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Summary

Background: We evaluated the performance of Sysmex UF-
1000i for cell counting and differential cell count, as well as
for assessment of bacteria load in cerebrospinal fluid (CSF),
as a potential approach for the rapid screening of meningitis
or bacterial encephalitis.

Methods: We analyzed 77 consecutive CSF samples, 34 of
which (44%) displayed leukocyte count >5 white blood cell
(WBC)/uL with optical microscopy. Results on the UF-1000i
were compared with those obtained by microscopic analysis.
Imprecision was evaluated by testing three CSF samples with
leukocyte values between 3.5 and 28.8 WBC/puL in 10 repli-
cates. Carry-over was evaluated with the Broughton formula
on three CSF pools with leukocyte counts between 93.5 and
132.5 WBC/uL. Linearity was assessed according to CLSI
document EP6-A. In the presence of bacteria, identification
and antibiogram were performed with Vitex (Biomerieux),
except for Neisserie meningitidis (ApiNH, Biomerieux).
Sensitivity tests were performed with Vitex and disc diffusion.
Results: Optimal correlation was found between UF-1000i
and optical microscopy, displaying Pearson’s correlation of
0.99 and mean bias of -3.5 WBC/uL (95% Cl, from —7.0 to
0.0 WBC/ulL). Imprecision varied between 12 and 16%. Li-
nearity was excellent, 4-278 WBC/uL. Carry-over was neg-
ligible. ROC analysis yielded AUC of 0.99 for both WBC and
bacterial counts. The agreement at threshold >4 WBC/uL
was 0.91, with sensitivity and specificity of 1.00 and 0.84. At
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Kratak sadrzaj

Uvod: Ispitali smo performanse uredaja Sysmex UF1000i za
brojanje ¢elija i diferencijalno brojanje kao i procenu bakte-
rioloskog opterecenja u cerebrospinalnoj te¢nosti (CST), u
cilju njegove potencijalne upotrebe u brzom skriningu za
meningitis ili bakterijski encefalitis.

Metode: Analizirali smo 77 konsekutivnih uzoraka CST, od
kojih je u 34 (44%) broj leukocita bio >5 belih krvnih zrnaca
(BKZ) po pL, $to je utvrdeno optickim mikroskopom. Upo-
redeni su rezultati dobijeni na UF1000i sa onima dobijenim
pomocu mikroskopske analize. Nepreciznost je odredena
testiranjem tri uzorka CST sa vrednostima leukocita izmedu
3,51 28,8 BKZ/uL u 10 ponavljanja. Prenos je izratunat po-
mocu Broughtonove formule na osnovu tri koli¢ine CST sa
brojem leukocita izmedu 93,5 i 132,5 BKZ/uL. Linearnost je
procenjena na osnovu dokumenta EP6-A Instituta za klinicke
i laboratorijske standarde (Clinical and Laboratory Standards
Institute). U slucaju prisustva bakterija, obavljena je identifi-
kacija i izraden antibiogram pomodu »vitexa« (Biomerieux)
osim za Neisserie meningitidis (ApiNH, Biomerieux). Testovi
osetljivosti su izvrSeni pomocu »vitexa« i difuzije diska.
Rezultati: Utvrdena je optimalna korelacija izmedu UF1000i
i opti¢ke mikroskopije, sa Pearsonovom korelacijom od 0,99
i srednjim odstupanjem od -3,5 BKZ/uL (95% Cl, od 7,0
do 0,0 BKZ/uL). Nepreciznost je varirala 12-16%. Linear-
nost je bila odli¢na, 4-278 BKZ/uL. Prenos je bio zane-
marljiv. ROC analiza dala je krivu od 0,99 za BKZ i brojeve
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<19 bacteria/pL cut-off, accuracy was 0.98, sensitivity 1.00
and specificity 0.97.

Conclusions: According to these results, CSF screening with
UF-1000i seems a reliable approach in terms of instrument
performance, turnaround time and overall laboratory effi-
ciency.

Keywords: cerebrospinal fluid, meningitis, automation,
cytofluorimeter

Introduction

The laboratory assessment of cerebrospinal fluid
(CSF) is a mainstay for diagnosis and follow-up of a
large number of disorders of the central nervous
system (CNS), including meningitis, infectious and
noninfectious encephalitis, cancer, metastasization,
carcinomatosis or meningeal lymphomatosis, subara-
chnoidal hemorrhage and other neurodegenerative
disorders (1, 2). In urgent settings, the more useful
tests for supporting the clinical decision making are
indeed represented by cytometric analysis, macro-
scopic evaluation, measurement of proteins and the
ratio between the concentration of glucose in serum
and CSF (1-3).

The count and differential of cells eventually
present in CSF are crucial for troubleshooting CNS
disorders. In healthy conditions, the overall number of
white blood cells (WBCs) in CSF is typically comprised
between 0 and 27 cell/uL in neonates aged less than
1 month, between 0 and 7 cell/uL in children, and
between O and 5 cell/uL in adults, respectively (2, 3),
with a prevalence of mononuclear cells and polymor-
phonuclear leukocytes lower than 2%. Despite the
inherent limitations (e.g., long turnaround time, low
throughput, high inter-observer imprecision and need
for specifically trained personnel), the gold standard
for enumeration and classification of cellular ele-
ments in CSF is sill represented by optical microscopy
(2, 4, 5). It is now undeniable that the possibility to
automate this crucial step of diagnostic workout by
using hemocytometers or cytofluorimeters normally
designed for blood or urine analysis would generate a
large number of analytical, organizational and clinical
benefits, ultimately providing faster and more analyti-
cally robust results. Recent evidence suggests, howev-
er, that analytical sensitivity and imprecision of most
laboratory hemocytometers at the diagnostic thresh-
olds of <7 WBC/uL in children and >5 WBC/uL in
adults are suboptimal, or even unacceptable (6-16).
As regards urine cytofluorimeters, despite the global-
ly acceptable analytical performance in terms of lin-
earity, carry-over and bias with optical microscopy,
these instruments also revealed notable problems of
analytical sensitivity and low imprecision in the pres-
ence of leukocyte aggregates (14, 15).

The UF-1000i (Sysmex Co., Kobe, Japan; com-
mercialized in our country by Dasit SpA, Cornaredo,

bakterija. Slaganje na pragu >4 BKZ/uL bilo je 0,91, uz
osetljivost i specifi¢nost od 1,00 i 0,84. Uz cutoff vrednost od
<19 bakterija/pL, ta¢nost je bila 0,98, osetljivost 1,00 a
specifi¢nost 0,97.

Zakljuéak: Prema ovim rezultatima, skrining CST pomodu
uredaja UF1000i deluje kao pouzdan metod u smislu perfor-
mansi instrumenta, srednjeg vremena trajanja procesa i
ukupne laboratorijske efikasnosti.

Kljuéne reéi: cerebrospinalna te¢nost, meningitis, auto-
matizacija, citofluorimetar

Italy) is an automated urine cytofluorimeter that com-
bines fluorescence flow cytometry with semi-conduc-
tor laser and hydrodynamic focusing conductometry
for differentiating different cell populations. The in-
strument allows simultaneous enumeration and clas-
sification of urine cells (thus including WBC, erythro-
cytes, epithelial and small round cells), bacteria and
mycetes, as well as the identification of cylinders. In a
preliminary evaluation of UF-1000i in CSFs, Nanos
and Delanghe showed good performance for differ-
ential diagnosis of viral, bacterial or fungal meningitis.
The aim of this study was hence to evaluate the ana-
lytical and clinical performance of this cytofluorimeter
for cell count and differential, as well as for assessing
bacterial load in order to establish whether it may be
a reliable perspective for initial screening of CSF in
patients with meningitis or bacterial encephalitis.

Materials and Methods

The study was based on all consecutive CSFs of
adult patients with suspected meningitis or encephali-
tis, that had been referred for routine diagnostics to
the clinical chemistry laboratory of the general hospi-
tal of Bergamo, over one month. The samples, which
were collected in sterile tubes containing no additives,
included 23 specimens obtained from external ven-
tricular drainage, 9 from reservoir and 45 from lum-
bar puncture. Results obtained on the UF-1000i
according to manufacturer’s specifications were com-
pared with those of microscopic analysis by Person’s
correlation, Passing and Bablok regression and Bland-
Altman plots. Optical microscopy was performed
after cytocentrifugation of fresh samples in Nageotte
chamber and staining with May-Grunwald-Giemsa
reagent, in accord with current recommendations (3).
Imprecision was assessed on ten replicates of three
CSF samples enriched in leukocytes obtained from
buffy coats of whole blood with WBC values com-
prised between 3.5 and 28.8 cell/uL. Carry-over was
assessed on three CSF pools displaying leukocyte val-
ues between 93.5 and 132.5 WBC/uL, according to
the protocol suggested by Broughton (17). Linearity
was assessed according to CLS|I document EP6-A
(18). In the presence of bacteria, identification and
antibiogram were performed with Vitex (Biomerieux,
Hazelwood, MO, USA) except for Neisserie meningi-
tidis (ApiNH, Biomerieux). Sensitivity tests were per-
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formed with Vitex and disc diffusion. The diagnostic
performance as compared with the gold standards
(i.e., optical microscopy and Vitex) was assessed with
receiver operating characteristics (ROC) curve analy-
sis. The statistics was carried out with Analyse-it for
Microsoft Excel (Analyse-it Software Ltd, Leeds, UK).
The study was performed in accordance with the
Declaration of Helsinki, under the terms of all rele-
vant local legislation.

Results

Thirty-four of the 77 samples (44%) displayed
an optical microscopy count of >5 WBC/uL and were
hence considered as positive for CNS infection
according to CLSI guideline H56-A (3). An optimal
correlation was found between the UF-1000i and
optical microscopy, after excluding one sample due to

an excessive number of cells (i.e., 9936 WBC/mL and
10011 WBC/mL with optical microscopy and flow
cytometry, respectively), since this would have mis-
leadingly biased the comparison analysis. In the
whole set of samples, the Pearson’s correlation was
0.99 (p<0.001), the Passing and Bablok regression
was y=0.934+0.07, and the mean bias calculated
with Bland-Altman plots was —3.5 WBC/uL (95% Cl,
from —7.0 to 0.0 WBC/uL) (Figure 1A and 1B). In the
73 samples with a WBC count <150 WBC/uL, the
Pearson’s correlation was 0.98 (p<0.001), the
Passing and Bablok regression was y=0.96+0.00,
and the mean bias calculated with Bland-Altman plots
was —-0.8 WBC/uL (95% CI, from -2.5 to 0.8
WBC/uL) (Figure 1C and 1D).

The Imprecision of UF-1000i varied between
12% in the sample with 28.8 WBC/uL to 16% in that
with a very limited number of WBC (i.e., 3.5
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Figure 1 Comparative analysis of white blood cell (WBC) count between optical microscopy and Sysmex UF-1000i. (A) Passing
and Bablok regression and (B) Bland-Altman plot for all samples. (C) Passing and Bablok regression and (B) Bland-Altman plot for

samples with <150 WBC/mL.
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WBC/uL) (Table ). Within-run imprecision was always
lower that 20%, i.e., the threshold usually selected for
defining the optimal analytical sensitivity of a labora-
tory measurement (9,19). The carry-over using pools
with a high number of cells (i.e., between 93.5 and
132.5 WBC/uL) was negligible (i.e., <0.3%). Linea-
rity performed according to CLSI document EP6-A
(18) was excellent (i.e., r=1.00; p<0.001) in the
range between 4 and 278 WBC/uL.

The ROC curve analysis for WBC count yielded
a remarkable area under the curve (AUC 0.99; p<
0.001) (Figure 2). The diagnostic agreement of UF-
1000i with optical microscopy was 0.98 (p<0.001)
at the diagnostic threshold of >5 WBC/uL. The

Table 1 Imprecision (expressed as coefficient of variation,
CV) of Sysmex UF-1000i for white blood cell (WBC) count in
cerebrospinal fluid.

n WBC/uL cv

(mean = SD)
Sample A 10 3.5+0.6 16%
Sample B 10 18.1+2.8) 15%
Sample C 10 28.8+34 12%

agreement at the diagnostic cut-off of >4 WBC/uL
on UF-1000i was 0.91, with sensitivity and specificity
of 1.00 and 0.84.

Thirty-seven of the 42 CSFs (88%) for which cul-
tural exams was performed were negative, whereas in
the remaining 5 samples a positivity was found for
coagulase-negative Staphylococcus (n=2), Klebsiella
pneumoniae (n=1), Serratia marcescens (n=1) and
Enterococcus faecium (n=1). In two out of these five
samples, however, the bacterial load was very low
(i.e., <19 bacteria/ul), the Gram staining was nega-
tive, so that they were considered as contaminated.
Therefore, the samples were finally reclassified as 3
positive and 39 negative. At a cut-off of 19 bacte-
ria/uL, the diagnostic accuracy of UF-1000i was
0.98, displaying an area under the ROC curve of
0.99 (95% CI, 0.97-1.00; p<0.001), a sensitivity of
1.00 and a specificity of 0.97.

Discussion

The automation of several steps in laboratory
diagnostics carries a kaleidoscope of technical, orga-
nizational and clinical advantages (21). The gold
standards for WBC enumeration and identification of

True positive rate (Sensitivity)
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False positive rate (1-Specificity)

Figure 2 Receiver Operating Characteristic (ROC) curve analysis of white blood cell (WBC) count between optical microscopy

and Sysmex UF-1000i.
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both bacterial meningitis and encephalitis are cur-
rently represented by optical microscopy and cultural
examination of CSF (1-3). These techniques are
inherently cumbersome, require trained personnel
and are plagued by suboptimal analytical perform-
ance, especially by the large inter-observed agree-
ment that typically characterizes cell count and classi-
fication in biological fluids. An appealing alternative
for increasing the efficiency and accuracy of CSF
analysis is hence represented by the use of conven-
tional hemocytometers and cytofluorimeters, which
have been originally developed and commercialized
for blood and urine analyses. Previous studies have
shown that this approach has some drawbacks, since
the analytical sensitivity of most hematological analyz-
ers seems unsuitable for enumeration of a modest
number of cells in biological fluids (6-16), whereas
urine cytofluorimeters showed unacceptable error
rates at counts less than 50/uL (i.e., the vast majori-
ty of specimens) (15), thus raising serious doubts as
to whether this type of instrumentation would be real-
ly effective to improve laboratory efficiency.

It is hence noteworthy that the results of the
present study confirm those previously reported in
another article using the same instrumentation (16),
and show that the UF-1000i is indeed an appealing
perspective for rapid screening of CSFs in patients
with suspected CNS infections. The correlation stud-
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