found for a variety of other variables.
Within the group of HIV-infected children, we found no differ-
ences between those who acquired HIV horizontally or verti-
cally or between those with or without AIDS (not shown).
Similarly, among the HIV-negative controls, there were no dif-
ferences between those who were or were not receiving growth
hormone or L-thyroxine (not shown). In addition, we found no
correlation between age and the number or percentage of naive
CD8 T cells in either the HIV-negative or the HIV-infected
children (not shown). Furthermore, we found no correlation
between disease severity and either CD4 or CD8 counts.

The naive CD8 T cell count correlates with the total CD4
count in HIV-infected children. Fig. 4 shows that the HIV-
infected children whose naive CD8 T cell counts are low also
have low total CD4 counts. In essence, all but one of the HIV-
infected children whose naive CD8 T cell counts fell below
their median (186 cells/Il) have CD4 T cell counts that also
fall below their median (526 cells//lI). Similarly, all but one
of the HIV-infected children with high CD4 counts had high
naive CD8 T cell counts. This correlation is significant by x2
analysis and Fisher's exact test (P . 0.001).

The specific clustering of CD4 counts and naive T cell
counts in the HIV-infected children is also visible in a regression
analysis of the data discussed above (see Fig. 4). For simplicity,
regression lines are not shown in the figure. However, least
squares linear analysis computed for the data demonstrates that
CD4 T cell counts correlate better with naive CD8 T cell counts
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Figure 1. Representative 5% probability contour plots of CD8 T cells from a healthy adult, two HIV-negative control children, and two HIV-
infected children. The solid arrow points to the naive subset, which is CD 1 a'o, CD45RAhi, as well as CD62Lhi (bottom row, solid arrows) . There
are three subsets of memory CD8 T cells, all of which are CDl lahi (top row). These memory subsets can be distinguished from each other
according to CD45RA and CD62L expression (bottom row). The memory subset with the highest frequency is CD45RA -, CD62L-. The CD8 T
cells of HIV-negative children (middle) are virtually all naive. The frequency of the naive subset is substantially decreased in HIV-infected children
(right), and, conversely, the frequency of all memory subsets is increased. Although the percentage of naive CD8 T cells is decreased, the phenotype
of the remaining cells is unchanged. Note that for the upper panels we used PE-conjugated CD45RA, while for the lower panels we used FITC-
conjugated CD45RA; hence the apparent difference in staining intensity.
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Figure 2. Functional analysis of CD8 T cell subsets as defined in Fig. 1. (A) The ability of the different subsets to flux calcium after CD3 stimulation
is markedly different. While the kinetics is roughly equivalent (influx begins - 45 s after stimulation), the extent of the flux and the resulting
quasi-equilibrium concentration of calcium are markedly higher in the naive cells. The CD45RA + CD62L- memory subset has at best a nominal
calcium flux. Each point represents the average value for 10 s of data (- 200 cells/s for the naive subset; as low as 30 cells/s for the rarest memory
population). The data points for the naive are mostly hidden under the curve. The four curves are reproduced in the right panel for comparison.
(B) A survey of cytokine messages made by three of the subsets in response to stimulation. Cells from the CD8 subsets were sorted to purity and
cultured for 6 h with various stimulants; cytokine expression was assessed by reverse PCR. The naive cells do not express message for IL-4 or IL-
5, and extremely low levels of y-IFN. None of the CD8 subsets made detectable IL-10.
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Table II. Proliferative Capacity of CD8 Naive
and Memory Subsets

CD45RA-CD62L- CD45RA-CD62L+
Naive

Stimulus (cpm)* (cpm)* (fold)t (cpm)* (fold)t

Unstimulated 17 nd 10
Leu4 + PMA 1600 640 2.4 650 2.5
Leu4 + B7 5050 2010 0.8 6500 2.5
SEA 140 39 8.7 24 4.9
SEA + PMA 690 300 1.8 390 2.4

* Mean counts per minute for triplicate wells (5,000 cells per V-bottom
well; 4-d stimulation). Standard deviations were all < 15% of the mean.
* The ratio of the proliferation signal for the naive cells to the prolifera-
tion signal for the memory population (background was subtracted from
each value before division).

in HIV-infected children than in HIV-negative children (r2 for
HIV-negative control, 0.38; for HIV-infected, 0.54).

Total CD8 T cell counts, in contrast, show essentially no
correlation with CD4 counts either in HIV-negative or in HIV-
infected children. That is, there is no significant correlation of
total CD4 and CD8 counts as measured by x2 analysis of HIV-
infected children above and below the medians for CD4 and
CD8 T cells (P c 0.07); and there was less correlation by
linear regression analysis (r2 for HIV-negative control, 0.42;
for HIV-infected, 0.29).

Total
CD8+ CD8+, CD45RA+

Discussion

In studies presented here, we demonstrate the selective loss of
a functional subset of CD8 T cells in HIV-infected children, i.e.,
naive CD8 T cells (CD8 + CD62L + CD45RA +). In addition, we
present novel data which demonstrate that the number of naive
CD8 T cells correlates with the number of total CD4 T cells in
all children, particularly those who are HIV-infected.

Functionally, naive T cells are defined as cells which have
recently emigrated from the thymus and have a predominantly
proliferative response when exposed to cognate antigens for the
first time (3, 21). This encounter with antigen also triggers the
naive T cell to differentiate and express the surface phenotype
of memory cells (16). Thereafter, when a memory T cell en-
counters its cognate antigen, the response is predominantly one
of cytokine secretion rather than proliferation (3). The defini-
tions of naive and memory are based on studies published by
others (15, 16); we confirmed these functional differences in
the subsets defined here: the naive cells show a greater capacity
to flux calcium and to proliferate in response to mitogenic stim-
uli, but have a more limited cytokine response than memory/
effector cells.

Our studies, which demonstrate that naive CD8 T cells de-
crease substantially in HIV-infected individuals, conflict with
earlier observations indicating that naive CD8 T cell counts
either decrease slightly or remain unchanged (8, 9, 11, 22-24).
These differences are explained by the difference in methodol-
ogy used to identify the naive cells: only the use of the three-
color immunofluorescence profile that we use here resolves
these cells completely from the memory subsets (for further
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Figure 3. Distribution of CD8 T
cell subsets among HIV-negative
control and HIV-infected chil-
dren. Since CD45RA alone is in-
sufficient to distinguish naive
from memory cells, there was no

statistically significant difference
in the numbers of cells defined
only on the basis of this marker
(center). However, there is a very
large difference when the naive
cells are uniquely identified on the
basis of three markers (right).
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Figure 4. Total CD4 T cell count and naive CD8 T cell count correlate
in HIV-negative control children (left) and HIV-infected children
(right). The lines segregate the groups of children into quadrants ac-
cording to median total CD4 T cell counts and naive CD8 T cell counts
within each group. Of the 19 HIV-infected children, 9 are above the
medians for both CD4 and naive CD8 T cell counts, and 8 are below
both medians. Of the 17 control children, 7 are above, and 6 are below
both of their respective medians. The correlation of CD4 and naive CD8
T cell counts among HIV-negative children bordered on significance
(x2, P c 0.06); for HIV-infected children, it was highly significant (P
< 0.001).

discussion, please see Results and our accompanying manu-
script [17]). Our data on memory subset counts are consistent
with previous observations that memory CD8 T cells increase
(1 1, 25). However, we extend these earlier findings by demon-
strating here that this increase is most marked in a specific
subset (CD8+ CD45RA- CD62L-).

Studies here compare HIV-infected children with control
patients who were seen in a large pediatric endocrinology clinic.
All of the control children were growing parallel to the normal
growth curve and none was receiving steroid therapy; most
were being followed for isolated problems such as congenital
hypothyroidism or possible or actual growth hormone defi-
ciency. Children with multiple endocrinopathies, such as hypo-
pituitarism, were rejected from this study because growth hor-
mone affects CD4 T cell counts in these children (25). Since
findings with control children receiving therapy did not differ
from findings with controls who were in no need of therapy
(e.g., normal variant short stature), it is unlikely that the cor-
rected hormonal deficiencies of some of the children confound
their immunologic status.

The observations we describe are also not confounded by
possible differences between chronological and physiologic
ages in our control and HIV-infected groups of children, nor
the broad age range of the children we studied. Okumura and
colleagues (26), using CD8 T cell subset definition criteria
similar to those we used (CDl 1 a, CD45RA), demonstrated
changes in the frequencies of CD8 T cell subsets that begin to
occur during adolescence in healthy individuals. The children
we studied in the HIV-negative control and HIV-infected groups
were all under 13 yr of age. In these preadolescent children,
we found no evidence that frequency of subsets correlates with
age. Thus, we agree with Okumura that preadolescent children
have not yet begun to show age-related changes in CD8 T cell
naive and memory subset patterns, and conclude that age is not
a factor in our study.

There are several possible mechanisms for the loss of circu-

lating naive CD8 T cells in HIV-infected children. For example,
it could be due to HIV infection of early double-positive progen-
itors in the thymus. Bonyhadi and colleagues (27) have shown
that CD4+ CD8+ T cell progenitors can be infected and thereby
die before emigrating from the thymus and entering the periph-
eral circulation as naive T cells. This mechanism could be quite
important in children because the thymopoiesis is extremely
active before adolescence.

Alternatively, the decrease in naive CD8 T cells in children
may not be primarily due to HIV infection, but may be second-
ary to complications of HIV which are perhaps common to all
chronic infections or inflammatory states. In fact, CD8,
CD45RAhi T cells are decreased in adults with long-standing
insulin-dependent diabetes (28) and vitamin A-deficient chil-
dren have increased CD45ROhi, CD8 T cells (29). Similarly,
chronic alcohol consumption by adults frequently results in a
loss of T cell function and a concomitant decrease in the repre-
sentation of naive T cell subsets (30). But whether the decline
in naive CD8 T cells is unique to HIV or occurs more generally
in severe disease is irrelevant to the immunopathogenic conse-
quences of the loss of these cells. Since naive T cells are crucial
to immune responsiveness, their loss may have as severe an
impact in HIV disease as the overall loss of CD4 T cells.

In particular, HIV-infected children (and adults) with low
CD4 T cell counts are more susceptible to infection with oppor-
tunistic organisms such as Pneumocystis carinji and Mycobacte-
rium avium intracellulare. This immune deficiency has been
ascribed to the decrease of CD4 T cells. However, our data
show that the naive CD8 T cell count correlates with the total
CD4 count. Thus, the immunodeficiency in HIV disease could
be mediated either by low CD4 counts, low naive CD8 T cell
counts, or, most likely, a combination of both in conjunction
with other factors.

In conclusion, we have demonstrated a clear loss of the
naive subset of CD8 T cells and an increase in CD8 memory
T cells in HIV-infected children. In an accompanying manu-
script, we show that this loss also occurs in adults (17) and
that it is similarly correlated with the loss of total CD4 cells.
We suggest that these changes may contribute to the increased
susceptibility to infection and the loss of cell-mediated immu-
nity that is observed in HIV-infected individuals. In addition,
because naive T cells are so important for the generation of
new immune responses, we suggest that the naive counts be
used to stratify clinical trials of therapeutic vaccinations and
immunomodulatory therapies in HIV disease.
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