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Abstract

Objectives: The cellular composition of body fluids (BF)
provides insight into disease pathology and is an important
diagnostic parameter. The well-established Sysmex XN
haematology analyser (XN) offers automated BF analysis and
is in routine use in many laboratories. In this study the
performance of the new Sysmex XR analyser (XR) in testing
BF is compared to the XN.

Methods: Cerebrospinal, pleural, peritoneal, and synovial
fluids, as well as bronchoalveolar lavage (BAL) samples,
were processed in BF mode on both analysers. Standard
statistical methods were used to evaluate the performance of
XR compared to the reference XN.

Results: Cell counts were generated from a total of 356
measurements from 307 patient BF samples. After applica-
tion of exclusion criteria, 86 cerebrospinal, 77 peritoneal, 78
pleural, and 89 synovial fluid sample pairs were compared.
An excellent correlation coefficient (r) between the two
analysers was observed for all diagnostic parameters;
WBC-BF: 0.996, RBC-BF: 0.974, TC-BF: 0.995, MN#: 0.994, MN%:
0.830, PMN#: 0.985 and PMN%: 0.835. The research
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parameters also performed equally well (r values of 0.900—
0.994). The performance of diluted and undiluted samples
was equally good. Similar results for diagnostic and research
parameters were obtained from 62 BAL samples (r values of
0.899-0.992).

Conclusions: This study demonstrates that the automated
BF counts on the new Sysmex XR analyser are equivalent to
that of the XN for all BF types analysed.

Keywords: automated analysis; body fluid; bronchoalveolar
lavage (BAL); performance evaluation; Sysmex XN haema-
tology analyser; Sysmex XR haematology analyser

Introduction

Laboratory testing underpins clinical decision-making in
medical practice globally, and therefore plays an important
role in determining patient outcomes [1]. As body fluids (BF)
provide a readily accessible source of diagnostic information,
clinicians rely on BF analysis to assist diagnosis and moni-
toring effectiveness of treatment for various diseases [2].

In the broadest sense, the term “body fluids” includes all
fluids that (1) circulate or are excreted from the human body
(e.g., blood, urine, saliva), (2) are present in certain cavities
under physiological conditions (e.g., synovial fluid, cere-
brospinal fluid (CSF)) or (3) accumulate under pathological
conditions in cavities that are ordinarily ‘dry’ (e.g., pleural,
peritoneal, or pericardial effusions). From a laboratory
perspective, however, BF analysis is generally restricted to
CSF, pleural, peritoneal, pericardial, and synovial fluid.
Therapeutically-induced fluid collections such as bron-
choalveolar lavage (BAL), utilised as an adjunctive tool for
the diagnosis of lung diseases [3], and continuous ambula-
tory peritoneal dialysis (CAPD) fluid, which is regularly
tested because of the high risk of infection [4], are also
considered as BF in the context of routine testing.

Evaluation of the cellular composition is a common first
step for the analysis of BF. The type and relative abundance
of different cell types provides valuable insights into the
underlying pathology, notably as a rapid first screen for
infection. Historically, BF cell counting, and WBC
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differentiation have been conducted using a counting
chamber and manual microscopy, after cytocentrifugation
and staining of the specimen. Although manual analysis is
still considered the gold standard for BF cytometry [5],
automated analysis is growing in popularity because of
standardisation and fast processing, thus overcoming the
high interobserver variability and long turnaround time
inherent in manual procedures [6].

Multiple automated cell counters with BF analysis
functionality are commercially available, including haema-
tology analysers with a dedicated BF mode [7]. Sysmex
(Sysmex Corporation, Kobe, Japan) first introduced a dedi-
cated BF mode on its XE-5000 analyser in 2006 [8], and
subsequently on the XT-4000i [9], and the XN-Series (XN) [10].
Several studies have confirmed good performance of the XN
on a variety of BF in routine laboratories [10-14]. Sysmex
recently launched the new XR-Series analyser (XR), which
has the same principle of measurement as the XN, but with a
different reagent system. Here a comparison of automated
BF analysis (CSF, pleural, peritoneal, synovial fluid, and BAL)
of the new XR and the well-established XN, is presented.

Materials and methods
Samples and sample handling

BF samples submitted to the department of Laboratory Medicine of the
University Hospital Leuven, Belgium, with a volume of =500 pL were
used for this study. CSF, pleural fluid, peritoneal fluid, CAPD, synovial
fluid and BAL samples collected according to the local laboratory pro-
cedures, and <6 h old after sample collection, with no other preselection

Table 1: Automated body fluid (BF) mode analysis parameters.
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criteria, were evaluated. Samples were stored at room temperature
prior to testing. The target was to include at least 60 samples for each BF
type. As CAPD samples are infrequently encountered in our laboratory,
they were grouped together with peritoneal fluids. All synovial fluid
samples were treated with 1 mg hyaluronidase (Hyaluronidase H3757,
300-1000 U/mg, Sigma-Aldrich) per 1 mL sample, mixed well and incu-
bated at 37 °C for 5min prior to analysis. Hyaluronidase disrupts hyal-
uronic acid polymers, rendering the samples less viscous and more
homogeneous, which improves the accuracy of the analysis.

Automated BF analysis method

All BF samples with request for haematological cell counting were
routinely measured in the open BF mode on the Sysmex XN-Series hae-
matology analyser (Sysmex Corporation, Kobe, Japan). Thereafter, the
same samples were processed on the Sysmex XR-Series analyser (Sysmex
Corporation, Kobe, Japan). Samples were mixed thoroughly by sample tube
inversion before analysis, in accordance with manufacturer instructions.
Pre-analytical dilution with Cellpack DCL (Sysmex Europe SE, Norderstedt,
Germany) was performed whenever deemed necessary based on the
appearance (increased turbidity) and viscosity of the sample. Sample
dilution was also performed if the first measurement revealed cell counts
that exceeded the analyser linearity range (identical for XN and XR) or
when visual inspection of the WDF (white blood cell differential) scatter-
gram revealed sub-optimal cell cluster separation (as judged by the labo-
ratory technician), if residual sample volume was sufficient. In the latter
case, both the original undiluted and diluted sample measurements were
included. The dilutions ranged from 1in 5 to 1in 100. BAL samples were not
diluted if linearity was exceeded as our routine processing of such samples
is exclusively undertaken to obtain an approximate WBC count. Analytical
quality control checks were conducted daily at regular time points using
low and high levels of XN-Check BF (Streck, Omaha, USA). Analysis pa-
rameters included red blood cell (RBC-BF), WBC (WBC-BF), total nucleated
cell (TC-BF) and WBC differential counts (Table 1).

The principle of measurement utilised in the BF analysis is iden-
tical for both the XN and XR, albeit with a different reagent system.

Name Description Unit
Diagnostic parameters WBC-BF White blood cell count in BF mode 10%/pL
RBC-BF Red blood cell count in BF mode 108/pL
TC-BF Total nucleated cell count in BF mode 10%/pL
MN# Mononuclear cell count in BF mode 10%/uL
MN% Mononuclear cell percentage in BF mode %
PMN# Polymorphonuclear cell count in BF mode 10%/pL
PMN% Polymorphonuclear cell percentage in BF mode %
Research parameters NE-BF# Neutrophil count in BF mode 10%/uL
NE-BF% Neutrophil percentage in BF mode %
LY-BF# Lymphocyte count in BF mode 10%/uL
LY-BF% Lymphocyte percentage in BF mode %
MO-BF# Monocyte count in BF mode 10%/pL
MO-BF% Monocyte percentage in BF mode %
EO-BF# Eosinophil count in BF mode 10%/pL
EO-BF% Eosinophil percentage in BF mode %
HF-BF# High fluorescent cell count in BF mode 10%/uL
HF-BF% High fluorescent cell percentage in BF mode %

Diagnostic parameters are intended to be used for patient diagnosis whereas research parameters are intended for research use only.
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Hydrodynamically focused DC detection method is used to count
RBC-BF, whereas TC-BF, WBC-BF and differential counts are determined
using fluorescence flow cytometry in the WDF channel. In brief, forward
scatter (cell size), side scatter (cellular complexity) and fluorescence
intensity (nucleic acid content) are combined to characterise cells. In so
doing, the WBC mononuclear cell (MN) and polymorphonuclear cell
(PMN) clusters can be enumerated. The MN and PMN populations are
further differentiated into lymphocyte and monocyte, and neutrophil
and eosinophil sub-populations, respectively, and provided as research
parameters. Furthermore, cells such as macrophages and mesothelial
cells, identified by high intensity fluorescence, are reported as HF-BF.
Samples with malignant cell infiltration may also exhibit an increase in
HF-BF [15]. The latter are excluded from WBC-BF but are included in
TC-BF. If the WDF cell clustering pattern does not conform to what is
expected, the analyser triggers a WBC abnormal scattergram flag. In
such instances, the WBC-related parameters may be unreliable.

Standard analytical performance metrics such as e.g., linearity,
carryover, and precision, were not included in this method comparison
evaluation.

Management of errors

After each analysis run, results obtained from both analysers were
reviewed to identify any samples with technical errors. Repeat testing
was performed for all samples where a sample handling or instrument-
related error (e.g., inconsistent sample density or clogged instrument
flow cell) was identified if there was sufficient residual sample volume,
and the sample <6 h old.

Data management

For all samples, date and time of collection and fluid type were recorded.
The raw data file export from both the XN and XR was conducted on a
regular basis, in accordance with manufacturer instructions.

Data analysis

Sample measurements meeting any one of the following criteria were
excluded from the data analysis: >6 h after collection, RBC-BF exceeds
upper limit of linearity range (>5 x 10%/uL), WBC-BF exceeds upper limit
of linearity range (10 x 10%/uL), raw data file not retrievable, missing
measurement on one instrument, and analysis errors as described
above. For samples exceeding linearity only the diluted sample mea-
surements were included in the analysis. Data analysis was done using
MedCalc® Statistical Software version 19.8 (MedCalc Software Ltd,
Ostend, Belgium). Correlation coefficients, regression slopes and in-
tercepts were estimated for all parameters using the Spearman’s rank
correlation and Passing-Bablok regression methods. Bias between the
methods was assessed using Bland-Altman plots. CSF, peritoneal,
pleural, and synovial fluids were analysed separately per BF type as well
as collectively. The WBC abnormal scattergram flagging rate between
the analysers, and the impact thereof on the parameter values, was
evaluated as described above. BAL fluids were analysed independently
of the other body fluids as this BF type is not part of the intended use
declared by the manufacturer for measurement on Sysmex analysers.
For the research parameters, only absolute counts were included in the
analysis.
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Ethics approval

The study respected individuals’ rights to confidentiality and was in
accordance with procedures supervised by Local Authorities respon-
sible for Ethical Research (Ethics Committee Research UZ/KU Leuven,
approval on May 18, 2021; reference S64732).

Results
Study samples

A total of 324 BF samples were collected (86 CSF, 80 perito-
neal, 77 pleural, and 81 synovial fluids). One sample was
excluded as it was >6 h old at the time of analysis, while 16
samples, which qualified for repeat testing, were eliminated
due to insufficient volume. Among the remaining 307 sam-
ples, 25 required repeat testing due to analysis errors or
missing data. Additionally, 24 samples needed dilution for
re-analysis due to exceeding analyser linearity or subopti-
mal cluster separation as observed in the WDF scattergram.
Ultimately, the 307 patient samples provided a total of 356
measurements, with 49 having two measurements.

After the application of exclusion criteria, 330 mea-
surement pairs consisting of 86 CSF, 77 peritoneal, 78 pleural,
and 89 synovial fluid samples were compared (Table 2).
Where a sample was represented with two measurements,
these were either undiluted and diluted, or two different
dilutions. Comparison of 20 sample pairs for which both an
undiluted and diluted XN and XR measurement was avail-
able, showed that the correlation coefficients before and
after dilution were similar (data not shown) and thus diluted
and undiluted samples were analysed together. For all
samples, the cell counts for the diagnostic and research pa-
rameters (Table 1) were generated.

Of the 78 BAL samples measured, 16 exceeded the line-
arity range for WBC-BF and were excluded from further
analysis. The remaining 62 BAL sample measurements were
analysed separately.

CSF, peritoneal, pleural, and synovial fluid
analysis

An excellent correlation coefficient (r) between the two analy-
sers was observed for all diagnostic parameters; WBC-BF: 0.996,
RBC-BF: 0.974, TC-BF: 0.995, MN#: 0.994, MN%: 0.830, PMN#:
0.985, and PMN%: 0.835 for all BF types collectively (Table 3).
The regression line (Figures 1 and 2) for each comparison was
very close to the line of equality for all parameters, and the
coefficients showed excellent performance (Supplementary
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Table 2: Study sample numbers with breakdown of excluded measurements.
CSF Peritoneal fluid® Pleural fluid Synovial fluid Total
Patient samples included in analysis 85 75 72 75 307
Number of samples with 2 measurements 1 4 10 34 49
Total sample measurements 86 79 82 109 356
Measurement exclusions 0 2 4 20 26
Reason for exclusion
>6h old” 0 1 0 0 1
Exceeds linearity® 0 0 1 11 12
Missing measurement® 0 1 2 9 12
Analysis error 0 0 1 0 1
Total sample measurements included in analysis 86 77 78 89 330

CSF, cerebrospinal fluid. 2Continuous ambulatory peritoneal dialysis (CAPD) fluids are included with peritoneal fluids. °The sample was >6 h old at the time
of repeat testing. ‘The undiluted sample measurements with values that exceeded linearity were excluded, but the diluted sample measurements were
included if there was no other reason for exclusion. “Either the XN or XR measurement was missing.

Tables 1 and 2). Bland-Altman analysis (Figures 1 and 2) showed
that the difference of means (XN minus XR) for each parameter
was zero or close to zero: WBC-BF: 0.06, RBC-BF: 0.0, MN#: 0.03,
MNY%: —2.2; PMN#: 0.03, PMN%: 1.6, and TC-BF: 0.06. The range
for this difference did not reveal a significant bias in either
direction; WBC-BF: -047 to 0.59, RBC-BF: -0.01 to 0.01,
MN#: -0.37 to 0.44, MN%: —33.4 to 29.0, PMN#: —0.26 to 0.32,
PMN%: —29.5 to 32.7, and TC-BF: —0.48 to 0.61.

Similar results were observed for the five research pa-
rameters, with excellent correlation coefficients for all BF
samples collectively; NE-BF#: 0.985, LY-BF#: 0.994, MO-BF#:
0.981, EO-BF#: 0.900, HF-BF#: 0.958 (Table 3). Albeit EO-BF#
had the widest confidence intervals for its correlation coef-
ficient (0.877-0.918), with a slope of 0.911, these numbers still
indicate an excellent concordance between the two systems
(Supplementary Figure 1G, Supplementary Table 2). Bland-
Altman analysis (Supplementary Figure 1) followed the same

Table 3: Correlation coefficients of XR and XN body fluid mode parameters.

trend as for the diagnostic parameters, with the difference of
means (XN minus XR) being zero or close to zero (NE-BF#:
0.02, LY-BF#: 0.03, MO-BF#: 0.01, EO-BF#: 0.00, HF-BF#: 0.00)
with no significant bias in either direction; NE-BF#: —0.29 to
0.33, LY-BF#: -0.35 to 041, MO-BF#: -0.11 to 0.12,
EO-BF#: —0.08 to 0.09, and HF-BF#: —0.06 to 0.06.

Analysis of each BF type independently showed that
they all had correlations close to the overall study sample
group average for the absolute count diagnostic parameters
of the BF mode (Table 3). The Bland-Altman analysis showed
that the samples that were beyond the limits of agreement
for each parameter were mostly pleural and synovial fluids
(closed black circle and closed grey square respectively),
with the majority showing a negative bias for the XR (Fig-
ures 1and 2). The r values for MN% (0.622) and PMN% (0.639)
were however significantly lower for CSF samples,
compared to the overall BF group mean values (MN%: 0.830;

All fluids® (n=330)  CSF (n=86) Peritoneal fluid® (n=77)  Pleural fluid (n=78) Synovial fluid (n=89)

Diagnostic parameters ~ WBC-BF 0.996 0.965 0.991 0.989 0.994
RBC-BF 0.974 0.940 0.930 0.984 0.987

TC-BF 0.995 0.959 0.990 0.981 0.994

MN# 0.994 0.941 0.986 0.985 0.991

MN% 0.830 0.622 0.866 0.990 0.984

PMN# 0.985 0.873 0.874 0.975 0.993

PMN% 0.835 0.639 0.866 0.990 0.984

Research parameters NE-BF# 0.985 0.870 0.870 0.976 0.993
LY-BF# 0.994 0.936 0.990 0.978 0.992

MO-BF# 0.981 0.867 0.961 0.954 0.979

EO-BF# 0.900 0.913 0.840 0.887 0.903

HF-BF# 0.958 0.803 0.948 0.938 0.924

CSF, cerebrospinal fluid. *Excluding bronchoalveolar lavage (BAL) fluids. °Continuous ambulatory peritoneal dialysis (CAPD) fluids are grouped together
with peritoneal fluids. WBC-BF, white blood cell count in body fluid (BF) mode; RBC-BF, red blood cell count in BF mode; MN#, mononuclear cell count in BF
mode; MN%, mononuclear cell percentage in BF mode; PMN#, polymorphonuclear cell count in BF mode; PMN%, polymorphonuclear cell percentage in BF
mode; TC-BF, total nucleated count in BF mode; NE-BF#, neutrophil cell count in BF mode; LY-BF#, lymphocyte cell count in BF mode; MO-BF#, monocyte cell
count in BF mode; EO-BF#, eosinophil cell count in BF mode; HF-BF#, high fluorescent cell count in BF mode.
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Figure 1: Correlation of XR and XN body fluid mode for WBC-BF, RBC-BF and TC-BF. Samples from four different body fluids were measured on Sysmex XR
and XN analysers. Cerebrospinal fluid samples (n=86) are depicted with an open circle, peritoneal fluid samples (n=77) with an open triangle, pleural fluid
samples (n=78) with a closed black circle, and synovial fluid samples (n=89) with closed grey square. Correlation graphs with regression line with
confidence intervals, and line of equality (dashed) are shown for white blood cell count (WBC-BF) (A), red blood cell count (RBC-BF) (C), and total nucleated
cell count (TC-BF) (E). Bland-Altman plots with difference of means (XN minus XR) (solid line) and range (1.96 SD) (dashed lines) are shown for WBC-BF (B),
RBC-BF (D), and TC-BF (F).

PMN%: 0.835). These lower r values can be attributed to the of quantification (LoQ) of the analyser (0.003 x 10*/uL for
CSF samples having very few cells relative to other BF types. both XN and XR). When these samples were excluded, the r
A one cell difference has a big impact on percentage count value for both MN% and PMN% was 0.969.

but is insignificant in absolute numbers. Forty-four percent The research parameters also showed an excellent
(38/86) of the CSF samples had WBC-BF values below thelimit  correlation between XN and XR for the different BF (Table 3).
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Figure 2: Correlation of XR and XN body fluid mode for MN#, MN%, MPN#, PMN%. Samples from four different body fluids were measured on the
Sysmex XR and XN analysers. Cerebrospinal fluid samples (n=86) are depicted with an open circle, peritoneal fluid samples (n=77) with an open triangle,
pleural fluid samples (n=78) with a closed black circle, and synovial fluid samples (n=89) with a closed grey square. Correlation graphs with regression line
with confidence intervals, and line of equality (dashed) are shown for mononuclear cell count (MN#) (A), mononuclear cell percentage (MN%) (C),
polymorphonuclear cell count (PMN#) (E), and polymorphonuclear cell percentage (PMN%) (G). Bland-Altman plots with difference of means (XN minus
XR) (solid line) and range (1.96 SD) (dashed lines) are shown for MN# (B), MN% (D), PMN# (F), and PMN% (H).
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Similar to the diagnostic parameters, a few samples, again
mostly pleural and synovial fluids, were beyond the limits of
agreement in the Bland-Altman analysis (Supplementary
Figure 1). Also, most synovial fluids concentrated above the
difference of means for EO-BF# (Supplementary Figure 1H).

WBC abnormal scattergram flags

The flagging rate of 6.06 % (20/330) and 8.79 % (29/330) for XN
and XR respectively, were comparable (p=0.1869). The
discordance rate was 4.5 %. Correlation analysis of XN and
XR analyser sample measurement pairs revealed closely
comparable values (Spearman coefficient, slope, mean dif-
ference) for the group of samples where (1) no flag was
triggered on both analysers (n=278), (2) both analysers flag-
ged the same sample (n=17) or (3) only XN (n=3) or XR (n=12)
triggered a flag, for all potentially affected parameters
(WBC-BF, MN, PMN, LY-BF, MO-BF, NE-BF, EO-BF, HF-BF and
TC-BF) (Supplementary Table 3, Supplementary Figure 2).

BAL fluids

The correlation coefficients for the 62 samples were excellent
both for diagnostic and research parameters: WBC-BF: 0.977,
RBC-BF: 0.975, MN#: 0.975, MN%: 0.983, PMN#: 0.981, PMN%:
0.983 and TC-BF: 0.990, NE-BF#: 0.979, LY-BF#: 0.959, MO-BF#:
0.973, EO-BF#: 0.899, HF-BF#: 0.992 (Supplementary Figure 3).
The largest deviation from the line of equality was observed for
EO-BF# (slope 1.240) and HF-BF# (slope 0.859). On average, only
four samples were beyond the limits of agreements in the
Bland-Altman analysis for each parameter (data not shown).

Discussion

The aim of this study was to compare the performance of the
automated BF mode of the new Sysmex XR haematology
analyser to the predecessor Sysmex XN-Series. The auto-
mated BF mode of the latter is well established and has been
in use in routine clinical laboratories since 2011 [10]. Several
studies have confirmed good performance of the XN BF
mode when compared with the manual method of light
microscopy and a Fuchs-Rosenthal haemocytometer [10,
12-14, 16-19], flow cytometry [13] and digital imaging [13] for
comparative cell counting. Several BF sample types
including CSF [10-14, 16, 17], pleural fluid [10, 14, 16-18],
peritoneal fluid [13, 14, 17, 18], CAPD [10] and synovial fluid
[14, 17, 19] were included in these analytical method com-
parison studies. The XR and XN analytical platforms are

Van Laer et al.: Sysmex XR automated body fluid analysis =—— 263

similar utilising the same measurement principle albeit with
different reagent systems. This, together with the proven
performance of XN, was the rationale for choosing XN as the
reference method for the purpose of confirming XR BF
analysis performance. This study focussed exclusively on the
comparison of parameter values obtained from both ana-
lysers, and the WBC abnormal scattergram flagging rate, as
this could have an impact on the reliability of WBC-BF,
TC-BF, and differential counts. Comparison of standard
performance specifications (e.g., linearity, precision, etc.)
was not part of this study.

For the diagnostic parameters, the results showed
excellent correlation (0.830—0.996) for all BF types overall,
regardless of dilution. When analysed by BF type, similar
results were observed, except for MN% (0.622) and PMN%
(0.639) in CSF. This can be attributed to the paucicellular
nature of the CSF samples relative to other BF types, as
exclusion of samples (38/86) with WBC-BF <0.003 x 103/uL
(XN and XR LoQ) from the analysis, resulted in an r value of
0.969 for both MN% and PMN%. Furthermore, the LoQ value
is below the consensus cut-off value that differentiates
normal and pathological samples (0.005 x 10%/uL in adults,
0.007 x 10*/uL in infants and 0.030 x 10*/uL in neonates [20]),
hence the poor correlation for the percentage differential
counts in CSF samples overall in this study would have no
clinical impact.

The research parameters also performed very well with
correlation coefficients ranging from 0.994 for LY-BF# to
0.900 for EO-BF#. It is not unexpected that EO-BF# had a
lower correlation than the other parameters as eosinophil
counts overall were very low or absent in most samples.
When evaluating individual BF types, a slight negative bias
in the EO-BF# count on the XR was observed for synovial
fluids. Even though EO-BF# values are not intended for use in
patient diagnosis, the difference between the measurements
was judged as not clinically significant and can be explained
by the different reagent systems, allowing for enhanced
separation of neutrophils and eosinophils on XR.

The correlation coefficient for HF-BF# was lowest for
CSF, but at 0.803 it is still very good. The HF-BF# parameter is
an absolute count of cells that exhibit high fluorescence in-
tensity exceeding that ordinarily observed for both reactive
and malignant white blood cells, hence it is excluded from
the WBC-BF count. HF-BF counts are typically elevated in BF
samples containing non-haematological tumour cells [15, 16],
macrophages and mesothelial cells [10]. The presence of
macrophages in the CSF has been observed to be signifi-
cantly higher in patients with carcinomatous meningeal
infiltration [21], which is rare [22] in contrast to CSF infil-
tration in haematological malignancies [23]. Moreover,
blasts and lymphoma cells mostly locate to the MN cluster
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and are thus included in the WBC-BF count. This would
explain why the HF-BF counts were low to absent in the CSF
samples, in contrast to pleural and peritoneal fluids where
suspected malignant effusions are common indications for
BF analysis. Furthermore, arthrocentesis is most commonly
deployed in the work-up of inflammatory arthritides, which
are associated with an abundance of macrophages in syno-
vial fluid [24], thus accounting for higher HF-BF counts.
However, the cellular composition of samples with high
HF-BF counts was not investigated in this study.

The software functionality of both analysers includes
the flagging of samples that are judged as potentially
exhibiting evidence of interferences that may make nu-
merical results unreliable. As the presence of a WBC
abnormal scattergram flag may reduce the reliability of the
WBC-related parameters, the flagging rate of XN and XR was
compared. Although XR had a higher flagging rate than XN
(8.79 vs. 6.06 %), the difference was not statistically signifi-
cant (p=0.1869). The was a 4.5 % discordance between XN and
XR WBC abnormal scattergram flag occurrence, but this had
no impact on the correlation of values obtained for all
potentially affected parameters. Correlation coefficients
were similar for samples with no flags on both analysers,
samples flagged by both systems, and samples where flag-
ging was discordant. EO-BF# had the lowest Spearman co-
efficient and slope, which is to be expected because of the
very low cell counts and small sample size for the “flag
present” (n=17) and “discordant” group (n=15).

BAL has gained widespread acceptance as a minimally
invasive technique in the diagnostic work up of lung disor-
ders as it provides important information about pathological
processes taking place at the alveolar level [25]. Although not
included as an approved fluid in the instructions for use of
the XN and XR, this study showed that BAL fluid analysis
performance (Supplemental Figure 3) was equivalent to that
of the approved fluids (Table 3). This may be of interest to
laboratories that currently process BAL fluids manually, as
there is a growing demand for this type of analysis.

Sample measurement exclusions from the analysis were
mainly due to missing measurements on either XN or XR or
instances where the linearity limits of the analyser were
exceeded. In the latter case, where possible, samples were
reanalysed in dilution. The performance of undiluted and
diluted samples was equally good, an important observation
as dilution is needed to obtain reliable results when the
linearity of the analytical measurement range is exceeded,
for viscous samples or when visual inspection of WDF
showed sub-optimal cell cluster separation.

Synovial fluids accounted for most of the exclusions. This
is attributed to the frequent occurrence of hypercellularity
(thus exceeding linearity) observed in synovial fluid samples
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in this study. Upon dilution of these samples, an excellent
correlation was observed between the two analysers for
recalculated WBC-BF values using the dilution factors (data
not shown), providing clinically usable data in these samples.
High cell counts are associated with inflammation and
infection, the diagnosis of which are the commonest in-
dications for arthrocentesis [24].

This study has limitations. The reason for the few
discrepant results observed was not ascertained as there
was no independent method of adjudication, since the XN is
the only routine method of BF analysis in the laboratory
where this study was conducted. This is of relevance for the
BAL analysis as there are no published comparative studies
of XN against an alternate method for this fluid type.
Another limitation is not having evaluated CAPD (a fluid type
approved for measurement on both XN and XR) as a stand-
alone BF type in this study. Such samples are infrequently
encountered in our laboratory and thus were grouped
together with peritoneal fluids for data analysis.

In conclusion, the findings of this study demonstrate
that the automated BF analysis on the new Sysmex XR hae-
matology analyser is equivalent to that noted on the well-
established XN analyser. This was observed for CSF, perito-
neal, pleural, and synovial fluids, as well as BAL, although
the latter has not been validated by the manufacturer.
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