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Abstract

The study on quality control of automated blood cell analyzers, Technicon H*1 and
Coulter MAXM by using three separately self-prepared control cells was extensively investigated.
The three parts of control cells are pseudo-leukocyte and fixed platelets, which are fixed by gluta-
raldehyde, and control red cells from normal and thalassemic patients preserved and antico-
agulated in CPD or CPDA-1. The Technicon H*1 system was based on the principle of light
scattering but the Coulter MAXM was based on the principle of electrical impedance for cell
counting and measurement. The self-prepared control cells can be satisfactorily utilized as control
for each system with statistically significant difference (p < 0.05) for both systems. The expirated
dates for control cells are different in both systems and should be determined for each system spe-
cifically. The control red cells prepared from thalassemic patients were quite satisfactorily useful
as an abnormal control for both systems during this study.

Manual procedures for cell counting are
being replaced by automated instruments. Elec-
tronic counting has provided satisfactory outcome:
analyzing comparatively large numbers of samples,
reducing laboratory costs, improved turnaround
time and accurate blood count. Two major prin-
ciples of automated cell counters available: elec-
trical impedance have been used nowadays and
light scattering(1-3),

Calibration of automated counters is neces-
sary for routine use of blood cell counting. Control
preparations are used to ensure continued satisfac-
tory performance after calibration. Ideally, the
control material should be of identical nature to the
samples being tested, not only in their cellular
constituents but also in their physical properties
such as viscosity, mixing characteristics and ten-
dency to stick together(4).
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The difficulty is that a laboratory requires
control materials with relatively good stability. The
nature of cellular constituents are usually labile in
both quantitative and qualitative means. In for-
mulating the preparation of control materials the
stability of the individual parameters of untreated
blood should be the first to be considered.

The calibration of automatic machines in
Thailand has still used commercial calibration con-
trols. The drawbacks of commercial controls are
different in nature from patient's blood, high cost
and short shelftime after overseas transportation.
Since thalassemic blood samples are common in
our region, we have thus considered control mate-
rial for thalassemia as well.

The aim of this study is to prepare control
cells for automated blood cell analyzers using nor-
mal and thalassemic blood samples.

MATERIAL AND METHOD
Preparation of packed red blood cell

The CPD (Citrate Phosphate Dextrose) or
CPDA-1 (Citrate Phosphate Dextrose Adenine)
whole blood was centrifuged at 1,500 g for 10-15
minutes at room temperature (RT). Plasma and
buffy coat layer were removed from packed red
cell.

Preparation of pseudo-leukocyte cells

Approximately 20 ml of the packed red
cell was washed three times with PBS (Phosphate
Buffered Saline). One volume of washed cells was
added slowly into ten volumes of PBS containing
0.5 per cent glutaraldehyde. After 18 hours at RT
with occasional mixing with rotator, the cell sus-
pension was washed three times with PBS and
resuspended in PBS to yield the packed cell
volume (PCV) of 0.50 I/l. EDTA (disodium 10
mg/ml), and sodium azide, (0.25 mg/ml), were then
added to the cell suspension and the cells were
resuspended using vortex mixer.

Preparation of fixed platelet

Units of human platelet concentrates were
suspended overnight; those with excessive sedi-
mented red cells were discarded. The accepted
units were pooled after filtration through a stan-
dard platelet administration set. An equal volume
of PBS containing 0.2 per cent glutaraldehyde was
added and allowed to fix for 20 minutes. The sus-
pension was then centrifuged at 700 g for 15
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minutes and the supernatant was removed. Cells
were resuspended in PBS and undergoing centri-
fugation. An aliquot of PBS (two-fold volume) was
added to the cells. Excess leukocytes and red cells
can be removed by sedimentation after standing
overnight at 4°C and collection of the supernatant.
The step might be repeated as necessary.

Preparation of composite control cells

The red blood cells, pseudo-leukocytes
and platelets were combined and adjusted to be in
normal, low and high ranges by calculation and
continuously mixed during dispending into sterile
vials for 8 hours at RT. The control cells were
divided into aliquots, (1 ml per tube), and stored at
4°C.

Stability of control cells

The hematological parameters were deter-
mined by using Technicon H*1 and Coulter MAXM
analyzers every week upto 2 months. The expira-
tion of control cells was the week that the data
(X +2SD) was out of range of week 0.

Stability of thalassemic red blood cell

An aliquot of 2 ml of thalassemic blood
was collected into 0.28 ml of CPD and stored at
4°C. The hematological parameters of the same
blood specimen were determined by both ana-
lyzers every week from week 1 to week 8. The
expiration time of thalassemic blood was the week
that the data (X + SD) was out of range of week
0.

Statistic correlation of control cell between
Technicon H*1 and Coulter MAXM analyzers
Wilcoxon Signed Rank test was used to
analyze the correlation of parameters derived from
different technology of blood cell analysis at a
specified interval up to the end of experiment.

RESULTS
Evaluation of composite control cells

Table 1 shows the values of leukocytes,
red blood cell (RBC) parameters and platelets in
normal, low and high ranges of control cell from
Technicon H*1 and Coulter MAXM analyzers.

The stability of control cells
The expiration date of open and closed
vials of control cells is shown in Table 2.
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Table 1. The hematological parameters in normal, low and high values of control cell determined by
using Technicon H*1 and Coulter MAXM analyzers.

PARAMETER LOW NORMAL HIGH
value+2SD | value+2SD | value+2SD

WBC (10%uL) | H*1 506403 | 142+14 | 224+12
MAXM | 33403 | 1460404 | 27.6+07
RBC (10%uL) | H*1 203401 | 5431004 | 557402
MAXM | 2.05+0.1 | 5.65+0.13 | 5.57+0.13
HGB (g/dL) | H*1 62403 125402 | 17.5+0.1
MAXM | 6.6+02 12.60.1 182403
HCT (%) H*1 187408 | 364404 | 529405
MAXM | 188410 | 39.7+0.7 | 53.0+17
MCV (fL) H*1 921406 | 87.2%0.4 | 90.7+0.9
MAXM | 919+12 | 903105 | 951417
MCH (pg) H*1 30.6+0.5 | 23.0+02 | 31.9+05
MAXM | 320413 | 224404 | 326+06
MCHC (g/dL) | H*1 332407 | 343+03 | 351404
MAXM | 348+17 | 319406 | 342+10
RDW (%) H*1 121402 | 155402 | 122403

MAXM 12.540.3 16.1+0.4 12.240.3

PLT (10%pL) | H*1 7147.0 155450 | 467+40.0

MAXM 45+8.0 167+10.0 405+41.0

Table 2. The expiration date of open and closed vials of control cell determined by using Technicon H*1
and Coulter MAXM analyzers.

PARAMETER OPEN VIAL | CLOSE VIAL
WBC (10%/uL) H*1 30 40
MAXM 10 10
RBC (10%uL) H*1 10 10
MAXM 60 60
HGRB (g/dL) H*1 15 50
MAXM 15 40
HCT (%) H*1 1 10
MAXM 5 40
MCYV (fL) H*1 1 1
MAXM 1 1
MCH (pg) H*1 15 15
MAXM 60 60
MCHC (g/dL) H*1 1 1
MAXM 5 5
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Precision of control cells

Intra-assay study

This study was performed using three dif-
ferent batches of control cells. Each sample was
performed in ten replicated for each single run by
both analyzers. The mean, SD and CV were calcu-
lated and shown in Table 3. The CVs of all para-
meters determined by both analyzers fall within
the range of less than 5 per cent except CVs of
pseudo-leukocyte in batch 1 and 3 (5.4% and
6.85%, respectively).

Inter-assay study

This study was performed using three dif-
ferent batches of control cells similar to those for
the intra-assay precision test. Each sample was
analyzed once a day, every 5 days, for 2 months or
up to the day in which the measured parameter is
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still stable. The mean, SD and CV were calculated
and shown in Table 4 .The CV of pseudo-leukocyte
determined by Coulter MAXM is within the range
of 1-3 per cent which is lower than that by Techni-
con H*1 (>10 %). The CVs of fixed platelets deter-
mined by both analyzers are within the similar
range of less than 5 per cent. The CVs of all RBC
parameters determined by both analyzers also fall
within the range of less than 5 per cent except
RBC count and MCH (Mean Cell Hemoglobin)
in batch 3 by Coulter MAXM (9.33% and 12.84%,
respectively).

Correlation of control cell between Technicon
H*1 and Coulter MAXM analyzers

From Table 1 and 2, all parameters of con-
trol cells determined by both analyzers were sig-
nificantly different with p-value < 0.05.

Table 3. The comparison of intra-assay data of hematological parameters in three normal control.

WBC PLT RBC Hb Hct MCV MCH MCHC RDW
(10°%/uL) | (10%uL) | (10°7uL) | (dL) | (%) | (L) | (g) | (gdl) %)

Batch 1
Mean H*1 14.2 155 542 12.5 36.4 87.2 23.0 343 15.5
MAXM 14.5 165 5.65 12.67 39.7 90.3 224 31.9 16.2
SD H*1 0.77 2.5 0.02 0.1 0.2 0.2 0.1 0.15 0.1
MAXM 0.14 5.58 0.03 0.05 0.25 0.38 0.14 0.24 0.17
%CV H*1 54 16 0.37 0.8 0.55 0.23 04 0.44 0.65
MAXM 0.97 3.38 0.53 0.4 0.63 0.42 0.63 0.75 1.05

Batch 2
Mean H*1 10.3 160 493 12.0 35.9 86.2 240 333 145
MAXM 10.52 170 5.15 12.17 392 854 234 30.9 15.2
SD H*1 0.45 2.13 0.03 0.1 0.2 03 0.2 0.2 0.1
MAXM 0.14 5.44 0.03 0.05 0.3 0.6 0.2 0.22 0.2
%CV H*1 4.4 1.33 0.61 0.83 0.56 0.35 0.8 0.6 0.69
MAXM 1.33 32 0.58 0.41 0.77 0.7 0.86 0.71 1.32

Batch 3
Mean H*1 6.28 173 3.95 12.5 354 85.1 34.0 323 147
MAXM 6.52 181 4.15 13.17 38.2 88.0 33.4 30.0 154
SD H*1 0.43 3.21 0.03 0.09 0.3 14 0.2 0.15 0.1
MAXM 0.14 6.5 0..04 0.06 0.25 0.39 0.33 0.13 0.17
%CV H*1 6.85 1.86 0.76 0.72 0.85 1.65 0.59 0.46 0.68
MAXM 2.15 3.59 1.0 0.46 0.65 0.44 1.0 0.43 1.11
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4. The comparison of Inter-assay data of hematological parameters in three normal control.

WBC PLT RBC Hb Het MCV | MCH MCHC | RDW
(10%uL) | (10%pL) | (10°%4L) | (gdL) | (%) (L) (4 (g/dL) (%)

Batch 1
Mean H*1 14.48 157 5.41 12.5 36.4 87.2 23.1 343 155
MAXM 12.45 165 5.69 12.8 395 90.4 223 32.5 16.2
SD H*1 1.74 423 0.09 0.1 0.18 0.31 0.49 0.15 0.06
MAXM 0.15 9.05 0.07 0.16 0.47 0.42 0.36 0.47 0.17
%CV H*1 12.01 2.7 1.66 0.79 0.5 0.35 2.13 0.45 0.41
MAXM 12 5.48 1.28 1.26 1.19 0.46 1.6 1.44 1.05

Batch 2
Mean H*1 10.50 162 4.92 12.0 36.0 86.2 24.1 333 14.5
MAXM 10.44 167 531 12.4 392 89.5 231 31.4 15.5
SD H*1 1.67 4.25 0.09 0.14 0.19 0.31 0.49 0.15 0.06
MAXM 0.15 7.46 0.21 0.23 0..46 0.58 0.51 0.83 0.42
%CV H*1 15.87 2.62 1.91 1.16 0.52 0.35 2.033 0.47 0.44
MAXM 1.46 4.48 3.9 1.85 1.18 0.65 221 2.64 2.73

Batch 3
Mean H*1 6.51 176 3.92 12.9 35.4 85.1 34.1 323 14.8
MAXM 6.43 180 4.41 13.0 383 88.5 313 30.5 15.5
SD H*1 1.65 3.79 0.1 0.25 0.25 1.39 0.49 0.16 0.07
MAXM 0.17 8.64 0.4 0.44 0.47 0.55 4.01 0.6 0.35
%CV H*1 25.41 2.15 2.4 1.96 0.71 1.63 1.44 0.48 0.51
MAXM 2.68 491 933 3.35 1.22 0.62 12.84 1.98 227

The stability of thalassemic blood

The leukocyte and platelets count were
unstable. The red cell parameters were stable for at
least 6 weeks. The CVs in all genotypes of thalas-
semia fell within less than 5 per cent.

DISCUSSION

The major research in anticoagulant pre-
servation has been directed to increasing the shelf
life of blood(5:6). In this study, the cell preserva-
tion and fixation have been investigated. The pseu-
do-leukocytes can be utilized as a quantitative
control for true leukocyte number but it is not
appropriate as a qualitative or differential control
for leukocytes since they are normal fixed red
blood cells whose membrane resist lysis by lysing
agent. The use of this parameter is more appro-
priate in Coulter MAXM. The Coulter MAXM's
lysing reagent resulted in quite good cellular res-

ponse giving the SD and CV values of pseudo-
leukocyte close to those of true leukocyte. An
excellent relationship was found between calcu-
lated and observed value of the pseudo-leukocyte
count measured by both analyzers. There was no
detectable deviation from linearity in the ranges
tested. These results reflected the excellent con-
sistency of the machine with the few numbers of
the tested samples. We expect that the correlation
coefficient is still very closely hanging around such
number although more tested samples should be
done.

The number of fixed control platelets is
stable for 10 days when determined by Technicon
H*1 analyzer and then gradually rises until day 30
on which it starts rising at a more accelerated rate.
This phenomenon is observed to correlate well
with the decline in pseudo-leukocyte number at the
same period. This observation suggests that the
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machine recognized those fragmented pseudo-
leukocytes and counted as platelets. Previous
studies reported that microspherocytes, Pappen-
heimer bodies, leukocyte fragments, blood para-
sites, and bacterias can be the causes of spuriously
high platelet counts generated by laser light scat-
tering automated blood cell analyzer(7-11). How-
ever, during the first 10 days, the stable fixed con-
trol platelets are quite useful for quality control
due to low CV (<5%).

In control cells, the use of red cells in CPD
solution has been recommended as a stable control
material for standardization of the blood counting
apparatus and performance checking throughout
the day of RBC count, Hb (Hemoglobin) concen-
tration and MCH. But the limitations of the use of
blood in CPD as the way for control of the MCV
(Mean Cell Volume) is that it reduces when com-
pared with commercial control material as pre-
viously reported(5). Decreasing of MCV in the first
week showed the loss of water out of red cells.
When red cell dehydration occurred, the MCHC
(Mean Cell Hemoglobin Concentration) of red blood
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cells might be increased, which would influence
the decrease of Hct (Hematocrit) value, thus the
MCYV value may increase aging owing to cell
swelling.

All parameters for control blood deter-
mined by the two different cell counters are sig-
nificantly different with p-value < 0.05. The prin-
ciple of cell analysis is different so they must have
their own values and expiration date of all para-
meters.

The results between open and closed vials
showed longer stable period in the closed vial due
to less loss of fluid from evaporation out of the
vial causing small changes of parameters.

It was previously reported that for antico-
agulant and preservative, CPD was better than
EDTA in maintaining longer stabilities of preserved
normal RBC parameters(3,12). Thalassemic red
cells, which are known as the abnormal cells in
terms of their volume, shape, intracellular hemo-
globin content, and osmotic fragility are recom-
mended as abnormal control for automated cell
analyzers(13).

(Received for publication on July 11, 1997)
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