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Recent studies have demonstrated the utility of measuring subsets of CD81 T cells as prognostic markers
in epidemiology cohort studies of human immunodeficiency virus (HIV)-infected patients. Most of these studies
evaluating the value of CD81 T-cell subsets have been performed at single centers, and few data are available
on variability in the measurement of the CD81 cell populations in multicenter trials. In the current study, we
addressed this question by evaluating interlaboratory variability from the five laboratories enrolled in the
Women and Infants Transmission Study sponsored by the National Institutes of Health. This study evaluated
35 HIV-positive and 28 HIV-negative proficiency testing samples sent to the laboratories for evaluation. The
study focused on the robust coefficient of variation (RCV) for CD38 (11%), HLA-DR (21%), and CD57 (15%)
expression on the CD81 population. Data from the current study indicated that the variability in these
measurements is greater than that for CD31 CD41 (RCV, 5%) and CD31 CD81 (RCV, 5%) cells. Knowledge
of the variability of the CD81 subset measurements should guide investigators in the design and analysis of
clinical trials and epidemiology studies. Ability to obtain improved interlaboratory agreement on CD81 subset
measurements will facilitate further evaluation of these markers in HIV studies.

CD41 T-cell depletion is considered to be the hallmark of
human immunodeficiency virus (HIV) disease (20). More re-
cent studies have shown profound changes in absolute num-
bers (and proportions) and function of CD81 T cells, and their
subsets are prevalent in HIV-infected individuals across the
spectrum of HIV disease (1, 15, 19, 22, 23, 27, 32, 37). For
example, CD81 T cells have been shown to mediate HIV-
specific cytolytic T-cell killing in vitro (7, 17, 18, 31, 38). With
disease progression, both the frequency and function of HIV-
specific CD81 cytolytic T cells decline (25, 27) and this is seen
to parallel an increase in the HIV burden as measured both by
proviral DNA in peripheral blood CD41 T cells and the levels
of infectious virus in plasma and peripheral blood mononu-

clear cells (30). Levy et al. (24, 39–41) have shown that, in vitro,
CD81 T cells can inhibit HIV replication in CD41 cells. Per-
haps the best evidence that CD81 T cells have a role in con-
trolling HIV replication is the fact that in acute HIV infection,
the appearance of CD81 cytolytic T cells immediately precedes
the precipitous drop in the HIV load in the periphery whereas
the appearance of specific anti-HIV neutralizing antibodies
follows the decline in the viral burden (2, 5, 9, 30).
Although CD81 T-cell measurements are a standard com-

ponent in the most commonly utilized immunophenotyping
guidelines for HIV-positive individuals (6, 8, 26), attention to
CD81 T-cell measurements in the settings of patient care,
clinical trials, and epidemiologic studies has not been strong
because of several factors. First, CD81 T-cell numbers (and
percentages) have not demonstrated the strong prognostic
power for disease progression and/or survival that has been
seen with CD4. Second, changes in CD81 T cells have not been
seen to reflect antiviral drug activity or correlate with thera-
peutic efficacy and therefore have offered little information of
practical value to clinical investigators and primary care pro-
viders. In fact, the reasons most often cited for inclusion of
CD81 T cells in an immunophenotyping panel is to obtain a
CD4/CD8 ratio and for quality control (8). However, over the
past several years, studies have shown that specific subsets of
CD81 T cells in HIV-positive individuals, most notably, those
positive for expression of the CD38 and DR markers, have
significant predictive value for disease progression (16, 32).
Unfortunately, this has not been widely appreciated, probably
because of the unfounded presumption that the lack of prog-
nostic power for the ‘‘total’’ CD81 T-cell value would preclude
any prognostic value for subsets of CD81 T cells. Another
factor which has likely contributed to the lack of incorporation
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of these CD81 T-cell subsets in clinical practice is the lack of
data addressing the variability in the measurement of these
lymphocyte subpopulations. The work described herein repre-
sents the first investigation of interlaboratory variability in the
enumeration of the CD38- and HLA-DR-expressing subsets of
the CD81 T-cell population. The results of these studies indi-
cate that the interlaboratory measurement variability of these
markers is greater than that of both CD31 CD41 and CD31

CD81 T-cell measurements. This information will help in sam-
ple size calculations for AIDS clinical trials and epidemiology
studies in which these measures serve as important variables.
Furthermore, these data suggest a need for better standard-
ization and quality control of these markers.

MATERIALS AND METHODS

Division of AIDS flow cytometry proficiency testing program. The flow cytom-
etry proficiency testing program of the Division of AIDS of the National Insti-
tutes of Health consists of the monthly evaluation of three whole blood samples
obtained from either HIV-positive or HIV-negative donors. Whole blood sam-
ples are obtained in heparin anticoagulant and shipped by a commercial carrier
for overnight delivery to the participating laboratories. In most cases, the sam-
ples are received by the laboratories within 18 h after being drawn. Each of the
participating laboratories is required to analyze the samples by utilizing a stan-
dard monoclonal antibody panel, as well as protocol-specific panels for the
studies in which they participate. Analysis is conducted in accordance with
guidelines established by the National Institute of Allergy and Infectious Dis-
eases Division of AIDS Flow Cytometry Advisory Committee (6). These guide-
lines require that samples be analyzed by utilizing forward angle and 908 scatter
gating with gate purity and recovery determined by the CD45/CD14 reagent.
Data reported in the proficiency testing program are adjusted according to the
percentage of lymphocytes within the analysis region as determined by the
CD45/CD14 reagent. The laboratories are subject to certification on the basis of
differences between their reported CD4 percentages and the median values
obtained for the entire group. Certification status is ranked as certified, provi-
sionally certified, probationary, or suspended. Each of the sites participating in
this study maintained a certified status throughout the study period of September
1991 to December 1993.
WITS. The proficiency testing data evaluated for this study were obtained from

the five sites in Women and Infants Transmission Study I (WITS I). WITS I
(1990 to 1994) was a multicenter epidemiologic study that evaluated the natural
history of HIV infection in pregnant mothers and their infants, including factors
related to perinatal transmission. The study sites were located at the University
of Illinois at Chicago; the University of Puerto Rico, San Juan; Columbia Pres-
byterian Hospital, New York, N.Y.; the State University of New York Health
Science Center, Brooklyn; and a consortium of sites in Boston (Maxwell Finland
Laboratory, Boston City Hospital) and Worcester, Mass. Each of the WITS sites
was equipped with a FACScan flow cytometer (Becton-Dickinson Corporation,
San Jose, Calif.) and participated in the proficiency testing program described
above.
Monoclonal antibody panel. A standardized panel of monoclonal antibody

reagents was utilized in evaluating HIV-positive pregnant women and their
infants enrolled in the WITS cohort. The monoclonal antibody panel consisted
of the following reagents: isotype control (immunoglobulins G1 and G2a), CD45/
CD14 (gating reagent), CD4/CD8 (compensation reagent), CD3/CD4 (CD41 T
cells), CD3/CD8 (CD81 T cells), CD3/CD19 (T and B cells), CD3/CD16, CD56
(T and NK cells), CD8/CD38 (activated CD8 subset), CD8/HLA-DR (activated
CD8 subset), and CD57/CD8 (functional CD8 subset). Each of the monoclonal
antibody pairs was obtained as fluorescein isothiocyanate- and phycoerythrin-
conjugated antibodies, respectively, and prepared as standardized reagents
through Becton-Dickinson Corporation. Each site received the same lot of re-
agents for evaluation of proficiency testing and patient samples.
Sample preparation and flow cytometric analysis. A whole-blood lysing pro-

cedure was utilized for preparation of the samples as described by the Division
of AIDS flow cytometry guidelines (6). Briefly, 100 ml of the sample was ali-
quoted into a 5-ml polystyrene tube, 20 ml of the appropriate monoclonal anti-
body was added, and the mixture was incubated for 15 min at room temperature.
Following the incubation period, 2 ml of FACSLyse reagent was added to lyse
the erythrocytes and the samples were incubated for an additional 10 min at
room temperature. The samples were centrifuged at 1,500 rpm for 5 min to pellet
the cells. Each sample was washed with 1 ml of phosphate-buffered saline con-
taining 3% fetal calf serum and 0.1% sodium azide and then fixed with 1%
paraformaldhyde. The samples were analyzed on a FACScan instrument which
was standardized daily with the AutoComp software program in accordance with
the manufacturer’s instructions. After the instrument was set up and daily set-
tings were recorded, each sample, stained with the CD4/CD8 reagents, was
evaluated to obtain appropriate compensation settings on the instrument. The
sample was then analyzed with the Simulset software after the CD45/CD14

gating reagent was run. At a minimum, the leukocyte gate purity was established
as 90% and lymphocyte recovery was 95%. If these gate settings were not met by
the automated program, operator-defined gates were utilized. After the appro-
priate analysis gates were set, cursor settings were established for fluorescence
measurements with the isotype control. The remaining tubes were analyzed by
the automated software program. This analysis gave a standardized approach in
evaluating samples at the various sites and allowed detection of either instrument
or sample preparation variability with the proficiency testing samples.
Statistical methods. In accordance with the recommendation of Gelman and

Eudey (13), statistical methods that are resistant to the effects of outliers were
employed for most of the data analysis. Therefore, the median, rather than the
mean, was used as a measure of central tendency for the overall distributions of
lymphocyte subsets. An estimate of interlaboratory variation for each subset was
obtained by calculating the robust coefficient of variation (RCV) across labora-
tories for each sample and then finding the median of the estimates. The RCV
is defined as the median absolute deviation divided by the median. The median
absolute deviation is 1.5 times the median of the absolute values of deviations
from the median. Friedman’s rank test (11) for randomized blocks was used to
compare measurements among laboratories and to compare RCVs among phe-
notypes. The mixed linear model that is often used for analyses such as these was
also considered (21). Analysis of residuals, however, indicated that the data did
not fit the assumptions of the linear model, and transformations did not reduce
the problem. A multistage procedure was used for pairwise comparisons of
laboratories to identify differences that contributed to any statistically significant
Friedman’s tests. This procedure controls the overall type 1 error rate for the 10
pairwise comparisons for each subset (42). Median residuals, 10th percentiles,
and 90th percentiles were calculated for each subset in each laboratory. Tenth
and 90th percentiles for the residuals were estimated directly from the observed
distributions. The residuals themselves were obtained by subtracting the median
of the five observations for a subset in a sample from each of the observations.
The ‘‘lymphosum,’’ which is the sum of the percentages of CD3, CD19, and
CD16/56, is expected to be close to 100, so residuals were formed by subtracting
100 from the sum (36).
In accordance with the recommendation of Bland and Altman (3), the rela-

tionship between CD31 CD81 cells and total CD8 cells was examined graphi-
cally by plotting the difference between the two for each sample in each labo-
ratory against the corresponding average. A linear model was employed to
describe the relationship between the two subsets. The predictors in the model
included total CD8, a binary indicator of HIV infection status, and the interac-
tion between total CD8 and infection status. The interaction provides a test for
a difference between slopes of CD31 CD81 and total CD8 in samples from
HIV-infected and uninfected individuals. The binary indicator of infection status
provides a test for a difference between the intercepts. Interlaboratory variation
in CD31 CD81 was compared with variation in total CD8 through a Wilcoxon
rank sum test of differences between the RCVs of the two subsets.
The SAS software package was used for all data analysis. The REGWF option

was employed for the paired comparisons that followed Friedman’s tests. All of
the statistical tests used are two sided.

RESULTS

Variability in CD81 lymphocyte subset analysis. The period
of analysis for the samples obtained from the proficiency test-
ing program was September 1991 through December 1993.
Over this period, the total number of samples sent for evalu-
ation was 84, consisting of whole-blood samples obtained from
44 HIV-positive and 40 HIV-negative donors. Samples which
represented duplicates or triplicates obtained from the same
donor were excluded from this analysis. There were a total of
3 months in which triplicate samples were evaluated and 1
month in which duplicate samples were evaluated, giving a
maximum number of both HIV-positive and HIV-negative
samples of 73. This represents a total of 365 samples analyzed
at five laboratories. The maximum sample size was not realized
for any of the subsets being evaluated, because of either prob-
lems in sample shipment or unavailability of reagents. The
specific sample size for each lymphocyte subset evaluated is
shown in Table 1 and includes only samples for which we
received results from all five laboratories. In the event that any
one of the five laboratories did not produce a value for the
individual marker for a given sample, that sample was not
included in the analysis. Indeed, laboratory 5 appeared to have
more missing values than the remaining sites and contributed
most times to the reduced number of samples available for
valid analysis. The median percentages from the five laborato-
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ries for the various subsets are shown in Table 1, demonstrat-
ing the overall trend for lower CD31 CD41 T-cell values in the
HIV-positive samples with elevated total CD31 CD81 T-cell
numbers and increased levels of activated CD8 subsets as
shown by the CD81/HLA-DR1 and CD81/CD381 subsets. In
addition, there was an increased percentage of CD571/CD81

cells among the HIV-positive donors. The median values for
total CD31 T cells in the HIV-positive samples tended to be
higher than the values for the HIV-negative samples, while the
B-cell and NK cell values were similar. Median RCVs were
calculated as measures of the variability of these subsets across
the five WITS sites. RCVs were determined for individual
subsets (Table 2). A comparison of the median counts for
HIV-positive and HIV-negative samples (Table 1) with the
corresponding median RCVs (Table 2) shows that the median
RCV varies inversely with the median percentage for all lym-
phocyte subsets in this analysis. Although not shown, plots of
the RCV against the median for individual samples show that
the RCV is inversely related to the median when the median is
less than 20. Above this value, there is little correlation be-
tween the RCV and the median. The inverse relationship at
low relative counts reflects the rounding error that is inherent
in reporting the results to the nearest whole percentage.
Rounding error elevates the RCV at low percentages even if
the true RCV is constant across the range of data. Statistically
significant differences in RCVs among the subsets were iden-
tified for both HIV-positive and HIV-negative samples (Fried-
man’s test; HIV positive, P , 0.001; HIV negative, P , 0.001).
Pairwise comparisons among lymphocyte subsets showed that
the RCVs are, on average, higher for B cells, NK cells, and the
CD8 subsets for CD57, HLA-DR, or CD38 than for CD31

CD41 or CD31 CD81.
The interlaboratory variation described above could arise

from random variation within laboratories, systematic differ-
ences among laboratories, or a combination of the two. Fried-
man’s test was employed to test for systematic differences
among the laboratories. Statistically significant differences

among laboratories were detected in 19 of 20 (represents a
total of 10 tubes for both HIV-positive and HIV-negative sub-
jects) tests when the test was applied separately to samples
from HIV-infected (n5 10 tests) and uninfected (n5 10 tests)
volunteers (CD31 CD81 in HIV-positive samples, P 5 0.0416;
CD41 in HIV-positive samples, P 5 0.0113; CD31 in HIV-
negative samples, P 5 0.0223; CD41 in HIV-negative samples,
P5 0.0344; all others, P, 0.001). The lone exception was total
CD81 cells in samples from HIV-positive individuals (P 5
0.1610). The results indicate that the systematic component of
interlaboratory variation is large enough to be detected at
these sample sizes.
The differences that were detected could reflect departure of

a single laboratory from the other four. This can happen only
if no more than 4 of the 10 possible pairwise comparisons
among laboratories for a subset are statistically significant. In
6 of 19 cases, at least five differences among laboratories were
identified (CD31 CD41 in HIV-positive samples, CD191 in
HIV-positive samples, and CD81 CD571 and CD81 HLA-
DR1 in both). In one case (CD31 CD81 in HIV-positive
samples), only one statistically significant pairwise comparison
was identified. Among the 12 subsets for which two, three, or
four paired comparisons were statistically significant, there
were seven cases in which a single laboratory differed from one
or more of the others (CD161 CD561 in HIV-positive sam-
ples, CD4 in HIV-negative samples, CD19 in HIV-negative
samples, and CD3 and CD81 CD381 in both). However, the
identity of the laboratory varied among subsets. Only one of
the five WITS laboratories was not an outlier in these com-
parisons.
While the results indicate multiple systematic differences

among the laboratories, the differences for most subsets are,
on average, rather small. To illustrate this point, median re-
siduals are provided in Tables 3 and 4, along with 10th and
90th percentiles. Most of the medians are zero or close to zero.
Only 10 of the 100 medians have values of at least 2%. Five of
these are attributable to laboratory 5. Comparison of 10th and
90th percentiles indicates little variation in dispersion among
laboratories. The exceptions, again, tend to be clustered in
laboratory 5.
CD31 CD81 cells versus total CD8 (CD31 CD81 plus

CD32 CD81) cells. A plot of the difference between CD31

CD81 and CD81 cells against the mean of the two shows that
301 (95.6%) of 315 point differences fall within 2 standard
deviations of the mean difference (Fig. 1). This is very close to
the expected percentage for normally distributed data.
The scatter in this plot indicates that the difference between

CD31 CD81 and total CD8 cells is correlated with the mean.
This could indicate that the relationship between CD31 CD81

and total CD8 cells varies systematically with total CD8 cells.
The linear regressions that were described earlier were em-
ployed to investigate this possibility. Parameter estimates for
the regressions of CD31 CD81 cells on total CD8 cells are
provided in Table 5, and regression lines are plotted in Fig. 2.
A statistically significant difference between the slopes of the
regressions for HIV-positive and HIV-negative samples was

TABLE 1. Sample sizes and median lymphocyte percentages

HIV
infection
status

No. of samples (median lymphocyte %)

CD3 CD4 CD8 CD57 CD8 DR CD3 CD8 CD3 CD19 CD16 CD56 CD8 CD38 CD4 CD8

1 35 (21) 31 (27) 33 (37) 35 (61) 35 (84) 35 (7) 33 (7) 35 (47) 32 32
2 28 (52) 26 (7) 25 (7) 28 (24) 28 (78) 28 (12) 27 (9) 28 (18) 26 26

TABLE 2. Median RCVs

Subset

Median RCV

HIV-infected
samples

Uninfected
samples

All
samples

CD3 CD4 7.14 3.00 5.36
CD8 CD57 15.50 14.30 15.00
CD8 DR 16.30 33.30 20.90
CD3 CD8 4.69 5.36 5.00
CD3 3.45 1.95 1.97
CD19 12.50 12.00 12.50
CD16 CD56 21.40 11.50 14.30
CD8 CD38 7.32 14.60 10.50
CD4 6.53 3.30 5.00
CD8 4.03 4.69 4.51

Lymphosum 2.94 1.53 1.53
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detected (t test, P5 0.0015). The slopes in both groups differed
from 1.0 (t test, P , 0.0001 for each). Thus, the proportion of
total CD8 cells that were CD31 varied with infection status
and also varied systematically within each infection status.
Wilcoxon’s signed ranked test was employed to compare

interlaboratory variation of CD31 CD81 cells with that of total
CD8 cells. Comparisons of RCVs provided little evidence of
systematic differences in interlaboratory variation between
CD31 CD81 and total CD8 cells (HIV-positive samples, P 5
0.23; HIV-negative samples, P 5 0.78). However, comparisons
based on the ordinary coefficient of variation (CV) led to a
different conclusion. CVs for samples from uninfected individ-
uals were, on average, greater for CD31 CD81 cells than for
total CD8 cells (P 5 0.0182). Although it is not statistically
significant, the CVs for samples from HIV-infected individuals
show a trend in the same direction (P5 0.0608). A comparison
of RCVs for the combined data failed to detect a difference (P
5 0.28), but a test based on the CVs did indicate that mea-
surements of CD31 CD81 cells were more variable than mea-
surements of total CD8 cells (P5 0.0025). The different results
can be attributed to outliers that tend to inflate the CV but not
the RCV. This illustrates the utility of the RCV for measure-
ment of interlaboratory variation.
The lymphosum. The lymphosum is defined as the sum of

the percentages of CD3, CD19, and CD16/56 cells (36). These
subsets constitute the three major groups of lymphocytes, so
the sum should be close to 100. Variation in the lymphosum
could, therefore, provide a simple device for quality control.
The median lymphosum across all laboratories was 99 for

the samples from HIV-infected individuals and those from
uninfected individuals. Tenth and 90th percentiles indicated

that, overall, the range of variation was rather narrow (10th to
90th percentiles: HIV-positive samples, 95 to 104; HIV-nega-
tive samples, 95 to 103). This narrow range of variation re-
sulted in small median RCVs (HIV-positive samples, 2.94;
HIV-negative samples, 1.53). Both medians were smaller than
the corresponding values for the three subsets that make up
the lymphosum. Friedman’s test failed to detect any statisti-
cally significant variation among laboratories in the lympho-
sums (HIV-positive samples, P 5 0.18; HIV-negative samples,
P 5 0.52). However, we did find that the laboratory with the
largest residuals for the CD8 subsets (HLA-DR and CD38) did
have the widest range for the lymphosum in the HIV-positive
samples.

DISCUSSION

The major goal of this study was to determine the variability
in the measurement of CD8 cell subsets, including activation
markers (HLA-DR and CD38) and the CD81 CD571 subset,
which has been associated with different functional activities
(35) in HIV-infected individuals. The evaluation of the entire
sample population for this study showed RCVs for these three
phenotypic markers ranging from 10.5 to 20.9. These RCVs
were significantly higher than that of either the CD31 CD41 or
the CD31 CD81 subset. A portion of the relatively higher
RCVs seen with markers with low relative counts (i.e., CD4 in
HIV-positive individuals or CD81HLA-DR1 in HIV-negative
individuals) may be attributed to rounding error. This tended
to be most evident in samples with relative counts below 20%.
Estimates of CD31 CD41 and CD31 CD81 measurement

TABLE 3. Median residuals and 10th and 90th percentiles for uninfected subjects

Lymphocyte
subset

10th percentile for residuals at site: Median for residuals at site: 90th percentile for residuals at
site:

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

CD3 CD4 21 21 25 22 23 0.0 1.0 20.5 0.0 0.0 4 4 1 3 2
CD8 CD57 22 23 21 21 0 21.1 21.0 0.0 0.0 1.5 0 0 1 2 4
CD8 DR 25 23 23 21 0 23 0 0 1 5 0 0 2 4 11
CD3 CD8 23 22 21 21 21 20.5 0.0 0.0 0.0 1.0 1 2 2 2 4
CD3 22 24 26 22 23 0.0 0.0 21.0 0 0.0 4 2 1 5 3
CD1 21 22 21 25 24 0.0 0.0 0.5 21.5 0.0 2 2 2 1 2
CD1656 22 23 0 22 22 21 0 1 0 0 0 1 3 1 2
CD8 CD38 24 24 23 23 0 21.0 0.0 0.0 0.0 4.5 2 3 5 4 10
CD4 21 21 26 25 25 0.0 0.0 0.0 0.0 0.0 2 4 2 3 3
CD8 24 21 22 23 22 0.0 21 0.0 0.0 1 1 0 2 2 4

TABLE 4. Median residuals and 10th and 90th percentiles for HIV-infected subjects

Lymphocyte
subset

10th percentile for residuals at site: Median for residuals at site: 90th percentile for residuals at
site:

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

CD3 CD4 21 21 22 21 24 0.0 0.0 0.0 0.0 21.0 2 3 0 3 2
CD8 CD57 28 28 0 25 0 21.0 24.0 0.0 0.0 5.0 0 0 4 3 9
CD8 DR 212 211 26 211 0 23 22 0.0 0.0 10 0 4 8 8 24
CD3 CD8 24 23 22 23 22 0.0 0.0 0.0 0.0 1.0 1 6 4 3 6
CD3 23 22 25 22 27 0.0 2 21 0.0 0.0 2 7 2 4 4
CD19 0 23 21 25 23 0.0 0.0 0.0 21.0 0.0 2 0 2 0 2
CD1656 21 26 21 21 21 0.0 21 0.0 0.0 0.0 1 0 2 2 3
CD8 CD38 26 29 26 24 25 21.0 21.0 0.0 0.0 6.0 1 3 4 9 15
CD4 23 23 24 22 25 0.0 0.5 0.0 0.0 0.0 1 2 1 3 1
CD8 22 24 24 24 23 0.0 0.0 0.0 0.0 0.0 3 4 3 4 5
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variability were consistent with results of previously published
reports (4, 10, 12, 14, 28, 29, 33, 34).
The major difference in analyzing these different popula-

tions is the fact that the activation and functional antigen
expression of CD8 cells do not yield discretely defined popu-
lations of stained cells. This makes it more difficult in the
analysis to define the cursor setting and leads to greater vari-
ability in sample analysis.
The question that arises is whether the variability in the CD8

subset analysis seen in the proficiency testing samples could be
contributed by a single laboratory in this study. Evaluation of
interlaboratory variability revealed that when utilizing Fried-
man’s test, a systematic component of interlaboratory variation
was detected, even with this small sample size. This did not
reflect, in most cases, a difference between one laboratory and
the others but was due to multiple systematic differences
among the laboratories, so that biased results from a single
laboratory did not influence the measurements.
Although there were statistically significant differences for

the various subsets between laboratories, on average, these

were very small. This point is borne out by evaluation of the
median residuals shown in Tables 3 and 4, where most of the
median residuals are zero. Exceptions tend to be clustered in
laboratory 5.
These kinds of results demonstrate the need for caution

when combining data from multiple sites. This is of significance
for the WITS and other multicenter studies where there is
interest in performing cross-sectional analysis of data from
multiple laboratories. The fact that assays performed in a sin-
gle laboratory are subject to error should not be overlooked,
and the interlaboratory variability that we have measured in-
cludes this component of variation. We can only measure in-
tralaboratory variability and its relative contribution to total
variation by evaluating replicate samples. We have not ana-
lyzed sufficient numbers of replicate samples to estimate this
variability. However, even if this intralaboratory error repre-
sents a substantial component of the total variability, the re-
sults of Friedman’s test show that consistent differences be-
tween laboratories exist.
Another important aspect that this study has evaluated in-

cludes quality control parameters as they relate to lymphocyte
subsets. A number of agencies (the Centers for Disease Con-
trol and Prevention, the National Institutes of Health, and the
National Committee for Clinical Laboratory Standards) have
specific recommendations for evaluation of CD41 and CD81

T cells in the monitoring of patients with HIV disease. These
recommendations include utilization of the CD3 T lineage
marker in conjunction with CD8 when evaluating the CD8
subset. The rationale for this is the fact that the CD8 antigen
is not only expressed on T-cell subsets but is also found to be
present on a proportion of NK cells. It is thought, on an
empiric basis, that by including CD3 with CD8, the measure-

FIG. 1. Difference between percent CD31 CD81 cells and percent total CD81 cells versus the mean of the two for each sample in each laboratory. 2SD, 2 standard
deviations of the difference.

TABLE 5. Linear regressions of CD31 CD81 on total CD8 cells

HIV
infection
status

Parameter Estimate SE 95% Confidence
limits for estimate

1 Intercept 3.6838 1.7059 0.3402, 7.0274
Slope 0.8886 0.0258 0.8380, 0.9392

2 Intercept 1.9759 1.0942 20.1687, 4.1205
Slope 0.7484 0.0354 0.6790, 0.8178

466 LANDAY ET AL. CLIN. DIAGN. LAB. IMMUNOL.



ment of this marker, especially in multicenter trials, would be
improved. In fact, in this study we did show a statistically
significant difference between samples evaluated by CD31

CD81 or CD8 alone for both HIV-positive and HIV-negative
samples. In addition, our cross-sectional analysis suggests that
the proportion of CD81 cells that are CD31 does vary over the
course of disease.
In summary, the data presented in this report demonstrate

the need for rigorous quality control when performing immu-
nophenotypic analysis of CD8 subsets in multiple laboratories.
The importance of these types of proficiency testing proce-
dures in the WITS comes from implementation of quality
control procedures for patient results. In addition, the impli-
cations of this are important as new surrogates for monitoring
of patients enrolled in HIV therapeutic trials will focus on
subsets of CD8 cells, as they have been identified as important
prognostic indicators in epidemiology cohorts. The Flow Cy-
tometry Advisory Committee of the Division of AIDS has
moved forward in implementing a program for certification of
laboratories to include evaluation of CD81 T cells with the
expectation that future studies within the AIDS Clinical Trial
Group Program and other multicenter study groups will in-
volve evaluation of CD8 subsets. These types of evaluations
have already been implemented as substudies in clinical trials,
and the initial results look promising with regard to the eval-
uation of CD8 activation markers as potential indicators of
response to antiretroviral therapy. The data from the current

study should help lead the way for evaluation of additional
phenotypic markers on subjects enrolled in multicenter trials
of antiretroviral and immunologically based therapy.
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