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Summary

Kratak sadr`aj

Background: We evaluated the performance of Sysmex UF1000i 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)/mL 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/mL in 10 replicates. Carry-over was evaluated with the Broughton formula
on three CSF pools with leukocyte counts between 93.5 and
132.5 WBC/mL. 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/mL (95% CI, from –7.0 to
0.0 WBC/mL). Imprecision varied between 12 and 16%. Linearity was excellent, 4–278 WBC/mL. Carry-over was negligible. ROC analysis yielded AUC of 0.99 for both WBC and
bacterial counts. The agreement at threshold >4 WBC/mL
was 0.91, with sensitivity and specificity of 1.00 and 0.84. At

Uvod: Ispitali smo performanse ure|aja Sysmex UF1000i za
brojanje }elija i diferencijalno brojanje kao i procenu bakteriolo{kog optere}enja 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 mL, {to je utvr|eno opti~kim mikroskopom. Upore|eni su rezultati dobijeni na UF1000i sa onima dobijenim
pomo}u mikroskopske analize. Nepreciznost je odre|ena
testiranjem tri uzorka CST sa vrednostima leukocita izme|u
3,5 i 28,8 BKZ/mL u 10 ponavljanja. Prenos je izra~unat pomo}u Broughtonove formule na osnovu tri koli~ine CST sa
brojem leukocita izme|u 93,5 i 132,5 BKZ/mL. Linearnost je
procenjena na osnovu dokumenta EP6-A Instituta za klini~ke
i laboratorijske standarde (Clinical and Laboratory Standards
Institute). U slu~aju prisustva bakterija, obavljena je identifikacija i izra|en antibiogram pomo}u »vitexa« (Biomerieux)
osim za Neisserie meningitidis (ApiNH, Biomerieux). Testovi
osetljivosti su izvr{eni pomo}u »vitexa« i difuzije diska.
Rezultati: Utvr|ena je optimalna korelacija izme|u UF1000i
i opti~ke mikroskopije, sa Pearsonovom korelacijom od 0,99
i srednjim odstupanjem od –3,5 BKZ/mL (95% CI, od –7,0
do 0,0 BKZ/mL). Nepreciznost je varirala 12–16%. Linearnost je bila odli~na, 4–278 BKZ/mL. Prenos je bio zanemarljiv. ROC analiza dala je krivu od 0,99 za BKZ i brojeve
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≤19 bacteria/mL 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 efficiency.

Keywords: cerebrospinal fluid, meningitis, automation,

cytofluorimeter

bakterija. Slaganje na pragu >4 BKZ/mL bilo je 0,91, uz
osetljivost i specifi~nost od 1,00 i 0,84. Uz cutoff vrednost od
≤19 bakterija/mL, ta~nost je bila 0,98, osetljivost 1,00 a
specifi~nost 0,97.
Zaklju~ak: Prema ovim rezultatima, skrining CST pomo}u
ure|aja UF1000i deluje kao pouzdan metod u smislu performansi instrumenta, srednjeg vremena trajanja procesa i
ukupne laboratorijske efikasnosti.

Klju~ne re~i: cerebrospinalna te~nost, meningitis, automatizacija, citofluorimetar
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, subarachnoidal 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, macroscopic 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/mL in neonates aged less than
1 month, between 0 and 7 cell/mL in children, and
between 0 and 5 cell/mL in adults, respectively (2, 3),
with a prevalence of mononuclear cells and polymorphonuclear 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 elements 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 analytically robust results. Recent evidence suggests, however, that analytical sensitivity and imprecision of most
laboratory hemocytometers at the diagnostic thresholds of <7 WBC/mL in children and >5 WBC/mL in
adults are suboptimal, or even unacceptable (6–16).
As regards urine cytofluorimeters, despite the globally acceptable analytical performance in terms of linearity, carry-over and bias with optical microscopy,
these instruments also revealed notable problems of
analytical sensitivity and low imprecision in the presence of leukocyte aggregates (14, 15).
The UF-1000i (Sysmex Co., Kobe, Japan; commercialized in our country by Dasit SpA, Cornaredo,

Italy) is an automated urine cytofluorimeter that combines fluorescence flow cytometry with semi-conductor laser and hydrodynamic focusing conductometry
for differentiating different cell populations. The instrument allows simultaneous enumeration and classification of urine cells (thus including WBC, erythrocytes, 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 differential diagnosis of viral, bacterial or fungal meningitis.
The aim of this study was hence to evaluate the analytical 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 encephalitis, that had been referred for routine diagnostics to
the clinical chemistry laboratory of the general hospital of Bergamo, over one month. The samples, which
were collected in sterile tubes containing no additives,
included 23 specimens obtained from external ventricular drainage, 9 from reservoir and 45 from lumbar puncture. Results obtained on the UF-1000i
according to manufacturer’s specifications were compared with those of microscopic analysis by Person’s
correlation, Passing and Bablok regression and BlandAltman 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 comprised between 3.5 and 28.8 cell/mL. Carry-over was
assessed on three CSF pools displaying leukocyte values between 93.5 and 132.5 WBC/mL, according to
the protocol suggested by Broughton (17). Linearity
was assessed according to CLSI document EP6-A
(18). In the presence of bacteria, identification and
antibiogram were performed with Vitex (Biomerieux,
Hazelwood, MO, USA) except for Neisserie meningitidis (ApiNH, Biomerieux). Sensitivity tests were per-

J Med Biochem 2014; 33 (2)

193

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 analysis. 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 relevant local legislation.

Results
Thirty-four of the 77 samples (44%) displayed
an optical microscopy count of >5 WBC/mL 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

(A)

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 misleadingly 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=0.93+0.07, and the mean bias calculated
with Bland-Altman plots was –3.5 WBC/mL (95% CI,
from –7.0 to 0.0 WBC/mL) (Figure 1A and 1B). In the
73 samples with a WBC count <150 WBC/mL, 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/mL (95% CI, from –2.5 to 0.8
WBC/mL) (Figure 1C and 1D).
The Imprecision of UF-1000i varied between
12% in the sample with 28.8 WBC/mL 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/mL) (Table I). Within-run imprecision was always
lower that 20%, i.e., the threshold usually selected for
defining the optimal analytical sensitivity of a laboratory measurement (9,19). The carry-over using pools
with a high number of cells (i.e., between 93.5 and
132.5 WBC/mL) was negligible (i.e., <0.3%). Linearity 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/mL.
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 UF1000i with optical microscopy was 0.98 (p<0.001)
at the diagnostic threshold of >5 WBC/mL. The

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

WBC/mL
(mean ± SD)

CV

Sample A

10

3.5±0.6

16%

Sample B

10

18.1±2.8)

15%

Sample C

10

28.8±3.4

12%

agreement at the diagnostic cut-off of >4 WBC/mL
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 cultural 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/mL), the Gram staining was negative, 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 bacteria/mL, 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, organizational and clinical advantages (21). The gold
standards for WBC enumeration and identification of
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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 currently 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 performance, especially by the large inter-observed agreement that typically characterizes cell count and classification in biological fluids. An appealing alternative
for increasing the efficiency and accuracy of CSF
analysis is hence represented by the use of conventional 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 analyzers 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/mL (i.e., the vast majority of specimens) (15), thus raising serious doubts as
to whether this type of instrumentation would be really 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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ies with optical microscopy revealed a substantial
agreement of measures, much greater than that
observed by Nanos and Delanghe (i.e., r=0.99 versus r=0.73), with a rather limited or even negligible
bias, especially in samples with WBC <150/mL. The
diagnostic performance was also optimal, showing an
AUC of 0.99, a sensitivity of 1.00 and a specificity of
0.84 at a diagnostic cut-off of 4 WBC/mL. At variance
with the study of Nanos and Delanghe, we also
showed that the WBC count with the UF-1000i in CSF
is characterized by acceptable within-run imprecision
(always lower than 20%), extended linearity (up to
278 WBC/mL) and virtually absent carry-over (less
than 0.3%). The good performance for bacterial load
assessment is another important and innovative finding of this study, wherein the UF-1000i displayed an
AUC of 0.99, a sensitivity of 1.00 and a specificity of
0.97 at a threshold of 19 bacteria/mL. It is thus likely
that the UF-1000i may be reliably used for the routine
screening of bacterial load in CSFs, as already suggested for the screening of urinary tract infections
(22, 23).
Conflict of interest statement
The authors stated that there are no conflicts of
interest regarding the publication of this article.

References
1. De Luca GC, Bartleson JD. When and how to investigate
the patient with headache. Semin Neurol 2010; 30:
131–44.
2. Fitch MT, Abrahamian FM, Moran GJ, Talan DA. Emergency department management of meningitis and
encephalitis. Infect Dis Clin North Am 2008; 22: 33–52.
3. Clinical and Laboratory Standards Institute. Body Fluid
Analysis for Cellular Composition; Approved Guideline.
CLSI document H56-A. Wayne, PA, 2006.
4. Mahieu S, Vertessen F, Van der Planken M. Evaluation of
ADVIA 120 CSF assay (Bayer) vs. chamber counting of
cerebrospinal fluid specimens. Clin Lab Haematol 2004;
26: 195–9.

7. Zimmermann M, Ruprecht K, Kainzinger F, Heppner FL,
Weimann A. Automated vs. manual cerebrospinal fluid
cell counts: a work and cost analysis comparing the
Sysmex XE-5000 and the Fuchs-Rosenthal manual
counting chamber. Int J Lab Hematol 2011; 33:
629–37.
8. Fleming C, Brouwer R, Lindemans J, de Jonge R.
Improved software on the Sysmex XE-5000 BF mode for
counting leukocytes in cerebrospinal fluid. Clin Chem
Lab Med 2012 Oct 5;0(0): 1–3. doi: 10.1515/cclm2012–0461. [Epub ahead of print]
9. De Jonge R, Brouwer R, de Graaf MT, Luitwieler RL,
Fleming C, de Frankrijker-Merkestijn M, Sillevis Smitt PA,
Boonstra JG, Lindemans J. Evaluation of the new body
fluid mode on the Sysmex XE-5000 for counting leukocytes and erythrocytes in cerebrospinal fluid and other
body fluids. Clin Chem Lab Med 2010; 48: 665–75.

5. Aune MW, Becker JL, Brugnara C, Canfield W, Dorfman
DM, Fiehn W, Fischer G, Fitzpatrick P, Flaming TH,
Henriksen HK, Kunicka JE, Lackner KJ, Minchello E,
Mullenix PA, Myers M, Petersen A, Ternstrom W, Wilson
SJ. Automated flow cytometric analysis of blood cells in
cerebrospinal fluid: analytic performance. Am J Clin
Pathol 2004; 121: 690–700.

10. Paris A, Nhan T, Cornet E, Perol JP, Malet M, Troussard
X. Performance evaluation of the body fluid mode on the
platform Sysmex XE-5000 series automated hematology
analyzer. Int J Lab Hematol 2010; 32: 539–47.

6. Zur B, Eichhorn L, Albers E, Stoffel-Wagner B. Evaluation
of 2 hematology analyzers in body fluid mode versus flow
cytometry immunophenotyping of mainly neurosurgical
cerebrospinal fluid samples. J Neurol Surg A Cent Eur
Neurosurg 2012; 73: 93–8.

11. Perné A, Hainfellner JA, Womastek I, Haushofer A, Szekeres T, Schwarzinger I. Performance evaluation of the
Sysmex XE-5000 hematology analyzer for white blood
cell analysis in cerebrospinal fluid. Arch Pathol Lab Med
2012; 136: 194–8.

196 Buoro et al.: UF1000i for screening of cerebrospinal fluids
12. Kleine TO, Nebe CT, Löwer C, Geilenkeuser WJ, DornBeineke A. Cell analysis in cerebrospinal fluid (CSF) using
Sysmex® hematology analyzers XT-4000i and XE-5000:
evaluation with CSF controls of the Joint German Society
for Clinical Chemistry and Laboratory Medicine (DGKL).
Cytometry A 2012; 81: 255–64.
13. Boer K, Deufel T, Reinhoefer M. Evaluation of the XE5000 for the automated analysis of blood cells in cerebrospinal fluid. Clin Biochem 2009; 42: 684–91.
14. Walker TJ, Nelson LD, Dunphy BW, Anderson DM,
Kickler TS. Comparative evaluation of the Iris iQ200
body fluid module with manual hemacytometer count.
Am J Clin Pathol 2009; 131: 333–8.

Evaluation of the Linearity of Quantitative Measurement
Procedures, A Statistical Approach; Approved Guideline.
CLSI document EP6-A [ISBN 1-56238-498-8]. Clinical
and Laboratory Standards Institute, Wayne, PA, 2003.
19. Spencer CA, Takeuchi M, Kazarosyan M, MacKenzie F,
Beckett GJ, Wilkinson E. Interlaboratory/intermethod differences in functional sensitivity of immunometric assays
of thyrotropin (TSH) and impact on reliability of measurement of subnormal concentrations of TSH. Clin Chem
1995; 41: 367–74.
20. Buoro S, Gustinetti R, Dominoni P, Alessio MG, Filisetti P,
Lucà MG, Fagiuoli S, Ottomano C, Lippi G. Analytical
evaluation of Sysmex UF-1000i for flow cytometric analysis of peritoneal fluid. Clin Biochem 2012; 45: 1263–5.

15. Glasser L, Murphy CA, Machan JT. The clinical reliability
of automated cerebrospinal fluid cell counts on the
Beckman-Coulter LH750 and Iris iQ200. Am J Clin
Pathol 2009; 131: 58–63.

21. Valid JM. Progressive automation – The solution of choice
for improving lab efficiency. J Med Biochem 2010; 29:
325–9.

16. Nanos NE, Delanghe JR. Evaluation of Sysmex UF-1000i
for use in cerebrospinal fluid analysis. Clin Chim Acta
2008; 392: 30–3.

22. Broeren MA, Bahçeci S, Vader HL, Arents NL. Screening
for urinary tract infection with the Sysmex UF-1000i urine
flow cytometer. J Clin Microbiol 2011; 49: 1025–9.

17. Broughton PM. Carry-over in automatic analysers. J
Automat Chem 1984; 6: 94–5.

23. Pieretti B, Brunati P, Pini B, Colzani C, Congedo P, Rocchi
M, Terramocci R. Diagnosis of bacteriuria and leukocyturia by automated flow cytometry compared with urine
culture. J Clin Microbiol 2010; 48: 3990–6.

18. Clinical and Laboratory Standards Institute (CLSI).

Received: April 25, 2013
Accepted: May 27, 2013

