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Use of the standard dual-platform flow cytometric method for determination of CD4™ T-lymphocyte counts,
which needs both a flow cytometer (FCM) and hematological analyzer, would inevitably lead to increased
variability. The development of new single-platform (SP) FCMs that provide direct CD4™ T-lymphocyte counts
for improved assay precision and accuracy have recently attracted attention. This study evaluated one of those
systems, CyFlow®™ " (Partec), a single-parameter SP volumetric FCM. The performance of CyFlow®*™ " was
compared with those of two reference standard SP microbead-based technologies of the three-color Tru-
COUNT tube with the FACScan FCM and a two-color FACSCount system (Becton Dickinson Biosciences).
Absolute CD4* and CD8" T-lymphocyte counts in 200 human immunodeficiency virus type 1-seropositive
blood specimens were determined. Statistical analysis for correlation and agreement were performed. A high
correlation of absolute CD4 counts was shown when those obtained with CyFlow®"*“" were compared with those
obtained with the bead-based three-color TruCOUNT system (R*> = 0.96; mean bias, —69.1 cells/pl; 95%
confidence interval [CI], —225.7 to +87.5 cells/pl) and the FACSCount system (R*> = 0.97; mean bias, —40.0
cells/pl; 95% CI, —165.1 to +85.1 cells/pl). The correlation of the CD4™ T-lymphocyte counts obtained by the
two bead-based systems was high (R*> = 0.98). Interestingly, CyFlow®™**" yielded CD4* T-lymphocyte counts
that were 21.8 and 7.2 cells/pl lower than those obtained with the TruCOUNT and the FACSCount systems,
respectively, when CD4" T-lymphocyte counts were <250 CD4™ T-lymphocyte counts/pl range or 17.3 and 5.8
cells/pl less, respectively, when CD4* T-lymphocyte counts were <200 cells/pl. The single-parameter
CyFlow®™*" volumetric technology performed well in comparison with the performance of the standard SP
bead-based FCM system. However, a multicenter comparative study is needed before this FCM machine is

implemented in resource-limited settings.

The advent of potent antiretroviral therapy in 1996 led to a
revolution in the care of patients with human immunodefi-
ciency virus (HIV) infection or AIDS. In countries such as
Thailand, where antiretroviral drug therapy is now available
due to the introduction of generic drugs, the provision of
affordable and reliable CD4 testing for the initiation and mon-
itoring of antiretroviral therapy has emerged as a vital issue. In
Thailand, dual-platform (DP) flow cytometry immunopheno-
typing is the accepted standard method for the determination
of the absolute counts of CD4" T lymphocytes (6). The DP
technique uses a flow cytometer (FCM), along with a he-
matology analyzer, which provides the absolute lymphocyte
count, to provide the percentage of CD4™ T lymphocytes. The
Centers for Disease Control and Prevention (CDC)-recom-
mended three-tube, three-color monoclonal antibody panel
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with the lyse-and-wash or lyse-no-wash whole-blood method
(6, 7) is commonly used in most regional hospitals. However,
there are two main drawbacks of such a method: (i) many
studies have highlighted problems associated with the DP-
derived CD4" T-lymphocyte count, especially in relation to the
generation of an absolute lymphocyte count by the hematology
analyzer (1, 3, 11, 16, 23); and (ii) the cost of DP FCM CD4
testing in Thailand remains relatively high ($12 to $20). Several
single-platform (SP) flow cytometric technologies, including
FCM volumetric counting and microfluorometry (8, 9, 13, 14,
19), as well as, most commonly, the bead-based flow cytometric
method for measurement of the absolute CD4* T-lymphocyte
counts, have been developed and successfully evaluated (21,
25). Although this bead-based flow cytometric method elimi-
nates the need for multiple technologies, it is still limited by the
high cost of the currently available FCMs and fluorescent
beads. Although alternative nonflow cytometric technologies
are simple and less expensive, they have not been implemented
widely due to their complexity, low-volume CD4 counting ap-
plication (1 to 10 samples/day), and poor quality control (4, 5,
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12, 22). The recent introduction of the inexpensive single-pa-
rameter CyFlow®**" FCM (Partec GmbH, Miinster, Germany),
which uses a single phycoerythrin (PE) conjugated-monoclonal
antibody to CD4, has increased access to CD4™ count deter-
minations for patients in areas that are not equipped with an
FCM, particularly in district hospitals in the rural areas of
Thailand.

The purpose of this study was to evaluate this single-
parameter SP CyFlow®™" technology as an alternative for
determination of absolute CD4" T-lymphocyte counts by
comparing the values obtained with CyFlow*™°" with those
obtained by the standard SP bead-based systems, consisting
of TruCOUNT tubes (Becton Dickinson Biosciences [BDB],
San Jose, CA) with the FACScan (BDB) system and the
FACSCount FCM (BDB).

This study was done as part of the CDC Global AIDS Pro-
gram, which supports the evaluation of alternative methodol-
ogies for CD4™" T-lymphocyte subset enumeration.

MATERIALS AND METHODS

Patients and blood samples. Blood samples were obtained from 200 HIV type
1 (HIV-1)-seropositive patients. Two milliliters of venous blood was collected by
venipuncture into K3EDTA-containing tubes, kept at room temperature (24°C to
26°C), and processed for immunophenotyping within 6 h. The blood samples
used in this study were residual routine clinical specimens that were unlinked
from identifiers and that were tested at the Department of Immunology, Faculty
of Medicine, Siriraj Hospital, Bangkok, Thailand. HIV-1 infections were diag-
nosed by serologic testing, with confirmation by two other different serologic
tests. This study was approved by the Ethical Committee of the Faculty of
Medicine, Siriraj Hospital, and CDC as research not involving human subjects.

Equipment used in the study. The FACScan system is a multicolor benchtop
FCM equipped with a 15-mW argon ion laser which operates at 488 nm for the
excitation of three fluorescent parameters: fluorescein isothiocyanate (FITC),
PE, and peridinin chlorophyll protein (PerCP). When this system is combined
with three fluorescence (FITC, PE, and PerCP)-conjugated TriTEST monoclo-
nal antibody reagents for CD3/CD4/CD45 and CD3/CD8/CD45 (BDB) and
fluorescent-integrated TruCOUNT beads of known density, it is able to generate
absolute CD4* and CD8" T-lymphocyte counts.

The FACSCount system is an SP benchtop FCM consisting of a green laser
with two-color monoclonal antibody reagents in a twin tube containing calibrated
beads, additional control beads, and built-in software. The first tube in each pair
consists of a mixture of monoclonal antibody reagents for CD4/CD3 conjugated
to PE and PE.Cy5 fluorescence and a known density of fluorescent beads. The
second tube contains CD8/CD3. The control set consists of fluorescent beads at
four different densities: zero (0 beads/ul), low (50 beads/ul), medium (250
beads/pl), and high (1,000 beads/ul).

The CyFlow#™" evaluated in this study is a benchtop flow cytometer equipped
with a 532-nm green solid-state laser. It is a single-parameter (PE detection) SP
volumetric FCM, one of the most basic models in the CyFlow system family. Abso-
lute counting occurs when the tips of two electrodes dip into the fluid at different
levels. The counting is triggered when the higher electrode during the aspiration is
no longer surrounded by fluid; when the fluid level falls below the second electrode,
counting stops. From the aspirated volume (200 wl) and the dilution factor, the
absolute cell count is given.

Immunophenotypic staining of peripheral blood. All three immunophenotypic
staining methods required the use of two tubes, one for CD4 T-lymphocyte
enumeration and the other for CD8 T-lymphocyte enumeration.

Exactly 20 pl of TriTEST three-color monoclonal antibodies and 50-ul ali-
quots of EDTA-anticoagulated whole blood obtained by the reverse pipetting
technique were added to a TruCOUNT tube containing a known concentration
of beads. The mixture was incubated for 20 min at room temperature in the dark
before 450 pl of FACS lysing solution (BDB) was added. After 15 min of
incubation, the lyse-no-wash stained samples were analyzed with the FACScan
system.

For the FACSCount method, exactly 50 wl of whole blood was added to each
of the pair of CD4/CD3 and CD8/CD3 reagent tubes with an electronic pipette
(BDB). The tubes were vortexed for 5 s and incubated in the dark at room
temperature for 60 min. After incubation, 50 pl of fixative provided in the
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reagent kit was added to each tube. After the tubes were vortexed, no-lyse
stained samples were run on the FACSCount FCM.

Staining with CyFlow#™**" reagents was performed by adding 100 pl of EDTA-
anticoagulated whole blood and 10 pl of monoclonal antibody reagents for CD4
or CD8 (Partec) to Rohren polystyrene tubes (Sarstedt, Niimbrecht, Germany).
The mixtures were incubated for 10 min at room temperature in the dark before
the addition of 2,500 wl of No-Lyse Dilution Buffer (Partec), for a total mixture
volume of 2,610 ul for the counting of CD4™ T lymphocytes; 850 pl of this
well-mixed no-lyse stained sample was transferred to a Rohren tube and ana-
lyzed with the CyFlow#™*" FCM with FloMax software (Partec).

Flow cytometric analysis. Data were acquired for each sample stained with the
TriTEST reagents and analyzed with MultiSET software (BDB), an automated
acquisition and analysis interface designed specifically for use with the three-color or
four-color monoclonal antibody reagents. Briefly, cells stained with FITC-, PE-, and
PerCP-conjugated monoclonal antibodies were detected by the logarithmic ampli-
fication of the green, orange, and red fluorescences, respectively. The forward scatter
(FSC-H) and the side scatter (SSC-H) of the cells were measured on a linear scale.
After the acquisition of data for 15,000 cells, a region was automatically set on
SSC-H low and CD45 PerCP high positive cells (Fig. 1A). Cells in this gate were
regarded as lymphocytes, while cells outside this gate represented monocytes
(SSC-H medium and CD45 PerCP intermediate positive cells) and granulocytes
(SSC-H high and CD45 low positive cells). Once this was established, the percent-
ages and absolute counts of CD3*/CD4" and CD3"/CD8" T lymphocytes were
then automatically enumerated by their CD3-FITC/CD4-PE and CD3-FITC/
CD8-PE fluorescences by the software (Fig. 1B and C).

When a stained sample was introduced into the FACSCount system, an ellip-
tical region was automatically set around each cell population and the integrated
beads by the built-in software. The ratio of fluorescent cells to beads multiplied
by the known concentration of beads in the tube automatically gave the CD3™,
CD4", and CD8" T-lymphocyte counts (Fig. 1D to F) as the absolute numbers
of lymphocytes per ul of blood by the built-in software. The absolute CD4™ and
CD8" T-lymphocyte counts are calculated as the absolute counts of CD3"
T lymphocytes only and not of total lymphocytes since no summation of lym-
phocyte subsets or absolute lymphocytes are included in the FACSCount soft-
ware. Moreover, no percentage values of CD4" and CD8" T lymphocytes are
provided by FACSCount system.

For CyFlow®™*" analysis, the single-parameter CyFlow system distin-
guishes CD4™" T lymphocytes and monocytes as bright and dim cells, respectively,
in a histogram plot (Fig. 1G). The bright CD4™ T lymphocytes were manually
gated by using the histogram marker set. A dilution factor of 26.1 (obtained from
the total stained sample volume of 2,610 /100 pl blood sample) was then set in
the CyFlow#"™*" FloMax software to obtain an absolute CD4 count.

The histogram plot for CD8* T lymphocytes shows only a single population of
CD8 bright cells (Fig. 1H). Following the gating of CDS bright cells by use of the
histogram marker set, the absolute CD8 count was determined as described for
CD4 T-lymphocyte enumeration. It should be noted that the single-parameter
CyFlowe ™" system used in this study does not provide the percentage of CD4"
and CD8" T lymphocytes.

Quality control. To ensure quality control of the flow cytometric immunophe-
notyping method with regard to the performance of both the personnel and the
instrument, the same lots of reagents were used throughout the study. In addi-
tion, all of the immunostaining procedures and the flow cytometric analyses were
performed by the same operator for each instrument. Moreover, the FCM
photomultiplier tube voltage, sensitivity, and fluorescent compensation settings
were optimized prior to sample acquisition and analysis by using Calibrite beads
(BDB), a control set of fluorochrome-integrated beads (BDB), and CountCheck
and Calibration beads (Partec) for the FACScan, FACSCount, and CyFlows™ <"
FCMs, respectively. Each instrument operator attended an instrument training
workshop to ensure consistency of performance. Adequate training on the use of
reverse pipetting technique and electronic pipette was also emphasized during
the training.

Assay precision. To assess the precision of the single-parameter CyFlows™ "
system, stabilized whole-blood samples from one CD-Check Plus CD4 Low
(Streck, Omaha, NE), a stable whole-blood control with assigned CD4 and CD8
T-lymphocyte values, were assayed by use of replicates of 10 for assessment of
the within-run variation of the CyFlow#™*". CountCheck beads were also used
periodically to monitor the accuracy of the CyFlow®™*" volumetric measure-
ment. For determination of the between-run assay variation, replicate blood
samples derived from the same lot of CD-Check Plus CD4 Low were stained and
analyzed over the study period. Within-run variation, between-run variation, and,
when applicable, the across-instrument pooled coefficient of variation (CV) were
calculated for absolute CD4* and CD8" T-lymphocyte counts.

green
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FIG. 1. Representative flow cytometric histograms illustrating the software algorithm of the three-color TruCOUNT MultiSET system (A to
C), the two-color FACSCount system (D to F), and the single-parameter CyFlow®™*" FlowMax system (G and H).

Statistical analysis. Comparison of CD4* and CD8" T-lymphocyte counts
obtained by different methods was performed by linear regression analysis
with StatView (Brainpower, Calabasas, CA). The difference between each
pair of measurements was plotted against the average for the pair, as de-
scribed by the Bland-Altman statistical bias method (2), in order to verify
whether the results of the two methods agreed sufficiently well to be used
interchangeably. To examine possible differences and the potential clinical
impact of the CD4™ T-lymphocyte counts obtained by these methods, signif-
icance tests for the absolute CD4" T-lymphocyte counts with less than
250 cells/pl and 200 cells/wl were also determined.

RESULTS

When the single-parameter SP volumetric CyFlow® " sys-
tem was monitored for within-run variation by using CD-
Check Plus CD4 Low stabilized whole-blood samples, the

mean CVs of CD4" and CD8™" T-lymphocyte counts derived
from 10 replicate samples were less than 4% (Table 1). The
accuracies of the CyFlow®™°" measurements were also excel-
lent when they were assessed by monitoring the number of
beads recovered by using CountCheck. For between-run re-
producibility, the means, standard deviations, and CVs of 15
replicate measurements obtained by using the CyFlow® " sys-
tem were analyzed over the period of the study. The mean CVs
of the absolute CD4" and CD8" T-lymphocyte counts were
7.8 and 9.2%, respectively (Table 1). Moreover, the reproduc-
ibilities of the three flow cytometric methods were also as-
sessed by analyzing 10 HIV-1-positive blood samples in dupli-
cate by each method. The CVs for the replicates of both CD4™
and CD8" T-lymphocyte counts did not exceed 10%.
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TABLE 1. Within-run and between-run CVs of CD-Check Plus
CD4 Low (Streck) determined by the single-parameter
CyFlow® " system

Within run (2 = 10)

Parameter %
Mean SD

Between run (n = 15)

) %
cv Mean SD cv

CD4" T-lymphocyte 515 58 28 563 16.8 7.8
count (cells/pl)

CD8" T-lymphocyte 676 237 35 694 63.8 9.2
count (cells/pl)

“n, number of samples tested.

The mean absolute counts of CD4" and CD8" T lympho-
cytes for 200 HIV-1-infected patients obtained by the different
flow cytometric methods (i.e., with the three-color Tru-
COUNT, FACSCount, and CyFlow®"°" systems) are shown in
Table 2. The CyFlow®™“" system gave lower absolute values of
both CD4" and CD8™" T lymphocytes than the two bead-based
FCM methods. The absolute CD4* and CD8" T-lymphocyte
subsets obtained with the CyFlow® <" FCM were compared
with those obtained with the two standard bead-based flow
cytometric technologies (Fig. 2). Regression analysis of the
CD4™" T-lymphocyte counts from 200 HIV-infected blood sam-
ples showed that the results were highly correlated: R* = 0.96;
y = —0.48 + 0.81x, and P < 0.0001 (Fig. 2A) and R* = 0.97;
y = 6.3 + 0.86x, and P < 0.0001 (Fig. 2B) when the results
obtained with three-color TruCOUNT FCM and FACSCount
FCM methods were compared with those obtained with the
CyFlow=™" method, respectively. The correlation of CD4"
T-lymphocyte counts by the two bead-based systems was also
high (R* = 0.98;y = —5.3 + 0.93x; P < 0.001) (Fig. 2C). For
absolute CD8* T lymphocytes (Fig. 2D to F), the correlation
between the two standard methods and the volumetric method
was also excellent (R > 0.93; P < 0.001).

The bias plots obtained by statistical bias method of Bland
and Altman (2) were analyzed by plotting the difference in the
absolute lymphocyte subset values obtained between the
CyFlow®™°" system and the standard bead-based flow cyto-
metric method against the mean absolute values of the two
methods (Fig. 3). As the mean CD4" T-lymphocyte counts
obtained by the CyFlow®™ " FCM and the bead-based meth-
ods increased, there tended to be an increase in the bias, with
mean biases of —69.1 cells/pl (limits of agreement [LOAs],
—225.7 cells/pl to +87.5 cells/pl) and —40.0 cells/pl (LOAs,
—165.1 cells/ul to +85.1 cells/pl) when the CyFlow®™ " system
was compared with the TruCOUNT and FACSCount systems,
respectively (Fig. 3A and B). These results indicate that the
volumetric CyFlow®"*" system yielded lower CD4™ T-lympho-
cyte counts than the two bead-based TruCOUNT and FACS-
Count methods. This deviation toward lower CyFlow® " sys-
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tem results with higher CD4" T-lymphocyte counts was also
reflected in the CD8" T-lymphocyte counts (Fig. 3D and E).
For the two bead-based systems, the FACSCount system
yielded lower CD4" T-lymphocyte counts than the Tru-
COUNT FCM, in which the mean biases of CD4" (Fig. 3C)
and CD8" T-lymphocyte counts (Fig. 3F) were —29.1 cells/pl
(LOAs, —123.4 cells/pl to +65.2 cells/pl) and +35.7 cells/pl
(LOAs, —96.4 cells/ul to 167.8 cells/ul), respectively. With
CD4™" T-lymphocyte counts in the range of <250 cells/pl, there
was also a bias for lower values from the CyFlow®™*" FCM
compared to those from the TruCOUNT and FACSCount sys-
tems. The CyFlow®™*"FCM system yielded biases —21.8
cells/pl (LOAs, —71.1 cells/pl to +27.5 cells/ul; n = 92) and
—7.2 cells/pl (LOAs, —42.9 cells/pl to +28.4 cells/pl; n = 96)
lower than the CD4" T-lymphocyte counts obtained with the
TruCOUNT and FACSCount systems, respectively (Fig. 4A
and B). Again, a lower mean CD4" T-lymphocyte count of
—15.1 cells/pl (LOAs, —49.1 cells/ul to +18.9 cells/ul) was
obtained with the FACSCount system compared to the values
obtained with the TruCOUNT system (Fig. 4C). When CD4™"
T-lymphocyte counts <200 cells/nl were tested, there were
17.3 cells/pl (LOAs, —57.9 cells/pl to +23.3 cells/pl; n = 81)
and 5.8 cells/pl (LOAs, —37.6 cells/pl to +25.9 cells/pl; n =
85) less from the CyFlow® " system than from the two pred-
icate systems, respectively.

DISCUSSION

In Thailand, the DP FCM method is expensive in terms of its
initial cost and maintenance and requires highly trained per-
sonnel. Thus, it is unsuitable for routine use in most laborato-
ries with limited facilities, such as those in district hospitals. An
ideal FCM method in a resource-poor setting would be an SP
assay that is simple to operate and that uses an inexpensive
instrument and the minimum number of monoclonal antibod-
ies that can reliably identify CD4™ T-lymphocytes without sac-
rificing accuracy and precision. In this study we chose to eval-
vate the new SP CyFlow®*" FCM, which employs only 1
PE-conjugated monoclonal antibody to CD4, in our search for
a cost-effective CD4 testing method that will suit the local
situation.

In this CyFlow®™“" system, a simple gating strategy with only
one green laser and one PE photomultiplier tube is used for
CD4" T-lymphocyte counting. Our aim was to evaluate this
new device using one monoclonal antibody reagent against the
standard MultiSet TriTEST reagents by using the FACScan
and FACSCount systems currently used in Thailand. The iden-
tification of CD4™" and CD8" T lymphocytes on the basis of
one-parameter CD4 expression is not novel. Several studies (9,
14, 16, 24) used the concept of primary CD4 gating by reliably
identifying CD4™ or CD8* T lymphocytes by the high level of

TABLE 2. Absolute CD4* and CD8" T-lymphocyte counts in HIV-1-infected patients determined by different flow cytometric methods

Mean * SD (range) T-lymphocyte count (cells/ul)

T-lymphocyte
subset FACScan TriTEST, reen
u TruCOUNT FACSCount CyFlow®
CD4 360.5 £ 309.1 (0-1526) 331.4 £ 291.7 (1-1,413) 291.4 + 255.4 (7-1,487)
CDS8 1,000.5 = 476.1 (29-2,110) 958.2 *+ 458.7 (32-2,000) 814.5 = 388.1 (26-1,740)
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FIG. 2. Linear regression analysis of absolute CD4* and CD8"* T-lymphocyte counts between the volumetric CyFlow&™*" flow cytometric
method and the two standard bead-based flow cytometric methods. Correlation plots for the CyFlow®"“" system versus the three-color TruCOUNT
system with FACScan (A and D), the CyFlow®™" system versus the FACSCount system (B and E), and the FACSCount system versus the

TruCOUNT system (C and F) are shown.

CD4 or CDS8 expression. In one study (16), a series of more
than 600 blood samples from both healthy and HIV-infected
patients analyzed with the CytoronAbsolute system by primary
CD4 gating with a single CD4 monoclonal antibody yielded

absolute CD4 counts that were almost identical to those gen-
erated by a standard three-tube protocol with nine monoclonal
antibodies (* = 0.999, with a minimal bias of +4 CD4™" cells/p.l).
When this primary CD4 gating was further compared with the



VoL. 12, 2005 SINGLE-PARAMETER VOLUMETRIC FLOW CYTOMETER EVALUATION 1421
8
e Absolute CD4+ T-Lymphocytes Absolute CD8+ T-Lymphocytes
v
> 200 1
rg E o0 L2 ’ 87.5 Og ® e ‘o '* Ié L 2 o >
E 8 0 2 oo ve 100 ¢ * 3 .‘: XQ ":‘!‘.. . 185.9
o B X - 601 2007 RARAR LIPS £ X S e .
S B 100 % . & -300 co? @3RN e I %,
- | ¢T3 e t 3 . *e Al T SRS *
4 g (XS AR -400 | . ¢ . .
(=] g -200 —s * - 2257 500 ry . . 474.9
8 & a0 . .0 * - 600 - . . e
a8 9 . . 1 M .
Sm 400 . 700
8> -800 ’
>
=] Qs -500
A 0 200 400 600 800 1000 1200 1400 1600 o 500 1000 1500 2000
g
o~
L€, 40 200
o5 3] B . 100 5 s 914
o0 201 01 *%ee "gi‘: *:.:' . . .
* A
E 8 100 85.1 100 PAX X - hid 1437
= ° -200 - R Les et .,
.g R 0 > - -40.0 359 | + e 4 "‘:.. ot e e 3
B olged T et wINC e hod e e e -378.8
B3 s eB e o P, . 165.1"4007 . Tet e
o 200 ¢ ¥ * R -500 .
g % -300 - . -600 - L 2
@ E; -400 -700
é | @) 0 200 400 600 800 1000 1200 1400 1600 0 500 1000 1500 2000
ey e
=
E ~
BE 250 30 5
= C
= % 200 1 ¢ 200 - -
w2 150 ¢ J 1232
e QO 100 . 1007 v " s T, :
2 Q 50 1 L v+ 65.2 * Q.‘ - ¢ S e, oy
E“'E 0 e h® Pt o o PR 201 040000:} “A’O,:“ﬁ N ‘:. . 93
@ - -29. - P 8o .
S EI e ’si Y %t,‘} alc . -100 1 RO ot e e
100 - —ta 11234 -
S Y 150 . . * 200 4 o 2% e o3 @ 207.8
o g 2200 4 ) .0 . A R s ¥
§ 8 -250 * -300 . ‘
5 O 30
S5 0 20 40 600 80 1000 1200 1400 1600 0 500 1000 1500 2000 2500
Q g

Average of the Two Systems

FIG. 3. Bland-Altman (2) bias plots of absolute CD4" and CD8™" T-lymphocyte counts between the volumetric CyFlow&™*" flow cytometric method
and the two standard bead-based flow cytometric methods. The differences between the CyFlow®™ " system and the three-color TruCOUNT with
FACScan system (A and D), the CyFlow#™*" system and the FACSCount system (B and E), and the FACSCount system and the TruCOUNT system
(C and F) are shown. The horizontal line in the center indicates the mean bias of the two methods. The lower and upper limits of agreement are indicated

by the lower and the upper horizontal lines, respectively.

three-color (CD3/CD4/CD45, CD3/CD8/CD45) and the four-
color (CD3/CD8/CD45/CD4) full technologies with different
instruments, the mean bias ranged from —2 to +13 CD4 cells/
wl. Such a close agreement of the results between the approach

with the full antibody set and the approach with the single
monoclonal antibody indicated that markers in addition to
CD4 failed to influence the CD4 counts (18). Arguably, CD3,
the specific pan-T-cell marker, is also not required to identify
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FIG. 4. Bland-Altman (2) bias plots of absolute CD4" T-lymphocyte counts of <250 cells/pl between the volumetric CyFlow®™*" flow
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CD4™" T lymphocytes (17, 20). A quality control measure rec-
ommended by CDC, but not included in this CD4 strategy, is
the use of isotype controls. However, cursors can be set with-
out the use of isotype controls, since discrimination from non-
CD4™ T lymphocytes and of dim CD4 monocytes and dendritic
cells can be achieved readily due to the bright expression of
CD4 on CD4" T lymphocytes (14, 17, 20).

In this study, the absolute CD4" and CD8" T-lymphocyte
values obtained from the CyFlow®™*" single-monoclonal-anti-
body-staining method correlated highly (R* > 0.95) with those
from standard bead-based three-color TruCOUNT with
FACScan and two-color FACSCount FCMs. The overall bi-
ases for absolute CD4 " values were —69.1 and —40.0 cells/pl
when the results obtained with the single-parameter volumet-
ric CyFlow®™*“" method were compared to those obtained with
the standard TruCOUNT and FACSCount systems, respec-
tively. If one considers HIV-infected individuals who need
antiretroviral drug therapy because their absolute CD4* T-
lymphocyte counts are less than 250 cells/pl, according to the
Thai national antiretroviral therapy program, CD4" T-lym-
phocyte counts were —21.8 and —7.2 cells/ul less from the
CyFlow®™°" system than the two predicate systems, respec-
tively (Fig. 4). These biases will result in CD4" T-lymphocyte
counts that are only 9% and 3% less, respectively, when the
CyFlowe™*" system is used and 7% and 2% less absolute CD4 ™"
T-lymphocyte counts, respectively, for <200 cells/pl when the
CyFlowe™*" system is used. Interestingly, the absolute CD4™"
and CD8" T-lymphocyte counts obtained with the CyFlow#" "
system were lower than those derived from the two bead-based
standard methods. In addition, underestimation of absolute
CD8™" T-lymphocyte values was greater than underestimation
of CD4 values when the CyFlow*™" data were compared to
the data obtained by the other two methods. Previous studies
have indicated that two other instruments (DAKO Galaxy and
Partec PAS), which are similar in design to the CyFlow®™"
system family, regularly underestimated CD4 counts compared
to the counts obtained with other FCMs (18). Recent studies
also demonstrated that lower CD4 " T-lymphocyte counts were
obtained by both the two-parameter and the three-parameter
SP CyFlow®™“" system compared with those obtained with the
FACSCount and TruCOUNT-FACScan systems (10, 26). It is
possible that this tendency to provide lower CD4 counts may
be a reproducible characteristic of the CyFlow system tech-
nology.

The CyFlow®#™*" method of absolute CD4 or CD8 enumer-
ation performed by a simplified single-color technique is based
on primary immunological gating, a heterogeneous gating
technique for positivity with a single antibody, and side scatter
(SSC) (16). In primary CD4 gating, the CD4™ T lymphocytes
(CD4" and SSC positive) are discriminated from monocytes
(strongly CD4™ and SSC positive) and CD4-negative lympho-
cytes. In CD8 gating for T-lymphocytes, only the strongly
CD8™" T lymphocytes are counted. The enumeration of CD8"
T lymphocytes with minimal technology, however, has been
less accurate than that of CD4™ T lymphocytes. In a study of
101 adult HIV-positive patients, primary CD8 gating underes-
timated the absolute CDS8 counts by 5.2% compared to those
obtained by use of the full technology of CD3™ CDS8™ staining
(17). In addition, the CyFlow®™*" under evaluation in this
study uses only one parameter (i.e., FL2 for PE detection) to
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distinguish the CD4* or CD8" T lymphocytes, and it is pos-
sible that this less discriminatory approach may have contrib-
uted to the greater degree of CD8 underestimation in com-
parison with the degree of CD4 underestimation when the
CyFlow®™°" system was compared to the bead-based standard
method. The differences in absolute CD4" T-lymphocyte
counts between the two systems may also be due to many
different factors. The reference beads used in the two standard
FCM systems are preloaded fluorescent microspheres that are
strictly prepared and controlled by the manufacturer; this
should not allow any technical error except that which may
occur in the one pipetting step in the FACSCount system.
However, microbeads tend to sediment with time and tend to
form aggregates, which in turn may decrease the number of
bead events to be used for counting (4, 20) and which could
eventually lead to increases in the CD4™ T-lymphocyte counts.
The volumetric FCM, on the other hand, gives absolute CD4™
T-lymphocyte counts by defining the absolute CD4" T-lym-
phocyte counts in a known final volume. This system requires
a high level of dispensing precision in all three pipetting steps,
and the final dilution factor must be strictly controlled (3, 4).
Moreover, a lack of precision of the volume taken by triggering
the two electrodes and the limited sample volume may well
result in underestimation of the values of CD4 " T-lymphocyte
counts, particularly in HIV-infected patients with lymphopenia
and very low CD4" T-lymphocyte counts.

In this study the bead-based TruCOUNT method showed
higher CD4" T-lymphocyte values compared with those ob-
tained by the CyFlow®™*" and FACSCount systems. A similar
bias was also observed when the TruCount bead-based system
was compared with the DP system (21) and the volumetric
CytoronAbsolute system (15), indicating that this tendency of
the TruCOUNT system to provide higher CD4 counts than
other methods may be a reproducible characteristic of the
TruCOUNT bead-based technology.

This study demonstrates that the volumetric CyFlow®™*" FCM
system is a valid method of CD4 enumeration. Although the
evaluation suggests that the method seems to be promising com-
pared with the predicate bead-based FCM methods for determi-
nation of absolute CD4" T lymphocyte counts, the operation of
CyFlow®™*" still requires substantial technical expertise, i.e., dif-
ferentiation of monocytes expressing CD4 antigen and CD4" T
lymphocytes. However, this device is compact and can easily be
moved from a central laboratory to a remote laboratory. Most
importantly, the use of this CyFlow®™*" device together with the
use of one monoclonal antibody can reduce the cost of CD4
testing from $10 to 12 per test to $4 to 5 per test. The price quoted
refers to the cost per reportable result and includes consumables,
transport, staff, and overhead, such as electricity.

The use of antiretroviral drugs has dramatically reduced the
rates of mortality and morbidity and has thus increased the life
expectancies of AIDS patients. Since Thailand has already
declared that 50,000 HIV-infected patients will have access to
antiretroviral drug therapy program by the year 2005 (27), it is
foreseeable that more and more CD4 testing will be required
to cope with such treatment demand, i.e., between 150,000 and
200,000 CD4 tests per year. Nevertheless, since this evaluation
study was performed in a reference laboratory that fulfills all
required flow cytometry standards, a multicenter validation
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study should be initiated if this system is to be widely imple-
mented in resource-limited settings.
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