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The purpose of this study was to evaluate a new alternative fluorescence immunoassay method (Zymmune
CD4/CD8 Cell Monitoring Kit; Zynaxis, Inc., Malvern, Pa.) for determining the absolute CD41 and CD81

T-lymphocyte concentrations in whole blood. The investigation was performed as a two-site comparison of the
reference whole blood flow cytometric method with the Zymmune method. In this investigation, a total of 166
patient samples were evaluated of which ;20% were from human immunodeficiency virus-positive individuals.
The mean value for samples performed by the Zymmune CD4 assay was 1,094 (range, 74 to 2,586) cells per ml,
while the reference method yielded a mean of 890 (range, 35 to 2,033) cells per ml. The correlation coefficient
for regression analysis was 0.940. The mean value for samples performed by the Zymmune CD8 assay was 700
(range, 212 to 1,813) cells per ml, while the reference method yielded a mean of 546 (range, 82 to 2,158) cells
per ml. The correlation coefficient for regression analysis was 0.921. No site-specific differences or trends in
CD4 or CD8 values were seen when the data were analyzed by site of collection. The average precision of the
CD4 assay varied from 6 to 14%, corresponding to the high and low concentration ranges. For CD8, the average
precision varied from 8.3 to 16% over the respective high to low concentration ranges. We conclude that the
Zymmune CD4/CD8 Cell Monitoring Kit method provides absolute CD41 and CD81 T-lymphocyte concen-
trations which are equivalent to those given by the reference flow cytometric method.

During the last decade, as the AIDS epidemic expanded,
work focused on developing laboratory markers of human im-
munodeficiency virus (HIV) disease progression (7, 9, 11, 17).
Enumeration of the CD41 T-helper lymphocytes has evolved
into a reliable cell-based marker for determining the stages of
HIV-infected individuals and evaluating therapeutic interven-
tion (5, 6, 8, 10, 15, 17, 18–20, 27). In addition, CD81 T-
suppressor lymphocyte counts aid in evaluating whether low
CD41 counts are due to selective depletion or general reduc-
tion in all lymphocytes.
The standard methodology used to measure T-helper lym-

phocyte levels has relied on the identification of CD4 receptors
expressed on the surface of this subset of T lymphocytes (12).
A panel of fluorochrome-conjugated monoclonal antibodies
that recognize the CD4 receptor and other lymphocyte surface
markers (i.e., anti-CD3, anti-CD4, anti-CD8, etc.) is commonly
used to label and distinguish one immune subset from others
present in a patient’s peripheral blood (1, 3, 4, 16, 24). The use
of a panel of monoclonal antibodies which distinguish and
enumerate all peripheral blood lymphocytes is necessary to
ensure the quality of flow cytometric analysis (1, 3, 4, 16, 21).
Once labeled, the cells are analyzed to determine the relative
number of lymphocytes expressing the phenotype of interest.
Although relative lymphocyte subset values were used alone in
the past, most current clinical guidelines specify that the results
of an immune subset analysis also be expressed as the absolute
number of cells per microliter (2, 22). To obtain this number,
automated hematology analysis is performed to provide an
absolute lymphocyte count. Appropriate multiplication of the

flow cytometric relative values and the absolute lymphocyte
count is required. Each of these methods has inherent varia-
tions, leading to a combined variability expressed in the abso-
lute CD4 and CD8 values. Improvements in technology have
occurred, and several guidelines have been issued to standard-
ize reagent panels and other variables that are inherent in
these assays (1, 3, 4, 21), resulting in a method which provides
identification of the major types of immune regulatory cells. It
would be useful if a simpler and potentially more cost-effective
method, with equivalent or improved performance character-
istics, were available for evaluation of absolute T-cell subset
levels. Furthermore, to meet the global need, it would be
desirable if such a method offered expanded availability to
individuals infected with HIV in developed and developing
nations.
The purpose of this study was to evaluate a new alternative

fluorescence immunoassay method (Zymmune CD4/CD8 Cell
Monitoring Kit; Zynaxis, Inc., Malvern, Pa.) for determining
absolute CD41 and CD81 T-lymphocyte concentrations in
whole blood. The Zymmune assay format combines a mixture
of magnetic and fluorescent microspheres, each targeted to the
same antigen. The magnetic particles constitute the separation
system for the assay, while the fluorescent particles provide the
detection system. During the assay incubation, the magnetic
and fluorescent particles bind to and form rosettes with the
target cells (CD41 or CD81 T lymphocytes). Discrimination
between CD41 (or CD81) T lymphocytes and monocytes (or
NK cells) is provided by antigen density differences, the anti-
gen density being high on the target cells and low on the
contaminating cell types. Shear forces generated during the
incubation mediate the selection of high-antigen-expressing
CD41 or CD81 T-lymphocyte populations over low-antigen-
expressing monocytes or NK cells (24).
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MATERIALS AND METHODS

Subjects and blood samples. An initial correlation study was performed at two
different sites and included a total of 166 samples of peripheral blood obtained
from 120 healthy adult donors, 27 HIV-positive donors, and 19 donors with other
clinical conditions. At site 1 (University of Medicine and Dentistry of New
Jersey-New Jersey Medical School Center for Laboratory Investigation), 82
volunteers (52 healthy, 14 HIV positive, and 16 with other clinical conditions)
were recruited for this study. At site 2 (Zynaxis, Inc.), specimens were obtained
from three sources as follows: 21 specimens from healthy adult volunteers re-
cruited internally, 13 HIV-positive specimens obtained from Graduate Hospital
(Philadelphia, Pa.), and 50 specimens (47 from healthy persons and 3 from
persons with other clinical conditions) obtained from a commercial source (Bi-
ological Specialty Corporation, Lansdale, Pa.). The racial and/or ethnic distri-
bution of adult donors who were healthy or had non-HIV clinical conditions was
as follows: 36 (26%) Black, 9 (6%) Hispanic, 86 (62%) Caucasian, and 8 (6%)
Asian. In this group, there were 71 males and 68 females. The racial and/or
ethnic distribution of the HIV-positive donors was as follows: 12 (44%) Black, 2
(7%) Hispanic, and 13 (48%) Caucasian. In this group, there were 21 males and
six females. The median age of the healthy adult donors and those with non-HIV
clinical conditions was 34 (range, 17 to 63) years, and that of the HIV-positive
donors was 39 (range, 1 to 71) years. An additional single-site correlation study,
conducted at site 1, included an additional 80 samples, of which 75 were from
HIV-positive donors and 5 were from healthy adult donors. The distribution of
age, sex, and ethnicity of the samples used in the follow-up studies was similar to
what was described above for the HIV-positive donors. Studies aimed at evalu-
ating potential interference of monocytes and NK cells on the Zymmune assay
were performed with 10 samples from healthy adult donors, while specimen
stability studies were performed with 10 samples from healthy adult donors.
This study was approved by the institutional review boards at both sites.

Leukemia and lymphoma patients were excluded from this investigation. No
other exclusion criteria were applied to the patient population.
All blood samples were obtained by venipuncture and collected in tubes

containing K3EDTA anticoagulant.
Determination of subsets by the Zymmune CD4/CD8 Cell Monitoring Kit

method. The Zymmune CD4/CD8 Cell Monitoring Kit method allows 12 patient
specimens to be simultaneously evaluated in a 96-well microplate format in
under 35 min and can independently measure the absolute number of CD41 and
CD81 lymphocytes per microliter of unmodified whole blood. The assay reagents
consist of magnetic and fluorescent particles to which workshop-tested CD4 (or
CD8) monoclonal antibodies are attached.
In preparation for performing this assay, working mixtures of CD4, CD8, and

immunoglobulin G beads must be prepared by combining equal volumes of the
appropriate magnetic and fluorescent bead reagents. Volumes of each bead
mixture, consistent with the number of specimens to be analyzed, were made up
within 3 h of performing the assays and were stored at 2 to 88C. Wash buffer was
also made up from a 103 concentrate in a volume consistent with the specimen
load. The assay was then performed at each site in accordance with the manu-
facturer’s instructions.
Briefly, 50 ml of wash buffer was added to all assay wells. For each specimen,

25 ml of whole blood was added to each of three assay wells in positions
designated by the manufacturer. Finally, the three assay wells corresponding to
a specimen received 25 ml of the CD4, CD8, or immunoglobulin G bead mixture,
one bead type in each well. The plate was then covered and placed on a Titertek
plate shaker (ICN Biomedicals, Inc., Costa Mesa, Calif.) at a speed setting of 8
(1,250 rpm; 1.5-mm orbit) for 5 min at room temperature. At the end of the
shaking incubation, 100 ml of wash buffer was added to each assay well with a
standard eight-channel micropipet. The bead-rosetted cells and excess magnetic
beads were then separated by magnetic sedimentation by placing the assay plate
on a manufacturer-supplied magnet for 90 s. All unbound cells and excess
fluorescent beads were removed from the wells with the eight-channel pipet. The
plate was removed from the magnet, and 200 ml of fresh buffer was added to each
assay well with the eight-channel pipet. This wash procedure was repeated three
more times. After the final aspiration, 100 ml of wash buffer was added to each
assay well. A set of instrument calibrators were added to the appropriate wells of
each plate, as specified in the manufacturer’s instructions. Just prior to being
read, each plate was placed on the plate shaker for 15 s to ensure uniform
distribution of the labeled specimens. Each completed plate was then placed in
a Fluoroskan II fluorescence microplate reader (Labsystems Oy, Helsinki, Fin-
land) and read with filter set 2 (fluorescein filter set).
For the two-site correlation study, the absolute cell concentrations were cal-

culated in accordance with the manufacturer’s directions by using the following
equations:

CD41 cells per microliter 5
(CD4 signal 2 IgG signal) 3 CD4 factor

slope of calibration curve
(1)

CD81 cells per microliter 5
(CD8 signal 2 IgG signal) 3 CD8 factor

slope of calibration curve
(2)

The calibration curve mentioned in the denominators of equations 1 and 2
consists of a series of four instrument calibrators added to the assay plate whose

function is to verify instrument linearity and act as a quantitative standard for
enumerating the absolute cell counts. The CD4 (or CD8) factor is a calibration
factor which relates the measured fluorescence intensity to the absolute cell
concentration and is provided in each kit.
After completion of the two-site correlation study, an Autoreader F (Zynaxis,

Inc.), which reads and automatically calculates the CD4 and CD8 cell counts for
each specimen, was supplied by the manufacturer. This instrument was used
throughout the single-site study of predominantly HIV-positive specimens.
The reportable cell concentration range specified in the Zymmune CD4/CD8

product insert is 25 to 8,000 cells per ml for both CD4 and CD8 assays. However,
the working assay range is 50 to 2,000 cells per ml. The extended reportable range
is achieved by assaying a double blood volume when the target cell concentration
is below the working assay range and diluting the specimen 1:2 or 1:4 when the
target cell concentration is above the working assay range. Consequently, when
assay results for either assay were below the 50 cells per ml cutoff of the assay
range, the specimen was reanalyzed by using twice the volume of blood (50
instead of 25 ml) and the resulting cell concentration was divided by 2, in
accordance with the manufacturer’s instructions for use. If the resulting cell
concentration value was $25 cells per ml, the results were reportable and were
therefore included in the correlation calculations. Likewise, when assay results
for either assay were above the 2,000 cell per ml limit of the working assay range,
the specimen was diluted by a factor of 2 (or 4) with assay wash buffer and
reanalyzed. In this case, the resulting cell concentration was multiplied by 2 (or
4), as specified by the manufacturer. If the resulting cell concentration value was
#4,000/ml (or 8,000/ml for 1:4 dilution), the results were included in the corre-
lation analysis.
For this method, all specimens were analyzed within 6 h of collection, with the

exception of some of the analyses performed as part of the specimen stability
study.
Determination of subsets by the reference flow cytometric method. The term

‘‘reference flow cytometric method’’ is used throughout this report to refer to the
method by which the absolute cell concentration (CD3, CD4, CD8, etc.) is
calculated as the product of the absolute lymphocyte count, determined by
automated hematological analysis, and the relative subset level (percent CD3,
percent CD4, percent CD8, etc.), determined by flow cytometric analysis. The
hematology and flow cytometry methods are described below.
Hematological analysis was performed on a Sysmex E-2500 instrument (TOA

Medical Electronics, Kobe, Japan) at site 1 and on a Coulter MAXM instrument
(Coulter Corp., Miami, Fla.) at site 2. For specimens which were rejected or
‘‘flagged’’ by the instrument, a manual differential was reviewed to confirm the
results. However, the instrument-derived differential was used in the final data
analysis.
Flow cytometric analysis was performed by direct, two-color immunofluores-

cent staining of whole blood by using the antibody panel and methods recom-
mended for immunophenotyping by the Centers for Disease Control and Pre-
vention (3, 4). The following commercially available murine anti-human
monoclonal antibodies conjugated to fluorescein isothiocyanate (FITC), phyco-
erythrin (PE), or RD-1 were used: CD45-FITC/CD14–RD-1, Isotype-FITC/
Isotype–RD-1, CD3-FITC/CD4–RD-1, CD3-FITC/CD8–RD-1, CD3-FITC/
CD19–RD-1, and CD3-FITC/CD16-PE1CD56-PE. Monoclonal antibodies
were obtained from Coulter Immunology (Miami, Fla.); except for the CD3/
CD161CD56 reagent, which was obtained from Becton-Dickinson Immunocy-
tometry Systems (San Jose, Calif.). One hundred microliters of EDTA-antico-
agulated whole blood was mixed with 10 ml (Coulter) or 20 ml (Becton-
Dickinson) of monoclonal antibody reagent, and samples were incubated at
room temperature for 15 min in the dark. At site 1, Coulter Immuno-Lyse
(Coulter Corp.) was used to lyse erythrocytes. The samples were washed with
Hanks balanced salt solution and fixed in a 1% buffered paraformaldehyde
solution. At site 2, samples were processed on the Coulter Q-Prep Immunology
Workstation (Coulter Corp.), which lyses erythrocytes and then stabilizes and
fixes the samples. The percentage of fluorescently labeled cells was determined
by multiparameter analysis with a FACScan flow cytometer (Becton-Dickinson)
at site 1 and a Coulter EPICS Profile I flow cytometer (Coulter Corp.) at site 2.
Optical alignment and calibration checks were performed daily on the flow
cytometers at both sites. Compensation was optimized to eliminate spectral
overlap of FITC with RD-1 or PE. A gate was established on the lymphocyte
cluster by forward and 908 light scatter. The validity of this scatter gate was
assessed by using the distribution of cells labeled with the CD45 (FITC) and
CD14 (RD-1) antibody combination. Only cell preparations demonstrating scat-
ter gate purity of more than 85% CD451(bright)CD142 labeled cells were ac-
cepted. At least 2,500 gated events were analyzed. Integration boundaries were
set by using isotype reagents and maintained for analysis of each lymphocyte
subset. Results were expressed as the percentage of cells positive for each
phenotype after correction for the purity of the lymphocyte gate.
For this method, all specimens were prepared for flow cytometry and hema-

tology analysis was performed within 6 h of collection. Flow cytometry data were
acquired within 24 h of the labeling, lysing, and fixation procedures.
Depletion of T lymphocytes. Evaluation of potential interfering effects was

carried out by performing assays on specimens in which a majority of the target
T lymphocytes had been predepleted. For these experiments, magnetic beads
were coated, at Zynaxis, Inc., with an antibody directed to the T-cell receptor
(CD3). A 30-fold excess of magnetic beads, relative to target cells, was added to
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1.3 ml of each specimen. This mixture was agitated gently at 48C for 30 min; this
was followed by magnetic sedimentation of the T lymphocytes. The T-lympho-
cyte-depleted specimens (supernatants) were then transferred to clean test tubes,
and the absolute CD41 and CD81 lymphocyte concentrations were determined
by the reference flow cytometric cell counting method described above. The
percent depletion of the CD4 and CD8 T lymphocytes, monocytes, and NK cells
was then calculated from the pre- and postdepletion counts for each cell type.

RESULTS

Two-site studies comparing Zymmune with reference flow
cytometric CD4-CD8 values. A correlation plot comparing the
Zymmune CD4 assay results with those of the reference flow
cytometric method for CD31-CD41 lymphocyte subsets is
shown in Fig. 1. The mean value for samples tested by the
Zymmune CD4 assay was 1,094 (range, 74 to 2,586) cells per
ml; the reference method yielded a mean of 890 (range, 35 to
2,033) cells per ml. Linear regression analysis resulted in a
slope of 1.19 and an intercept of 34 cells per ml when data from
the two methods were compared. The correlation coefficient
for this regression analysis was 0.940. No significant differences
or trends were seen in these values when the data were ana-
lyzed by site of collection.
Shown in Fig. 2 is a similar correlation plot comparing the

Zymmune CD8 assay results with those of the reference flow
cytometric method for CD31-CD81 lymphocyte subsets. The
mean value for samples performed by the Zymmune CD8
assay was 700 (range, 212 to 1,813) cells per ml; the reference
method yielded a mean of 546 (range, 82 to 2,158) cells per ml.
The slope and intercept of the regression line fitted to the data
were 0.89 and 216 cells per ml, respectively, and the correlation
coefficient was 0.921 when data from the two methods were
compared. No significant differences or trends were seen in
these values when the data were analyzed by site of collection.
Figure 3 presents a comparison of the CD4/CD8 ratio cal-

culated from the Zymmune CD4 and CD8 results with the
corresponding value calculated from the reference flow cyto-
metric method results. The overall mean CD4/CD8 ratio for
the Zymmune method was 1.79 (range, 0.015 to 4.712), while
that of the reference method was 2.07 (range, 0.003 to 7.219).
Regression analysis yielded a correlation coefficient of 0.933
with respective slope and intercept values of 0.71 and 0.32
when data from the two methods were compared. As with the

individual CD4 and CD8 assays, no significant differences or
trends were observed in data stratified to the site of collection.
The initial two-site correlation study included approximately

20% HIV-positive individuals. Because it is likely that a pri-
mary use for this method would be to monitor the immune
status of HIV-positive patients, a second single-site study was
performed in which greater than 90% of the specimens (n 5
80) were obtained from HIV-positive individuals. The corre-
lation results for the CD4 assay (slope, 1.03; intercept, 60 cells
per ml; R 5 0.968), the CD8 assay (slope, 0.84; intercept, 108
cells per ml; R 5 0.898), and the CD4/CD8 ratio (slope, 1.16;
intercept, 0.04; R 5 0.930) all compared favorably to those of
the initial two-site correlation study. The mean CD4 and CD8
absolute values also compared favorably to those of the initial
study (data not shown).
Effects of monocytes and NK cells on the respective Zym-

mune CD4 and CD8 values. Potential sources of interference
with the Zymmune CD4 and CD8 assays could be due to cell
types, other than T lymphocytes, which express either CD4 or
CD8 (i.e., monocytes or some NK cells). To test this hypoth-

FIG. 1. Correlation plot comparing the Zymmune CD4 assay results with
those of the reference flow cytometric method at sites 1 and 2. The total number
of specimens analyzed was 166, resulting in an overall correlation coefficient of
0.940 and respective slope and intercept values of 1.19 and 34 cells per ml.

FIG. 2. Correlation plot comparing the Zymmune CD8 assay results with
those of the reference flow cytometric method at sites 1 and 2. The correlation
coefficient for this assay was 0.921, and the respective slope and intercept values
were 0.89 and 216 cells per ml.

FIG. 3. Correlation plot comparing the CD4/CD8 ratios measured with the
Zymmune method and the reference flow cytometric method at sites 1 and 2.
The correlation coefficient for this measurement was 0.933, and the respective
slope and intercept values were 0.71 and 0.32.
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esis, whole blood specimens from 10 normal donors were de-
pleted of the majority of their T lymphocytes. The average
levels of depletion of the CD4 and CD8 T lymphocytes were 94
and 93%, respectively, while an average of only 3% of CD4-
expressing monocytes and 5% of CD8-expressing NK cells
were depleted. Further, in the T-lymphocyte-depleted speci-
mens, the average monocyte concentration exceeded the CD4
T-lymphocyte concentration by greater than 10-fold. Similarly,
the average NK cell concentration exceeded that of the CD8 T
lymphocytes by greater than threefold. To maximize the assay
sensitivity at low cell concentrations, the depleted blood sam-
ples were assayed as both single and double blood aliquots (25-
and 50-ml aliquots were evaluated), as described in Materials
and Methods.
Assays were performed on both whole blood and CD3 T-

lymphocyte-depleted samples, and the results were compared
with those of the reference method to determine whether
interfering effects could be detected. Figure 4A is a plot show-
ing the relationship between the Zymmune and reference CD4
results for both whole blood (predepletion) and T-lymphocyte-
depleted specimens, including the single- and double-aliquot
analyses at the low end of the curve. The reference CD4 values
(x axis) were then subtracted from the corresponding Zym-
mune CD4 values (y axis) to determine the residual signals for
each specimen. Figure 4B is a correlation plot comparing the
calculated residual signals with the absolute monocyte concen-

trations. The average residual CD4 signal for these 10 speci-
mens was 16 6 98 cells per ml, well below the minimum re-
portable concentration for the assay, whereas the monocyte
concentration range went from 319 to 1,818 cells per ml, as
determined by the reference method. A regression analysis was
performed on these 30 data pairs, resulting in a near-zero slope
of 20.01475 and an insignificant correlation coefficient of
20.0998. Since the residual parameter represents the differ-
ence between two methods, the 95% confidence interval of 98
cells per ml for the average residual in this analysis represents
the combined variability of the reference and Zymmunemethods.
Figures 5A and B present an analysis of potential NK cell-

induced interference with the Zymmune CD8 assay similar to
the monocyte analysis presented in Fig. 4A and B. Figure 5A
compares the Zymmune and reference CD8 results for both
pre- and post-T-lymphocyte depletion specimens, including the
single- and double-aliquot analyses at the low end of the curve.
Figure 5B is a correlation plot comparing the calculated resid-
ual Zymmune CD8 minus reference CD8 signals with the ab-
solute NK cell concentrations. The average residual CD8 sig-
nal for these 10 specimens was equivalent to 41 6 80 cells per
ml (6 2 standard deviations), whereas the NK cell concentra-
tion range extended from 45 to 384 cells per ml, as determined
by the reference method. Regression analysis of the 30 data
pairs resulted in a near-zero slope of 0.022 and an insignificant
correlation coefficient of 0.0557.

FIG. 4. (A) Correlation plot comparing the Zymmune CD4 results with
those of the reference flow cytometric method with 10 specimens before and
after T-cell (CD3) depletion. Combined regression statistics for these experi-
ments resulted in slope and intercept values of 0.96 and 39 cells per ml, respec-
tively, and a correlation coefficient of 0.990. (B) Correlation plot comparing the
residual Zymmune CD4 signal (Zymmune CD4 minus reference CD4) with the
absolute monocyte concentration. A near-zero slope of 20.1475 and a correla-
tion coefficient of 20.0998 are indicated.

FIG. 5. (A) Correlation plot comparing the Zymmune CD8 results with
those of the reference flow cytometric method with the same 10 specimens from
Fig. 4 before and after T-cell (CD3) depletion. Combined regression statistics for
these experiments resulted in slope and intercept values of 1.01 and 38 cells per
ml, respectively, and a correlation coefficient of 0.987. (B) Correlation plot
comparing the residual Zymmune CD8 signal (Zymmune CD8 minus reference
CD8) with the absolute NK cell concentration. The resulting slope is 0.022, and
the correlation coefficient is 0.0557.
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Zymmune CD4/CD8 assay precision. The within-day preci-
sion of the CD41 and CD81 T-lymphocyte counts obtained by
using the Zymmune CD4/CD8 Cell Monitoring Kit method
was determined at each evaluation site. Each laboratory se-
lected three donor specimens whose cell counts were targeted
for low, normal, and high levels of CD41 and CD81 T lym-
phocytes, as specified in the footnote to Table 1. Each speci-
men was processed by one technician in three separate runs
during the course of a day, for a total of 10 replicates.
Table 1 summarizes the results by site for each cell type and

each cell concentration range. The average precision of the
CD4 assay varied from 6 to 14%, corresponding to the high
and low cell concentration ranges, respectively. Likewise, the
average CD8 assay precision varied from 8.3 to 16% over the
respective high to low cell concentration ranges.
Evaluation of specimen stability. The performance of the

Zymmune CD4/CD8 Cell Monitoring Kit was assessed peri-
odically with 10 normal specimens which were kept at room
temperature (18 to 258C) in closed EDTA blood collection
tubes. The evaluation was begun at 4.5 h postphlebotomy
(specimen transport and handling time) and completed at 72 h
postphlebotomy. Table 2 is a summary of the average specimen
stability results in which the assay values are reported as a
percentage of the value for the initial time point (4.5 h). The
ranges of the means observed over the entire 72-h time period
were 111.3 to 93.8% for CD41 cell counts and 109.3 to 94.4%
for CD81 cell counts.

DISCUSSION

The initial two-site comparison of the Zymmune CD4/CD8
Cell Monitoring Kit method with the reference flow cytometric

method resulted in strong correlation coefficients for all of the
parameters that were evaluated (CD4, CD8, and CD4/CD8
ratio), indicating that both methods monitored the same target
cells. Since both the Zymmune and reference methods were
performed at each site and the pooled data from both sites
resulted in high correlation coefficients (0.921 to 0.940), it can
be concluded that each method was performed in a consistent
fashion at each site and that there was no significant method
bias between sites.
The slope of the regression line fitted to the CD4 correlation

data is 1.19, with an insignificant y intercept of 34 cells per ml.
The slope is approximately 20% above the ideal, which corre-
lates well with the 22% difference between the mean sample
values for the Zymmune CD4 assay (1,094 cells per ml) and the
reference method (890 cells per ml). These discrepancies were
found to be primarily a function of differences in the hematol-
ogy instruments used in the calibration and evaluation of the
Zymmune kit (14). The manufacturer used a Coulter T-540
single-parameter hematology instrument (Coulter Corp.) as
part of the reference method to calibrate the kits used in the
multicenter study, while Sysmex 2500 (TOAMedical Electron-
ics, Kobe, Japan) and Coulter MAXM (Coulter Corp.) auto-
mated hematology instruments were used in the reference
methods to evaluate the same kits. It is concluded that minor
variations in the hematology method from site to site can have
a significant impact on the slope of the regression line fitted to
the data at each site (14). In a multicenter comparison of
methods in which data are to be pooled, such hematology
method-induced slope variations can influence the correlation
coefficient.
The slope and y-intercept values for the CD8 assay were 0.89

and 216 cells per ml, respectively. It is apparent in Fig. 2 that
the two-site CD8 comparison shows a minor degree of curva-
ture towards reduced Zymmune values or increased reference
values at high CD8 cell concentrations. Because the linear
regression analysis gives higher weight to values at the high end
of the curve, the result is a reduced slope with a significant
intercept. The effect of curvature on the linear regression anal-
ysis obscures the effect of the hematology method on the slope
of the assay comparison seen with CD4 cells. However, the
mean CD8 sample values differed by 28% between the Zym-
mune (700 cells per ml) and reference (546 cells per ml) meth-
ods, again consistent with the effect of variation in the hema-
tology method on the multicenter correlation.
It appears that the curvature in the CD8 assay result seen in

the high cell concentration range is also a function of the
hematological analysis, primarily of abnormal blood speci-
mens. This can be understood by careful examination of the
CD4/CD8 ratio comparison, which, for the reference method,
is derived from flow cytometry results only (percent CD4/
percent CD8). For the data in Fig. 3, it was found that the
specimens which had high CD8 T-lymphocyte concentrations
generally had medium to low CD4 T-lymphocyte concentra-
tions (more severely ill) and therefore had low CD4/CD8 ratios
(data not shown). In this low range (CD4/CD8 , 2), the
CD4/CD8 ratio correlation was very high (R 5 0.96 2 0.97)
and the slope (0.89) and intercept (0.09) values were nearly
ideal. We therefore conclude that the Zymmune method cor-
related well with the reference method, which combines flow
cytometry and hematology, and that the minor deviation of the
CD8 correlation in the high cell concentration range is due to
abnormal hematology.
These conclusions were borne out in the single-site study

performed on predominantly HIV-positive patients. In this
study, the correlation statistics for the CD8 assay (slope, 0.84;
intercept, 108 cells per ml; R 5 0.898) were consistent with the

TABLE 1. Zymmune CD4/CD8 assay precision studya

Location and
cell type

Mean level (cells/ml) 6 SD, coefficient of variation (%)

Low Normal High

Site 1
CD4 196 6 29, 15.0 984 6 81, 8.2 1,664 6 97, 5.8
CD8 166 6 31, 18.9 785 6 61, 7.7 1,039 6 85, 8.1

Site 2
CD4 412 6 53, 12.9 914 6 118, 12.9 3,381 6 240, 7.1
CD8 158 6 21, 13.1 465 6 30, 6.4 1,090 6 93, 8.5

a Site within-day precision study performed at three different cell concentra-
tion ranges for both CD41 and CD81 T lymphocytes. CD41 T-lymphocyte
concentrations were low at 100 to 549 cells per ml, normal at 550 to 1,300 cells
per ml, and high at 1,301 to 2,000 cells per ml, while the corresponding CD81

T-lymphocyte concentrations were low at 100 to 249 cells per ml, normal at 250
to 900 cells per ml, and high at 901 to 2,000 cells per ml. Different patient
specimens were used within each cell concentration range and at each site.

TABLE 2. Zymmune CD4/CD8 assay specimen stability studya

Time (h) % of CD4 cells % of CD8 cells

4.5 100 100
9 104.4 105.7
20 111.3 109.3
24 104.7 103.7
33 104.8 104.9
48 96.9 94.4
72 93.8 102.2

a The stability-hold time of 10 normal specimens was evaluated. Initial mea-
surements were performed at 4.5 h postphlebotomy, and each value represents
the average of the 10 specimens’ assay results for either CD4 or CD8 cells
expressed as a percentage of the 4.5-h result.
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first study. The abnormal hematological effects were also re-
producibly indicated by the CD4/CD8 ratio results (slope, 1.16;
intercept, 0.04; R 5 0.930).
It is well known that peripheral blood monocytes and NK

cells express CD4 and CD8, respectively, and that these cells
can interfere with and affect the accuracy of the flow cytomet-
ric measurement of CD41 and CD81 T lymphocytes. Conse-
quently, this method generally employs a T-cell (CD3)-specific
antibody to discriminate between target cells and contaminants
(3, 4). In this investigation, experiments were performed to
confirm that the Zymmune reagents were also able to discrim-
inate between the target cell populations and contaminants
expressing the same target antigen. For these studies, 10 spec-
imens were depleted of the majority of their T lymphocytes.
These modified specimens had an average monocyte concen-
tration 10-fold higher than the CD4 lymphocyte concentration
and an NK cell concentration 3-fold higher than that of the
CD8 lymphocytes. To examine the issue of potential interfer-
ence from monocytes, the CD41 T-lymphocyte concentration
determined by the reference method was subtracted from the
Zymmune CD4 value. This residual CD4 signal represents that
fraction of the total signal which cannot be accounted for by
the CD4 T-lymphocyte concentration. If monocytes signifi-
cantly interfere with the Zymmune CD4 assay, then any resid-
ual signal should correlate significantly with the absolute
monocyte concentration in the samples. The resultant near-
zero slopes and correlation coefficients for both the CD4 and
CD8 assays clearly indicated that monocytes and NK cells do
not significantly interfere with the Zymmune method. It is
significant that the only restriction placed on the specimens
was that leukemias and lymphomas were not evaluated. Spec-
imens were not eliminated on the basis of other disease states
or medications. No interfering effects from these sources have
been noted.
The precision of the Zymmune CD4 and CD8 assays was

tested at three different cell concentration levels, correspond-
ing to the low, normal, and high ranges for each cell type. As
expected, the precision was found to be dependent on the cell
concentration range within which the measurement was made
(3, 4, 9, 13, 14, 19, 26). Both assays performed approximately
equivalently with respect to precision, resulting in an average
value of 8.8% in the normal range of the assays.
The average stability of 10 normal specimens over a period

of 72 h was examined. With the exception of the CD4 value at
the 20-h time point, all average assay results were within 10%
of the initial 4.5-h time point. Also, no apparent trends over
time were noted in the data; this finding is consistent with no
appreciable changes in the specimens. The relatively small
change in cell counts and the absence of a significant trend
towards reduced cell numbers indicate the stability of the spec-
imens analyzed over the 72-h time period.
In this investigation, a total of 166 patients’ samples were

evaluated (;20% HIV-positive donors) by both the Zymmune
and reference methods. We concluded that the Zymmune
CD4/CD8 Cell Monitoring Kit method provides absolute
CD41 and CD81 T-lymphocyte concentrations which are
equivalent to those given by the reference flow cytometric
method. These results can be used to derive equivalent esti-
mates of the CD4/CD8 ratio, as well as the value of each
immune subset expressed as a percentage of the total T lym-
phocytes. These results are in agreement with several recent
studies comparing the Zymmune and reference methods (13,
23, 25). Up to 12 patient specimens could be processed simul-
taneously in a 96-well microplate in under 35 min, most of
which was hands-on time. A plate washer currently under de-
velopment will substantially reduce the hands-on time and

increase throughput over that of the manual method. This
method should be useful for monitoring of CD41 and CD81

T-lymphocyte levels in patients at risk for immunodeficiency
disorders. It should also be useful in circumstances under
which rapid results and/or parallel processing of multiple spec-
imens is desired.
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