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Abstract

Objectives: CellaVision DC-1 (DC-1, Sysmex, Kobe, Japan)
is a newly launched digital morphology analyzer that was
developed mainly for small to medium-volume laboratories.
We evaluated the precision, qualitative performance, com-
parison of cell counts between DC-1 and manual counting,
and turnaround time (TAT) of DC-1.

Methods: Using five peripheral blood smear (PBS) slides
spanning normal white blood cell (WBC) range, precision and
qualitative performance of DC-1 were evaluated according to
the Clinical and Laboratory Standards Institute (CLSI)
EP15-A3, EP15-Ed3-IG1, and EP12-A2 guidelines. Cell counts
of DC-1 and manual counting were compared according to
the CLSI EP 09C-ED3 guidelines, and TAT of DC-1 was also
compared with TAT of manual counting.

Results: DC-1showed excellent precision (%CV, 0.0-3.5%),
high specificity (98.9-100.0%), and high negative predictive
value (98.4-100.0%) in 18 cell classes (12 WBC classes and six
non-WBC classes). However, DC-1 showed 0% of positive
predictive value in seven cell classes (metamyelocytes,
myelocytes, promyelocytes, blasts, plasma cells, nucleated
red blood cells, and unidentified). The largest absolute mean
differences (%) of DC-1 vs. manual counting was 2.74. Total
TAT (min:s) was comparable between DC-1 (8:55) and manual
counting (8:55).
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Conclusions: This is the first study that comprehensively
evaluated the performance of DC-1 including its TAT. DC-1
has a reliable performance that can be used in small to
medium-volume laboratories for assisting PBS review.
However, DC-1 may make unnecessary workload for cell
verification in some cell classes.
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Introduction

Microscopic examination of peripheral blood smear (PBS)
is essential in clinical hematology laboratories [1]. Thorough
PBS review performed by hematology experts is important
because it improves detection of underpopulated cells, and
analysis of cell morphology on PBS is fundamental for
diagnosis of hematologic diseases [1-3]. Manual counting is
the gold standard for white blood cell (WBC) differential
according to the International Council for Standardization in
Hematology (ICSH) guidelines [4]. Manual counting is,
however, inefficient because the process is technically
demanding and labor-intensive resulting in long turn-
around time (TAT), and the results may be subjective with
inter-observer variation [5, 6].

Digital morphology (DM) analyzers can provide analysis
of cell morphology (preclassification) with reduced TAT and
inter-observer variation. In one study, DM analyzers showed
advantages over manual counting in laboratory efficiency
including shortened TAT [7]. Several DM analyzers have been
launched since the 1970s, including the Cellavision DM-96
(CellaVision AB, Lund, Sweden), Sysmex DI-60 (DI-60,
Sysmex, Kobe, Japan), and Vision Pro (West Medica, Perch-
toldsdorf, Austria) [8-11]. Those DM analyzers can be used
mainly in large-volume laboratories, and they are too large
and expensive to be used in small to medium-volume labo-
ratories [11]. Small and medium-volume laboratories are
defined as performing not more than 2,000 tests/year and
100,000 tests/year, respectively [12].

Recently, CellaVision DC-1 (DC1, Sysmex, Kobe,
Japan) was newly launched. It is a compact-sized and
easy-to-handle device compared with other DM analyzers.
Hematology experts can verify the preclassified results
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remotely through DC-1 remote review software, which
make it possible to provide telemedicine. Accordingly,
DC-1 may be useful in small to medium-volume labora-
tories that may have trouble with lack of hematology
experts.

Recent ICSH review recommends that preclassified
results on DM analyzers should be verified by hematology
experts especially in patients with having suspicious
pathological cells [2]. All DM analyzers should use
high optical magnification (x1,000) for standardization
[2, 6, 13], and external quality control might be desirable
when using DM analyzers in clinical laboratories [14]. The
ICSH guidelines recommend evaluating all performance
characteristics when a new DM analyzer is launched [4].
To the best of our knowledge, there has been only one
study that evaluated the performance of DC-1 [15]. In the
previous study, only DC-1 post-classification (verification)
was compared with the manual counting, and the com-
parison was confined to the six major cell classes (five
differentials and blasts). Accordingly, there has been
no comparison encompassing DC-1 pre-classification,
user verification, and manual counting. Moreover, the
analytical performance of DC-1 for each of 18 cell classes
was not explored, although its clinical sensitivity and
specificity were reported only for the six cell classes.
Accordingly, there is a room for further evaluation on DC-1,
including its TAT. In this study, we comprehensively
evaluated DC-1 in terms of the precision, qualitative per-
formance, comparison of cell counts between DC-1 and
manual counting, and TAT on PBS slides spanning normal
WBC range.

Materials and methods
Study samples

For this in vitro experimental study, five PBS slides were selected
during routine PBS review in January 2021 at the Konkuk University
Medical Center (KUMC), Seoul, Korea. These PBS slides were obtained
from healthy individuals, spanning normal WBC range including mild
leukopenia (2.0-4.0 x 10°/L) and mild leukocytosis (10.0-15.0 x 10°/L).
WBC counts in these samples were 3.90 x 10°/L, 5.19 x 10°/L,
6.72 x 10°/L, 8.72 x 10°/L, and 10.78 x 10°/L, respectively. Venous
whole blood samples which were collected in k;-EDTA-containing
vacutainer (Greiner Bio-One International GmbH, Frickenhausen,
Germany) were used for complete blood counts in XN-9000 (Sysmex,
Kobe, Japan), and PBS slides were made and reviewed for WBC
differentials [1]. This study was conducted according to the Declaration
of Helsinki, and the study protocol was approved by the Institution
Review Board of KUMC (2022-02-050 in 02 March 2022). In this study,
getting informed consent was exempt because additional blood sample
collection or intervention were not required.
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PBS review on DC-1 and manual counting

DC-1 uses an automated microscope, a high-quality digital camera,
and artificial intelligence for preclassification of cells from stained
PBS slides. The digital images can be stored in a database including
WBC differential results. The RAL SmearBox and RAL StainBox with
methanol-free reagents are combined with DC-1 for optimizing the
PBS preparation. So, it can cover whole hematology workflow. In
this study, SP-10 (Sysmex) were used for PBS preparation with RAL
May-Griinwald Giemsa (RAL, RAL Diagnostics, Bordeaux, France)
staining method rather than RAL SmearBox and RAL StainBox.

Preclassification on DC-1 includes total 18 cell classes (12 WBC
classes and six non-WBC classes). The 12 WBC classes include blasts,
promyelocytes, myelocytes, metamyelocytes, band neutrophils,
segmented neutrophils, lymphocytes, monocytes, eosinophils, baso-
phils, variant lymphocytes, and plasma cells. The six non-WBC classes
include nucleated RBCs (nRBCs), smudge cells, artifact, giant platelet,
platelet aggregation, and unidentified cells. Preclassified results
are verified by hematology experts. According to the Clinical and
Laboratory Standards Institute (CLSI) H20-A2 guidelines, band
and segmented neutrophils are counted separately, and it still remains
in Korean and Japanese laboratories. However, band and segmented
neutrophils are not counted separately in Europe and the United
States [5, 10, 16]. In the default setting, DC-1 does not separate
band and segmented neutrophils; DC-1 can choose whether it would
separate band neutrophils or not. In this study, band neutrophils were
counted separately. DC-1 completes analysis when 210 cells are
counted during the preclassification. Plasma cells and non-WBC cells
are not included in the setting of 210 cell counting; accordingly, actual
cell counts might have more than 210 cells/run including plasma cells
and non-WBC cells. For TAT analysis, log data from DC-1 was used.
The data includes TAT of scanning ideal zone, preclassification, and
verification. TAT of preparing and changing PBS slides between run
(inserting, removing, and oil immersion) were recorded manually.

According to the CLSI H20-A2 guidelines, manual counting was
performed with two hematology experts counting 200 cells each, and
the average values were used for evaluation [16]. Although
Romanowsky-stained PBS slides are the gold standard for manual
counting, RAL-stained PBS slides were analyzed in this study [2, 16].
TAT of manual counting was recorded manually.

Statistical analysis

The results of DC-1 and manual counting were expressed as median
(interquartile range, IQR) or number (percentage, %). DC-1 pre-
classified 18 cell classes in each PBS slide. In addition, we evaluated
whether DC-1 can count 210 cells on PBS slides spanning normal WBC
range including mild leukopenia and mild leukocytosis.

For precision, repeatability was analyzed. The results were
expressed as standard deviation (SD) and % coefficients of variation
(%CV). Each PBS slide was evaluated by five replicates per day, for five
days (5 x 5 experiment design), according to the CLSI EP15-A3 and
EP15-Ed3-1G1 guidelines [17, 18]. Thus, DC-1 had 25 replicates per slide
with total 125 replicates in this study. Because each PBS slide had a
different cell count and WBC differential, precision was evaluated for
each slide. %CV were interpreted as follows: %CV<10%, excellent; %
CV 10-20%, good; %CV 20-30%, acceptable; %CV>30%, poor [19].

On the basis of verification, the qualitative performance of
preclassification was evaluated by sensitivity, specificity, positive
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predictive value (PPV), negative predictive value (NPV), and efficiency
according to the CLSI EP12-A2 guidelines [20].

For comparison, Bland-Altman plot and Passing-Bablok regres-
sion analysis were used according to the CLSI EP 09C-ED3 guidelines
[21]. Preclassification, verification, and manual counting were
analyzed using Bland-Altman plot, and 18 cell classes were compared.
Because manual counting is the gold standard for WBC differential,
correlation of preclassification and verification with manual counting
were analyzed. Correlation of preclassification with verification was
also analyzed. Using Passing-Bablok regression, six WBC classes
(segmented neutrophils, band neutrophils, lymphocytes, monocytes,
eosinophils, and basophils) were compared. Pearson’s correlation
coefficients (r) with 95% confidence interval (CI) were obtained and
interpreted as follows: <0.30, negligible; 0.30-0.50, low; 0.50-0.70,
moderate; 0.70-0.90, high; 0.90-1.00, very high [22].

TAT (min:s) of DC-1 and manual counting were analyzed with
four process steps: first, TAT of preparing and changing PBS slides
between run (inserting, removing, and oil immersion); second, TAT
of scanning ideal zone under low power (100x); third, TAT of
preclassification under high power (1,000x) in DC-1 or TAT of counting
cells under high power (1,000x) in manual counting; fourth, TAT of
verification in DC-1 or TAT of recording results in manual counting.
Total TAT was calculated by sum of four process steps in DC-1 and
manual counting. Total TAT/cell (s) was calculated by dividing total
TAT with total cell counts of 18 cell classes.

Statistical analysis was performed using Microsoft Excel 2016
(Microsoft, Seattle, WA, USA) and MedCalc Statistical Software
(version 20.011; MedCalc Software, Ostend, Belgium). Statistical
analysis was considered significant, if two-sided p-values were less
than 0.05.

Results

In five PBS slides spanning normal WBC range including
mild leukopenia and mild leukocytosis, XN-9000 showed
no flags. DC-1 successfully counted 210 cells (except
plasma cells and non-WBC classes) per slide; when plasma
cells and non-WBC classes are included, DC-1 counted
222 cells (IQR, 220-230 cells) per slide.

For repeatability. %CV was excellent in all 18 cell clas-
ses (Table 1). Segmented neutrophils showed the lowest %
CV (0.0%), and plasma cells showed the highest %CV
(3.5%). Five WBC differentials (segmented neutrophils,
lymphocytes, monocytes, eosinophils, and basophils)
showed less than 1.0% of %CV. In mild leukopenic PBS
slide, the plasma cells, nRBCs, and giant platelet were not
available because there was no counted cell. Promyelocytes
and nRBCs were also not available in mild leukocytotic PBS
slide.

The sensitivity and efficiency showed high values
(range, 87.2-99.4% and 99.3-100.0%, respectively) except
seven cell classes, including metamyelocytes, myelocytes,
promyelocytes, blasts, plasma cells, nRBCs, and uniden-
tified. In five WBC differentials, same classes showed
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similar values (range, 88.6-99.4% and 99.3-100.0%,
respectively). The sensitivity and efficiency of seven cell
classes were not available. The specificity and NPV showed
high values in all 18 cell classes (range, 98.9-100.0% and
98.4-100.0%, respectively). In five WBC differentials,
same classes showed similar values (range, 98.9-100%
and 97.7-100%, respectively). The PPV showed high
values (range, 90.2-100.0%) except seven cell classes
(range, 0-0%) (Table 2).

The absolute mean differences (%) ranged from 0.00
to 0.73 in preclassification vs. verification; 0.01-2.74 in
preclassification vs. manual counting; 0.00-2.16 in verifi-
cation vs. manual counting (Table 3). Preclassification
and manual counting showed very high correlation in
segmented neutrophils (r=0.96); high correlations in
lymphocytes (r=0.87), monocytes (r=0.88), eosinophils
(r=0.73) and basophils (r=0.86); moderate correlation in
band neutrophils (r=0.63). Verification and manual count-
ing showed improved correlations but remained in the same
interpretation groups (r=0.63-0.96). Preclassification and
verification showed very high correlations in those cell
classes (r=0.95-0.99) (Figure 1).

The TAT (min:s) of preclassification was 6:48 in DC-1,
and that of counting cells was 8:09 in manual counting.
TAT of verification was 1:29 in DC-1, which was not
necessary in manual counting. Thus, total TAT was 8:55 in
both DC-1 and manual counting. Overall TAT/cell (s) was
2.4 in DC-1 and 2.5 in manual counting (Table 4).

Discussion

In this study, we comprehensively evaluated the perfor-
mance of newly launched DC-1, including precision,
qualitative performance, comparison of cell counting
between DC-1 and manual counting, and TAT. DC-1 has
been evaluated in one previous study, in terms of accuracy,
within-run imprecision, and clinical performance (sensi-
tivity, specificity, and agreement for WBC classification);
in that study, however, the evaluation was limited to the six
major cell classes, and the analytical performance was not
explored [15]. Our study is different from the previous study
in that we explored the analytical performance of each of
the 18 cell classes provided by DC-1, compared both DC-1
pre-classification and verification with manual counting,
and assessed laboratory efficiency in terms of TAT.

The %CV showed excellent precision on all PBS slides.
In addition, %CV showed higher precision in five WBC
differentials. However, several cell classes could not be
compared whether the values would be changed according
to WBC counts because there was no counted cell in the
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Table 1: Precision of DC-1 pre-classification (n=125).

DE GRUYTER

Cell class Number of cells® Mean value of cells Repeatability
per slide

SD %CV
Segmented neutrophils 4,060 (3,835.3-4,574) 162.4 (153.4-183) 1.8 (1.6-2) 0 (0-0)
Band neutrophils 9 (6.8-74.5) 0.4 (0.3-3) 0.5 (0.4-0.6) 0.8 (0.2-1)
Lymphocytes 630 (414.3-640.3) 25.2 (16.6-25.6) 1.4 (1.1-1.4) 0.1(0.1-0.1)
Variant lymphocytes 225 (0-231.8) 9 (0-9.3) 1.8 (0-1.9) 0.2 (0.2-0.2)
Monocytes 114 (68.8-114) 4.6 (2.8-4.6) 0.8 (0.8-0.8) 0.2 (0.2-0.3)
Eosinophils 27 (18.8-51) 1.1 (0.8-2) 0.3 (0.3-1) 0.3 (0.3-0.4)
Basophils 24 (17.3-30.3) 1(0.7-1.2) 0.2 (0.2-0.2) 0.2 (0.2-0.2)
Metamyelocytes 1(0.8-2.8) 0(0-0.1) 0.2 (0.2-0.3) 3.2 (3.2-4.1)
Myelocytes 3 (1.5-8.8) 0.1(0.1-0.4) 0.3 (0.2-0.4) 1.7 (1.6-2.6)
Promyelocytes 0(0-1.3) 0(0-0.1) 0(0-0.1) 3.2(2-3.5)
Blasts 16 (0-20) 0.6 (0-0.8) 0(0-0.2) 0.5 (0.5-0.7)
Plasma cells 0 (0-0.5) 0 (0-0) 0 (0-0.1) 3.5 (3.5-3.5)
nRBCs 0 (0-0) 0 (0-0) 0 (0-0) 2.3(2.3-2.3)
Smudge cells 221 (210-247.5) 8.8 (8.4-9.9) 1.6 (1.4-1.7) 0.2 (0.1-0.2)
Artifact 14 (0.8-14) 0.6 (0-0.6) 0.5 (0.2-0.5) 1.6 (0.9-3.3)
Unidentified 36 (31.5-36.5) 1.4 (1.3-1.5) 1(1-1.1) 0.5 (0.5-0.8)
Platelet aggregation 14 (7-26) 0.6 (0.3-1) 0.6 (0.3-0.8) 0.8 (0.7-0.9)
Giant platelet 1(0.5-17) 0(0-0.7) 0.2 (0.1-0.4) 2.7 (1.6-3.9)

®Number of cells are total cell counts of preclassification. SD, standard deviation; %CV, %coefficients of variation; nRBCs, nucleated red blood

cells.

mild leukopenic and mild leukocytotic PBS slides (Table 1).
In the previous studies including analysis of pathologic
samples, precision tended to be lower on PBS slides having
fewer WBC counts especially in moderate and severe
leukopenia [23-27]. The %CV might have been under-
estimated, because this study only analyzed PBS slides
spanning normal WBC range without pathologic samples.

In our data, the specificity and NPV was high, and
these results are similar to previous findings evaluating
other DM analyzers. However, the sensitivity and efficiency
were not available in seven cell classes (metamyelocytes,
myelocytes, promyelocytes, blasts, plasma cells, nRBCs,
and unidentified), because all preclassified cells by DC-1
were verified to other cells (Table 2). This finding implies
that DC-1 might make unnecessary workload, which
requires verification by hematology experts even in normal
samples. These results suggest that like other DM
analyzers, preclassified results by DC-1 should be verified
by hematologic experts as recommended by the ICSH
guidelines [2]. The PPV showed low values in seven cell
classes; because each PBS slide underwent 25 replicates
according to the CLSI guidelines, the wrong counted cell
may be multiplied and make the PPV low with statistical
error. In addition, the data on several cell classes were not
available because those cell classes did not exist on the
PBS slides that were used in this study.

The absolute mean differences were acceptable in all
cell classes. Preclassification vs. manual counting showed
the highest absolute mean differences, and preclassification
vs. verification showed the lowest value (Table 3). In the
previous studies including analysis of pathologic samples,
absolute mean differences showed larger differences in
fewer WBC counts especially in moderate and severe
leukopenia [11, 27]. Absolute mean differences might have
been underestimated in this study without pathologic
samples.

Preclassification vs. manual counting showed high to
very high correlation in five cell classes (segmented neutro-
phils, lymphocytes, monocytes, eosinophils, basophils) but
showed moderate correlation in band neutrophils. Verifica-
tion vs. manual counting showed same interpretation.
However, in preclassification vs. verification, all cell classes
showed very high correlation (Figure 1). When band and
segmented neutrophils are not counted separately, neutro-
phils (band plus segmented neutrophils) showed same cor-
relation coefficient of segmented neutrophils. Because band
neutrophils have a small cell proportion, the detection would
be highly affected by the reading zone on the PBS slide. This
might result in lower correlation in DC-1 vs. manual counting,
for which PBS slides might be read in different ideal zone
than preclassification vs. verification, for which PBS slides
might be read in the same ideal zone [12, 18, 28].
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Table 2: Performance of DC-1 pre-classification on the basis of verification (n=125).

Cell class Number of Sensitivity Specificity  Positive predictive ~ Negative predictive Efficiency
cells® value value
Segmented 20,075 98.9(98.8-99.1) 98.9 (98.7-99.1) 99.5 (99.4-99.6) 97.7 (97.4-98)  98.9 (98.8-99)
neutrophils
Band neutrophils 185 88.6 (83.2-92.8) 100 (100-100) 98.8 (95.3-99.7) 99.9 (99.9-100) 99.9 (99.9-100)
Lymphocytes 3,632  94.8(94-95.5) 100 (99.9-100) 99.8 (99.6-99.9) 99.3(99.2-99.4) 99.3(99.2-99.4)
Variant lymphocytes 927 93.2(91.4-94.7) 100 (100-100) 99.8 (99.1-99.9) 99.8 (99.7-99.8) 99.8(99.7-99.8)
Monocytes 1,183 93.9(92.4-95.2) 99.9 (99.9-99.9) 97.7 (96.7-98.4) 99.7 (99.7-99.8) 99.7 (99.6-99.7)
Eosinophils 328 99.4(97.8-99.9) 100 (100-100) 99.1(97.2-99.7) 100 (100-100) 100 (100-100)
Basophils 171 98.8 (95.8-99.9) 100 (99.9-100) 97.1(93.4-98.8) 100 (100-100) 100 (99.9-100)
Metamyelocytes 0 NA 99.9 (99.8-99.9) 0 (0-0) 100 (100-100) NA
Myelocytes 0 NA 99.8 (99.8-99.9) 0 (0-0) 100 (100-100) NA
Promyelocytes 0 NA 100 (100-100) 0 (0-0) 100 (100-100) NA
Blasts 0 NA 99.8 (99.7-99.8) 0 (0-0) 100 (100-100) NA
Plasma cells 0 NA 100 (100-100) 0 (0-0) 100 (100-100) NA
nRBCs 0 NA 100 (100-100) 0 (0-0) 100 (100-100) NA
Smudge cells 2,510 90 (88.8-91.2) 100 (100-100) 100 (100-100) 98.4 (98.2-98.6) 98.6(98.4-98.8)
Artifact 78 87.2(77.7-93.7) 100 (100-100) 93.2 (84.9-97) 100 (99.9-100) 99.9 (99.9-100)
Unidentified 0 NA 99.2(99.1-99.3) 0 (0-0) 100 (100-100) NA
Platelet aggregation 139 99.3(96.1-100) 100 (100-100) 99.3 (95.1-99.9) 100 (100-100) 100
(100-100)
Giant platelet 56 98.2(90.4-100) 100 (100-100) 90.2 (80.5-95.3) 100 (100-100) 100
(100-100)

®Number of cells are total cell counts of verification. NA, not available.

In addition, these results are different from previous
findings that showed lower correlation in basophils. In
previous studies, the reported correlation coefficients were
as follows: 0.54 in DI-60 verification vs. manual counting;
0.36 in Vision Pro verification vs. manual counting; 0.76 in
DM96 vs. manual counting [11, 27, 29]. These results
might be due to the small number of basophils like band
neutrophils, because the previous studies included
moderate and severe leukopnenic PBS slides.

Total TAT showed no tendency when WBC counts were
changed in both DC-1 and manual counting, and it showed
the longest value in sample 2 and the shortest value in
sample 3. Overall TAT of preclassification in DC-1 showed
shorter time than overall TAT of cell counting in manual
counting; however, overall total TAT and overall TAT/cell
showed no difference between DC-1 and manual counting
(Table 4). Because TAT of preclassification and verification
constitute a large portion of total TAT in DC-1, the TAT of
verification lengthened the total TAT. On the contrary, only
counting cells constitute a large portion of total TAT in
manual counting without verification process. Of note,
there were two error events that could not scan ideal zones
using DC-1. The errors were caused due to few drops of
immersion oil, and this made the TAT being increased. In a
previous study that compared TAT between a DM analyzer
and manual counting, DM analyzer showed longer TAT

especially in samples with severe leukopenia [30]. TAT
might have been underestimated in our study because we
used only PBS slides spanning normal WBC range without
pathologic samples. Our results showed that DC-1 is not
superior to manual counting in terms of TAT. So, it is
questionable that DC-1 could increase laboratory
efficiency. In the context of telemedicine, however, it has
the potential to provide assist of manpower at small to
medium-volume laboratories, which have trouble with
lack of hematology experts. Evaluating laboratory
efficiency using comparative assessment of risk and TAT
would be an area of future research.

This study has several limitations. First, only RAL stain
was used for PBS preparation. Other staining methods
should be compared for performance evaluation because
the performance of DM analyzers may vary according to
staining methods [31]. The CLSI H20-A2 guidelines recom-
mend manual counting on a Romanowsky-stained PBS
slides, but we used RAL-stained PBS slides for manual
counting [2, 16]. Second, the SP-10, which is usually used in
high-volume laboratories was used for PBS preparation
rather than RAL SmearBox and RAL StainBox which are
usually used in small-to medium-volume laboratories.
Thus, the TAT of PBS preparation using RAL SmearBox and
RAL StainBox should be further compared with TAT of PBS
preparation using SP-10. Third, this study was performed
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Table 3: Comparison of cell classification between DC-1 and manual counting (n=125).
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Mean difference (%, 95% Cl)

Pre-classification vs.
verification

Pre-classification vs.
manual counting

Verification vs.
manual counting

Cell class Number of cells
Pre- Verification Manual

classification counting
Segmented 19,957 20,075 18,757
neutrophils
Band neutrophils 166 185 365
Lymphocytes 3,450 3,632 3,917
Variant 866 927 736
lymphocytes
Monocytes 1,137 1,183 825
Eosinophils 329 328 259
Basophils 174 171 145
Metamyelocytes 37 0 0
Myelocytes 55 0 0
Promyelocytes 6 0 0
Blasts 73 0 0
Plasma cells 4 0 0
nRBCs 4 0 0
Smudge cells 2,260 2,510 1,903
Artifact 73 78 16
Unidentified 220 0 0
Platelet 139 139 109
aggregation
Giant platelet 61 56 48

0.42 (-1.41 to 2.24)

-0.06 (-0.56 to 0.45)
-0.58 (-1.56 to 0.4)
-0.2 (-0.66 t0 0.26)

-0.16 (-1.06 to 0.74)
0.01 (-0.12 t0 0.13)
0.01 (-0.18 t0 0.2)
0.13 (-0.33 to 0.59)
0.2 (-0.32t0 0.72)
0.02 (-0.17 t0 0.21)
0.25 (-0.32 to0 0.82)
0.01 (-0.13 t0 0.15)
0.01 (-0.12t0 0.14)
-0.81(-2.37 t0 0.75)
-0.01(-0.21 t0 0.19)
0.73 (-0.25t0 1.72)
0(-0.01 to 0.02)

0.02 (-0.14t0 0.18)

0.09 (-5.93 t0 6.11)

-0.79 (-2.35 t0 0.78)
-2.74 (-7.86 t0 2.38)
0.23 (-1.58 to 2.04)

0.82(-1.72t0 3.37)

0.2 (-1.44 to0 1.83)
0.07 (-0.58 t0 0.71)
0.13 (-0.33 t0 0.59)

0.2 (-0.32t0 0.72)
0.02 (-0.17 t0 0.21)
0.25(-0.32 t0 0.82)
0.01 (-0.13 t0 0.15)
0.01 (-0.12 t0 0.14)

0.48 (-4.14 t0 5.1)
0.19 (-1.16 to 1.54)
0.73 (-0.25t0 1.72)
0.06 (-0.74 to 0.87)

0.02 (-0.51 to 0.56)

-0.33(-5.82t0 5.17)

-0.73 (-2.3 t0 0.84)
-2.16 (-7.21 to 2.89)
0.43 (-1.51 t0 2.37)

0.98 (-1.94 to0 3.91)
0.19 (-1.42 to 1.8)
0.06 (-0.61 t0 0.72)
0 (0-0)

0 (0-0)

0 (0-0)

0 (0-0)

0 (0-0)

0 (0-0)

1.28 (-3.34 t0 5.91)
0.2 (-1.15 to 1.56)
0 (0-0)

0.06 (-0.75 to 0.87)

0.01 (-0.49 t0 0.51)

Cl, confidence interval.

using only normal samples spanning normal WBC counts.
Because this study did not consider pathologic samples
including moderate and severe leukopenia, the perfor-
mance of DC-1 might have been overestimated. PBS review
can be initiated by the laboratory staff based on CBC
findings or requested by the clinician, and individual
laboratories can develop or set their own review criteria
[1, 6]. In addition to abnormal samples, normal samples
can be reviewed to resolve clinicians’ concerns pertaining
to specific patient populations and for the purpose of
quality control/quality assurance and technical/educa-
tional considerations [1, 8]. In DM analyzers, freshly
stained blood samples with normal WBC counts are also
used for the quality control of cell location performance [8].
Accordingly, in-depth analysis of the qualitative perfor-
mance of DM analyzers using normal samples would be the
basic approach to guarantee good laboratory practice,
especially because there is no other commercially available
QC material for daily use for this test [1]. Moreover,
although only five samples were included in this study, the
actual analysis was based not on the five slides but
on the 125 replicated measurements, and a total of
56,364 cells were counted for both DC-1 verification and
manual counting; it was an enough number of measure-
ments to explore the analytical performance of DC-1.

Considering that DC-1 is a stand-alone system and slides
need to be manually loaded one at a time, such a task
performed by the hematology expert was labor-intensive
and technically-demanding [15]. Fourth, DC-1 undergo
preclassification only in ideal zone of PBS slides, which can
miss pathologic cells located in other sites. The DM
analyzer proceeding full field review of PBS slides might
solve this problem [32]; there is a need to compare the
performance of DC-1 with DM analyzer proceeding full field
review of PBS slides.

In conclusion, this is the first study that comprehen-
sively evaluated the performance of DC-1 on PBS slides
spanning normal WBC range. This study showed that DC-1
has a reliable analytical performance in all cell classes,
and it can be used in small-to medium-volume labora-
tories for providing assist of manpower in daily practice of
PBS review. However, DC-1 might make unnecessary
workload requiring verification by hematology experts
even in normal samples, and TAT of DC-1 was not superior
to that of manual counting, leaving questions whether
DC-1 would indeed improve laboratory efficiency. Our
findings imply that implementing DM analyzer itself
cannot guarantee improved laboratory workflow, and
further optimization would be warranted considering
each laboratory’s situation and unmet need. Our study
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Figure 1: Comparison of DC-1 and manual counting (n=125). Solid line, Passing-Bablok regression; dashed line, 95% Cl line; dotted line,

identity line. Cl, confidence interval.
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Table 4: Comparison of turnaround time between DC-1 and manual counting.

DE GRUYTER

Process TAT, min:s (median, IQR)®
a
step Overall (n=125) Sample 1 (n=25) Sample 2 (n=25) Sample 3 (n=25) Sample 4 (n=25) Sample 5 (n=25)
DC-1 A 0:28 (0:26-0:30) 0:28 (0:27-0:29) 0:29 (0:27-0:32) 0:27 (0:25-0:30) 0:28 (0:27-0:29) 0:28 (0:25-0:31)
analysis B 0:29 (0:28-0:30) 0:30 (0:30-0:30) 0:29 (0:28-0:30) 0:29 (0:29-0:35) 0:27 (0:26-0:28) 0:28 (0:28-0:29)
C 6:48 (6:04-8:28) 6:48 (6:46-6:51) 8:47 (8:34-8:52) 4:46 (4:43-4:47) 8:28 (8:16-8:37) 5:05 (5:04-5:07)
D 1:29 (1:09-1:45) 1:05(1:01-1:08) 1:39 (1:37-1:43) 1:31(1:28-1:34) 1:09 (1:04-1:18) 2:39 (2:35-2:48)
Total TAT 8:55 (8:38-10:41) 8:52(8:49-8:55) 11:25(11:03-11:36) 7:14(7:10-7:24) 10:34(10:15-10:45) 8:43 (8:38-8:52)
TAT/cell, s 2.4 (2.3-2.6) 2.4 (2.4-2.4) 2.5 (2.4-2.6) 2.0 (2.0-2.0) 2.9 (2.8-2.9) 2.3(2.3-2.3)
Manual E 0:11 (0:10-0:12) 0:11 (0:10-0:11) 0:11 (0:10-0:11) 0:11 (0:10-0:12) 0:11 (0:11-0:12) 0:11 (0:10-0:12)
count F 0:19 (0:18-0:19) 0:18 (0:18-0:19) 0:19 (0:18-0:21) 0:19 (0:18-0:21) 0:18 (0:18-0:19) 0:18 (0:18-0:19)
G 8:09 (5:56-10:28) 8:09 (8:03-8:19) 10:28 (10:21-10:34) 5:48 (5:42-5:57) 10:38 (10:28-10:46) 5:56 (5:51-6:04)
H 0:16 (0:15-0:18) 0:16 (0:15-0:17) 0:16 (0:15-0:18) 0:16 (0:16-0:18) 0:16 (0:15-0:18) 0:17 (0:16-0:18)
Total TAT  8:55(8:03-11:14) 8:55(8:48-9:03) 11:14(11:07-11:22) 6:36 (6:28-6:43) 11:24(11:19-11:30) 6:42 (6:37-6:50)
TAT/cell, s 2.5(1.8-2.8) 2.5(2.5-2.6) 2.8 (2.8-2.8) 1.9 (1.9-1.9) 3.2 (3.2-3.3) 1.8(1.8-1.8)

A and E evaluated TAT of preparing and changing PBS slides between run (inserting, removing, and oil immersion), B and F evaluated TAT of
scanning ideal zone, C evaluated TAT of preclassification, G evaluated TAT of cell counting, D evaluated TAT of verification, H evaluated TAT of
recording results in manual counting. Total TAT means sum of four process steps in each method (DC-1 analysis and manual counting), and

TAT/cell (s) was calculated by dividing total TAT with total cell counts of 18 cell classes on each PBS slide. PWBC counts in each sample were:
sample 1,3.90 x 10°/L; sample 2, 5.19 x 10°/L; sample 3, 6.72 x 10°/L; sample 4, 8.72 x 10°/L; sample 5, 10.78 x 10°/L. TAT, turnaround time;

IQR, interquartile range.

based on normal samples would stimulate further studies
using a wide array of pathological samples.
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