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Abstract Modern automated laboratory haematology
analysers use various methods to measure different hae-
matological parameters. These parameters are useful in the
diagnostic and clinical interpretation of patient symptoms.
So, it is very important to compare the performance of dif-
ferent analysers measuring the same parameter. Hence, a
comparison of complete blood counts analysed by Sysmex
XN 3000 and Horiba Yumizen H2500 was performed. Total
296 EDTA anti-coagulated blood samples were processed
in both the analysers in duplicate within 4 h of collection.
The white blood cell count, red blood cell count, erythro-
cyte indices, differential leukocyte count, platelet count and
platelet indices and reticulocyte count were compared. A
good level of correlation and agreement between differ-
ent parameters were obtained. A strong correlation was
observed (r>0.9) between Sysmex XN 3000 and Yum-
izen H2500 for WBC (0.997), RBC (0.997), Haemoglobin
(0.999), haematocrit (0.974), MCV (0.902), MCH (0.99),,
platelet count by impedance (0.989), mean platelet volume
(0.954), plateletcrit (0.971), platelet distribution width
(PDW) (0.916), neutrophils (0.997), lymphocytes (0.989),
monocytes (0.943), and eosinophils (0.991) counts. A mod-
erate correlation was observed for RDW-CV (0.75). The
basophils count showed poor correlation (r <0.5) possi-
bly because of sample selection with mostly low basophils
count. An acceptable bias was observed for most of the
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parameters like WBC, RBC, Haemoglobin, Haematocrit,
platelet counts, neutrophils, lymphocytes, eosinophils and
monocytes. The studied instruments ensured satisfactory
interchangeability except for few parameters, thus facilitate
substitution of one analyser by another without affecting the
clinical decision making.

Keywords Automated haematology analyser - Sysmex
XN 3000 - Yumizen H2500 - Complete blood count

Introduction

The Complete blood count (CBC) plays an important role
in the routine haematological investigations of patients.
The analysis of abnormalities within the white blood
cells (WBC), red blood cells (RBC), and platelets (PLT)
of peripheral blood is helpful in clinical interpretation of
patients’ signs and symptoms [1]. Modern automated ana-
lysers allow the measurement of different haematological
parameters in a more objective and precise manner com-
pared to manual methods. With each passing day newer
technologies are being introduced to produce more reliable
and accurate results [2].

The manual microscopy is considered as the most reliable
and the reference method for WBC evaluation and its dif-
ferential counts when performed by experienced and expert
microscopic morphologists. It is a time-consuming and the
interpretation of results depends on the number of cells
included in the analysis as well as on the experience of the
laboratory diagnostician [3]. As total number of leukocytes
evaluated under the microscope varies from 100 to 500 cells,
it has a high coefficient of variation (CV) including inter-
personnel subjectivity too. Whereas the current generation
automated analysers can perform counts on more than 1000
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samples per day. It performs a differential count on nearly
8000-10,000 leukocytes which reduces the CV and removes
subjective changes. Thus the results obtained are more reli-
able and reproducible [4, 5]. But different laboratories use
different automated analysers from different in vitro diag-
nostic (IVD) manufacturers. And different IVD manufac-
turers use different technology to enumerate the same CBC
parameter [6, 7] As all patients should receive same level of
care irrespective of the analysers being used, it is required
that the cell counters should produce comparable results
and used interchangeably without affecting clinical decision
making. Hence comparative analyses of different automated
haematology analysers have previously been performed, and
these have indicated variable differences in assaying either
peripheral blood samples or body fluid specimens [2, 4, 6,
8]. Hence we compared the performance of two advanced
haematology analysers: Sysmex XN-3000 and Horiba Yum-
izen H2500.

Materials and Methods

A prospective study has been carried out to compare the
performance of different CBC parameters between Sysmex
XN 3000 and Horiba Yumizen H2500 fully automated CBC
analysers after obtaining institutional ethical clearance.

Selection of Instrument

We have selected two instruments introduced into our labo-
ratory for comparison, i.e., Sysmex XN 3000 and Horiba
Yumizen 2500 which works on following technology.

The Sysmex XN-3000 (Sysmex, Kobe, Japan) uses dif-
ferent principle, methods and reagents to enumerate the
CBC. The RBC and platelets are counted via Hydrodynamic
focusing and impedance. The RBC is calculated as a particle
count between two discriminators (lower discriminator, LD
and upper discriminator, UD) which are set up in the ranges
of 20-75 and 200-250 fl respectively. The RDW-SD is the
distribution width at 20% frequency level with peak height
assumed to be 100%. Similarly, RDW-CV is calculated from
68.26% of total distribution area. The haematocrit is cal-
culated via the RBC pulse height detection method. SLS-
haemoglobin method is used for haemoglobin estimation
with use of Sulfolyser reagent which contains Sodium lauryl
sulfate 1.7 g/L. It has advantage of being fast, non-poisonous
and ability to analyse meth-haemoglobin too. The MCYV,
MCH and MCHC are calculated parameters. The platelet
count is calculated as a particle count between two discrimi-
nators, LD and UD, set up in the ranges of 2—-6 and 12-30 fl,
respectively. The PDW is the distribution width at the 20%
frequency level. The platelet large cell ratio (P-LCR) is
the ratio of large platelet from the 12 fL discriminator or

@ Springer

larger. MPV is a calculated parameter. Using flow cytometry
method platelets can also be counted based on fluorescence
i.e. PLT-F using Oxazine dye. The platelets showing strong
fluorescent light intensity are reported as immature platelet
fraction (IPF). Reticulocytes are also enumerated using flow
cytometry method and polymethine dye. The WBC is ana-
lysed based on flow cytometry by hydrodynamic focusing
where a semi-conductor laser beam (wavelength 633 nm)
is emitted to the blood cells passing through the flow cell
creating a forward scatter and side scatter and side fluores-
cent light captured by photodiode and avalanche photodiode
respectively. The forward scatter provides information about
size of blood cells, side scatter about internal complexity
of cells like nuclear size and cytoplasmic characteristics
and side fluorescence about degree of staining or activity.
It uses different channels for enumeration of different popu-
lation of cells, e.g., the WNR channel to count the WBC,
nucleated RBC and basophils, WDF channel for classifying
different WBC populations like lymphocytes, monocytes,
neutrophils + basophils, and eosinophils. These channels use
similar reagents consisting of organic quaternary ammonium
salts, non-ionic surfactant polymethine dye, ethylene glycol
but at different concentrations.

The Horiba Yumizen H2500 (Horiba Medical, France)
also uses different principle and technology to measure dif-
ferent CBC parameter. The RBC and platelets are counted
using impedance method. The blood is diluted in the isotonic
electrolyte i.e., ABX diluents. When a cell passes through a
calibrated micro aperture, there is increase in electric resist-
ance proportionate to the cell volume and representative
histograms are generated. RBC histograms are presented
by the distribution curves on 256 channels from 30 to 300
fL. Similarly platelet histogram is indicated by the distribu-
tion curve from 2 fL. to a mobile threshold according to the
microcyte population present in the analysis. The MCV and
MPYV are calculated as measured average from the respective
distribution curves. For HGB measurement, ABX Lysebio
reagent is used to lyse the erythrocytes, and stabilize the
heme iron and measured spectrophotometrically at 555 nm
wavelength. HCT, MCH, MCHC and Plateletcrit are cal-
culated parameters. PDW, RDW-CV, RDW-SD, Microcytic
cells % (MIC%), macrocytic cells (MAC%) are calculated
from RBC and Platelet histograms. The differential leuko-
cyte count integrates multiple principles or techniques to
determine the total nucleated cells (TNC) and separating
NRBC from the WBC and different WBC subpopulation.
The basophils are counted using Impedance method and
ABX Basolyse reagents which lyse the membrane of all leu-
cocytes except basophils. The lymphocytes, monocytes, neu-
trophils, eosinophils (LMNE) and NRBC are detected using
Yumizen Nucediff reagent which lyse the RBC and stabi-
lizes the WBC in its native forms and measured based on
the principle of Double Hydrodynamic Sequential System
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Table 1 Comparison of

XN Min YH Min XN Max

YH max XN average YH average XN SD YH SD

different parameters on Parameter

Sysmex XN and Horiba H2500 WBC 0.27 0.24

average, and standard deviation HGB 4.85 4.86

of all samples processed by both HCT 13.25 14.62

the analyzers MCV 6120 60.50
MCH 17.85 17.75
MCHC 28.05 28.54
RDW CV 11.85 11.58
PLT 6.00 12.57
MPV 8.60 7.58
PCT 0.05 0.04
PDW 8.75 10.50
Neutrophils (#) 0.14 0.07
Lymphocytes (#) 0.10 0.11
Monocytes (#) 0.03 0.02
Eosinophils (#) 0.00 0.01
Basophils (#) 0.00 0.00

34.45 33.57 9.49 9.25 3.95 3.84
7.68 7.56 4.60 4.57 0.87 0.85
17.75 17.76 12.31 12.35 2.27 2.27
52.40 54.26 37.58 38.09 6.56 6.83
102.35  102.75 82.29 83.89 7.28 7.72
32.95 33.74 26.97 27.22 291 2.92
36.60 34.09 32.73 32.40 1.32 0.70
23.95 21.74 14.67 14.68 2.09 1.80
709.00  650.58  263.29 253.53 97.04  92.87
15.20 14.41 12.01 11.27 1.36 1.30
0.79 0.71 0.32 0.29 0.10 0.09
25.10 35.44 15.98 19.63 3.64 4.69
32.16 30.00 6.40 6.22 3.76 3.61
6.06 5.43 222 2.16 0.93 0.88
1.60 1.56 0.42 0.42 0.18 0.18
3.08 2.99 0.39 0.38 0.47 0.44
0.13 0.28 0.03 0.03 0.02 0.03

XN Sysmex XN 3000, YH Horiba Yumizen H2500, min minimum, max maximum, SD standard deviation

Table 2 Passing Bablock regression analysis of different CBC parameters

Parameter Number (N) Regression Equation for y=ax+b SE 95% CI for intercept (b) 95% CI for slope (a)
coefficient (%)

WBC 295 0.997 0.985x — 0.08 0.2096 —0.155 t0 0.041 0.970 to0 0.993
RBC 296 0.997 0.981x+0.06 0.0465 0.025 to 0.104 0.971 to 0.989
HGB 296 0.9988 1.002x +0.02 0.0786 —0.014t00.133 0.993 to 1.005
HCT 296 0.9743 1.032x — 0.83 1.0967 —2.228 to — 0.056 1.011-1.073
MCV 296 0.902 1.1x — 6.88 2.4261 —9.666 to — 1.017 1.028 to 1.135
MCH 296 0.99 0.999x +0.25 0.2964 —0.255 t0 0.682 0.984 to 1.019
MCHC 296 0.420 0.398x+19.41 0.5360 15.970-20.940 0.352 to 0.504
RDW-CV 295 0.757 0.949x +0.81 0.8892 —0.008 to 2.943 0.800 to 1.005
PLT-I 293 0.9885 0.946x +4.05 9.9677 —2.051t0 7.535 0.931 t0 0.971
MPV 276 0.954 0.957x — 0.24 0.2801 —0.654 t0 0.150 0.924 t0 0.991
PCT 276 0.964 0.909x 0.0171 —0.011 to 0.006 0.88 to 0.94
PDW 276 0.9157 1.17x+0.9 1.3645 —0.787 t0 0.915 1.162 to 1.276
Neutrophils (#) 295 0.9961 0.98x — 0.04 0.2263 —0.078 to 0.047 0.964 to 0.989
Lymphocytes (#) 291 0.9891 0.962x +0.04 0.0921 0.007 to 0.082 0.938 t0 0.974
Monocytes (#) 285 0.9430 1.015x — 0.02 0.0439 —0.021 t0 0.010 0.946 to0 1.033
Eosinophils (#) 294 0.9908 0.923x+0.02 0.0421 0.015 to 0.025 0.899 to 0.939
Basophils (#) 296 0.2313 2.161x — 0.43 0.3393 —0.520 to — 0.263 1.693 to 2.455

The shaded cells indicate either the 95% CI for slope doesn’t include 1 or intercept doesn’t include O statistically

(DHSS) flow cytometry. A matrix separates different popu-
lation based on cell volume detected by impedance change
and absorbance determined from optical transmission of
light through the cell. The WBC are counted in three dif-
ferent chambers: TNC/HGB channel, BASO/TNC2 channel
and LMNE channel. Reticulocytes are counted using flow
cytometry technology which combines two methodology

of Impedance for volume and orthogonal fluorescence sig-
nal. It uses ABX Fluocyte reagent which contains fluores-
cent stain—Thiazole orange which is specific to nucleic
acid, i.e., RNA in reticulocytes. Optical platelets detection
method also uses ABX Fluocyte reagent and based on flow
cytometry technology using Impedance and absorbance
methodology.
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Fig. 1 Passing and Bablok regression analyses of different CBC parameters — WBC, RBC, HBG, HCT, MCV, MCH, MCHC, RDW-CV, PLT,

MPV, PCT, PDW analyzed in YH 2500 and XN 3000

Both the instruments were installed in the laboratory
haematology section of the institution with performance
verification done as per the standard protocol. The Sysmex
XN 3000 analyser was calibrated using XN CAL. The Yum-
izen H2500 instrument was calibrated using ABX Minocal.
Daily quality control (QC) were run in the laboratory with
XN Check Level L1, L2, and L3 for Sysmex XN 3000 and
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DIFFTROL L, N and H (Low, normal and High) for Yum-
izen H2500.

Sample Size Calculation [9]

The sample size calculation for agreement between two
methods of measurement was calculated using the following
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Fig. 1 (continued)

formula where standardized difference limits (/o) = 0.1,
standardized agreement limits (6/0)=2.5, type II error
(#)=0.2 and @=0.05.
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We got the sample size to be 271 and considering 10% to
adjust for any outlier exclusion, the total sample size deter-
mined to be 298 (rounded off 300). During data analysis,
4 samples were excluded from the data for missing data
points and outliers. So total 296 samples were selected and
included in the study.
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Fig. 1 (continued)

Sample Collection and Processing

A total of 296 K,EDTA anticoagulated peripheral blood
samples were collected by evacuated tube system (ETS)
irrespective of age and gender. 10-20 samples were selected
randomly from the daily sample pool and anonymized and
deidentified. All the samples were analysed in duplicate in
Sysmex XN 3000 in CBC + Diff + Retic + PlatF mode and
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Horiba Yumizen H2500 in CBC + Diff 4 Retic mode. All the
samples were processed within 4 h of sample collection.

Blood Smear Analysis

Peripheral blood smears were prepared automatically and
stained on Sysmex SP10 automated slide maker and Stainer
to avoid a human error in the context of discrepancies in
slide interpretation due to different smear technique. Each
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taneously allows

the comparison of examination results. Dif-

ferentiation of white blood cells on smears was performed
by specialized diagnostician on 200 cells (leukopenia sam-

ples—WBC <2

% 10%/l—were analyzed up to 100 cells if

possible) as per the CLSI guidelines [10].
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Statistical Analysis

Statistical analysis was performed with Microsoft Excel
(Microsoft Corporation, Redmond, WA). A degree of agree-
ment between the same parameters analysed with two hae-
matology analysers was evaluated using the non-paramet-
ric Passing and Bablok regression method. The regression
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Fig. 2 Passing and Bablok regression analyses of WBC differential counts—Neutrophils%, Lymphocytes, Monocytes, eosinophils%, basophils

% and NRBC analysed in YH 2500 and XN 3000

equation is presented as y =ax + b where the proportional
difference between two methods is represented by slope (b)
and the constant difference is represented as the regression
line’s intercept, the constant ‘a’. The confidence interval
(95% CI) explains if the value of constant differs from zero
and the slope differs from 1 only by chance or not. If the CI
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includes O for the constant it can be concluded that there
is no constant bias between the methods. Similarly, if the
Cl includes 1 then it can be concluded that there is no pro-
portional bias between the two methods. That means y =x
so that both methods can be used interchangeably. Other-
wise, corrections need to be applied in those cases where
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Fig. 2 (continued)

the values 1 for slope and O for intercept not enclosed in
the respective confidence interval indicative of significant
deviation. The method comparison is also done by Bland
and Altman analysis. A P value <0.05 was considered to
be statistically significant for every analysis. For all statisti-
cal analysis Sysmex XN analysers value was considered as
reference method for comparison.

Results

Total 296 peripheral blood samples were analysed on both
Sysmex XN 3000 and Horiba Yumizen H2500 and the
results were compared as depicted in Table 1. The distribu-
tion of different parameters is spread across different ranges
of values.

The Passing and Bablok regression analysis for agreement
between the two different analysers showed good agreement
for most studied parameters. Table 2 present exact equations
and 95% confidence intervals for slope and intercept for all
arrangements. The corresponding scatter plots are presented
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in the Fig. 1. When the parameters were compared between
YH2500 and XN3000, there were strong positive correlation
for WBC, RBC, HGB, HCT MCYV, MCH, platelet count,
MPV, PCT, PDW, neutrophils, lymphocytes, monocytes,
eosinophils. There was good correlation between RDW-CV
whereas MCHC showed moderate correlation and basophils
count showing weak correlation. The Passing and Bablok
regression analysis showed that there was good agreement
between most of the parameter except MCHC and basophils.
MCHC showed a high constant bias with low proportional
bias. Similarly, basophils showed a small constant bias with
a proportional bias. The scattergram with regression line and
confidence bands for regression line and the residual plots
with distribution of difference around the fitted regression
line have been depicted in the Figs. 1 and 2.

The degree of difference obtained by Bland and Alt-
man analysis for different parameters shows acceptable
bias or within systematic error limits for WBC, RBC,
HGB, HCT, MCH, RDW CV%, Platelets, lymphocytes
%, eosinophils %. MCV shows a marginal higher value
by Yumizen H2500 in comparison to XN 3000. MCHC
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shows a higher value by YH2500 at a lower value whereas
a negative bias observer at higher MCHC. MPYV shows a
negative bias. When the differential leukocyte count is
compared, neutrophils showed a negative bias. Basophils
and NRBCs showed a positive systematic bias (Table 3).

Discussion

It is encouraging to find that a satisfactory agreement was
seen between most of the analysed parameters, but some of
the parameters show constant and /or systematic bias indi-
cating that Sysmex XN 3000 and Horiba Yumizen H2500
are not fully interchangeable in terms of CBC analysis.
Except for HGB, MCH and RDW-CYV, none of the parameter
showed by regression analysis to have 95% confidence inter-
val of intercept and slope of 0 and 1 respectively within it.
But when the bias was calculated for 3 different types of val-
ues (Low, medium and high values), MCV, MCH, MCHC,
RDW CV, MPV and basophils have reported higher bias
than the acceptable limits. For WBC count and neutrophil
count a higher negative bias is reported by YH2500 in com-
parison to XN 3000 analyser.

When the basic cell counts like RBC, HGB, Hct, WBC
and Platelets were compared, there are strong positive cor-
relation and acceptable bias with negligible systematic
error which indicates that these parameters can be used
interchangeably within the laboratory. Milena Malecka et.
al., have also reported consistent results between for these
parameters [11]. Similarly good agreement was observed
between Sysmex XN 1000 and Mindray BC-5180; Min-
dray BC-6800, Sysmex XN 2000, and Beckman Coulter
LH750; Sysmex XN 3100 and Sysmex XE 2100 [12-14].
But Mathias Bruegel et.al. found systematic difference for
WBC count among the analysers with a relatively higher
count by Advia2120i. The platelet count measured by Cell-
Dyn Sapphire and Advia2120i were higher whereas lower
for DxH800 and XE-5000 [8].

When the RBC and platelet indices are compared, good
agreement was observed for MCV, MCH, RDW-CV%, MPYV,
PCT and PDW except MCHC. There was a high constant
bias with positive proportional bias observed in MCV. The
percentage bias was high for high MCV values. The bias
estimated at low MCHC was 9.14%, normal MCHC -1.36%
and high MCHC 6.26%. Incompatibility for MCHC between
XN and Yumizen H2500 has been reported by Malecka et al.
too [11]. But additionally, they have found incompatibility
for PDW compared to our study which showed good agree-
ment. Hence a caution is recommended while interpreting
MCHC and PDW values reported by different analysers for
clinical management purpose as they can’t be used inter-
changeably. In many centres including our centre doesn’t

report PDW and still the widespread clinical usefulness of
it needs to be established.

The comparison of WBC differential leukocyte count
between XN and Yumizen H2500 showed a good cor-
relation except for Basophils count. But the regression
analysis indicates that there was statistically significant
constant bias and proportional bias between XN and
Yumizen H2500. The Yumizen H2500 showed a nega-
tive constant bias with proportional bias for neutrophils
count in comparison for XN. Lymphocyte counts showed
minor constant bias without proportional bias as 95% of
CI of slope includes 1. Whereas monocyte counts showed
a good agreement. Similarly, eosinophils showed a posi-
tive constant and proportional bias. Basophils showed a
negative constant and high proportional bias. Neutrophils,
lymphocytes, monocytes and eosinophils have acceptable
bias specifications. But basophils showed higher bias by
Yumizen H2500 possibly because most of the samples had
a very low basophil count. In contrast, Milena Malecka
et. al. has found eosinophils showing more variation by
Yumizen H2500 in comparison to XN. Other differen-
tial counts showed good agreement [11]. Lisa Meintker
et al. compared the differential leukocyte count between
Abbott Sapphire, Siemens Advia 120, Sysmex XE-2100,
and Beckman Coulter DxH 800 and found very good cor-
relation for neutrophils and eosinophils, fair correlation
for lymphocytes and monocytes and very poor correla-
tion for basophils count. The lymphocyte count showed
minimal systematic bias between Sapphire, XE-2100 and
DxH 800 whereas Advia 120 reported lower lymphocyte
count. Similarly Advia 120 reported lower monocyte count
and DxH reported higher monocyte count in comparison
to average count [15]. Similarly the results obtained by
Sysmex XN3100 correlated well with Sysmex XE-2100
except monocyte count and basophil count which showed
mean difference of 16.5 and 38 respectively [14].

In conclusion, the results obtained from different auto-
mated CBC analyzers in questions are similar. For few of
them reference ranges and cut off values will need to be
redefined according to instrument technology as we have
observed slight constant and/or proportional bias for dif-
ferent parameters though mostly within acceptable limits.

Acknowledgements We acknowledge the technical support provided
by Jalirani Singh and Lipsa Priyadarshini Champati in analysing the
samples.

Author Contributions The authors confirm contribution to the
paper as follows: The study conception and design has been done by
Rajesh Kumar Bhola, Christophe Fudaly and Shubham Rastogi. Data
collection has been done by Rajesh Kumar Bhola. Statistical analysis
and interpretation has been done by Rajesh Kumar Bhola, Christophe
Fudaly and Shubham Rastogi. The draft manuscript has been prepared
by Rajesh Kumar Bhola. All authors reviewed the results and approved
the final version of the manuscript and agreed to be accountable for all

@ Springer



Indian J Hematol Blood Transfus

aspects of the work in ensuring that question related to the accuracy
or integrity of any art of the work are appropriately investigated and
resolved. The study was free of any bias or conflict of interest by any
of the authors.

Funding The study has been sponsored by Horiba Medical, Horiba
ABX SAS, France.

Declarations

Conflict of interest Two of the co-authors Christophe Fudaly and
Shubham Rastogi are employee of Horiba, the instrument manufac-
turer. No authors have a bias/conflict of interest in the study.

Ethical Approval Institutional ethics committee of IMS and Sum
Hospital, Siksha ‘O’ Anusandhan University approved the study vide
ref no. DMR/IMS SH/SOA/180341 dated 25th October, 2019.
Consent to Participate/Informed Consent Waiver of consent
allowed by ethical committee.

Consent for Publication Yes.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Jacob EA (2016) Complete blood cell count and peripheral blood
film, its significant in laboratory medicine: a review study. Am J
Lab Med 1(3):34

2. Hotton J, Broothaers J, Swaelens C, Cantinicaux B (2013) Perfor-
mance and abnormal cell flagging comparisons of three automated
blood cell counterscell-dyn sapphire, DxH-800, and XN-2000.
Am J Clin Pathol 140(6):845-852

3. Pierre RV (2002) Peripheral blood film review. The demise of the
eyecount leukocyte differential. Clin Lab Med 22(1):279-297

4. Buttarello M, Gadotti M, Lorenz C, Toffalori E, Ceschini N, Val-
entini A et al (1992) Evaluation of four automated hematology
analyzers: a comparative study of differential counts (imprecision
and inaccuracy). Am J Clin Pathol 97(3):345-352

@ Springer

5. Fuentes-Arderiu X, Garcia-Panyella M, Dot-Bach D (2007)
Between-examiner reproducibility in manual differential leuko-
cyte counting. Accredit Qual Assur 12(12):643-645

6. Meintker L, Ringwald J, Rauh M, Krause SW (2013) Comparison
of automated differential blood cell counts from Abbott Sapphire,
Siemens Advia 120, Beckman Coulter DxH 800, and Sysmex
XE-2100 in normal and pathologic samples. Am J Clin Pathol.
https://pubmed.ncbi.nlm.nih.gov/23596116/. Accessed 18 Sep
2020

7. Chapman M (2000) Hematology analyzers offer new technology
and user-friendliness. Lab Med 31(3):146-150

8. Bruegel M, Nagel D, Funk M, Fuhrmann P, Zander J, Teupser D
(2015) Comparison of five automated hematology analyzers in a
university hospital setting: Abbott Cell-Dyn Sapphire, Beckman
Coulter DxH 800, Siemens Advia 2120i, Sysmex XE-5000, and
Sysmex XN-2000. Clin Chem Lab Med 53(7):1057-1071

9. Lu MJ, Zhong WH, Liu YX, Miao HZ, Li YC, Ji MH (2016)
Sample size for assessing agreement between two methods of
measurement by Bland—Altman method. Int J Biostat [Internet].
https://doi.org/10.1515/ijb-2015-0039/html. Accessed 26 Jun
2023

10. Clinical & Laboratory Standards Institute [Internet]. H20-A2 leu-
kocyte differential count and method evaluation. https://clsi.org/
standards/products/hematology/documents/h20/. Accessed 14 Sep
2020

11. Matecka M, Ciepiela O (2020) A comparison of Sysmex-XN
2000 and Yumizen H2500 automated hematology analyzers. Pract
Lab Med [Internet]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7649520/. Accessed 3 Jan 2021

12. Wang J, Zhao S, Su Z, Liu X (2016) Analytical comparison
between two hematological analyzer systems: Mindray BC-5180
vs Sysmex XN-1000. J Clin Lab Anal [Internet]. https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC6805265/. Accessed 22 May
2021

13. Ciepiela O, Kotuta I, Kierat S, Sieczkowska S, Podsiadlowska A,
Jenczelewska A, Ksigzarczyk K, Demkow U (2016) A comparison
of Mindray BC-6800, Sysmex XN-2000, and Beckman Coulter
LH750 automated hematology analyzers: a pediatric study. https://
doi.org/10.1002/jcla.21992. Accessed 22 May 2021

14. Incir S, Palaoglu KE (2021) Evaluation of the performance of
sysmex XN-3100 automated hematology analyzer regarding the
sysmex XE-2100 and microscopic examination. Turk J Biochem
46(1):29-37

15. Meintker L, Ringwald J, Rauh M, Krause SW (2013) Comparison
of automated differential blood cell counts from Abbott Sapphire,
Siemens Advia 120, Beckman Coulter DxH 800, and Sysmex
XE-2100 in normal and pathologic samples. Am J Clin Pathol
139(5):641-650

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



