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Summary: The automated Sysmex M-2000 was evaluated according to the ICSH (International Committee
for Standardization in Haematology) protocol. After dilution of packed cells with cell-free plasma, blood cell
counts were linear. The overall precision of the measured parameters was good; the CV’s ranged between
0.64% and 2.06%. The carry-over was neglible; platelets showed the biggest carry-over with 0.25% in the
Whole Blood Mode, while red blood cells (RBC) showed a carry-over of 0.55% in the Prediluted Mode.

300 clinical samples were measured on the Sysmex M-2000 and the Sysmex CC-700 with PL-100, and the
results were compared. The coefficients of correlation for white blood cells (WBC), red blood cells (RBC),
haemoglobin and haematocrit were > 0.99; platelets showed an r of 0.982. Comparison of the results from
the Sysmex M-2000 trimodal leukocyte distribution with a manual 100 cell differentiation showed a close
correlation for lymphocytes (r = 0.948), and neutrophils (r = 0.931). The middle cell fraction corresponding
to monocytes, eosinophils and basophils showed a correlation with r = 0.703.

Pathological samples showed no interference with the blood count. Leukocyte counts less than 1000 x 10°/1
did not effect the measurement of haemoglobin. During the period of evaluation, no instrument malfunctions
occurred.

Because of its precision and reliability, the Sysmex M-2000 is well suited for routine work and stat analysis

in medium-sized laboratories.

Introduction

Automated haematological analysis has undergone an
enormous development in recent years. New ideas
have contributed to the further development of au-
tomated cell counting. Presently, several measuring
principles are routinely used in the haematological
lab: The electrical resistance method (5), optical meth-
ods (6, 7) and cytochemical methods (8, 9, 10). These
cell counting techniques are being continuously im-
proved, in order to gain more information about the
counted cells. Thus, it is now possible for cell counters
to differentiate between several leukocyte popula-
tions, although at present no automated cell counter
can equal the performance of manual differentiation

(11).

Using a special lysing reagent, the Sysmex M-2000
can differentiate leukocytes into three distinct popu-
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lations, corresponding to lymphocytes, a mixed cell
fraction containing monocytes, eosinophils and ba-
sophils, and a fraction representing neutrophils
(= small, medium and large cell populations respec-
tively). The resulting information yields an effective
screening for pathological blood samples, providing
important diagnostic information and reducing the
number of manual differentiations in the haemato-
logical laboratory.

This evaluation was done in accordance with the
‘Protocol for Evaluation of Automated Blood Cell
Counters’ of the International Committee for Stand-
ardization in Haematology (ICSH) (1). Since the eval-
uated analyser was the first of its kind in Europe, a
multicentre evaluation was not feasible. This study
was held in a 250-bed children’s hospital with appr.
35% prediluted blood samples.
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Materials and Methods
Description of the evaluated system

The Sysmex M-2000 analyser is an automated 18-parameter
blood cell counter with a trimodal white blood cell distribution
and histograms of red blood cells and platelets (for a sample
print-out sce fig. 1).
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Fig. 1. Sample print-out of the Sysmex M-2000
Print out Unit
WBC: White blood cells 103/ul
W-SCR:  WBC — small cell ratio %
W-MCR: WBC — middle cell ratio %
W-LCR: WBC — large cell ratio %
W-SCC:  WBC — small cell count 10%/ul
W-MCC: WBC — middle cell count 103/ul
W-LCC: WBC — large cell count 10%/ul
RBC: Red blood cells 10%/ul
HGB: Haemoglobin g/dl
HCT: Haematocrit %
MCV: Mean corpuscular volume fl
MCH: Mean corpuscular haemoglobin  pg
MCHC: Mean corpuscular haemoglobin g/dl
concentration
RDW-CV: RBC-distribution width variation %
coefficient
PLT: Platelets 10%/ul
PDW: Platelet distribution width fl
MPV: Mean platelet volume fl
P-LCR: Platelet large cell ratio %

Calibration

Particle counts are preset by the manufacturer, based on a
count volume defined by a reference counter. Haemoglobin was
set by the haemoglobin cyanide method using an Eppendorf
photometer at 546 nm. The haematocrit was determined by the
centrifuged microhaematocrit without correcting for trapped
plasma.

Blood samples ot

Random specimens from the routine daily workload at the
Altonaer Kinderkrankenhaus were used for analysis. These
included specimens from patients with various haematological
abnormalitites. All samples were collected in EDTA (3). All
samples were measured on a Sysmex M-2000 and a Sysmex
CC-700 with a PL-100 platelet counter within 2 hours.

Data analysis

The analysis of the data was carried out according to the ICSH
protocol ((1), appendix 1—5). For the study of intra- and inter-
batch precision measurements, a two-way analysis of variance
was used; whereas for estimating the overall reproducibility a
one-way analysis of variance was performed. The data of the
comparability study were analysed by a paired t-test.

Results
Effect of dilution

Packed cells were diluted with cell-free plasma, to
produce 10 samples ranging from 0% packed cell
content to 100% packed cell content (see figure
2a—f). Each dilution was counted three times. The
replicate variance was compared with the variance
attributed to the deviation of the dilutions from the
regression line using the F-test (1, 4) (see table 1, fig.-
2a—f).

Tab. 1. F-test values for dilution measurements

White blood cells 545 (8 and 20 degrees of freedom)
Red blood cells 11.78 (8 and 20 degrees of freedom)
Haemoglobin 22.58 (8 and 20 degrees of freedom)
Haematocrit 15.77 (8 and 20 degrees of freedom)
Platelets 2.01 (8 and 20 degrees of freedom)
Precision

Method used by the manufacturer

Fresh normal blood was counted consecutivély 20
times in the manual mode and the CV was determined
(see tab. 2).

ICSH method

Intra-batch measurements: 10 samples were tested in
triplicate (see tab. 3).
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Fig. 2. Linearity studies for white blood cells in the low range 1.2 to 9.6 x 10°/1 (a), white blood cells in the high range 5.7 to
168 x 10%/1 (b), red blood cells 0.44 to 8.51 x 10'%/1 (c), haematocrit 0.089 to 0.92 1/1 (d), haemoglobin 3.0 to 30.0 g/dl (e)

and platelets

15 to 970 x 10°/1 (f).

Overall reproducibility

Eleven fresh blood samples (as defined in l.c. (1))
with high, normal and low counts were tested ran-
domly, during normal routine, three times over a five
hour period (see tab. 4). During this time no drift
effects were observed. For day-to-day reproducibility
a stabilized blood sample was measured over a period

of thirty days (see tab. 5).
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Carry-over assessment

A high sample (i) was tested three times, followed by
a low sample (j) which was also tested three times
(see tab. 6). The carry over in % was calculated
according to l.c. (2):

61 —j3) 0
) © 100%
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Tab. 2. Precision measured according to the method given by

the manufacturer

Ccv

White blood cells

Red blood cells
Haemoglobin
Haematocrit

Mean corpuscular volume

Mean corpuscular haemoglobin
Mean corpuscular haemoglobin

concentration
Platelets

Mean platelet volume

Erythrocyte distribution width

Platelet distribution width

1.49% (1.87%)*
0.82% (0.82%)
0.91% (0.42%)
0.91% (0.94%)
0.27% (0.55%)
0.97% (0.69%)
1.02% (0.75%)

2.73% (1.75%)
1.00% (1.23%)
0.91% (1.37%)
3.51% (3.86%)

* () = Prediluted Mode

Tab. 3. Intra- and inter-batch measurements

Intra-batch
CvV

Inter-batch
Cv

White blood cells
Red blood cells
Haemoglobin
Haematocrit
Platelets

1.33%
0.81%
0.99%
1.49%
2.79%

1.35%
0.98%
0.94%
1.38%
2.83%

Tab. 4. Overall reproducibility
The coefficient of variation of three measurements
within a five hour period was calculated.

Cv
White blood cells 0.64%
Red blood cells 0.67%
Haemoglobin 0.68%
Haematocrit 0.92%
Platelets 2.06%

Tab. 7. Comparability of two blood cell counters

Tab. 5. Day-to-day reproducibility

X SD CV (%)
White blood cells  (10°/1) 7.09 0.152 2.14
Red blood cells 10D 4.76 0.073 1.54
Haemoglobin (g/dD) 1516  0.216 1.42
Haematocrit (%) 38.19  0.661 1.73
Platelets @ao’yy 223 8.76 3.94
Tab. 6. Carry-over in %
" Whole Prediluted

Blood Mode Mode
White blood cells 0.0% 0.0%
Red blood cells 0.0% 0.55%
Haemoglobin 0.0% 0:.0%
Haematocrit 0.0% 0.41%
Platelets 0.25% 0.37%
Comparability

300 random samples were analysed consecutively by
the Sysmex CC-700, PL-100 and Sysmex M-2000 (see
tab. 7, 8).

The individual biases for the tests are illustrated by
the residual plots (see fig. 3a—f). For a calculation
of the average biases see table 8.

Interference of high leukocyte counts with
haemoglobin measurement

Haemoglobin values for samples with a high leuko-
cyte count were measured both on the Sysmex M-
2000 and using a photometer with a wavelength of
546 nm (see tab. 9).

t-value

Parameter Mean Mean Correlation =
CC-700  M-2000 coefficient 2T %
PL-100 r a b
White blood cells (10°/1) 9.00 9.15 0.995 0.133 0.970 5.83
Red blood cells (10" 1) 423 424 0.991 —=0.021 1.003 1.28
Haemoglobin (g/dl) 13.22 13.15 0.996 0.164 0.990 —5.67
Haematocrit (%) 40.00 40.24 0.994 0.733 0.976 3.83
Mean corpuscular \olume (fl) 95.1 96.9 0.993 —0.268 0.849 20.63
Platelets (10°/1) 318.0 365.0 0.982 8.035 0.849 21.27
Tab. 8. Average biases (CC-700/PL-100 to M-2000). Tab. 9. Comparison of haemoglobin measurements of the Sys-
- mex M-2000 and the reference method
White blood cells + 1.66% = -
Red blood gells + 0.23% White blood cells Haemoglobin (g/dl)
Haemoglobin - 0.53% 10°/D) YT
Haematocrit + 0.60% M-2000 Reference
Mean corpuscular volume + 1.89% - method
Platelets K
+1489% 309 13.05 13.50
478 14.25 14.87
619 6.70 6.61
954 15.65 16.05

J. Clin. Chem. Clin. Biochem."/ Vol. 27, 1989 / No. 1



Pohland: Evaluation of the automated haematology analyser Sysmex M-2000

Residuals

U
[ ]

Ppooooo0pe
- N WS

Residuals
o

[ T
000000 o
GWo U W =

Residuals

-

T

T T

Cms wmese o 6 oo

e 1 }

T

T

7...10 1316
® 00 RGO @ CPIEEIED REDD ¢ & &
00 % M FWMPBUN QNS ¢ ¢ &

1o
10

120

Mean corpuscular volume (CC 700) Lfl]

Residuals

Residuals

Residuals

Red blood cells (CC 700) £10'%/1)

200
d
160 ] .
© e
120 e o =" .
U PN
80~ S I S A '
I A Ay S R
wf Seetsivtdiel
o, 0; q",“‘: :. e * oo’
0 o..;-. ..0.'11:4:‘j'...': LT ; )
" 200 400 600 800
-40 .
...80 -
Platelets (PL 100} £10°/1
0.03 .
t . .
002 |-
001} RS- S
0 jr.:-.- .-.'= :o':. .?:a::n . p— ; P
027 -03% % Q4 :05.,,068 07
RN SRR
-0.01 O :- ., .,
-002} : .
-003L

Haematocrit (CC 700)

Fig. 3a—f. Residual plot comparing values obtained with the Sysmex CC-700/PL-100 with the Sysmex M-2000.
a) White blood cells;
b) Red blood cells;
c) Haemoglobin;
d) Platelets;
€) Mean corpuscular volume;
f) Haernatocrit.
Every point plotted represents a value obtained with the M-2000 minus the corresponding value obtained with the
CC-700/PL-100; n = 300.

Differential leukocyte count

A preliminary analysis of results obtained by the
Sysmex M-2000 and a routine 100-cell manual differ-
ential leukocyte count was performed.
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The M-2000 leukocyte three part differential corre-
sponds well with lymphocytes (= small cells), mon-
ocytes together with basophils and ecosinophils
(= medium sized cells) and neutrophils (= large
cells). The following results were obtained from 300
random samples (see tab. 10, fig. 4a—c).
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Fig. 4a—c. Comparison of the 100-cell manual differential with the Sysmex M-2000 trimodal leukocyte cell count, n = 300.

a) Lymphocytes/small cell ratio
b) Neutrophils/large cell ratio
¢) Mononuclears/middle cell ratio

Tab. 10. Assessment of correlation between the manual differential and the Sysmex M-2000

Manual M-2000

Correlation  y — 5 4 bx t-value
mean Mean coefficient
(%) (%) r a b
Lymphocytes 35.8 34.6 0.948 —0.458 1.046 —2.48
(W-SCR)
Neutrophils 60.5 58.0 0.931 4.99 0.916 —4.99
(W-LCR)
Monocytes + Basophils + Eosinophils 9.4 132 0.703 1.30 0.609 12.25
(W-MCR)
Discussion

The Sysmex M-2000 showed good precision and lin-
earity; its carry-over assessment and comparability
were excellent. Differences between the Whole Blood
Mode and the Prediluted Blood Mode may have been

caused by pipetting errors. The high F-test values of
the effect of dilution are probably due to pipetting
errors which are greater than the variation between
replicate measurements at each dilution. Linearity
appeared to be excellent when expressed graphically.
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The trimodal differentiation of white blood cells
showed a good correlation with the manual 100-cell
differential count with regard to lymphocytes and
neutrophils. Variations in the mixed cell fraction with
regard to monocytes, eosinophils and basophils count
may have been caused by the low cell count of these
cell types in the manual 100-cell differentiation.
Whereas the manual differentiation has its advantages
in the classification of cells, the number of cells
counted in a modern cell counter gives a better sta-
tistical distribution.

As the sample volume in the Prediluted Mode is 20
ul, pipetting errors may have caused differences be-
tween the values obtained in the Whole Blood Mode
and in the Prediluted Mode. The measurement of
platelets with the PL-100 requires a centrifugation
step before counting. The positive bias of the M-2000
with regard to the platelet count may therefore have
been caused by a certain loss of platelets due to
centrifugation.
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