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diagnosis and monitoring of various diseases. Recently, digital optical microscopy
has become a more common method, being an alternative to the conventional one,
and therefore, there is a need to investigate its compatibility in more detail. The
objective is to compare the results of digital and manual microscopy in the analysis
of different leukocyte types and to assess the linearity, systemic and proportional
differences between the methods. 109 samples were analyzed by manual and digital
microscopy (Sysmex DI-60), and the comparison of the obtained results was
performed by Passing-Bablok and Bland-Altman analysis. The linearity of the
methods is satisfactory in all cells, except basophils and blasts. A statistically
significant systemic difference was detected in segmented neutrophils, immature
granulocytes, and lymphocytes, and correlations between the methods range from
very strong to moderate, depending on the type of cells. Significant deviations were
observed in leukocytosis and leukopenia. The results of the conducted analysis
indicate a good correlation between digital and manual microscopy, but the
identified systemic and proportional differences indicate the significance of the
reclassification offered by the analyzer. In cases of severe leukopenia and
leukocytosis, it is recommended to use manual microscopy as an additional check.
© The Author 2025. Keywords: Sysmex DI-60; Digital microscopy; Leukocyte differentiation; Optical
Published by ARDA. microscopy; Artificial intelligence;

1. Introduction

Leukocytes, known as white blood cells (WBCs), represent a heterogeneous group of cells that contain a
nucleus, and are formed in the bone marrow by a specific process of hematopoiesis known as leukopoiesis.
Leukopoiesis is a complex, multi-phase process in which a pluripotent stem cell becomes a unipotent stem cell
committed to leukocytes and further differentiation produces mature leukocytes that are released into the blood
[1]. They are divided into two basic groups: granulocytes (neutrophils, eosinophils and basophils) and
agranulocytes (lymphocytes and monocytes).

This work is licensed under a Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/) that allows others @ G)
to share and adapt the material for any purpose (even commercially), in any medium with an acknowledgement of the work's authorship
and initial publication in this journal.
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The main role in the body is to participate in an immune reaction that can be caused by various pathogens
(viruses, bacteria, parasites), while actively participating in the recognition, neutralization and destruction of
the pathogen itself. In a healthy organism, the total number of leukocytes, as well as the percentage share of
certain types of leukocytes, is clearly defined, and immature forms of leukocytes are not present in circulation.
Any deviation from these performances indicates the existence of a disturbance. Leukocyte disorders can
generally be divided into two groups: quantitative and qualitative. Quantitative disorders imply an increase or
decrease in the total number of leukocytes accompanied by an increase or decrease in the specific leukocyte
population, while qualitative disorders indicate the presence of abnormal cells in circulation. All registered
changes reflect some pathological condition in the body. Therefore, leukocyte differentiation is a primary and
one of the key diagnostic procedures in clinical medicine and further diagnostic and therapeutic procedures
depend on the accuracy of the differentiation itself [2].

The leukocyte differentiation process itself can be performed using automatic hematology analyzers or
manually, by optical examination. Modern automatic analyzers ensure high accuracy and precision results in a
short time, which significantly increases the number of analyses per unit of time. Different technologies such
as optical, impedance or fluorescent technology as well as combinations thereof are used in the quantification
and classification of leukocytes. The good performance of these analyzers ensures their daily application in
routine work [3]. However, in laboratories of secondary and tertiary level health care, where there is a very
large share of pathological samples in the total number of analyzes, differentiation of leukocytes is done by
manual or optical microscopy in addition to automatic analyzers. This method is a traditional method of
differentiation, which requires significantly more time per sample, longer preparation of blood smear and a
highly educated staff that analyzes the preparation itself. The advantages of this type of differentiation are
reflected in the fact that in this way, in addition to the quantitative status of the subpopulation of leukocytes,
morphological abnormalities of cells and the possible presence of abnormal cells can be observed at the same
time, which some hematology analyzers will not detect [4].

Modern hematology analyzers provide the possibility of digital optical microscopy, the use of which
significantly shortens the analysis time. In a special part of the analyzer intended for digital optical microscopy,
there is a part in which a blood smear is automatically prepared and painted, and then using a motorized light
microscope and a digital camera, an appropriate number of cells are imaged and classified using software that
works on the principle of artificial intelligence and predefined algorithms [5].

The main objective of this study is to compare the primary results obtained by digital optical microscopy, the
Sysmex XN-3100 analyzer, manufactured by Sysmex Corporation (Kobe, Japan) and the results of manual
optical microscopy, and on this basis evaluate this analyzer in terms of the safety of applying its primary results
in everyday work, and determine in which cases it is necessary to reclassify and verify the results by manual
optical microscopy.

2. Material and methods

Comparison of the methods was performed using whole blood samples collected during routine analyses at the
Department of Clinical Biochemistry and Laboratory Medicine of the Clinical Center University of Sarajevo
(UKCS), Sarajevo, Bosnia and Herzegovina. Whole blood was taken by venipuncture in vacuum containers
with EDTA anticoagulant. A total of 109 samples were analyzed, which were divided by gender into two groups:
men (n=55) and women (n=54). The age structure of the samples included four groups: younger than 18 years
(n=12), 19-40 years (n=13), 41-65 years (n=36) and older than 65 years (n=48). Samples were also classified
according to white blood cell count into three groups: leukopenia (n=31), leukocytosis (n=35), and white blood
cell count reference interval (n=43). The entire evaluation process was carried out with the approval of the
UKCS Ethics Committee, in accordance with all principles of the Helsinki Declaration.

All samples were analyzed on the Sysmex XN-3100 automatic analyzer and by manual optical microscopy, and
the obtained results of both methods were collected and statistically processed. Manual optical microscopy
involves the analysis of peripheral blood smears using a light microscope, and the process consists of several
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stages. First, a thin smear of blood is made on the glass, followed by drying and then staining the smear with
MGG (May-Grunwald-Giemsa) paint. The resulting smear is observed under a light microscope at 100x
magnification on Olympus CX33, manufactured by Olympus Corporation, Tokyo, Japan. The analysis is carried
out by professional staff who assess the morphological characteristics of different types of leukocytes, including
the size, shape and color of the nucleus, the presence or absence of granulations in the cytoplasm, the
nucleus/cytoplasm ratio, and other relevant characteristics, on the basis of which differentiation is performed.
100 leukocytes are differentiated, and the results are expressed in number or percentage.

Sysmex XN-3100 is an automatic multifunctional hematology analyzer whose use significantly shortens the
analysis time, thus increasing the sample processing capacity in everyday work. The operation of this analyzer
is based on a combination of fluorescent flow cytometry and light scattering method. Fluorescent flow
cytometry involves the specific binding of fluorescent dyes to nucleic acids within a cell that are excised by
passing through a beam of laser light, resulting in a fluorescent emission that is detected, as a side fluorescence
light (SFL) signal. The fluorescence intensity directly depends on the amount of nucleic acids within the cell
itself so that cells containing a higher amount of nucleic acids have a higher SFL. In addition, a light scattering
method is used for the morphological characterization of cells, in which the intensity of the scattered light is
measured when the cell is in a beam of laser light. Depending on how the light is scattered, basic information
about the size, shape, structure and other morphological characteristics of the cell itself is obtained. In this
method, scatter detection systems are positioned at different angles, which also ensures different types of output
signals. Forward Scatter (FSC) measures scattering at small angles (between 0° and 5°) and this parameter
actually gives cell size data, where larger scattering is given by larger cells. The Side Scatter (SSC) measures
the scattering at a 90° angle, and the intensity of the scattering in this case depends on the granularity and
complexity of the internal structure of the cell itself [6].

By combining the results of these three parameters and with pre-set algorithms based on artificial intelligence,
the analyzer automatically performs leukocyte differentiation. In all conditions where abnormalities are
detected, the analyzer gives a specific warning in the form of flags [7], and makes a recommendation for digital
optical microscopy.

The digital microscopy process includes the parts of the analyzer designated as SP-50 (Slide Preparation) and
DI-60 (Digital Imaging). SP-50 is a specific part of the analyzer in which the preparation and staining of the
blood smear is performed according to clearly defined guidelines created on the basis of hematocrit. The dyeing
of the preparation is carried out by standardized dyeing methods (May-Griinwald-Giemsa, Wright-Giemsa),
which can be adapted to the specific requirements of the laboratory. The DI-60 analyzer unit contains a
motorized light microscope and a color digital camera. At least 110 cells are localized in the preparation, which
are observed with a microscope and recorded with a digital camera. The analysis of localized elements is
performed on the basis of the obtained photos and previously defined algorithms incorporated into the
CellaVision software, whereby the classification of leukocytes into subgroups is performed [6]. This creates a
primary data set that is labeled as preclassification. The obtained data reclassify the specialist's approach that
confirms and/or corrects the primary results, thus creating secondary data of digital microscopy analysis that
are labeled as reclassification.

The obtained data of the primary analysis (preclassification) of the Sysmex XN-3100 hematology analyzer were
compared with the data of manual optical microscopy, according to the guidelines given in the CLSI (Clinical
& Laboratory Standards Institute) guide[8], and the statistical analysis was done in the MedCalc statistical
program (Version 20.218-64-bit, Ostende, Belgium). Seven cell groups were analyzed: segmented neutrophils,
eosinophils, basophils, lymphocytes, monocytes, blasts and immature granulocytes (Immature Granulocytes
group representing the sum of bands, metamyelocytes, myelocytes and promyelocytes). According to the CLSI
guidelines, the comparison of the two methods was made by Passing-Bablok and Bland-Altman plot analysis.
Passing-Bablok regression analysis is used to evaluate the agreement of two methods where the values of
intercept (a) and slope (b) as well as the confidence interval (CI) for these parameters are monitored in the
analysis. The regression equation is represented by the formula y=a+bx. Slope represents the degree of method
compliance and shows how much change in one method is reflected in the change in another method. The ideal

13



BES Vol. 6, No. 1, April 2025, pp.11-23

value for slope is 1. The intercept shows the difference between the methods when the value from the first
method is zero, that is, the intercept represents the initial difference between the methods. Ideally, the intercept
is equal to 0. If slope=1 and intercept=0, the regression equation takes the form y=x, so it can be said that there
is a linear and proportional relationship between the methods. If the slope value is #1 and the intercept is #0,
then there are linear but not proportional methods, i.e. there is a system error between the methods. Within this
analysis, it is important to consider both slope and intercept confidence intervals. These intervals show the limits
within which the true value of these parameters is located. If the slope interval includes a value of 1 and if the
confidence interval includes a value of 0 for the intercept, it can be said that there is no statistically significant
difference between the compared methods [9], [10].

The Bland-Altman plot analysis provides a very useful graphical assessment of the consistency of the two
methods. On the X-axis, the mean value between the two methods for each measurement is represented, and on
the Y-axis, the difference between the results of the two methods for each individual measurement is represented.
In this method, a mean difference (bias) ideally equal to 0 is monitored, indicating that there is no significant
systemic error between the methods. A non-zero value indicates the existence of a system error, which means
that one method can consistently give greater or lesser values than another method. With this method, we also
get data related to the stacking limits. These are defined as bias =1.96 x standard deviation and actually represent
the limits within which 95% of the results of the analyses were conducted. If the limits are wide this means that
there is a large variation in the differences between the methods, while narrow limits indicate that the differences
between the methods are small. From the graph, differences in the distribution of data can be observed, which
can indicate the variability of the method in different ranges of measurements [11], [12].

3. Results

The analyzed blood samples were classified on the basis of three criteria: age, gender and white blood cell count.
The number by groups and the percentage share in the total number are shown in Table 1, and a graphical
presentation of the same data is given in Fig. 1 and Fig. 2.

Table 1. Classification of analyzed samples by age, sex and number of leukocytes

Age Age/Gender: Number of leukocytes
GROUP N % | GROUP N % GROUP N %
0-18 12 11,01 Normal 43 39,45

1940 13 1193 | ™Male 55 5046

42-65 36 33,03
>65 48 44,04

Leukocytosis 35 32,11
Female 54 49,54 | Leukopenia 31 28,44

Total 109 109 109
(=)
B0
48
= 30
[aa.04%]
20
[33.09%]
1o
fi101%] f11.59%]
e o-18 1940 4165 =85
Hge

Figurel. Percentage share in the total number of samples by groups (a-age)
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Figure 2. Percentage share in the total number of samples by groups (b-gender, c-number of leukocytes)

The results of the Passing-Bablok regression analysis regarding the linearity of the compared methods indicate
that linearity is satisfactory in all analyzed groups of cells, except basophils, for which a statistically significant
deviation from linearity is evident. Given this, the results of the Passing-Bablok analysis for basophils will not
be interpreted. In addition, by analyzing the blast using this method, results were obtained that indicate that the
selected method is not suitable for a given group of cells.

The values of intercept (a) and slope (b) and their confidence intervals (CI) are different in different types of
leukocytes:
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e Inneutrophil granulocytes, the value of the intercept is 3,113 with slope 1,093. The value of the intercept
indicates that there is a systemic difference between the methods, whereby the digital optical
microscopy method yields systemically higher values than manual microscopy. In doing so, the
confidence interval for the intercept does not include 0, which shows that the systemic difference is
present and statistically significant. The slope value is positive and slightly above the ideal value, and
the confidence interval includes 1, indicating that there is a minimal proportional difference between
the methods whereby digital microscopy provides proportionally slightly higher values compared to
manual microscopy.

e For eosinophils, the value of the intercept is 0 with slope 0,9, indicating that there is no systemic
difference in the baseline values between the methods, which is also contributed by the confidence
interval for the intercept involving 0. The slope value is slightly below the ideal value, and the
confidence interval includes 1, indicating that the digital microscopy method gives proportionally lower
values than manual microscopy, but this proportionate difference is not statistically significant.

e In lymphocytes, the value of the intercept is -4,8, and the slope is 1,057. The value of the intercept
implies the existence of a systemic difference, which means that the methods are constantly different
for the value of the intercept, which is supported by the confidence interval for the intercept that does
not include 0. The slope value is greater than 1 indicating that there is a proportional difference between
the methods, wherein the digital optical microscopy method provides proportionally higher values
compared to manual optical microscopy for the slope value.

¢ In monocytes, the value of the intercept is 0,02 and the slope is 0,911. The value of the intercept is very
close to the ideal value, but there is still a small systemic difference in the initial values between the
methods. In doing so, the confidence interval includes a value of 0 which may even imply that this
systemic difference may be negligible. Regarding the slope value, which is very close to the ideal value
with a confidence interval that includes 1, it can be said that there is a minimum proportional error
between the methods, i.e. the digital optical microscopy method gives proportionally slightly lower
values for monocytes compared to manual microscopy.

e Inimmature granulocytes, the value of the intercept is 0,955 and the slope is 1,023. These data indicate
the existence of a systemic difference between the methods whereby the positive value of the intercept
implies that the digital microscopy method systematically gives more values than manual microscopy.
In doing so, the confidence interval for the intercept does not include 0, indicating that this system shift
is statistically significant. The slope value is slightly higher than the ideal value, indicating that there is
a minimal proportional difference between the methods, with the digital microscopy method giving
proportionally slightly higher results compared to manual microscopy.

Spearman's correlation coefficient [13] was analyzed in the type of leukocytes in which the linearity condition
was met and the following results were obtained:

e Segmented neutrophils (0,932)- very strong correlation
e Eosinophils (0,535)- moderate correlation

e Lymphocytes (0,853)- strong correlation

e Monocytes (0,817)- strong correlation

e Immature granulocytes (0,627)- moderate correlation

In further work, statistical data processing implies a Bland-Altman plot analysis. Within this analysis, the
differences between the arithmetic means of the methods are observed, starting from the null hypothesis
according to which these differences are equal to 0. All values at which p<0,05 actually represent statistically
significant models, indicating that the systemic difference between the methods is statistically significant. The
analysis of individual types of leukocytes by this method gave the following results:
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Segmented neutrophils: mean difference is -6,522, with p<0,0001, which shows that the difference between
the methods is statistically significant, which is also contributed by a confidence interval that does not
include 0. The manual optical microscopy method gives lower values compared to digital microscopy by
6,52 units on average. By reviewing the graphical presentation of the analysis, two significant deviations
can be observed, outside the stacking area, in which a significantly lower number of neutrophil granulocytes
is detected in manual microscopy compared to digital microscopy. Both cases were detected in the
leukopenia group.

Basophils: mean difference is 0,21 with p=0,301 (p>0,05), the confidence interval includes 0, indicating
the existence of a small difference between methods that is not statistically significant. The digital
microscopy method gives slightly higher values than manual microscopy. From the graphical representation
of the analysis, two points of deviation can be observed that are outside the area of agreement. Both cases
were detected in severe basophilia.

Eosinophils: mean difference is 0,368 with p=0,052 (p>0,05), the confidence interval includes 0, indicating
the existence of a small difference between methods that is not statistically significant. The digital
microscopy method gives slightly higher values than manual microscopy. From the graphical representation
of the analysis, five points located outside the stacking area can be observed. Deviations are significant in
cases of leukocytosis with pronounced eosinophilia.

Lymphocytes: mean difference is -0,692 with p=0,616 (p>0,05), the confidence interval includes 0,
indicating the existence of a small difference between methods that is not statistically significant. This
means that the manual microscopy method produces on average lower results than digital microscopy by
approximately 0,69 units. From the graphical representation of the performed analysis, deviations can be
observed by 8 points outside the stacking area. The largest number of deviations was detected in cases of
leukopenia.

Monocytes: mean difference is 0,122 with p=0,863 (p>0,05), the confidence interval includes 0, indicating
the existence of a small difference between methods that is not statistically significant. On average, the
method of digital microscopy produces slightly higher results compared to optical microscopy. From the
graphical presentation of the performed analysis, deviations can be observed for two points that are outside
the area of agreement, and both cases are related to the state of leukopenia.

Immature granulocytes: mean difference is -0,67 with p=0,207 (p>0,05), confidence interval includes O,
indicating the existence of a small difference between methods that is not statistically significant. The
manual microscopy method produces on average lower results than the digital microscopy method by 0,67
units. The graphical representation of the analysis shows deviations for three points located outside the
stacking area, all of which were detected in pronounced leukocytosis.

Blasts: mean difference is -0,251 with p=0,416 (p>0,05), the confidence interval includes 0, indicating the
existence of a small difference between the methods that is not statistically significant. The manual
microscopy method produces on average lower results than the digital microscopy method by 0,251 units.
The graphical representation of the analysis shows a deviation of one point located outside the stacking
area, which is related to the case of pronounced leukocytosis.

The results of the Passing-Bablok and Bland-Altman plot analysis are shown in Fig. 3, and the graphical
representation is given in Fig.4. A graphical representation of the conducted Bland-Altman plot analysis is
shown in Fig. 5.
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4, Discussion

The obtained results of the analysis indicate the need for discussion within the linearity of the methods, systemic
and proportional differences between the methods, and the correlation between digital and manual optical
microscopy.

Linearity between methods, analyzed through Passing-Bablok regression analysis, was satisfied for all cells
except basophils and blasts. Systemic and/or proportional differences were detected between the methods
depending on the type of cell analyzed, as indicated by the values of the intercept and slope.

A statistically significant systemic difference was observed in segmented neutrophils, lymphocytes and
immature granulocytes. Positive intercept values in segmented neutrophils and immature granulocytes indicate
that digital microscopy provides statistically significantly higher values compared to manual microscopy.
Kweoon et al (2022) also demonstrated the presence of a significant difference in the field of neutrophils [14].
Lackova (2022) performed a comparative analysis of immature granulocytes where the results of digital and
manual microscopy were compared and, unlike our research, did not find a statistically and clinically significant
difference between the methods [15].

On the other hand, the negative value of the intercept in lymphocytes indicates that digital microscopy gives
statistically significantly lower values compared to manual microscopy.

A statistically significant proportional difference between the methods was observed in segmented neutrophils.
A slope value greater than 1 (segmented neutrophils) indicates that digital microscopy provides proportionally
higher values compared to manual microscopy.

Spearman's correlation coefficient shows a different degree of agreement between the methods, with a very
strong correlation in segmented neutrophils (r=0,932), a strong correlation in lymphocytes (r=0,853), while
correlations in eosinophils (r=0,535) and immature granulocytes (r=0,627) are moderate. These results suggest
that, although there is a strong correlation between methods for most types of leukocytes, deviations become
more pronounced in specific conditions such as leukopenia and leukocytosis, which was also observed through
the Bland-Altman analysis. The Zhao et al study (2024) shows concurrent results with our study, where it was
shown that the digital (DI-60) and manual microscopy method had a high correlation for segmented neutrophils
(r=0,94), lymphocytes (r=0,85); moderate correlation for eosinophils (r=0,63) and immature granulocytes
(r=0,56), while data for basophils did not allow for Passing-Bablok regression analysis. The only difference
from our study is in monocytes where Zhao et al demonstrated a low correlation for monocytes (r=0,45) [16].
The same study showed limited use of digital microscopy in routine work in moderate and severe leukocytosis
and leukopenia where manual microscopy is preferred.

On the other hand, in the study by Kweoon et al (2022), monocytes showed a good correlation between the two
methods (r=0,76), which we also proved in our research (r=0,817), and there is also a proven insufficient
possibility of using digital microscopy for basophil differentiation[14].

The conducted Bland-Altman analysis confirms the existence of a systemic difference between the methods. It
is statistically significant only in segmented neutrophils, where manual microscopy gives lower values
compared to digital microscopy, thus confirming the result obtained by Passing-Bablok analysis. The analysis
of graphical representations shows deviations that are mainly related to the conditions of leukopenia or
leukocytosis. This implies that specific states may affect the accuracy and precision of digital microscopy
relative to manual microscopic analysis.

5. Conclusion

Digital microscopy (Sysmex DI-60) shows a high correlation with manual microscopy in the analysis of most
types of leukocytes. There are less proportional and systemic differences that are not statistically significant.
However, the systemic differences observed in segmented neutrophils, lymphocytes and immature granulocytes,
cause higher values for the analyzed cell types by digital microscopy compared to manual, indicating the need
for additional reclassification, enabled by the analyzer. Of course, in order to fully use this analyzer in routine
work, it is necessary to compare the results of reclassification and manual microscopy on different groups of
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samples in relation to the total number of leukocytes, and on a significantly larger number of samples. This will
give a clearer picture of the capabilities and performance of digital microscopy. Verification of specific
pathological conditions that are characterized by an extremely high or low white blood cell count should remain
under the supervision of manual microscopy, due to the pronounced deviations detected by this analysis.
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