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� Context.—In the XN series of hematology analyzers
(Sysmex, Kobe, Japan), the probability of the presence of
abnormal cells is indicated by flags based on Q values.

Objective.—To evaluate the Q value performance of the
Sysmex XN-20 modular analyzer.

Design.—The interinstrumental concordance, intrain-
strumental precision, and diagnostic accuracy of Q values,
with tested flags of ‘‘blasts/abnormal lymphocytes,’’
‘‘atypical lymphocytes,’’ and ‘‘blasts,’’ were investigated.

Results.—Absolute concordance rates in flagging be-
tween 2 analyzers ranged from 69.8% to 80.8%, and j
values ranged from 0.43 to 0.61. In samples with absolute
related cell counts lower than 100/lL, the values ranged
from 0.31 to 0.52. For intrainstrumental precision,
standard deviations ranged from 4.8 to 23.9 for the
blasts/abnormal lymphocytes, from 18.7 to 59.1 for the

blasts, and from 11.0 to 23.0 for the atypical lymphocytes.
Using a default Q value cutoff, diagnostic accuracy values
based on the area under the curve, sensitivity, and
specificity were, respectively, 0.910, 90.9%, and 72.2%
for blasts/abnormal lymphocytes; 0.927, 84.9%, and
89.8% for blasts; and 0.865, 74.4%, and 84.9% for
atypical lymphocytes. The diagnostic accuracy of Q values
was much lower in samples with absolute related cell
counts lower than 100/lL than in those 100/lL or higher.

Conclusions.—Q values of the Sysmex XN-20 analyzer
were found to be imprecise and irreproducible, especially
with samples containing a small number of pathologic
cells. Adjustments in the Q value threshold may help in the
detection of these cells.

(Arch Pathol Lab Med. 2018;142:83–88; doi: 10.5858/
arpa.2016-0502-OA)

A complete blood count, including a differential count of
white blood cells (WBCs), is the main test used to

detect hematologic anomalies and monitor a patient’s
disease status during or after treatment.1 Combining
hematologic analysis with sophisticated algorithms for data
interpretation has led to dramatic improvements in the
results from such tests. The utility of automated analyzers
and newer instrumentation for patient care far surpasses
that of past screening tools.2–4

The Sysmex XN modular analyzer (Sysmex, Kobe, Japan),
which was introduced in 2011, uses newer analytic channels
than the previous XE series. The WBC precursor channel
(WPC), one of the new channels, is based on fluorescence
flow cytometry technology and was developed particularly to
detect myeloblasts or lymphoblasts more accurately than the
immature myeloid information channel used in the XE series.5

Another new channel, a WBC differential channel (WDF), for
WBC differential counts, is now included; a similar channel
was also used in the XE series, but the WDF in the XN series
includes the basophil count. There is no longer a separate
basophil channel, as there is in the XE series. In addition,
separation of lymphocytes and monocytes has also been
optimized in the XN series, with a milder lysis reaction than
that used in the XE series. The WDF has new shape
recognition software, flag graph areas, and algorithms.5,6

In automated hematology analyzers, a flag is generated
either by instrument-defined criteria or by user-defined
criteria. Flagging indicates that the technologist should
review the peripheral blood smear for abnormal cells or
mark it for further investigation.2,3 In Sysmex instruments,
the probability of the presence of abnormal cells is indicated
by the Q value, which is based on a scale from 0 to 300, with
increments of 10 arbitrary units. The default threshold
setting is 100. At this setting, abnormal cells, such as
‘‘blasts’’ or ‘‘atypical lymphocytes,’’ are flagged with Q
values 100 or higher and are not flagged with Q values
lower than 100.7 The Q value cutoff can be adjusted by
users, based on individual laboratory needs.

There have been several studies that have evaluated the
analytic performance of the Sysmex XN modular analyz-
er5–12; however, studies that focus on the Q value of the XN
module are rare. Although we found 1 study, by Eilertsen et
al,7 addressing the reliability of the Q value, they studied the
flag performance of the previous analyzer, the XE-5000, not
an XN module, and they concluded that the performance of
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the Q flag in the XE series was questionable because of its
imprecision. Of course, their study did not encompass the Q
value performance of either the newly developed WPC or
WDF available in the XN series. The analytic performance of
the XN series, including the analysis algorithm, reagent
reactions, signal processing, and flagging, has been im-
proved from that of the previous XE series13,14; therefore, the
reliability of the Q value may have changed. The aim of our
study was to evaluate the flagging performance of the
Sysmex XN modular analyzer on the basis of Q values.

MATERIALS AND METHODS

Analytic Methods

We studied the performance of Q value flagging based on
interinstrumental concordance, intrainstrumental precision, and
diagnostic accuracy. The flags under study were obtained using 2
channels: the WDF for ‘‘blasts/abnormal lymphocytes’’ and
‘‘atypical lymphocytes,’’ and the WPC for ‘‘blasts.’’ We evaluated
2 Sysmex XN-20 modules and designated them XN1 and XN2.
These instruments were purchased at the same time and were
calibrated and harmonized by the manufacturer. Manual WBC
differential counts were performed for all samples. A total of 200
cells were counted by 2 highly trained technicians, each counting
100 cells. The presence of single cells (1 of 200; 0.5%) associated
with each flag (blasts for ‘‘blasts/abnormal lymphocytes’’ and
‘‘blasts’’ flags, or atypical lymphocytes for ‘‘atypical lymphocytes’’)
qualified as a true-positive result for a blood smear. This criterion is
supported by guidelines in the Clinical and Laboratory Standards
Institute documents H20-A2 and H26-A2.15,16 Enlarged dysmor-
phic lymphocytes, with an irregular monocyte-like nucleus and
abundant bluish cytoplasm, that came from the patients without
evidence of hematologic malignancies were counted as atypical
lymphocytes. This study was conducted at Chung-Ang University
Hospital (Seoul, Korea) from August 2015 to December 2016. The
study protocol was approved by the Chung-Ang University
Hospital Institutional Review Board (IRB No. C2016033) and was
compliant with the ethics standards codified in the 1964
Declaration of Helsinki and later amendments.

Materials

To study interinstrumental concordance, clinical samples initially
analyzed in the XN1 module were reanalyzed with the XN2 within
2 hours of the initial analysis. The numbers of samples with the
flags ‘‘blasts/abnormal lymphocytes,’’ ‘‘blasts,’’ and ‘‘atypical
lymphocytes’’ were 500 (including 35 true-positive samples), 338
(including 45 true-positive samples), and 354 (including 136 true-
positive samples), respectively.

To evaluate intrainstrumental precision, 18 clinical samples (3
samples for Q values of 50–150 and 3 samples for Q values �150
for each flag, designated S1–S18) were randomly selected, and
complete blood count analyses were repeated 10 times per sample
using the XN1 module. All replicates were performed within 2
hours of the initial analysis.

The diagnostic accuracy of each flag was determined using 500
(including 95 true-positive samples), 334 (including 127 true-
positive samples), and 408 (including 114 true-positive samples)

samples with the flags ‘‘blasts/abnormal lymphocytes,’’ ‘‘blasts,’’
and ‘‘atypical lymphocytes,’’ respectively. Q values ranged from 0
to 300 for all 3 flags. All samples were analyzed within 4 hours from
blood collection.

All samples were obtained consecutively, rather than selected
during the study period.

Statistical Analysis

To determine interinstrumental concordance, a regression
analysis including Pearson correlation was performed to evaluate
the relation between the absolute Q values of the 2 analyzers, and
results with P values ,.05 were regarded as evidence of a
significant correlation. Pearson v2 test was carried out to evaluate
the concordance between flagging by the modules. From these
data, absolute concordance rates, j values, and P values were
calculated; differences between the 2 analyzers at P , .05 were
considered significant. True-positive samples were analyzed
separately according to absolute related cell counts (blasts for
‘‘blasts/abnormal lymphocytes’’ and ‘‘blasts’’ flags, and atypical
lymphocytes for ‘‘atypical lymphocytes’’) of lower than 100/lL, or
100/lL or higher, to determine whether cell counts affected
interinstrumental concordance.

To evaluate intrainstrumental precision, standard deviations,
mean Q values, and coefficients of variation based on 10 replicates
for each sample were analyzed.

The diagnostic accuracy of each flag was determined by means of
a receiver operating characteristic curve analysis. A statistical
analysis according to absolute cell counts (,100/lL or �100/lL)
was also performed. The statistical analyses were conducted in
SPSS version 19 (SPSS, Chicago, Illinois).

RESULTS

Interinstrumental Concordance

Table 1 shows results of the regression analysis of flagging
by 2 XN modules for ‘‘blasts/abnormal lymphocytes,’’
‘‘blasts,’’ and ‘‘atypical lymphocytes.’’ Although there was
a significant correlation between Q values from the 2
modules for each suspect flag (P ¼ .007, ,.001, and ,.001,
respectively, for the tested flags), Pearson correlation
coefficients (r) for the 3 flags were low at 0.76, 0.56, and
0.73, respectively. Using true-positive samples, only ‘‘atyp-
ical lymphocytes’’ flags showed a significant correlation
between the 2 modules, with r ¼ 0.66 (P , .001).

Table 2 shows results of the flagging concordance analysis
of the 2 analyzers. According to Pearson v2 tests with cross-
tabulation, absolute concordance rates ranged from 69.8%
to 80.8%. The j values for the ‘‘blasts/abnormal lympho-
cytes,’’ ‘‘blasts,’’ and ‘‘atypical lymphocytes’’ were 0.43, 0.46,
and 0.61, with P values of ,.001, ,.001, and .006,
respectively. With true-positive samples, samples with
absolute cell counts lower than 100/lL showed statistically
significant lower agreement between the 2 modules than
that of samples with absolute cell counts 100/lL or higher in
‘‘blasts/abnormal lymphocytes’’ (87.0% versus 100.0%; P ¼
.02) and ‘‘blasts’’ (60.9% versus 86.4%; P , .001) flags. The

Table 1. Regression Analysis of the Q Values From 2 Sysmex XN Modulesa

Flags

All Samplesb True-Positive Samplesc

Intercept Slope r P Intercept Slope r P

Blasts/abnormal lymphocytes �1.11 0.83 0.76 .007 124.03 0.39 0.35 .06
Blasts 13.06 0.60 0.56 ,.001 172.90 0.03 0.02 .88
Atypical lymphocytes 15.19 0.73 0.73 ,.001 45.79 0.63 0.66 ,.001

a Sysmex, Kobe, Japan.
b All analyzed samples regardless of the presence of pathologic cells in a blood smear.
c Samples that were found to have pathologic cells related to each flag in a blood smear.
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‘‘atypical lymphocytes’’ flags were not different between the
2 modules.

Intrainstrumental Precision

Table 3 shows the intrainstrumental variability of an XN
module. For samples with Q values of 50 to 150 (S1–S9), the
SD ranged from 4.8 to 23.9 for the ‘‘blasts/abnormal

lymphocytes’’ flag, from 18.7 to 59.1 for the ‘‘blasts’’ flag,
and from 11.0 to 23.0 for the ‘‘atypical lymphocytes’’ flag.
Among true-positive clinical samples revealed with Q values
of 50 to 150 (S3, S5, S6, and S9), only 2 samples showed
consistency in flagging for ‘‘blasts/abnormal lymphocytes’’
(S3) and ‘‘blasts’’ (S6) in 10 replicates; all Q values calculated
from 10 consecutive analyses of these 2 samples were 100 or

Table 2. Concordance Analysis of 2 Sysmex XN Modulesa in Flagging Performance According to Absolute Cell Counts

Flags

All Samplesb

True-Positive Samplesc

Absolute Related
Cell Countsd ,100/lL

Absolute Related
Cell Counts �100/lL

Absolute Agreement,
No. (%) j

Absolute Agreement,
No. (%) j

Absolute Agreement,
No. (%) j Pe

Blasts/abnormal lymphocytes 349 of 500 (69.8) 0.43 20 of 23 (87.0) 0.31 12 of 12 (100) 1.00 .02
Blasts 265 of 338 (78.4) 0.46 14 of 23 (60.9) 0.39 19 of 22 (86.4) 0.41 ,.001
Atypical lymphocytes 286 of 354 (80.8) 0.61 51 of 64 (79.7) 0.52 112 of 136 (82.4) 0.51 .53

a Sysmex, Kobe, Japan.
b All analyzed samples regardless of the presence of pathologic cells in a blood smear.
c Samples that were found to contain pathologic cells related to each flag in a blood smear.
d Blasts for ‘‘blast/abnormal lymphocytes’’ and ‘‘blast’’ flags, and atypical lymphocytes for ‘‘atypical lymphocytes.’’
e Statistical significance determined by v2 test.

Table 3. Intrainstrumental Variability of the Sysmex XN Modulea Explored From 10 Replicates

Flags and Sample No.

Presence of the
Related Cellsb

(Absolute Cell Counts)

Q Values

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th Mean Min Max SD CV

Initial Q values 50–150

Blasts/abnormal lymphocytes

S1 Negative 100 90 70 80 80 90 40 30 50 50 68 30 100 23.9 35.2
S2 Negative 90 100 100 100 100 100 100 90 100 90 97 90 100 4.8 5.0
S3 Positive (130/lL) 110 110 130 120 120 100 110 100 100 110 111 100 130 9.9 9.0
Pooled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92.0 . . . . . . 15.2 16.6

Blasts

S4 Negative 120 0 120 100 90 0 110 0 60 40 64 0 120 50.8 79.4
S5 Positive (97/lL) 60 10 150 160 130 120 110 60 100 10 86 10 160 59.1 68.7
S6 Positive (215/lL) 100 100 110 140 120 140 130 100 130 150 122 100 150 18.7 15.4
Pooled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90.7 . . . . . . 46.3 51.0

Atypical lymphocytes

S7 Negative 100 130 120 110 110 90 110 100 110 110 102 70 150 23.0 22.5
S8 Negative 100 130 120 80 100 90 90 120 90 120 104 80 130 17.1 16.5
S9 Positive (186/lL) 90 100 80 70 100 150 120 100 90 120 109 90 130 11.0 10.1
Pooled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 . . . . . . 17.7 16.9

Initial Q values �150

Blasts/abnormal lymphocytes

S10 Positive (290/lL) 290 300 300 300 300 290 300 300 300 300 256 210 300 28.8 11.2
S11 Positive (386/lL) 290 250 260 250 300 240 300 300 300 260 275 240 300 25.1 9.1
S12 Positive (412/lL) 250 210 220 260 300 280 260 280 270 230 298 290 300 4.2 1.4
Pooled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276.3 . . . . . . 22.2 8.0

Blasts

S13 Positive (698/lL) 270 290 300 290 300 260 270 300 230 230 193 160 230 25.8 13.4
S14 Positive (321/lL) 300 300 110 300 120 300 290 290 300 290 260 110 300 76.6 29.5
S15 Positive (272/lL) 230 190 170 230 180 220 200 170 160 180 274 230 300 27.2 9.9
Pooled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242.3 . . . . . . 49.2 20.3

Atypical lymphocytes

S16 Positive (680/lL) 300 300 300 280 300 300 300 300 290 250 292 250 300 16.2 5.5
S17 Positive (395/lL) 300 300 300 300 300 300 300 270 300 300 297 270 300 9.5 3.2
S18 Positive (770/lL) 300 300 280 300 300 300 300 300 300 300 298 280 300 6.3 2.1
Pooled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295.7 . . . . . . 11.4 3.9

Abbreviations: CV, coefficient of variation; Max, maximum; Min, minimum.
a Sysmex, Kobe, Japan.
b From the review of peripheral blood smear, blasts for ‘‘blast/abnormal lymphocytes’’ and ‘‘blast’’ flags, and atypical lymphocytes for ‘‘atypical

lymphocytes.’’
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higher. In S5 for ‘‘blasts’’ and S9 for ‘‘atypical lymphocytes,’’
flags were absent (Q values lower than 100) 4 times in 10
replicates, despite the presence of these cells. No samples
showed consistency in the ‘‘atypical lymphocytes’’ flag,
regardless of whether atypical lymphocytes were present in
the peripheral blood smear. Based on the first and the second
measurements alone, 5 samples (S1, S2, S4, S5, and S9)
showed no consistency in the presence or absence of flags.

For samples with Q values higher than 200, CVs ranged from
1.4% to 11.2% for the ‘‘blasts/abnormal lymphocytes’’ flag,
from 9.9% to 29.5% for the ‘‘blasts’’ flag, and from 2.1% to
5.5% for the ‘‘atypical lymphocytes’’ flag. Unlike samples with
Q values of 50 to 150, all samples with Q values greater than
150 (S10–S18) showed consistency in flagging performance.

Diagnostic Accuracy

Table 4 shows the diagnostic accuracy of flagging in the
Sysmex XN module, based on a receiver operating
characteristic analysis. For the flags ‘‘blasts/abnormal
lymphocytes,’’ ‘‘blasts,’’ and ‘‘atypical lymphocytes,’’ the
area under the curve values were 0.910, 0.927, and 0.865,
respectively. At the default Q value cutoff setting (Q value of
100), sensitivity and specificity for the ‘‘blasts/abnormal
lymphocytes’’ flag were 90.9% and 72.2%; for the ‘‘blasts’’
flag, 84.9% and 89.5%; and for the ‘‘atypical lymphocytes’’
flag, 74.4% and 84.9%, respectively. The diagnostic accuracy
of the XN series for samples with absolute cell counts lower
than 100/lL was lower than that for samples with cell
counts higher than 100/lL. The area under the curve values
of samples with cell counts lower than 100/lL for the flags
‘‘blasts/abnormal lymphocytes,’’ ‘‘blasts,’’ and ‘‘atypical
lymphocytes’’ flags were 0.863, 0.862, and 0.815, respec-
tively, and those for samples with cell counts 100/lL or
higher were 0.944, 0.968, and 0.905, respectively.

DISCUSSION

In this study, we determined the reliability of Q flag
performance by a Sysmex XN modular system based on

evaluations of diagnostic accuracy, intrainstrumental preci-
sion, and interinstrumental concordance.

The XN module showed generally acceptable diagnostic
accuracy in the receiver operating characteristic analysis. The
area under the curve values of the flags ‘‘blasts/abnormal
lymphocytes,’’ ‘‘blasts,’’ and ‘‘atypical lymphocytes’’ were
0.910, 0.927, and 0.865, respectively. Nonetheless, the
performance of each flag should be assessed for its own
purpose. Because hematology analyzers are primarily used for
screening, especially for the presence or absence of immature
cells or blasts, they should show high sensitivity in detecting
pathologic cells. In our study, when we designated 100 as the
threshold Q value, the sensitivities of flags for ‘‘blasts/
abnormal lymphocytes’’ and ‘‘blasts’’ were 90.9% and 84.9%,
respectively, and these data were consistent with (or slightly
lower than) the values reported in another study.6 The
sensitivity of these flags is low; thus, this assay may miss the
presence of blasts in whole-blood samples. Therefore, we
recommend adjusting the cutoff thresholds for Q flags. For
example, when we lowered the cutoff from 100 to 80, the
sensitivities of ‘‘blasts/abnormal lymphocytes’’ and ‘‘blasts’’
flags increased to 97.3% and 89.6%, respectively. In contrast,
because the ‘‘atypical lymphocytes’’ flag is necessary to
identify the presence of atypical lymphocytes, it may be useful
to set a higher cutoff value (120 or more). It is important to
adjust the cutoff values based on the needs of individual
laboratories; the specific methods for optimizing the thresh-
olds have been thoroughly documented.17

In other studies of XN module performance,5,6,8–10,12 XN
modules have shown comparable results among modules,
especially in WBC differential counts and flagging perfor-
mance. Findings of these studies were similar to ours;
however, they did not evaluate the performance of Q values.
In our study, we found that the reliability of Q values was
poor.

A regression analysis of Q values from 2 XN modular
systems showed a statistically significant correlation be-
tween the modules. In contrast, Pearson correlation

Table 4. Diagnostic Accuracy of Flagging Performance of the Sysmex XN Modulea According to the Receiver Operating
Characteristic Curve Analysis at Different Cutoff Levels

Flags and Cutoff

Total

Absolute Related Cellb Counts

,100/lL �100/lL

Sensitivity,
%

Specificity,
% AUC

Sensitivity,
%

Specificity,
% AUC

Sensitivity,
%

Specificity,
% AUC

Blasts/abnormal lymphocytes

80 97.3 53.2 0.910 95.5 57.9 0.863 100.0 53.2 0.944
100 (default) 90.9 72.2 85.8 72.2 95.3 74.2
120 81.5 81.4 75.9 83.4 88.4 85.4
150 72.5 89.1 67.2 89.1 77.4 91.1

Blasts

80 89.6 79.5 0.927 80.8 81.5 0.862 95.0 79.5 0.968
100 (default) 84.9 89.5 70.9 91.5 95.0 89.5
120 77.0 92.2 61.1 95.2 92.7 93.2
150 67.7 95.5 42.9 96.2 78.7 97.4

Atypical lymphocytes

80 83.7 68.7 0.865 81.7 69.7 0.815 88.8 68.7 0.905
100 (default) 74.4 84.9 62.9 84.9 83.6 84.9
120 64.5 91.3 49.1 91.3 76.7 91.3
150 51.0 95.8 31.7 95.8 66.4 95.8

Abbreviation: AUC, area under the curve.
a Sysmex, Kobe, Japan.
b Blasts for ‘‘blast/abnormal lymphocytes’’ and ‘‘blast’’ flags, and atypical lymphocytes for ‘‘atypical lymphocytes’’ flag.
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coefficient was relatively low. In the concordance analysis,
absolute concordance rates of the ‘‘blasts/abnormal lym-
phocytes’’ and ‘‘blasts’’ flags were 69.8% and 78.4%, with
low j values of 0.43 and 0.46, respectively; these results
indicated that the performance of the 2 modules was
different. Based on positive samples alone, especially
samples with absolute blasts counts lower than 100/lL, j
values decreased to 0.31 and 0.39. Only 60.9% of the
samples with absolute blast counts lower than 100/lL
showed concordant results between the 2 analyzers. These
results indicate the weak reliability of Q flagging for ‘‘blasts/
abnormal lymphocytes’’ from the WDF and ‘‘blasts’’ from
the WPC in samples with few blasts.

In 2013, Eilertsen et al7 reported that the concordance
among 3 modules of the Sysmex XE-5000 series was
poor. The j values for the detection of ‘‘blasts’’ by the 3
modules ranged from 0.73 to 0.74, which are higher than
the j value of 0.46 found in this study. We believe that
this discrepancy comes from a difference in the true-
positive sample fraction, in addition to differences
between the analyzers. Even considering this difference
between the 2 studies, our results indicated that an
improvement in performance of Sysmex XN module flags
over that of XE module flags is questionable.

Intrainstrumental precision was also poor based on
samples with Q values of 50 to 150. Only 2 samples (S3
for ‘‘blasts/abnormal lymphocytes’’ and S6 for ‘‘blasts’’)
showed consistency among the 10 replicates. Of the 3 flags,
the ‘‘blasts’’ flag from the WPC showed an unusually large
standard deviation, especially when measuring S5, the true-
positive sample containing a small number of blasts. This
sample showed no consistency in flagging for ‘‘blasts’’;
‘‘blasts’’ were flagged only 6 times in 10 replicates. Sample
S5 also showed Q values lower than 100 in both the first and
second measurements (60 and 10, respectively). These
results indicate that even if each laboratory routinely or
selectively repeated tests, it would miss the ‘‘blasts’’ flag.
Similarly, in S9, ‘‘atypical lymphocytes’’ were flagged only 6
times in 10 replicates. The imprecision of the XE-5000 series
for samples with low Q values has been reported,7 and our
results showed that flagging by the XN modules was as
imprecise as with the XE series.

The manufacturer claimed that XN modules perform
better than XE series ones, because the reagent reactions,
signal processing, analysis algorithms, cell differentiation,
and pathologic-cell detection of XN modules are im-
proved.11,13,14 Several research groups that have conducted
performance evaluations of the XN series concluded that the
analytic performance, including flagging, was improved
relative to that of the XE series.5,6,8,10,12 In contrast, our study
revealed that the performance of Q values in the XN series,
which were based on novel algorithms and technology,
were not better than those of the XE series. We found them
to be imprecise and irreproducible, especially for samples
with few pathologic cells; in these samples, pathologic cells
could be overlooked if we relied solely on flags. This
problem can be overcome by clinical laboratories’ own
decision-making rules, on the basis of the present complete
blood count profile as well as the past results and clinical
department of patients; optimizing the Q value threshold
according to the laboratory’s work loading may also ensure
detection of pathologic cells.

One limitation of our study is that we did not use the ‘‘low
WBC mode’’ of the XN modules. In contrast to the previous
version (the XE series), the XN series has this mode for

samples with WBC counts lower than 1500/lL, and the ‘‘low
WBC mode’’ is known to yield more precise differential
counts than those based on conventional analysis.9,10 The
concordance between the 2 analyzers may have been better
if we had used this mode with low WBC counts. Another
limitation was the possible bias from manual counts. Even if
we strictly followed the guidelines, manual cell counting is
known to be subjective, with low interobserver and intra-
observer reproducibility.18 These limitations make our
‘‘standard’’ imperfect and may have led to a bias in our
analysis. However, the regression analysis of manual counts
generated by our technicians revealed that the intercept,
slope, r, and P values were, respectively, 0.984, 0.1717, 0.995,
and ,.001 for the blasts, and 0.8792, 0.2077, 0.836, and
,.001 for atypical lymphocytes. Therefore, the impact of
interobserver reproducibility would have been small. Finally,
the XN modules flag ‘‘abnormal lymphocytes’’ from the
WPC for immature lymphocytes, but we did not evaluate
this flag. This is because, during the study period, clinical
samples with lymphoblasts or lymphoma cells were hard to
find; thus, we excluded these parameters from our
evaluation. The performance of the ‘‘abnormal lympho-
cytes’’ flag from the WPC should be evaluated in the near
future using a sufficient number of positive samples.

In conclusion, our study revealed that the Q values of
samples with a small number of pathologic cells were
imprecise and irreproducible. Pathologic cells could be
overlooked if researchers relied solely on these flags. This
problem can be serious in clinical laboratories of health
screening centers or hospitals where they do not encounter
pathologic cells frequently. Therefore, such clinical labora-
tories should have their own decision-making rules and
adjustments to Q value thresholds. These adjustments in the
Q value threshold may ensure detection of samples with a
trace number of pathologic cells by clinical laboratories.
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