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Abstract
Background
Many pathological settings can be provided by the cytological analysis of cerebrospinal fluid (CSF). In our
work, we aimed to evaluate the concordance between the analysis using the reference manual method and

the analysis using Sysmex XN-1000®.

Methods
In our study, we examined 121 CSF samples. To count cells in different samples, we used two methods: a

manual method using Fast Read 102® counting chambers performed by at least two experienced

hematologists and Sysmex XN-1000®. Evaluation of the interchangeability and concordance between the
two methods was possible thanks to Passing-Bablok regression and Bland-Altman graphs.

Results
Our study showed no evidence of concordance between the manual method and the automated method

using Sysmex XN-1000® in cell counting on CSF samples.

Conclusion
Every clinical laboratory aims to use automated and standardized analysis methods in counting and
differentiating cells, reducing response time and interlaboratory variability. Our study shows an absence of
evidence of concordance between the manual and automated methods using Sysmex XN-1000 in cell
counting on CSF samples.
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Introduction
In many cases, information related to the diagnosis and monitoring of many diseases can be provided by the
analysis of biological fluids. Among the analysis types of biological fluids, there is the cytological study that
determines the number of red blood cells (RBC) and white blood cells (WBC), and there is the differentiation
between different WBC types.

Cell count analysis of cerebrospinal fluid (CSF) samples helps in the diagnosis of several inflammatory,
infectious, and malignant diseases and allows the classification of patients in different stages of the disease,
including RBC counts, which are important for the exclusion of traumatic puncture [1-3].

The traditional method of using a manual hemocytometer (counting chamber) is often used for this purpose.
However, in recent years, automated analyzers have become increasingly available for counting cells in body
fluids; there are currently many commercialized automated systems enabling cell counting and
differentiation in different biological fluids [4,5]. For some types of fluids, automated BF cell-counting
analyzers offer accurate results in a short time and reduce inter-observer variability [6]. However, this
method has still limited use in cell counting in CSF samples because of their inaccuracy in the low cell
concentration ranges [7].

In our laboratory, we performed cell counting by microscopic observation of CSF in Fast Read 102 ® counting
chambers. The counting results are expressed in number per µL for both red and white blood cells. The
manual method is considered to be a reference method, but it has a number of limitations including the
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inter-examiner reliability, long delays in getting results, and most importantly, the existence of inter-
observer variations [8].

Therefore, the automated method is a solution for these limitations because it provides rapid results (higher
throughput), better traceability (connection to the laboratory's computer system), less risk of errors (manual
transcription errors), and optimized time for technicians (reduction of repetitive tasks). Another advantage
of such systems is the possibility to compare the results of different centers [9].

Before opting for the automated solution as a routine tool, we sought to check the performance of the
Sysmex XN-1000® against the microscopic technique.

Materials And Methods
The manual and automated methods were compared by analyzing a total of 121 CSF samples received in the
Hematology Unit, Central Laboratory of Mohammed VI University Hospital in Oujda. Our study spanned a
period of two years, from December 2019 to December 2021. Most CSF samples were received from the
internal medicine and pediatrics departments in order to look for blasts. CSF samples were collected and
transported in sterile tubes without anticoagulants. The different samples were assessed within the first
hour after receiving the tubes in the laboratory. Samples with insufficient quantity were excluded from the
study.

A first cell count (red and white blood cells) was performed by the manual method using Fast Read 102 ®
counting chambers (Biosigma S.p.A., Italy), which were analyzed with a light microscope. Cells are counted
and reported for a volume of 1 μl. The results of this manual counting were obtained after calculating the
mean of the counts from two experienced cytologists. Then a second automatic count using a Sysmex XN-
1000® was performed. Sysmex XN-1000® (Sysmex Corporation, Kobe, Japan) is an automated hematological
analyzer first released in 2011. For red blood cell counting (as for the platelet counting), it uses the
hydrodynamically focused impedance technology, whereas for WBC counting and differentiation, it uses the
fluorescence flow cytometry principle via three channels: white cell differential, white cell nucleated, and
white cell precursor channels.

To evaluate the concordance between the two methods, we have used Passing-Bablok regression analysis.
Statistical significance was based on the 95% confidence intervals (CI): a significant proportional or constant
bias was noted when the CI of the slope did not encompass 1 and the CI of the intercept did not encompass
0, respectively. These analyses were completed using the Bland and Altman plot.

The data obtained were unloaded in Excel and analyzed using the statistical software MedCalc Version 15.1.0
(MedCalc Software Ltd., Ostend, Belgium). Then, they were compared using the Passing-Bablok regression
model which does not require any particular assumptions concerning the distribution of the samples and
measurement errors. The Bland-Altman diagram was also used where the differences between the two
techniques were plotted against the means of the two techniques [10,11].

Results
WBC count
Our results using the Passing-Bablok regression analysis (Figure 1 and Table 1) suggest an absence of
constant and proportional bias between the manual and the automated methods using the Sysmex XN. Table
1 shows a relative standard deviation between -129,86 and 129,86, suggesting a possible absence of
concordance between the two methods.
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FIGURE 1: Comparison between the manual technique and Sysmex XN
in cerebrospinal fluid for white blood cells
WBC: White blood cells; LM: Light microscopy

  WBC RBC

N 121 121

Regression equation Y=0.000000+ 1.003215 X Y= 0.000000 + 1.128668X

CI intercept [-0.05; 0.02] [-1.56; 0.00]

CI slope [0.96; 1.11] [0.88; 1.56] 

RSD & 95% CI 66.25 [-129,86; 129.86] 1917.25 [-3757,82; 3757,82]

Cusum test for linearity 0.05 <0.01

TABLE 1: Passing-Bablok analysis results for the manual and Sysmex XN-1000 methods (red and
white blood cells)
N: Number of analyzed specimens; WBC: White blood cells; RBC: Red blood cells; CI: Confidence interval; RSD: Relative standard deviation.

In our study, we also used the Bland-Altman plot to evaluate precision in terms of WBC. The graph shows a
positive mean bias with a value of 11, suggesting a lack of precision (Figure 2). 
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FIGURE 2: Bland-Altman graph comparing the manual technique and
Sysmex XN in cerebrospinal fluid for white blood cells
WBC: White blood cells; LM: Light microscopy

RBC count
Regarding RBC, the Passing-Bablok regression analysis for RBC counting revealed no evidence of
concordance between the two methods, as shown in Figure 3 and Table 1. There was no proportional bias or
constant bias, and a large relative standard deviation interval (-3757,82 to 3757,82) was noted. Additionally,
the Bland-Altman plot indicates a lack of precision, further illustrated in Figure 4 and Table 1.

FIGURE 3: Comparison between the manual technique and Sysmex XN
in cerebrospinal fluid for red blood cells
RBC: Red blood cells, LM: Light microscopy
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FIGURE 4: Bland-Altman graph comparing the manual technique and
Sysmex XN in cerebrospinal fluid for red blood cells
RBC: Red blood cells, LM: Light microscopy

It is also noted through the analysis of the graphs (Bland-Altman and Passing-Bablok) for the two cell
populations (RBC and WBC) that the difference in counting between the two methods (manual and
automated) is much more significant for samples that are very rich in cells.

Discussion
Automated and standardized analysis methods, such as the analysis enabled by the XN analyzer, are an
effective way to get a reduction in response time and inter-laboratory variability [12,13]. However, reduction
in those two parameters should be associated with the accuracy of results [12]. The first methods ever used
to count cells in a given biological fluid were performed by hemocytometric counting chambers. High inter-
observer variability and poor reproducibility are the two major limitations of using different manual
methods in cell counting [14].

Automatic hematology analyzers are available in hematological laboratories and are primarily designed for
cell counting and cell differentiation in blood specimens. Hence, they are not optimal for other biological
fluids like the CSF evaluated in our work. This is due to two major factors: a non-suitable detection limit in
biological fluids, other than blood, such as CSF, and the different matrices in blood compared to other
biological fluids. According to these two main differences, many discordances between blood cell counts
from blood and other biological fluids may be attributed to the interference of mesothelial cells,
macrophages, and tumor cells with WBC [12,15,16].

In the literature, there are variable results in terms of the agreement between the manual and automated
methods. A study carried out in Spain in 2018 analyzed 103 fluid samples, 31 of which were CSF samples. As
in our study, automated counting was performed using a Sysmex XN-1000 engine. For manual counting,
Fuchs-Rosenthal counting chambers were used. Evaluation of concordance between the two methods, using
Passing-Bablok regression and the Kappa index, showed agreement and clinical significance for WBC and
RBC counts in CSF samples [9].

In another similar study in Italy, aiming to compare cell analysis results between the automated and manual
techniques in CSF samples, the Sysmex XN-body fluid module was used. The results showed evidence of
agreement between the two methods but a limitation with regard to total cell count. The reported cutoff for
cells would be 5x106 cells/L. This study recommended that it would be advisable to use the manual method
through light microscopic examination when cells exceed the mentioned cutoff [15].

Sysmex XE-5000 is another type of cytological analyzer that was evaluated in a Swedish study in 2014.
Automated WBC counting in 198 CSF samples, using the body fluid mode on Sysmex XE-5000, was
performed for the sake of being compared to the manual method by microscopy. The results of the study
showed good correlation between the manual and automated methods although the precision was limited in
samples with a low WBC count [17,18].
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Hybrid hemocytometers with modules for biological fluid analysis are being developed to provide benefits
from automation, including accuracy, precision, and efficiency. However, each laboratory should verify
these advantages for each liquid type [13]. Several studies had positive reports on the accuracy and
reproducibility of these analyzers, including the Sysmex XN. However, there are several discrepancies in
accuracy assessments comparing automatic methods and manual microscopic methods depending on the
cell type (WBC or RBC) or liquid type [14]. In our study, the concordance analysis between the manual
technique and the automatic method using Sysmex XN did not find any agreement between RBC and WBC
counts in CSF.

Moreover, our study relied on a single automated analyzer (Sysmex XN-1000) and specific manual
techniques (Fast Read 102® counting chambers), which may not be representative of other automated
systems or manual counting methods available in different laboratories. Finally, although we used Passing-
Bablok regression and Bland-Altman analysis to evaluate concordance, these statistical methods have their
limitations, particularly in terms of their sensitivity to outliers.

Despite these limitations, our findings contribute to the understanding of the differences between manual
and automated cell counting methods in CSF analysis. Future studies should consider addressing these
limitations by employing larger sample sizes, multi-center approaches, and a broader range of counting
methods to validate the findings further.

Conclusions
The manual method for white and red blood cells in cerebrospinal fluid samples is considered as a reference
method. This method has a number of limitations, such as dependence on the experience of the examiner,
the existence of inter-observer variations, and the long response time. Still, not all studies revealed high
agreement between the automated techniques and the results obtained by light microscopy. The accuracy of
automatic techniques should therefore be improved.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Mohammed Bensalah, Hasnae Lekfif

Acquisition, analysis, or interpretation of data:  Mohammed Bensalah, Hasnae Lekfif, Abdelilah Berhili,
Assya Khermach, Rachid Seddik

Drafting of the manuscript:  Mohammed Bensalah, Hasnae Lekfif

Critical review of the manuscript for important intellectual content:  Mohammed Bensalah, Hasnae
Lekfif, Abdelilah Berhili, Assya Khermach, Rachid Seddik

Supervision:  Rachid Seddik

Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
We would like to thank Dr. Abdelhafid Jabri for his help with the translation.

References
1. De Smet D, Van Moer G, Martens GA, Nanos N, Smet L, Jochmans K, De Waele M: Use of the Cell-Dyn

Sapphire hematology analyzer for automated counting of blood cells in body fluids. Am J Clin Pathol. 2010,
133:291-9. 10.1309/AJCPY7J7OLASZAPC

2. 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. 10.1111/j.1751-553X.2011.01339.x

 

2024 Bensalah et al. Cureus 16(10): e72423. DOI 10.7759/cureus.72423 6 of 7

javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1309/AJCPY7J7OLASZAPC
https://dx.doi.org/10.1309/AJCPY7J7OLASZAPC
https://dx.doi.org/10.1111/j.1751-553X.2011.01339.x
https://dx.doi.org/10.1111/j.1751-553X.2011.01339.x


3. Aune MW, Sandberg S: Automated counting of white and red blood cells in the cerebrospinal fluid . Clin Lab
Haematol. 2000, 22:203-10. 10.1046/j.1365-2257.2000.00275.x

4. Brown W, Keeney M, Chin-Yee I, et al.: Validation of body fluid analysis on the Coulter LH 750 . Lab
Hematol. 2003, 9:155-9.

5. Kresie L, Benavides D, Bollinger P, et al.: Performance evaluation of the application of body fluids on the
Sysmex XE-2100 series automated hematology analyzer. Lab Hematol. 2005, 11:24-30. 10.1532/LH96.04067

6. Thomson RB Jr, Bertram H: Laboratory diagnosis of central nervous system infections . Infect Dis Clin North
Am. 2001, 15:1047-71. 10.1016/s0891-5520(05)70186-0

7. Fleming C, Russcher H, Brouwer R, Lindemans J, de Jonge R: Evaluation of Sysmex XN-1000 High-Sensitive
Analysis (hsA) research mode for counting and differentiating cells in cerebrospinal fluid. Am J Clin Pathol.
2016, 145:299-307. 10.1093/ajcp/aqv093

8. Wanjian G, Liang G, Mingde J, Qing Y, Chunbing Z: Operating scheme and experience of executing internal
comparisons of blood cell analysis in a clinical laboratory. Clin Lab. 2014, 60:1627-34.
10.7754/clin.lab.2014.131019

9. Aguadero V, Cano-Corres R, Berlanga E, Torra M: Evaluation of biological fluid analysis using the sysmex
XN automatic hematology analyzer. Cytometry B Clin Cytom. 2018, 94:680-8. 10.1002/cyto.b.21587

10. Bablok W, Passing H, Bender R, Schneider B: A general regression procedure for method transformation.
Application of linear regression procedures for method comparison studies in clinical chemistry, Part III. J
Clin Chem Clin Biochem. 1988, 26:783-90. 10.1515/cclm.1988.26.11.783

11. Bensalah M, Bouayadi O, Rahmani N, Lyagoubi A, Lamrabat S, Choukri M: Comparative study of the serum
measurement of PTH on Roche Cobas e411(®) versus the Abbott Architect ci8200(®) (Article in French). Ann
Biol Clin (Paris). 2018, 76:61-7. 10.1684/abc.2017.1309

12. Fleming C, Brouwer R, Lindemans J, de Jonge R: Validation of the body fluid module on the new Sysmex XN-
1000 for counting blood cells in cerebrospinal fluid and other body fluids. Clin Chem Lab Med. 2012,
50:1791-8. 10.1515/cclm-2011-0927

13. 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.
10.1111/j.1751-553X.2010.01220.x

14. Sandhaus LM: Body fluid cell counts by automated methods . Clin Lab Med. 2015, 35:93-103.
10.1016/j.cll.2014.10.003

15. de Jonge R, Brouwer R, de Graaf MT, et al.: 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. 10.1515/CCLM.2010.108

16. Sandhaus LM, Dillman CA, Hinkle WP, MacKenzie JM, Hong G: A new automated technology for
cerebrospinal fluid cell counts: comparison of accuracy and clinical impact of GloCyte, Sysmex XN, and
manual methods. Am J Clin Pathol. 2017, 147:507-14. 10.1093/ajcp/aqx026

17. Buoro S, Peruzzi B, Fanelli A, et al.: Two-site evaluation of the diagnostic performance of the Sysmex XN
Body Fluid (BF) module for cell count and differential in cerebrospinal fluid. Int J Lab Hematol. 2018, 40:26-
33. 10.1111/ijlh.12723

18. Li A, Grönlund E, Brattsand G: Automated white blood cell counts in cerebrospinal fluid using the body fluid
mode on the platform Sysmex XE-5000. Scand J Clin Lab Invest. 2014, 74:673-80.
10.3109/00365513.2014.939994

 

2024 Bensalah et al. Cureus 16(10): e72423. DOI 10.7759/cureus.72423 7 of 7

https://dx.doi.org/10.1046/j.1365-2257.2000.00275.x
https://dx.doi.org/10.1046/j.1365-2257.2000.00275.x
https://scholar.google.com/scholar?q=intitle:Validation of body fluid analysis on the Coulter LH 750
https://dx.doi.org/10.1532/LH96.04067
https://dx.doi.org/10.1532/LH96.04067
https://dx.doi.org/10.1016/s0891-5520(05)70186-0
https://dx.doi.org/10.1016/s0891-5520(05)70186-0
https://dx.doi.org/10.1093/ajcp/aqv093
https://dx.doi.org/10.1093/ajcp/aqv093
https://dx.doi.org/10.7754/clin.lab.2014.131019
https://dx.doi.org/10.7754/clin.lab.2014.131019
https://dx.doi.org/10.1002/cyto.b.21587
https://dx.doi.org/10.1002/cyto.b.21587
https://dx.doi.org/10.1515/cclm.1988.26.11.783
https://dx.doi.org/10.1515/cclm.1988.26.11.783
https://dx.doi.org/10.1684/abc.2017.1309
https://dx.doi.org/10.1684/abc.2017.1309
https://dx.doi.org/10.1515/cclm-2011-0927
https://dx.doi.org/10.1515/cclm-2011-0927
https://dx.doi.org/10.1111/j.1751-553X.2010.01220.x
https://dx.doi.org/10.1111/j.1751-553X.2010.01220.x
https://dx.doi.org/10.1016/j.cll.2014.10.003
https://dx.doi.org/10.1016/j.cll.2014.10.003
https://dx.doi.org/10.1515/CCLM.2010.108
https://dx.doi.org/10.1515/CCLM.2010.108
https://dx.doi.org/10.1093/ajcp/aqx026
https://dx.doi.org/10.1093/ajcp/aqx026
https://dx.doi.org/10.1111/ijlh.12723
https://dx.doi.org/10.1111/ijlh.12723
https://dx.doi.org/10.3109/00365513.2014.939994
https://dx.doi.org/10.3109/00365513.2014.939994

	Comparative Study of Cerebrospinal Fluid Evaluation in Patients With Acute Leukemia Using the Manual Method and Sysmex XN-1000
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	WBC count
	FIGURE 1: Comparison between the manual technique and Sysmex XN in cerebrospinal fluid for white blood cells
	TABLE 1: Passing-Bablok analysis results for the manual and Sysmex XN-1000 methods (red and white blood cells)
	FIGURE 2: Bland-Altman graph comparing the manual technique and Sysmex XN in cerebrospinal fluid for white blood cells

	RBC count
	FIGURE 3: Comparison between the manual technique and Sysmex XN in cerebrospinal fluid for red blood cells
	FIGURE 4: Bland-Altman graph comparing the manual technique and Sysmex XN in cerebrospinal fluid for red blood cells


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


