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Background: Previous studies have reported that the adoption of a single-platform flow cytometry cell
counting method resulted in lower interlaboratory variation in absolute T cell counts as compared to
predicate dual-platform flow cytometry methods which incorporate independent automated lymphocyte
counts (Schnizlein-Bick et al., Clin Diagn Lab Immunol 2000;7:336–343; Reimann et al., Clin Diagn Lab
Immunol 2000;7:344–351). In the present study, we asked whether use of a single-platform method
could reduce variation in absolute cell counts across the laboratories in the Multicenter AIDS Cohort
Study (MACS) (n 5 4), as suggested by the studies cited.

Methods: Identical study samples were shipped overnight to the MACS laboratories either by the
National Institute of Allergy and Infectious Diseases, Division of AIDS Immunology Quality Assessment
(NIAID- IQA) proficiency-testing program (n 5 14), or by the Los Angeles site of the MACS (n 5 10). For
each sample, two tubes of blood were received; one was used for an automated complete blood count
and differential, and the other for flow cytometry. The latter was performed using both our current dual-
platform method (three-color CD45 gating and automated hematology) and the single-platform method
(with TruCOUNTV

R

beads to generate the absolute counts).
Results: The median percent coefficients of variation (%CVs) for the dual-platform and single-platform

methods were 6.6 and 9.9, respectively, for CD4 T cell counts, and 5.9 and 8.5, respectively, for CD8 T
cell counts (n 5 24). These differences were not statistically significant. The differences in absolute T-
cell counts between the MACS sites and the median of all laboratories participating in the NIAID-IQA
were smaller for the dual-platform than for single-platform absolute count method.

Conclusion: In contrast to previous reports, we did not observe lower interlaboratory variation across
the MACS sites for single-platform absolute lymphocyte subset counting relative to dual-platform meth-
ods. This result may be at least partly explained by the lower interlaboratory variation with the optimized
dual-platform method in this study relative to the previous reports. VC 2009 Clinical Cytometry Society
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INTRODUCTION

The absolute CD4þ T-cell count is an important prog-
nostic marker of HIV-1 disease progression and death and
a key component of all guidelines on (i) when to initiate
antiretroviral therapy (ART) and (ii) when to change ther-
apy due to immunologic failure (1). For example, people
who commenced ART with a CD4þ T-cell count <200
cells/mm3 were reported to be at higher risk of disease
progression and death in the long term than those with
higher baseline CD4þ T-cell counts (2,3).

A variety of flow cytometry-based methods for determin-
ing absolute cell counts exist. The dual-platform counting
method multiplies the flow cytometry-derived CD4þ T-cell
percentage by the absolute lymphocyte count derived
from a hematology analyzer to calculate the CD4 absolute
count. The single-platform method uses flow cytometry
alone to calculate the absolute cell count from the ratio of
stained cells to a standardized number of beads added to a
known volume of blood. The beads, or fluorospheres, are
either pre-positioned in the staining tube [e.g.,
TruCOUNT

VR

beads (BD Biosciences, San Jose, CA)], or are
added to the stained sample prior to analysis [e.g., Flow-
Count beads (Beckman Coulter, Fullerton, CA.)]. In previ-
ous studies, use of the bead-based single-platform counting
methods significantly reduced interlaboratory variation in
absolute cell counts compared to predicate dual-platform
methods (4,5). However, these studies used older methods
based on lymphocyte light scatter gating (4,5) and either
lyse-wash staining (4) or lyse-no wash staining (5), rather
than lyse no-wash staining and CD45 gating, which we and
others have shown to reduce interlaboratory variation in T-
cell subset percents and absolute counts (4,6,7).

The purpose of the present study, therefore, was to
determine whether the bead-based single-platform
method could reduce the interlaboratory variation in
absolute cell counts across the four laboratories of the
Multicenter AIDS Cohort Study (MACS) relative to the
optimized dual-platform method (CD45-gating and lyse
no-wash staining), as currently used in the MACS labora-
tories. To facilitate this analysis, the present study uti-
lized the data from a single tube prepared with the
CD45-gated, lyse-no-wash method to generate both the
dual- and single-platform absolute counts for each sam-
ple. The TruCOUNT

VR

bead method was selected for this
comparison because it uses the same three-color lyse-no
wash reagents as our current dual-platform method.

MATERIALS AND METHODS

Blood Specimens

Samples of whole blood were collected in ethylenedia-
mine tetra-acetic acid (EDTA) by the NIAID-IQA (n ¼

14) and shipped overnight to the laboratories of the
MACS, located in Baltimore, Chicago, Los Angeles and
Pittsburgh. To increase the sample size for more reliable
estimation of the interlaboratory CVs, additional samples
(n ¼ 10) were sent similarly by the Los Angeles site of
the MACS. Samples did not include a stabilizing reagent.
All samples shipped from the IQA were HIV-1 infected,
as were five of the 10 samples shipped from the Los
Angeles site. Each of the 24 blood samples was analyzed
in all laboratories to permit interlaboratory comparison.
The samples were received approximately 24 h after
phlebotomy, two tubes per sample. Flow cytometry was
performed immediately on one tube, and the other was
immediately sent to the commercial laboratory (Quest
Diagnostics) for complete blood count and differential.
Thus, hematology analyses were performed approxi-
mately 30–36 h after blood draw.

In a confirmatory study to further increase the num-
ber of samples analyzed for interlaboratory variability
using the dual-platform method, especially for speci-
mens with <250 CD4þ T-cells/mm3, an additional 28
unique samples shipped by the IQA were analyzed for
absolute T-cell counts and lymphocyte percentages. For
IQA shipments which included replicate samples, only
the data from the first replicate was included in this
analysis.

IRB approval was in place for collection and analysis
of peripheral blood samples at the IQA and the MACS
laboratories.

Instrumentation

Flow cytometry was performed with a FACSCalibur
and Cellquest software (BDIS, San Jose, CA) at MACS
sites 1 and 2, and with an EPICS XL flow cytometer
using System 2 software (Beckman Coulter, Hialeah, FL)
at sites 3 and 4.

Hematologic analyses were performed with a Coulter
STKS at sites 1, 2, and 3 and a Coulter Gen-S at site 4.

Three-Color Flow Cytometry

All specimens were stained with Tritest reagents (BD
Biosciences, San Jose, CA) in TruCOUNT

VR

tubes using a
lyse no-wash sample preparation method and CD45 lym-
phocyte gating. Specifically, 50 ll of whole blood was
stained with monoclonal antibodies, followed by lysis of
red blood cells and no washing, according to the manu-
facturer’s instructions. The monoclonal antibodies were
conjugated with fluorescein isothiocyanate (FITC), phy-
coerythrin (PE), or peridinin chlorophyll protein
(PerCP). The CD4þ and CD8þ T-cell subset percentages
were obtained from samples stained with the following
two-tube antibody combinations: CD3-FITC, CD4-PE, and
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CD45 PerCP, and CD3-FITC, CD8-PE, and CD45 PerCP,
respectively. Samples were run on the flow cytometer af-
ter the staining. For analysis of lymphocytes, appropriate
low right angle light scatter and CD45bright events were
gated. The lymphocyte events were subsequently ana-
lyzed on plots of lymphocytes expressing CD3 versus
CD4 and CD3 versus CD8 to determine the percentages
of CD3þ CD4þ and CD3þ CD8þ lymphocytes, the
event counts of which were used for calculation of the
absolute CD4þ and CD8þ T-cell counts, respectively. An
ungated dot plot of the FL1 parameter (FITC) versus the
FL2 parameter (PE) was used to capture the total num-
ber of acquired TruCOUNT

VR

bead events. For the single-
platform analysis, absolute counts were calculated as:

(Number of acquired T cell subset events/number of
acquired bead events) � (Total number of beads in the
TruCOUNT tube/ 50 ll whole blood).

For the calculation of absolute lymphocyte subset
counts per ll of whole blood by the dual-platform
method, the percentage of CD4þ or CD8þ T-cells
derived by flow cytometry was multiplied by the abso-
lute lymphocyte count derived from the automated he-
matology analyzer (calculated as the product of the
white blood cell count (WBC) and the lymphocyte per-
centage). The dual-platform confirmatory study utilized
the same methods as described above except that the
specimens were stained with Tritest reagents in tubes
that did not contain TRUCount

VR

beads.

Flow Cytometry Quality Assurance

All four MACS laboratories have participated in the
NIAID IQA proficiency testing program since its incep-
tion and have remained certified during this time. All
are certified for the three-color CD45 gated, lyse-no-
wash methodology. From 2006 through 2008, for CD4þ
and CD8þ T-cell percentage measurements the laborato-
ries had zero ‘‘bad’’ values out of 144 possible replicate
values for intralaboratory variabilitiy, and only one ‘‘bad’’
interlaboratory value out of 432 possible values, accord-
ing to IQA acceptability standards of �3% variation
across replicates (for intralaboratory performance) and
<5% difference from the consensus median value (for
interlaboratory performance). For absolute count per-
formance there were of 13 of 144 ‘‘bad’’ intralaboratory
values and four of 432 ‘‘bad’’ interlaboratory values dur-
ing this same time period. Acceptable intralaboratory
absolute count ranges are within 75 cells/mm3 for CD4
and within 150 cells/mm3 for CD8 (maximum -mini-
mum). Acceptable interlaboratory absolute counts are
within 100 or 200 cells/mm3 for CD4 and CD8, respec-
tively, from the IQA median absolute counts.

Other three-color quality assurance procedures used
by the MACS laboratories include, but are not limited to,
verifying (i) lymphocyte recoveries of �95% by backgat-
ing (8,9), (ii) lymphocyte purity of �98% by inclusion of
�2.0% CD3-CD4dim monocytes, (iii) 3% or less variation
in CD3% across tubes measuring this phenotype, (iv) dif-
ference of 5% or less between the CD3% and sum of
CD3þCD4þ% and CD3þCD8þ% (the check-sum differ-

ence) (8), and (v) confirmation of any CD3% result
<55%. Specimens yielding unusual results are restained
to confirm the original result, or stained with additional
antibodies to determine the cause for the unusual result,
e.g., analysis of proportions of CD3þCD4-CD8- or
CD3þCD4þCD8þ lymphocytes if the check-sum differ-
ence is elevated, or enumerating B and NK cell percen-
tages if the CD3% is <55%. In addition, the total of the
T-cell, B-cell, and NK-cell percentages should be �95%
(8). Other atypical staining patterns are repeated or fur-
ther analyzed, such as identification of elevated levels of
dim CD45þ lymphocytes (typically CD19þ B-cells) or
prewashing the whole blood to remove serum factors
that cause artifactual staining (10).

Statistical Analysis

Interlaboratory Variation, Dual- vs. Single-Platform

For assessment of the variations in dual- and single-
platform absolute counts across sites, we report the me-
dian percent coefficient of variation (median %CV). The
CV was calculated for each sample across sites and the
median % CV for all samples was derived. The Wilcoxon
Sign Rank test (SYSTAT Software, Richmond, CA) was
used to test significance of differences in median %CV
between dual- and single-platform variation across sites.
Data from the 14 unique samples shipped by the IQA
and the 10 unique samples shipped by the Los Angeles
MACS site were used for this analysis.

Analysis of Contributors to Dual-Platform Variation, T-cell
Percentage vs. Lymphocyte Count

We computed the median %CV across sites for the
percentage of CD4þ and CD8þ T-cells and absolute lym-
phocyte counts, to determine their relative contribution
to the overall variation in absolute CD4þ and CD8þ
T-cell counts.

Analysis of Differences Between Single- and Dual-Platform
Absolute Counts, MACS Laboratories vs. IQA and Within

MACS Laboratories

For each of the 14 IQA samples, we calculated the dif-
ference between the absolute counts obtained by each
method at each of the MACS laboratories and the me-
dian of the results reported to the IQA program from all
laboratories participating in the IQA for each specimen.
Differences were calculated as the MACS value minus
the IQA median and plotted in Figure 1. Statistical differ-
ence between the T cell counts for each MACS site and
the IQA median were assessed by the Wilcoxon Sign
Rank Test. Single- and dual-platform median absolute
counts and interquartile ranges were calculated for each
MACS site and presented in Table 3 (n ¼ 24). The Wil-
coxon Sign Rank Test was used to determine whether
the single-platform counts were statistically different
from the dual-platform counts within each MACS site,
using all 24 unique shipped samples.

196 HULTIN ET AL.

Cytometry Part B: Clinical Cytometry



Confirmatory Study of Dual-Platform Variation

In order to evaluate the consistency of interlaboratory
variability using the dual-platform method, an additional
28 unique IQA samples shipped to each of the MACS
laboratories were analyzed as described above. CVs and
median % CVs were determined as described above and
presented in Table 4.

RESULTS

Interlaboratory Variation, Dual- vs. Single-Platform

Table 1 summarizes the comparison of interlaboratory
variation in absolute CD4þ and CD8þ T-cell counts

using the single- and dual-platform methods across the
four MACS sites. The CVs for samples with <400 and >
400 CD4þ T-cells/mm3 were both lower for the dual-
platform method than for the single-platform method.
For samples with CD4þ T-cell counts below 250/mm3,
the single-platform CVs were slightly lower for both
CD4þ T-cell counts and for CD8þ T-cell counts. Varia-
tion was always lower for CD8þ T-cell counts than for
CD4þ T-cell counts. Differences in CVs between the
two platforms were not statistically significant.

Relative Contributions of T-Cell Percentage and
Lymphocyte Count to Dual-Platform Interlaboratory

Variation

To assess the relative contribution of percentage of
CD4 or CD8 T-cells and the hematology-derived absolute
lymphocyte count to the overall dual-platform variation,
we calculated the interlaboratory variations for each of
these variables. As shown in Table 2, the median %CVs
for the CD4 and CD8 percentages for all samples were
2.8 and 2.0%, respectively, while that for the absolute
lymphocyte count was 4.9%. Thus, the largest contribu-
tor to variation in absolute lymphocyte subset counts
was the automated hematology instrumentation (i.e., the
absolute lymphocyte count). Variation in CD4 percent-
age and in absolute lymphocyte count was slightly
higher for samples with < 400 CD4þ cells/mm3 com-
pared to those with >400 CD4þ cells/mm3.

Differences Between Single- and Dual-Platform Absolute
Counts, MACS vs. IQA

To assess the accuracy of the absolute cell counts
obtained by the single- and dual-platform methods at the
MACS sites, we calculated differences between the
counts obtained at each MACS site and the median
absolute cell counts of the laboratories that analyzed the
same specimens in the IQA (36–75 laboratories). Figure 1
summarizes the distributions of these differences, for
both CD4þ and CD8þ T-cell subsets. Overall, the abso-
lute counts derived by the dual-platform methods were
closer to the IQA median counts than those derived by
the single-platform. CD4þ cell count differences from
IQA medians were lower for dual-platform than single-
platform at sites 1 and 4, and low with both methods at

FIG. 1. Box-plots of differences between the absolute cell counts
obtained at the four MACS sites and the median absolute cell counts
obtained by the IQA program (calculated as MACS result minus IQA
median). For each MACS site, data were obtained by the dual-platform
(DPT) (light shading) and single-platform (SPT) (dark shading) meth-
ods, and are shown for CD4þ (A) and CD8þ (B) cells. The lower and
upper bounds of each box represent the 25th and 75th percentiles of
the data for 14 unique samples, respectively. The horizontal lines
within each box represent the mean (dashed line) and the median
(solid line) of the distribution; lower and upper whiskers represent the
10th and 90th percentiles, and circles represent data points outside
the 10th and 90th percentiles. P values for significant (P < 0.05) dif-
ferences between a site’s absolute counts and the median absolute
counts obtained by the IQA are shown on the figure (Wilcoxon sign
rank test).

Table 1
Interlaboratory Variation in Absolute T Cell Counts Measured by Dual- and Single-Platform Methods Across the Four MACS Sites

Subset CD4 Stratum (cells/mm3) n Cell count (cells/mm3)

%CV

P aDual-Platform Single-platform

CD4 All 24 499 (234–767)b 6.6 (4.8–10.9)b 9.9 (8.1–11.4)b 0.424
<250 6 164 (143–204) 9.7 (4.8–11.3) 9.0 (6.3–12.4) 0.753
<400 9 204 (158–282) 8.9 (4.4–12.4) 9.2 (7.7–11.0) 0.594
>400 15 763 (505–816) 6.3 (5.1–9.3) 10.6 (8.2–11.5) 0.363

CD8 All 24 622 (430–834) 5.9 (3.3–10.8) 8.5 (6.5–10.1) 0.230
<250 6 534 (410–930) 6.8 (3.7–9.3) 6.7 (5.4–9.3) 0.753
<400 9 583 (392–948) 6.3 (3.3–11.7) 6.7 (4.8–9.3) 0.953
>400 15 662 (473–814) 5.9 (3.3–11.0) 9.1 (7.4–12.8) 0.078

aWilcoxon sign rank test.
bMedian (interquartile range).

COMPARISON OF ABSOLUTE T-CELL COUNTS BY SINGLE-PLATFORM AND OPTIMIZED DUAL-PLATFORM METHODS 197

Cytometry Part B: Clinical Cytometry



sites 2 and 3; differences were significant at sites 1 and
4 for the single-platform method and at site 4 for the
dual-platform method. For CD8þ T-cell counts, the pat-
tern of differences was similar, and the only one that
was significant was for the single-platform counts at
Site 4.

Comparison of Absolute Counts at each MACS Site,
Dual- vs. Single-Platform

Figure 1 also shows the within-laboratory bias in abso-
lute counts between the methods. Sites 1 and 4 showed
higher CD4þ and CD8þ cell counts for single-platform
than for dual-platform, a finding reported in other stud-
ies (11,12).

To better define the bias between the dual- and single-
platform methods for the individual laboratories, we also
analyzed data from all 24 samples. Table 3 shows that
CD4þ T-cell counts were slightly higher for single-plat-
form than for dual-platform at sites 1 and 4, and slightly
lower at site 3. A similar trend was seen for CD8þ
T-cells, with a large difference at site 4. At site 2, there
were no significant differences between single- and dual-
platform results for either CD4þ or CD8þ T-cells.

Confirmatory Study of Dual-Platform Interlaboratory
Variation

The consistency of the dual-platform variation across
the four MACS sites was assessed by measuring the me-
dian %CV on 28 additional unique IQA shipped samples.
The results are shown in Table 4. They compare very
favorably with those derived from the initial 24 samples
analyzed, as shown in Table 1, thus demonstrating the
stability over time of the low interlaboratory variability
with the dual-platform method.

DISCUSSION

The present study differs from previous reports (4,5) in
that enumeration of absolute T-cell subset counts by the
dual-platform method yielded interlaboratory variation
similar to, if not better than, that observed with the sin-
gle-platform method. In addition, our dual-platform abso-
lute counts were closer than the single-platform absolute
counts to the median absolute counts of the IQA laborato-
ries. The IQA median count represented a consensus of
36–75 reporting laboratories and provides a good refer-
ence value for measuring individual laboratory perform-
ance on shared, shipped samples. On the basis of the data
obtained, adopting the single-platform methods in the
MACS would result in a slight shift in CD4þ T-cell abso-
lute counts at three of the four sites with no significant
improvement in interlaboratory variability.

The different conclusion in the present study is pri-
marily due to the fact that the inter-laboratory variability
with the dual-platform method was substantially smaller
in the present study than in the previous studies that
compared dual- and single-platform methods. Specifi-
cally, in the studies by Schnizlein-Bick et al (4) and Reim-
ann et al. (5), dual-platform variation ranged from 16 to
18.2 median %CV for CD4þ T-cell counts and 11 to 16.9
median %CV for CD8þ T-cell counts, while the corre-
sponding values in the present study were 6.6% for
CD4þ T-cells and 5.9% for CD8þ T-cells. Because dual-
platform variation depends on the variation in both the
T-cell subset percentages and the absolute lymphocyte
count, we considered these variables in detail. The me-
dian interlaboratory variation in CD4 percent in the
present study was 2.8 %CV, much lower than the 9 %CV
reported for the dual-platform method by Schnizlein-
Bick et al.

Table 2
Interlaboratory Variation in Dual-Platform Absolute Lymphocyte Count, Percent CD4þ T-Cells, and Percent CD8þ T-Cells Across

MACS Sites

CD4 stratuma n Absolute lymphocyte counta

%CV

Absolute Lymphocyte Count CD4 percent CD8 percent

All 24 1577 (1239–2014)b 4.9 (3.9–10.6)b 2.8 (1.9–3.7)b 2.0 (1.6–3.1)b

<400 9 1196 (901–1573) 5.5 (4.3–10.4) 3.7 (3.4–6.6) 1.8 (1.1–4.0)
>400 15 1839 (1342–2144) 4.7 (3.8–10.9) 2.4 (1.5–2.9) 2.0 (1.9–3.2)

acells/mm3.
bMedian (interquartile range).

Table 3
Comparison of Absolute T Cell Counts (cells/mm3) Determined by Dual- and Single-Platform Methods, Across MACS Sites

(n ¼ 24)

Site

CD4 subset

P a

CD8 subset

P aDual-platform Single-platform Dual-platform Single-platform

1 485 (235–809)b 513 (244–852)b 0.022 634 (445–863)b 653 (444–904)b 0.092
2 506 (224–743) 505 (247–786) 0.648 623 (420–807) 581 (396–850) 0.607
3 490 (250–768) 480 (219–770) 0.022 595 (452–849) 573 (426–824) 0.010
4 522 (240–760) 547 (255–925) 0.007 657 (402–815) 700 (500–939) 0.004
aWilcoxon sign rank test.
bMedian (interquartile range).
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This discrepancy may be explained by several factors.
The most important was probably the preparation of
samples by the newer lyse-no wash, CD45-gating
method, as opposed to the older lyse-wash, light scatter-
gating method used in whole or in part in the previous
comparative studies (4,5). The MACS laboratories previ-
ously observed a similar reduction in median interlabora-
tory CV for both CD4 and CD8 T-cell percentages when
they switched to the lyse-no wash, CD45 gating method,
with the median interlaboratory %CV for CD4þ T-cell
percent decreasing from 7.0 to 3.9 and that for CD8þ T-cell
percent from 4.6 to 2.6. The lyse-no wash, CD45 gating
method yields improved results for a variety of technical
reasons. It avoids centrifugation, which causes not only
cell loss but also the formation of cellular aggregates
which ‘‘escape’’ from the lymphocyte scatter gate
because of their increased light scatter (13). Reducing
aggregate formation results in higher lymphocyte recov-
eries compared to older methods. Our data are consist-
ent with a previous report in which laboratories that
used the lyse-no-wash dual-platform method had lower
interlaboratory variation on a single shared sample than
laboratories using lyse-wash dual-platform methods (14).
In addition, the CD45 gate was optimized to attain lym-
phocyte purities of �98%, as opposed to the 85%
required by the 1993 NIAID immunophenotyping guide-
lines for light scatter gating (15). This improvement in
gate purity is a result of exclusion of red blood cell con-
tamination of the lymphocyte gate. The lymphocyte gate
recovery for CD45 gating was �95%, while the guide-
lines for light scatter gating required only 90%. Lympho-
cyte recovery is also improved because the CD45-side
scatter gate leads to formation of a more distinct lym-
phocyte cluster that is resolved completely from the
contaminating red blood cell debris compared to scatter
gating and thus leads to a more inclusive and objective
lymphocyte gate.

It is also possible that the extensive flow cytometry ex-
perience and long history of certification by the IQA pro-
gram of the MACS laboratories may have contributed to
our different results in undefined ways, but these are not
factors that can be compared to the previous studies.

With respect to the hematology-derived absolute lym-
phocyte count, the four MACS laboratories in the pres-
ent study used similar hematology instrumentation to

derive this measurement. This may have reduced interla-
boratory variation in absolute lymphocyte counts,
because it is possible that different hematology analyzers
may have bias toward higher or lower lymphocyte
counts (4). Data are not available to compare our varia-
tion in absolute lymphocyte counts with those of the
previous comparisons of single- and dual-platforms.

Although we did not study the effect of sample degra-
dation on variation in the absolute count, one would
expect that if sample degradation affected the dual-plat-
form method more than the single-platform method,
higher variation would have been observed with the
dual-platform method, which is the opposite of what we
observed. Thus, it is unlikely that the present results
were biased by effects of the shipping process on sam-
ple integrity. Similarly, although we did not evaluate the
relative effects of single- and dual-platform methods on
intralaboratory variation, lower within-lab variation for
single-platform compared to dual-platform method could
not account for the findings of the present study
because lower intralaboratory variation for the single-
platform method would lead to higher interlaboratory
variation for the dual platform method, which we did
not find.

A potential alternative explanation for the improved
performance of the dual-platform method relative to the
single-platform method in this study might be a lack of ex-
perience with the single-platform method. For example,
variation in pipetting could have spuriously increased the
single-platform variation across sites. However, this expla-
nation is unlikely, because the median %CVs of MACS lab-
oratories using the single-platform method, namely 9.9%
for the absolute CD4þ T-cell cell count and 8.5% for the
absolute CD8þ T-cell count, were almost identical to
those in the two previous comparative studies: 9–10.8%
and 7–10.1%, respectively (4,5).

The agreement with the IQA median absolute cell
counts was better with the dual-platform method than
with the single-platform method. This could reflect bet-
ter performance of the dual-platform method, or it could
be at least partially explained by the fact that the major-
ity (�70%) of the IQA laboratories used the dual-plat-
form method to measure absolute counts. Data to
distinguish between these two possibilities are not
available.

Table 4
Interlabortory Variation in Absolute T Cell Counts Measured by Dual-Platform Methods Across the Four MACS Sites

(Confirmatory Study)

Subset CD4 stratum (cells/mm3) n Cell count (cells/mm3) %CV dual-platform

CD4 All 28 237 (181–467)a 6.3 (5.0–8.7)a

<250 14 181 (176–205) 7.6 (5.2–9.6)
<400 18 187 (178–225) 6.7 (5.1–9.6)
>400 10 471 (466–565) 6.3 (5.0–6.6)

CD8 All 28 707 (561–911) 5.3 (3.7–6.9)
<250 14 645 (522–709) 6.0 (4.0–6.9)
<400 18 665 (425–718) 5.8 (4.0–6.9)
>400 10 921 (933–1020) 4.2 (1.7–7.0)

aMedian (interquartile range).
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The results of this study, including the dual-platform
confirmatory study performed on 28 additional IQA sam-
ples, suggest that if hematology laboratories achieve
comparable results and flow cytometry is well per-
formed, then the dual-platform and single-platform meth-
ods can achieve comparable interlaboratory variations,
even for samples with CD4 T cell counts below 250/
mm3. However, the present report should not be taken
as a recommendation that laboratories or studies using
single-platform methods switch to the dual-platform
method used in this study. It should also be mentioned
that participation in a proficiency testing program such
as the NIAID IQA program, not only makes it easier to
monitor whether good immunophenotyping is being
performed throughout a study, but also permits compari-
son of the absolute counts from the individual laborato-
ries of a multicenter study with those of the proficiency
testing program and thus tests whether the individual
labs are performing similarly.
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