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Objectives: To evaluate the performance of automated leucocyte counting in CSF from neurological patients using the Sysmex XE-
2100.

Methods: The number of WBC was determined in 226 fresh (maximum 2h from collection) CSF samples by microscopy (reference
method) and by the XE-2100 WBC/BASO and DIFF channels. Validation included measurement of linearity, within-day imprecision,
carryover, limit of detection and correlation with reference method. A truth table was made for non-pathologic samples at counts less
than 5 WBC/uL and pathologic samples greater than 4 WBC/uL for the XE-2100 and the reference method. Additionally PMN (neu-
trophils + eosinophils + basophils) and MN cell (monocytes + lymphocytes) differential counts were compared (only n=30) with the
microscopy cytopreparations.

Results: Within-day imprecision of the XE-2100 DIFF channel and with the manual method showed nearly the same results, 46 %
and 37%, for extremely low WBC counts (2 cells/uL). For higher WBC counts the DIFF channel is superior to the manual method
(WBC approximately 50/uL, 9% and 15%; WBC approximately 500/uL, 4% and 9%). The within-day imprecision for the DIFF chan-
nel is superior to the WBC/BASO channel. Linearity and carryover showed excellent results for all channels.

The XE-2100 counts showed excellent correlation with the microscopy reference counts in the range 0-3,000 WBC/uL (DIFF channel:
R?=0.985; WBC/BASO channel: R?=0.883). In the range lower than 50 WBC/uL however, the DIFF channel (R?=0.870 [n=201]) again
showed a good correlation with the microscopy reference method, but, in contrast, the WBC/BASO channel showed no correlation
(R?=0.06 [n=201]).

The truth table showed that the DIFF channel is superior to the WBC/BASO channel particularly at a decision point of > 4 WBC/uL.

The differentiation of WBC into PMN cells and MN cells with the DIFF channel give respectively R?=0.893 and R?*=0.850, but only
with 30 samples.

Conclusions: Determination of the WBC count in CSF using the DIFF channel of the XE-2100 is highly correlated to the microscopic
reference method. Especially no false normal (0-4/uL) WBC counts were found, so it is unlikely that a pathologic pleocytosis has been
missed. Some false positive results were obtained (3%). It is important for the supervising doctor to be aware of this for interpretation of
the data. From a clinical point of view, however, the automated CSF count quality in the DIFF channel of the XE-2100 is absolutely
sufficient for competent patient treatment.

The differential count (PMN and MN) appears promising, but more samples must be studied.
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INTRODUCTION

All hospitals which treat patients with acute inflammatory
neurological diseases require to measure the basic cere-
brospinal fluid (CSF) parameters: cell count, total protein
and lactate/glucose within 1 hour at any time, day or
night. The cell count is the key parameter for correct
diagnostic classification of most diseases. Falsely nega-
tive (< 5 WBC/pL) reported results could significantly
delay diagnosis and commencement of therapy. Falsely
elevated counts could lead to unnecessary diagnostic pro-
cedures and therapy.

CSF manual microscopy chamber cell counts are time
consuming, labour intensive and frequently imprecise,
but remain the gold standard according to NCCL SY.
Until now, automated methods have encountered difficul-
ties in performing counts on samples at WBC levels
lower than 50 cells /uL? due to carryover, air-bubbles or
other contaminating particles. This rendered automated
counts unusable since the reference range in health for
CSF samplesislessthan 5 cells/pL. In our laboratory we
have recently evaluated the ability of the new Sysmex
XE-2100 multiparameter haematology analyser to per-
form cell counts on CSF.
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The Sysmex XE-2100 multiparameter haematology
analyser combines impedance and fluorescence flow
cytometry for the differentiation of blood cells. The
leukocyte count (WBC/BASO channel) is established by
measuring the cell volume (forward light scatter [FSC])
and structure (side light scatter [SSC]) after fixation of
the WBC. The leukocyte differential count (DIFF chan-
nel) is performed by simultaneously measuring fluores-
cence (side fluorescence, the cellular RNA/DNA content
[SFI]) and cell structure [SSC].

MATERIALS AND METHODS

Within a maximum of 2h from specimen collection, 10uL
acetic acid was mixed with 90uL CSF. The Fuchs-
Rosenthal counting chamber was used and all 16 squares
counted after sedimentation of the cells. The following
edge rules were applied: cells touching the left and bottom
border were added to the count, but not those touching the
right and upper border. The unit was WBC count /L.

The cytological specimens were prepared by cytocen-
trifugation, re-suspension with cold culture medium,
stained by the May Grinwald Giemsa method, and
assessed microscopically®.

130 pL undiluted CSF was analysed on the XE-2100 sys-
tem?. WBC counts (/uL) were analysed in two different
channels, the WBC/BA SO and DIFF channels. The WBC
results were taken from the service screen in counts /L ;
the XE-PRO software is needed to ensure consistent results.

Method WBC comparison

Always running a blank prior to the patient samples, all
226 samples were analysed on the XE-2100 in the “open
manual mode” (CBC+DIFF profile), and compared with
the reference Fuchs-Rosenthal chamber counts.
Agreement between reference methods and two different
channels from the XE-2100 was determined using
Passing-Bablok regression analysis® in three different
ranges, A: all data (0-3,000 WBC/uL), B: 0-50
WBC/uL and C: 51-1,000 WBC/}L.

Linearity

The linearity for WBC was determined following the
NCCLS EP6 protocol®.

A CSF sample with a high WBC count (WBC ca.
500/uL) was diluted in normal saline solution (NSS).
Dilution ratios of 100%, 80%, 60%, 40 %, 20%, 10%,
5%, and 1% were prepared and analysed in duplicate by
the reference chamber method (performed by the same
medical technician) and by the XE-2100 DIFF and
WBC/BASO channels measured in the “open manual
mode”.

Within-day imprecision

3 different CSF samples, with a normal value < 5
WBC/pL, a pathologic value (approximately 50
WBC/L), and a high pathologic value (approximately
500 WBC/pL), were analysed 10 times by the reference
chamber method (performed by the same medical techni-
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cian) and by the XE-2100 DIFF- and WBC/BASO chan-
nels measured in the “open manua mode’. The CV for
each count level and method was cal cul ated.

Carryover

Absolute carryover was determined for the WBC in the
XE-2100 DIFF- and WBC/BASO channels on 3 full
blood specimens each being followed by 3 blank mea-
surements. Any carryover was recorded as absolute
counts.

Proportional carryover for the WBC DIFF channel and
WBC/BASO channel was measured using the Broughton
method 7. Using 3 CSF specimens with low (11-13) and 3
specimens with high WBC (h1-h3) concentrations, the
carryover percentage was calculated as follows:

11-13 9
h3-13

carrryover (%)= 100

Truth table

All patient samples (226) analysed on the XE-2100
(CBC+DIFF profile) and analysed with the reference
Fuchs-Rosenthal chamber method were compared in a
truth table with a threshold for normal samples < 5
WBC/L and a threshold for pathologic samples > 4
WBC/L .

Method WBC differentiation comparison

Always running a blank prior to the patient samples, the
samples (n=30) were analysed on the XE-2100 DIFF
channel (results from research screen) in the “open man-
ual mode” and compared with the reference manual
microscopic differentiation from the CSF cytological
specimens prepared by cytocentrifugation and stained by
the May Grinwald Giemsa method. The differentiation
was classified into polymorphonuclear cells /uL
(PMN=Granulocytes) and mononuclear cells /pL
(MN=Lymphocytes + Monocytes).

Agreement between the methods was determined using
Passing-Bablok regression analysis.

RESULTS

Method comparisons

Regression analysis between reference methods and the
two different channels from the XE-2100 in three differ-
ent ranges A, B and C are presented in Table 1. There
was an overall good correlation for microscope count and
the XE-2100 DIFF- and WBC/BASO channel count in
ranges A (R2=0.985; R2?=0.883) and C (R2=0.940;
R2=0.839). In the important range for CSF from 0-50
WBC/pL, however, while the DIFF channel showed a
good correlation with the reference method (R?=0.870),
in contrast a poor correlation (R?=0.064) resulted for the
WBC/BASO channel inrange B (0-50 /pL) 7.

Figs. 1la-1f show comparisonsin graphic display.
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Tablel Comparability WBC count XE-2100 channels versus reference Fuchs-Rosenthal chamber count at three different levels

A: WBC 0-3,000/pL

B: WBC 0-50/pL

C: WBC 51-1,000/uL

slope R? n slope R? n slope R? n
WBC/BASO channel 1.09 0.883 226 1.93 0.064 201 0.99 0.839 25
DIFF channel 111 0985 226 1.18 0.870 201 0.99 0.940 25
a . Manual WBC count versus DIFF channel count (n=226) b : Manual WBC count versus WBC/BASO channel count (n=226)
Range A (0-3,000 cells/pL) Range A (0-3,000 cells/pL)
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Fig. 1a, b: Comparison reference WBC count versus DIFF- and WBC/BASO channel from range A (0-3,000 WBC/L)
C . Manual WBC count versus DIFF channel count (n=201) d : Anual WBC count versus WBC/BASO channel count (n=201)
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Fig. 1c, d : Comparison reference WBC count versus DIFF- and WBC/BASO channel from range B (0-50 WBC/pL)
€ ! Manual WBC count versus DIFF channel count (n=24) f : Manual WBC count versus WBC/BASO channel count (n=24)
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Fig. 1le, f : Comparison reference WBC count versus DIFF- and WBC/BASO channel from range C (51-1,000 WBC/pL)
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Linearity studies

Linearity data for the samples measured by the micro-
scope chamber method and both XE-2100 channels
showed good correlation for all methods (reference
method R?=0.97, WBC/BASO channel R?=0.98 and
DIFF channel R2=0.99).

Within-day imprecision studies

The within-day analytical imprecisions (CV) of the WBC
count of the reference method and the two different chan-
nels from the XE-2100 are presented in Table 2. The CV
of the XE-2100 was smaller for DIFF channel counts >
50 WBC/uL (9% and 4%) than the reference method
(15% and 9%).

The CV in the range of <5 WBC/pL was smaller for the
reference method (performed by the same medical tech-
nician) than for the XE-2100 DIFF channel and the
WBC/BASO channel (37% versus 46% and 59 %,
respectively).

Carryover studies

The absolute carryover data for WBC on XE-2100 DIFF-
and WBC/BASO channels, on 3 full blood specimens (in
duplication) each of which was followed by 3 blanks, are
presented in Table 3. The results showed the superiority
of the DIFF channel. By the Broughton method, the pro-
portional carryover for both channels was 0.0 % (CSF
samples: high = 180 cells/uL and low = 1 cell/uL).

Comparison of cut-off valuein atruth table

The true normal and true pathol ogic results from the refer-
ence method against the DIFF- and WBC/BA SO channels
fromin total 226 CSF samples are presented in Table 4.
The reference method showed 84 of 226 samples with
counts higher than the cut-off value of > 4 cells/uL. The
DIFF channel showed no (zero) underestimated samples,
i.e. no false normal results, a concordance of 100 % for
pathologic samples. The WBC/BASO channel showed 2
false normal samples and therefore a concordance of
97% for pathologic samples.

The reference method produced 142 normal samples with
acut-off value of <5 cells/pL. There were 24 falsely ele-

Table2 Within-day imprecision WBC count XE-2100 channels versus reference Fuchs-Rosenthal chamber count at three different levels

Reference DIFF channel WBC/BASO channel

Sample 1

Mean (WBC/puL) 13 19 42
SD 0.48 09 25
CV (%) 37.0 46.0 59.0
Sample 2

Mean (WBC/uL) 55.9 75.9 71.6
SD 8.49 6.7 10.3
CV (%) 15.0 9.0 14.0
Sample 3

Mean (WBC/pL) 481.9 514.2 503.9
SD 435 229 323
CV (%) 9.0 4.0 6.0

Table 3 Absolute carryover results for WBC count from XE-2100 DIFF- and WBC/BASO channel

DIFF channel (cells/uL)

WBC/BASO channel (cells/uL)

Sample Sample Blankl Blank2 Blank3 Sample Sample Blankl Blank2 Blank3
High 189.992 190.034 74 0 0 188.128 187.086 74 1 3
Normal 5.008 4.995 1 0 0 5.198 5.222 5 5 4
Low 1.826 1.801 0 0 1 1.897 1.778 1 11 5
Table4 Truth table; true normal and true pathologic results (n=226)
DIFF channel WBC/BASO channel

WABC reference count WBC > 4 cells/uL

WBC < 5 cells/uL

WBC > 4 cells/uL WBC <5 cells/pL

WBC > 4 cells /uL Samples  Agreement

Samples Disagreement

Samples  Agreement Samples Disagreement

84/226 100% 0/226 0% 82/226 97% 2/226 3%
WEBC <5 calls /uL Samples Disagreement  Samples  Agreement Samples Disagreement  Samples  Agreement
H 241226 17% 118/226 83% 101/226 71% 41/226 29%
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Fig. 2a, b : Regression analysisin MN cells/ul and PMN cells/pL

vated counts by the DIFF channel (20 of which were in
the range 5-9 cells /L) and therefore concordance in 83
% of true normal results (118/142 samples). On the other
hand, the WBC/BASO channel produced 101 falsdy devat-
ed counts (in the range 5-111 cells/pL) and therefore con-
cordance in only 29 % of normal results (41/142 samples).

WBC differentiation comparison studies

Regression analysis (n=30) of PMN cells/uL and MN
cells/uL between the reference microscope differential
and the differential from the XE-2100 DIFF channel are
shown in Fig. 2. There was an excellent correlation for
PMN and MN (both R?=0.99).

DISCUSSION AND CONCLUSIONS

Cerebrospinal fluid (CSF) manual microscopy chamber
cell counts are time consuming, labour intensive and fre-
quently imprecise, but remain the gold standard accord-
ing to NCCLS. Today, fully automated analysers, which
meet time and quality requirements, are the objective.
Until now, however, specific automated systems for CSF
cell counting have not been available. The following
reguirements, among others, would be necessary for such
a system: to count precisely particularly at the decision
level of 4 cells/pL and to differentiate leukocytes into
PMN and MN. On the basis of these requirements, in this
study we have evaluated the use of the Sysmex XE-2100
with its different WBC counting channels, the
WBC/BASO channel (forward scatter [volume] and side
scatter [structure]), and the DIFF channel (RNA/DNA
content and side scatter) in the routine analysis of CSF.
Some 226 CSF samples, representative of our routine
CSF measurement practice, measured on the DIFF and
WBC/BASO channels of the XE-2100 were compared
with manual Fuchs-Rosenthal chamber counts as refer-
ence. Overall comparison of DIFF channel results with
the reference method were superior to that of
WBC/BASO channel counts at all three count levels
studied (0-3,000 /pL; 0-50 /pL; 51-1,000 /L) but particu-
larly in the clinically important range 0-50 /uL. The
method comparison presented a poor correlation between the
WBC count generated by the WBC/BASO channd and the
reference method at this count range, and often falsely high
results were reported by the analyser.

Linearity, imprecision and carryover studies were also
performed. Linearity, imprecision and carryover showed

that the DIFF channel from the XE-2100 is superior to
the WBC/BASO channel and can be described as satis-
factory to excellent. These data showed that the DIFF
channel has no interference with e.g. air bubbles, dirt,
etc. For this reason our standard procedure is to use the
DIFF channel for CSF WBC counts, preceding the
patient count by one or two blanks.

The truth table (the true normal and true pathologic
results) showed superior results from the DIFF channel
for counts > 4 /uL. There were no false normal WBC
count results and no examples of pathologic pleocytosis
missed. For the decision limit < 5 /pL there were 24 (17
%) samples over-estimated in the DIFF channel. The sit-
uation is very much worse in the WBC/BASO channel.
With both methods, therefore, there is the possibility of
erroneous, elevated counts at a decision limit < 5 /pL.
This must be considered by the clinician in the interpreta-
tion of the data.

The WBC differentiation into PMN and MN from the
DIFF channel showed an excellent regression analysis
with the reference microscopic differentiation. These data
appear promising, however, the number of samples is
small (n=30). This study will be extended.

From aclinical point of view the XE-2100 DIFF channel
produces counts on CSF which are of sufficient quality to
support satisfactory patient treatment.
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