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Summary 

Background: Reliable haematology results are crucial for
patient diagnosis and monitoring. Maintaining low variabil-
ity is particularly important for key parameters such as
haemoglobin, white blood cells, and platelets, especially in
automated laboratory workflows where multiple haemato-
logical analysers are connected in the same line.
Methods: Two residual whole blood samples, one normal
and one pathological, were analysed in ten consecutive
replicates on a Sysmex XN-10 analyser (XN-1) and then
on a second connected analyser (XN-2). Intra-analyser and
inter-analyser imprecision were calculated as coefficients of
variation (CV%).
Results: Intra-analyser CVs for the normal sample ranged
from 0.3% for haemoglobin to 1.5% white blood cells,
while inter-analyser CVs remained below 2%. For the
pathological sample, intra-analyser CVs ranged from 0.3%
to 1.0%, and inter-analyser CVs reached 2.1% for hemat-
ocrit and platelets. Red blood cell count, mean corpuscular
volume, and neutrophils showed CVs <1.9%. Higher vari-
ability was observed for low-abundance populations such
as eosinophils and basophils (up to 20%).
Conclusions: Sysmex XN-10 analysers exhibit strong intra-
and inter-analyser precision for most routine haematology
tests, supporting their routine use in automated haemato-
logical lines. 

Keywords: laboratory haematology, automation, impre-
cision

Kratak sadr`aj

Uvod: Pouzdani hematolo{ki rezultati su od klju~nog
zna~aja za dijagnostiku i pra}enje pacijenata. Odr`avanje
niske varijabilnosti je posebno va`no za klju~ne parametre
kao {to su hemoglobin, leukociti i trombociti, naro~ito u
automatizovanim laboratorijskim tokovima rada gde je vi{e
hematolo{kih analizatora povezano u istoj liniji.
Metode: Dva rezidualna uzorka pune krvi, jedan normalan
i jedan patolo{ki, su analizirana u deset uzastopnih ponav -
ljanja na analizatoru Sysmex XN-10 (XN 1), a zatim na
drugom povezanom analizatoru (XN 2). Intra-analizatorska
i inter-analizatorska nepreciznost izra~unate su kao koefici-
jenti varijacije (CV%).
Rezultati: Intra-analizatorski CV za normalan uzorak kretali
su se od 0,3% za hemoglobin do 1,5% za leukocite, dok su
inter-analizatorski CV ostali ispod 2%. Za patolo{ki uzorak,
intra-analizatorski CV su se kretali od 0,3% do 1,0%, a
inter-analizatorski CV dostigli su 2,1% za hematokrit i trom-
bocite. Broj eritrocita, srednji zapreminski volumen eritro -
cita i neutrofili pokazali su CV <1,9%. Ve}a varijabilnost
uo~ena je kod populacija niske zastupljenosti, kao {to su
eozinofili i bazofili (do 20%).
Zaklju~ak: Analizatori Sysmex XN-10 pokazuju visoku
intra- i inter-analizatorsku preciznost za ve}inu rutinskih
hematolo{kih testova, {to podr`ava njihovu rutinsku
upotrebu u automatizovanim hematolo{kim linijama.

Klju~ne re~i: laboratorijska hematologija, automati-
zacija, nepreciznost
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Introduction 

The generation of accurate test results for
haematology testing is essential for the diagnosis and
monitoring of a wide range of haematological and
non-haematological conditions (1). Minimising assay
imprecision is essential for generating reliable labora-
tory values that clinicians can confidently use to guide
patient management. This is particularly critical for
key parameters such as haemoglobin (Hb), white
blood cell (WBC) and platelet counts, as well as for
other routine measurements that serve as important
diagnostic and prognostic indicators (2). 

The importance of low imprecision in laboratory
haematology has been magnified by the widespread
adoption of integrated automation in modern clinical
laboratories. Contemporary systems connect multiple
analysers in sequential processing lines, enabling
high-throughput testing, but introducing challenges
in maintaining inter-analyser consistency (3). Uniform
low imprecision across all analysers is critical to
ensure accurate longitudinal monitoring, irrespective
of which analyser performs the measurement (4).
This study was therefore designed to evaluate the
intra- and inter-analyser imprecision of routine
haematological parameters measured by two sequen-
tial haematological analysers within the same inter-
connected automation line.

Materials and Methods

Two patient samples, collected in 3.0 mL
K2EDTA blood tubes (Vacutest Kima, Padova, Italy),
were randomly selected from all routine haematology
specimens received by the Laboratory Medicine
Service of the University Hospital of Verona for stan-
dard haematological testing during a normal working
day. The first sample was from a healthy blood donor
with no significant abnormalities in standard haema-
tological parameters. The second sample was select-
ed for exhibiting a high number of abnormalities on
routine haematology tests. After completing routine
analyses, both samples were measured in ten consec-
utive replicates on a first Sysmex XN-10 analyser
(Sysmex Corporation, Kobe, Japan; hereafter referred
to as »XN 1«), and subsequently reanalysed in ten
consecutive replicates on a second Sysmex XN-10
analyser (hereafter referred to as »XN 2«), directly
connected to the first analyser within a Sysmex propri-
etary automation line. Major details on the technical
and analytical characteristics of Sysmex XN are avail-
able elsewhere (5).

Analytical imprecision was expressed as the
coefficient of variation (CV%), calculated separately
for each Sysmex XN analyser using the respective ten
replicates (intra-analyser imprecision). Inter-analyser
imprecision was instead computed from the com-
bined set of the twenty consecutive replicates gener-
ated by both Sysmex XN analysers for each sample.

The resulting imprecision was directly compared with
the desirable total allowable error (TEa) reported in
the Biological Variation Database of the European
Federation of Clinical Chemistry and Laboratory
Medicine (EFLM) (https://biologicalvariation.eu/)
(Table I). The whole blood samples used in this study
were residual samples from routine testing and were
fully anonymised prior to analysis; therefore, informed
consent was not required. This study was conducted
as part of a local validation of the local automated
haematology line, using a protocol approved by the
local Ethics Committee (approval number 971CESC;
July 20, 2016).

Results

The results of this investigation are summarised
in Table I and Figure 1. Intra-analyser imprecision
(CV%) for routine haematological parameters meas-
ured by the two Sysmex XN-10 analysers (XN 1 and
XN 2) demonstrated excellent to modest variability
for normal and pathological blood samples. For the
normal sample, intra-analyser CVs ranged from 0.3%
for haemoglobin (Hb) to 1.5% for white blood cells
(WBC), while inter-analyser imprecision remained
similarly low, with CVs generally below 2%. In the
pathological sample, intra-analyser CVs ranged from
0.3% for Hb to 1.0% for WBC, and inter-analyser CVs
reached 2.1% for hematocrit (Hct) and platelets.
Parameters such as RBC count, mean corpuscular
volume (MCV), and neutrophil count also exhibited
intra- and inter-analyser CVs typically below 1.9%.
Intermediate imprecision was observed for lympho-
cytes and monocytes, whereas cell populations with
low absolute counts, such as eosinophils and
basophils, displayed much higher imprecision (up to
around 20%), reflecting the predictable biological
and analytical variability at low absolute counts. An
imprecision greater than the current TEa threshold,
as defined in the EFLM Biological Variation Database,
was observed only for the MCV in inter-analyser
assessment with the pathological sample (one instru-
ment) and for the basophil count in intra-analyser
assessment with the normal sample (one instrument).

Discussion

The findings of this study indicate that the
Sysmex XN-10 analysers exhibit robust intra- and
inter-analyser precision across a broad spectrum of
the most clinically used haematological parameters,
supporting their integration into automated laborato-
ry lines. Low coefficients of variation for critical clini-
cal parameters such as WBC, platelet count and Hb
underscore their reliability for routine diagnostics and
longitudinal patient monitoring. The comparable pre-
cision between analysers confirms that the sequential
processing of patient samples on interconnected
devices does not appear to jeopardise the consistency
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Figure 1 Intra- and inter-analyser imprecision of routine haematological testing on Sysmex XN analysers.
WBC, white blood cell count; RBC, red blood cell count; Hb, haemoglobin; Hct, hematocrit; MCV, mean corpuscular volume; MCH, mean
corpuscular haemoglobin; RDW, red blood cell distribution width; MPV, mean platelet volume.

Table I Intra- and inter-analyser imprecision of routine haematological testing on Sysmex XN analysers.

Parameter TEa

Normal sample Pathological sample
Intra-analyser

XN-1
Intra-analyser

XN-2 Inter-analyzer Intra-analyser
XN-1

Intra-analyser 
XN-2 Inter-analyzer

Mean
±SD CV% Mean

±SD CV% Mean
±SD CV% Mean

±SD CV% Mean
±SD CV% Mean

±SD CV%

WBC
(×109/L) 14.2% 6.80±

0.10 1.5% 6.61±
0.07 1.1% 6.70±

0.13 1.9% 13.57±
0.12 0.9% 13.30±

0.10 0.8% 13.44±
0.17 1.3%

RBC
(×1012/L) 4.2% 6.03±

0.04 0.7% 6.07±
0.05 0.8% 6.05±

0.05 0.8% 3.15±
0.03 1.0% 3.12±

0.01 0.4% 3.13±
0.03 0.9%

Platelets
(×109/L) 11.0% 329±

5 1.4% 337±
5 1.6% 333±

6 1.9% 173±
2 1.0% 176±

5 1.6% 174±
4 2.1%

Hb (g/L) 3.3% 130.8±
0.6 0.5% 131.7±

0.6 0.5% 131.3±
0.8 0.6% 96.1±

0.3 0.3% 96.2±
0.6 0.6% 96.2±

0.5 0.5%

Hct 3.9% 0.416±
0.002 0.5% 0.403±

0.03 0.8% 0.410±
0.007 1.8% 0.307±

0.03 0.9% 0.295±
0.002 0.6% 0.301±

0.06 2.1%

MCV (fL) 1.7% 97.3±
0.5 0.5% 94.3±

0.4 0.4% 95.8±
1.5 1.6% 77.3±

0.5 0.7% 74.6±
0.5 0.7% 76.0±

1.5 1.9%

MCH (pg) 1.3% 27.5±
0.3 1.0% 27.8±

0.2 0.8% 27.6±
0.3 1.1% 30.6±

0.2 0.7% 30.8±
0.1 0.4% 30.7±

0.2 0.7%

RDW (CV%) 2.6% 12.62±
0.04 0.3% 12.57±

0.05 0.4% 12.60±
0.05 0.4% 15.13±

0.10 0.7% 15.19±
0.10 0.3% 15.16±

0.10 0.7%

MPV (fL) 3.8% 12.32±
0.12 0.9% 12.36±

0.07 0.5% 12.34±
0.10 0.8% 13.30±

0.11 0.8% 13.17±
0.08 0.6% 13.24±

0.12 0.9%

Neutrophils
(×109/L) 17.5% 4.90±

0.07 1.4% 4.77±
0.06 1.2% 4.84±

0.09 1.9% 6.91±
0.07 1.0% 6.80±

0.10 1.4% 6.86±
0.10 1.4%

Lymphocytes
(×109/L) 14.9% 1.44±

0.06 4.3% 1.40±
0.05 3.7% 1.42±

0.06 4.3% 2.08±
0.02 1.1% 2.05±

0.05 2.4% 2.06±
0.04 2.1%

Monocytes
(×109/L) 18.3% 0.39±

0.02 4.8% 0.38±
0.02 6.1% 0.38±

0.02 5.7% 0.53±
0.03 5.9% 0.52±

0.02 4.1% 0.52±
0.03 5.1%

Eosinophils
(×109/L) 29.7% 0.04±

0.01 17.1% 0.04±
0.01 21.3% 0.04±

0.01 19.4% 0.06±
0.01 18.9% 0.06±

0.01 23.3% 0.06±
0.01 19.0%

Basophils
(×109/L) 18.2% 0.02±

0.00 19.9% 0.02±
0.00 14.3% 0.02±

0.00 18.2% 0.04±
0.01 15.8% 0.04±

0.01 17.3% 0.04±
0.01 17.0%

CV%, coefficient of variation; SD, standard deviation; WBC, white blood cell count; RBC, red blood cell count; Hb, haemoglobin; Hct,
hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular haemoglobin; RDW, red blood cell distribution width; MPV,
mean platelet volume; Tea, total allowable error.
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and repeatability of test results. Except for MCV and
basophil counts, intra- and inter-analyser imprecision
for all other haematological parameters fell within the
current TEa thresholds defined by the EFLM
Biological Variation Database. These findings suggest
good overall analytical performance, with only two
parameters exceeding acceptable limits.

Nevertheless, we found greater imprecision
when assaying underrepresented cell populations,
such as eosinophils and basophils, a finding aligned
with the expected analytical challenges at low counts,
already emphasised in several previous studies using
these same analytical systems (6–8). For example,
Pérez et al. used the same analyser (i.e., Sysmex XN-
series) and reported relatively low intra- and inter-
assay imprecision for most parameters, with CVs
below the EFLM TEa thresholds for WBC, red blood
cells (RBC), platelets, Hb, Hct, MCV, red cell distribu-
tion width (RDW), and mean platelet volume (MPV).
However, values exceeding the EFLM TEa were occa-
sionally observed for mean corpuscular haemoglobin
(MCH), lymphocytes, monocytes, eosinophils, and
basophils (6). Birindelli et al. also employed three
Sysmex XN systems and observed inter-module
imprecision below the EFLM TEa thresholds for WBC,

RBC, Hb, Hct, MCV, and platelets, while the specific
threshold was exceeded for the MCH parameter (7).
Given the high variability observed in rare cell popu-
lations, significant caution is hence warranted when
performing longitudinal analyses of these parameters.
This is particularly important, even if the primary
source of imprecision is attributed to intra-analyser
rather than inter-analyser variability, as subtle fluctua-
tions may still affect clinical interpretation and deci-
sion-making over time. 

In summary, Sysmex XN 10 analysers exhibit
high precision across most routine haematological
parameters, supporting their reliable use in clinical
practice and integration into automated laboratory
workflows. Additional studies should be planned to
include a larger sample size, investigate sample stabil-
ity over time, and the impact of variations in operating
conditions (e.g., temperature, humidity, or instrument
calibration).

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

264 Pighi et al.: Imprecision of haematological analysers

     
     Received: November 23, 2025
     Accepted: December 25, 2025



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
    /SRL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


