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Background: The BC-6000Plus (Mindray, Shenzhen, China) is a recently developed hematology analyzer 
that utilizes fluorescent technology. Based on fluorescent nucleic acid stain and optical detection, the 
optical platelet counting (PLT-O) on the BC-6000Plus has strong anti-interference potential in platelet 
(PLT) detection. Its Auto 8×PLT-O Counting Tech can be automatically triggered in low-PLT samples, 
which enables the PLT-O on the BC-6000Plus to count low PLT more efficiently. Here, we evaluated the 
performance of the BC-6000Plus automated hematology analyzer in optical PLT counting. 
Methods: The basic features (including blank counting, carryover, trueness, and accuracy) of the BC-
6000Plus for PLT counting were evaluated according to the Analytical Quality Specifications for Routine Tests in 
Clinical Hematology (WST 406-2012). Low-PLT samples with a PLT count of below 100×109/L were selected 
for repeatability tests. Meanwhile, the potential correlations of BC-6000Plus with the XN-L 350 and manual 
microscopy within different PLT ranges or under interferences of small red blood cells (RBCs) or PLT 
aggregation were analyzed. 
Results: The PLT-O on BC-6000Plus met the technical requirements of PLT counting in terms of blank 
count, carryover, trueness, and accuracy. The repeatability of the enhanced mode (PLT-O 8×) on the BC-
6000Plus was better than that of the XN-L 350 in three low PLT count ranges, including 10–20, 20–60, and 
60–100 (×109/L). Under the interference-free conditions, the BC-6000Plus correlated well with the XN-L 
350 in different PLT counting ranges. Under the interferences of small RBCs and PLT aggregation, the 
PLT-O on BC-6000Plus correlated better with microscopy than with the platelet impedance count (PLT-I). 
Conclusions: The PLT-O on BC-6000Plus can meet the technical requirements of PLT counting in terms 
of blank counting, carryover rate, trueness, and accuracy. The PLT-O 8× has good repeatability, correlates 
well with the XN-L 350, and demonstrates good anti-interference ability. It can thus meet the needs of blood 
cell analysis in clinical settings.
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Introduction 

Numerous advancements in blood cell analysis, including 
platelet (PLT) detection, have been made in recent 
years. The main procedures for PLT counting include 
microscopy, fully automated hematology analyzer, and 
flow cytometry-based methods recommended by the 
International Council for Standardization in Hematology 
(ICSH) (1 ,2) .  Immunofluorescence detect ion by 
flow cytometry is the international reference method 
recommended by the ICSH; however, it requires highly 
skillful and competent personnel and is quite expensive, 
which limits its application in clinical laboratories (3). 
Microscopy is often used for rechecking PLT counts, 
especially when interfering factors such as small red 
blood cells (RBCs) and PLT aggregation are present, 
for which microscopy offers a more visible and specific 
option. However, this method also has many limitations: 
(I) the tester must have adequate knowledge of cellular 
morphology; (II) the test result is highly subjective; (III) 
the intertester difference is larger; (IV) the test is difficult, 
time-consuming, and has poor reproductivity (4). Fully 
automated hematology analyzers for PLT detection have 
been widely used because they are fast, easy to use, and 
inexpensive. PLT counting on hematology analyzers can 
be performed using different methods (5): impedance 
(PLT-I), optical (PLT-O), and fluorescent nucleic acid dye 
(PLT-F). The BC-6000Plus fully automated hematology 
analyzer (Mindray, Shenzhen, China) uses fluorescent 
nucleic acid dye to stain PLTs to obtain optical PLTs (i.e., 
PLT-O); in addition, to overcome the poor coefficient of 
variation of PLT-I in low platelet samples, the analyzer 
can automatically prolong counting time up to 8-fold 
(PLT-O 8×) to collect more PLT particles if the PLT 
count is below the cutoff value (6). Previous study (5) has 
demonstrated that BC-6000Plus has superior association 
and consistency for normal platelet counts, but it didn’t 
show the performance of BC-6000Plus PLT-O under the 
interference of small RBCs or PLT aggregation. In our 
current study, we evaluated the technical performance of 
BC-6000Plus in terms of blank count, carryover, trueness, 
and accuracy. Meanwhile, we verified its repeatability 
in determining low PLTs. Finally, we compared its 
performance with that of conventional tests in PLT 
determination in routine blood samples and in blood 
samples with interference. We present the following 
article in accordance with the MDAR checklist (available 
at http://dx.doi.org/10.21037/atm-21-691).

Methods

Equipment and reagents

The BC-6000Plus fully automated hematology analyzer 
and its accompanying reagents, quality control products, 
and calibrators were manufactured by Mindray Bio-Medical 
Electronics (Shenzhen, China). The XN-L 350 hematology 
analyzer and its supporting reagents, quality control 
products, and calibrators were manufactured by Sysmex 
Medical Electronics Co. (Kobe, Japan).

Sources of EDTA-K2-anticoagulated fresh whole-blood 
samples

A total of 122 routine blood samples were collected in the 
Clinical Laboratory of the Maternal and Child Health 
Hospital of Guangxi Zhuang Autonomous Region from 
March 2019 to November 2019. The distribution of 
PLT counts in these samples was as follows: >500×109/L,  
n=10; (200−500)×109/L, n=20; (100−200)×109/L, n=20; 
(60−100)×109/L, n=10 ; and <60×109/L, n=10; in addition, 
there were 20 samples with small RBC fragments and 10 
samples with EDTA-dependent PLT aggregation.

This study was approved by the ethics committee of The 
Maternal and Child Health Hospital of Guangxi Zhuang 
Autonomous Region. (No. [2021]2-1). All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). Informed consent was obtained from the patients.

Study methods

Calibration and quality control of the hematology 
analyzers
The BC-6000Plus and XN-L350 hematology analyzers 
were calibrated and verified using the supporting calibrators. 
The background and quality control tests were performed 
before the daily testing. The samples were tested before the 
background met the requirements and the quality control 
results were within the normal range.

Background counting
The diluent was used as the sample and tested on the 
analyzers three times, and the maximum of the three 
measurement values was used as the background count.

Carryover
A high-concentration EDTA-K2-anticoagulated whole-
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blood sample [white blood cell (WBC) >90.0×109/L, 
RBC >6.20×1012/L, hemoglobin (HGB) >220 g/L, and 
PLT >900×109/L) was obtained. After the concentration 
was mixed well, three measurements were performed 
consecutively, and the measured values were set as H1, H2, 
and H3, respectively. Then, a low-concentration of EDTA-
K2-anticoagulated whole-blood sample (WBC <3.0×109/L,  
RBC <1.50×1012/L, HGB <50 g/L, and PLT >30×109/L)  
was obtained and consecutively measured three times, 
and the measured values were set as L1, L2, and L3, 
respectively. The carryover rate was calculated using the 
formula: carryover rate = [(L1–L3)/(H3–L3)] × 100%.

Verification of trueness
The verification of trueness was based on item 5.6.2 of 
Analytical Quality Specifications for Routine Tests in Clinical 
Hematology (WST 406-2012). Ten fresh blood samples were 
used, and each sample was tested twice to calculate the 
mean value of the test results. The bias was calculated with 
the calibrated value as the standard.

Verification of accuracy
The verification of accuracy was based on item 5.9.2 of 
Analytical Quality Specifications for Routine Tests in Clinical 
Hematology (WST 406-2012). Five clinical samples with 
laboratory-calibrated values were obtained and tested once. 
The relative deviation of the test result from the calibration 
value was calculated for each sample.

Verification of the repeatability for low PLT counting
The repeatability for low PLT counting was verified based 
on item 6.5 of Hematology Analyzer (YY/T 0653-2017). For 
samples with low-PLT values, five samples were selected 
from each of the three ranges, including 10–≤20, >20–≤60, 
and >60–≤100×109/L, and the repeatability was analyzed 
by using the BC-6000Plus and XN-L 350, respectively. 
Ten measurements were performed on each instrument 
with conventional method (enhanced PLT-O for BC-
6000Plus and PLT-O for XN-L 350), and the medians (M), 
interquartile ranges (Q), ranges (R), and robust coefficient 
of variation [CV (%)][robust CV (%) = ] were calculated 
for the ten replicate determinations of each sample. The 
15 pairs of robust CV (%) values corresponding to BC-
6000Plus and XN-L 350 were subjected to a paired t test.

Correlations among PLT measurements
The potential correlations of BC-6000Plus test results with 
XN-L 350 and manual count results under different PLT 

ranges and different interference were compared.

Statistical analysis

Data analysis was achieved by using SPSS version 17.0 
(SPSS Inc., Chicago, IL, USA). The Spearman correlation 
coefficient was used to assess the correlation between 
different detection methods. 

Results

Background counts

The background counting was performed on a daily basis 
after power-on according to the requirements of WST 406-
2012. During the verification tests, the background PLT 
count was 0 in all samples, which met the requirement 
(PLT ≤10×109/L) of item 5.1.1 of Quality Requirements for 
the Analytical Quality Specifications for Routine Tests in Clinical 
Hematology (WST 406-2012).

Results of carryover verification

A high-concentration cl inical  sample (EDTA-K2-
anticoagulated venous blood) was mixed well and measured 
three times. Then, a low-concentration clinical sample 
(EDTA-K2-anticoagulated venous blood) was mixed well 
and measured three times. The carryover rate was calculated 
using the following formula: carryover rate = [(L1–L3)/
(H3–L3)] × 100%. It was found the carryover rates were 
below 0.05% in all samples, which met the requirement 
(CR ≤4.0%) of item 5.2.1 of Quality Requirements for the 
Analytical Quality Specifications for Routine Tests in Clinical 
Hematology (WST 406-2012).

Results of trueness verification

The bias of PLT measurements was 0.74% among 10 
fresh blood samples, which met the requirement (PLT 
measurement bias ≤6.0%) of item 5.6.1 of Quality 
Requirements for the Analytical Quality Specifications for 
Routine Tests in Clinical Hematology (WST 406-2012).

Results of accuracy verification

The relative discrepancies of five clinical samples calibrated 
by the calibration laboratory were 3.54%, 1.52%, 3.55%, 
1.22%, and 1.18%, respectively, all of which were ≤20.0% 
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and met the requirement (the accuracy shall be ≥80%) of 
item 5.9.2 of Quality Requirements for the Analytical Quality 
Specifications for Routine Tests in Clinical Hematology (WST 
406-2012).

Repeatability for low PLT counting

Five samples were selected from each of the three ranges, 
including 10–≤20, >20–≤60, >60–≤100, and enhanced 
PLT-O was performed on BC-6000Plus. Indicators of 
repeatability included the medians (M), interquartile ranges 
(Q), ranges (R), and robust CV (%) (Table 1). Compared 
with the PLT-O on XN-L 350, the enhanced PLT-O on 
BC-6000Plus had better repeatability in detecting low-PLT 
samples, with a significantly smaller robust CV (%).

Correlations among PLT measurements

Blood samples within four different PLT ranges [(0–
100)]×109/L, (100–200)×109/L, (200–500)×109/L, and 
>500×109/L were selected for PLT-I and PLT-O assays by 
the BC-6000Plus, PLT-I and PLT-O assays by the XN-L 
350, and manual microscopy. The correlations of BC-
6000plus with manual microscopy and the XN-L 350 
are shown in Table 2, which shows that the BC-6000plus 

correlated better with the XN-L 350.
Twenty small-RBC blood samples with a mean 

corpuscular volume (MCV) <70 fl and 10 PLT aggregation 
samples were selected for PLT-I and PLT-O on the BC-
6000Plus. The PLT microscopy of the samples with small 
RBC interference was performed directly with the same 
tube of venous blood, while the microscopic PLT counting 
of the PLT aggregation samples required recollection 
of the peripheral blood samples for in vitro dilution and 
microscopic counting. The correlation between the Bc-
6000Plus and manual microscopy for samples with small 
RBC interference and PLT aggregation interference is 
shown in Table 3. The correlation of PLT-O was better than 
that of PLT-I. For PLT aggregation samples, the PLT-O 
correlated well with the recollection and dilution method.

Discussion

Accurate PLT counting is important for the diagnosis, 
treatment, and prognosis of blood diseases (7). Clinically, 
the risk of bleeding can be divided into different levels 
according to PLT count: a PLT count below 100×109/L 
indicates a risk of bleeding, a PLT count of 20–50×109/L  
indicates a possible risk of mild bleeding or surgical 
bleeding, a PLT count below 20×109/L indicates a high 

Table 1 Results of PLT counting by two different instruments in fifteen samples with low PLT values

Range, 
×109/L

Parameter

Case 1 Case 2 Case 3 Case 4 Case 5

BC-6000 
Plus

XN-L 350
BC-6000 

Plus
XN-L 350

BC-6000 
Plus

XN-L 350
BC-6000 

Plus
XN-L 350

BC-6000 
Plus

XN-L 350

>20 M 18 16 11 18.5 11 21 3 5 3.5 3

Q 1 3 1 1.75 0 3.25 0 1 1 2

R 2 9 2 8 2 10 0 5 3 5

CV (%) 4.12 13.9 6.74 7.01 0 11.47 0 14.83 21.18 49.43

~60 M 19 20 54.5 57 38 40 31 43 22.5 23.5

Q 2 2 2 1.75 4 1.75 1 2.75 1 5.5

R 10 6 6 6 9 4 2 7 3 11

CV (%) 7.8 7.41 2.72 2.28 7.8 3.24 2.39 4.74 3.3 17.35

~100 M 70.5 81.5 53 50 50.5 55 75 56 92 84.5

Q 12 7.25 1 4.25 3.75 17.25 7.75 1.75 2.5 2.5

R 25 16 3 12 9 43 15 8 5 9

CV (%) 12.62 6.6 1.4 6.3 5.51 23.25 7.66 2.32 2.01 2.19

The paired t test showed that the difference in CV (%) between BC-6000Plus and XN-L 350 for low-PLT samples was statistically  
significant (t=2.275, P=0.039). PLT, platelet; M, medians; Q, interquartile ranges; R, ranges; CV, coefficient of variation. 
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bleeding risk (8). In patients with thrombocytopenia, 
an accurate PLT count is critical for clinical decision-
making. PLT transfusions are required when patients 
present with splenomegaly, coagulation factor deficiency, 
rapidly decreasing PLT count, or severe bleeding, among 
other indicators (9). As the blood cell analysis technology 
continues to advance, there is a growing clinical need for 
faster, more accurate, and more precise PLT counting 
methods. The impedance method (PLT-I) is the most 
commonly used method for PLT counting but has certain 
limitations (10). If other particles are present that are 
about the same size as PLTs in the blood, the instrument 
cannot correctly distinguish PLTs from such particles 
because it only uses high or low pulses to identify large or 
small particles (11). Clinically, interferences such as PLT 
aggregation and giant PLTs can cause a false decrease in 
PLT counts on PLT-I; meanwhile, interferences such as 
small RBCs, RBC fragments, and WBC fragments can cause 
a false increase in PLT counts on PLT-I (11). To compensate 
for the shortcomings of PLT-I, various additional methods 
have been developed by different manufacturers to double-
check the PLT count. The Siemens ADVIA series, Abbott 
CELL-DYN series, and others have adopted the optical 
method (optical PLT, PLT-O) for PLT counting, which 
improves the detection of large PLTs but still has weak 

performance in overcoming the interference from small 
RBCs or cellular debris (12). Based on the optical method, 
the BC-6800 series (Mindray, Shenzhen, China) and the 
XE and XN series (Sysmex, Japan) have been developed. 
These new instruments, augmented by a specific ability 
to identify nucleic acids by nucleic acid fluorescent dyes, 
have greatly improved the anti-interference ability against 
small RBCs and cellular debris (5,6). In recent years, novel 
nucleic acid fluorescent dyes that are more specific for PLT 
staining have been developed and have begun to be used 
clinically, receiving increasing attention from laboratory 
technicians. The representative methodologies include the 
enhanced PLT-O (PLT-O 8×) on the BC-6800Plus series 
(Mindray, Shenzhen, China) and the PLT-F on the XN 
series (Sysmex, Japan) (13,14). At essence, these techniques 
remain optical methods; however, with the use of new 
nucleic acid fluorescent dyes and improved algorithms, 
they can dramatically increase the counting volume by 5–8 
times. This is particularly important for low PLT samples 
as it can greatly improve the precision of PLT detection at 
low levels. The PLT-O and PLT-O 8× on the BC-6000Plus 
serial hematology analyzers have the same principle and 
algorithm as the BC-6800Plus serial hematology analyzers. 
The difference is that the BC-6000Plus uses less blood, 
whereas the BC-6800Plus is faster. In our current study, 
we evaluated the performance of the PLT-O on the BC-
6000Plus serial hematology analyzers in routine PLT 
counting and in detecting abnormal PLT samples.

The blank counting, carryover rate, trueness, and 
accuracy of the BC-6000Plus hematology analyzer met the 
Analytical Quality Specifications for Routine Tests in Clinical 
Hematology (WST 406-2012), indicating that the analyzer 
can meet the performance requirements for basic clinical 
applications. Although the performance verification of low 
PLT count (<100×109/L) is not considered as a routine 
quality requirement, when a test report on a low-PLT 

Table 3 Correlations of PLT-I and PLT-O with manual microscopy 
when counting PLT in samples with small-RBC/platelet aggregate 
interference 

Type of interference PLT-I PLT-O

MCV <70 fl (small red blood cell) 0.86 0.87

Platelet aggregation 0.6 0.88

PLT-I, platelet impedance count; PLT-O, optical platelet counting;  
PLT, platelet; RBC, red blood cell; MCV, mean corpuscular  
volume.

Table 2 Correlations among PLT counting results in different PLT ranges (r)

PLT, ×109/L
Correlation between BC-6000P and microscopy Correlation between XN-L 350 and microscopy BC-6000P vs. XN-L 350

PLT-I PLT-O PLT-I PLT-O PLT-I PLT-O

>500 0.65 0.65 0.41 0.57 0.92 0.85

~500 0.86 0.88 0.84 0.86 0.98 0.99

~200 0.63 0.66 0.61 0.59 0.85 0.89

~100 0.77 0.62 0.7 0.61 0.94 0.96

PLT, platelet; PLT-I, platelet impedance count; PLT-O, optical platelet counting.
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sample is required by a clinical department, the clinical 
laboratory should ensure the accuracy and repeatability 
of such a report. We divided the low-PLT samples into 
three ranges, including ≤20, 20–60, and 60–100 (×109/L) 
and found that the PLT-O 8× on the BC-6000Plus showed 
good repeatability in all three ranges, with a significantly 
smaller robust CV (%) than that of the optical method on 
the XN-L 350. To further verify the correlation between 
the optical PLTs of BC-6000Plus hematology analyzer and 
the PLTs detected by the existing analytical system, the 
XN-L 350, PLT samples with four different ranges, 0–100, 
100–200, 200–500, and >500 (×109/L), were selected. It 
was found that the BC-6000Plus correlated better with the 
XN-L 350 than with manual microscopy, probably due to 
the poor repeatability of the microscopic method. In fact, 
manual microscopy is mainly used for the rechecking of 
abnormal PLT samples rather than as a reference method 
for PLT counting.

In addition to the low PLT count, PLT counting can 
also be made challenging by interference from Non-platelet 
particulates and PLT aggregation. In our current study, 
20 small RBC samples with MCV <70 fl were selected to 
identify PLT-O’s anti-interference against small RBC. With 
the manual microscopy as a reference, it was found that, on 
the BC-6000Plus, PLT-I and PLT-O in particular correlated 
well with the manual microscopy. And PLT-O showed better 
consistency, which can be explained that fluorescent nucleic 
acid dye could stain PLT rather than RBC. In addition, 
10 samples with PLT aggregation were selected in our 
study to identify PLT-O’s anti-interference against platelet 
aggregation. Using manual microscopy after recollection 
and dilution, we found that the PLT-I on BC-6000Plus 
correlated poorly with manual microscopy counting after 
dilution. The possible explanations for this may be that (I) 
PLT aggregation causes a false low PLT-I counting and that 
(II) PLT aggregation leads to increased heterogeneity of 
PLT particles, which also decreases the PLT-I repeatability. 
However, PLT-O showed a better correlation with the 
post-dilution manual microscopy, which may be related 
to the “self-deaggregation” function of the PLT-O on 
the BC-6000Plus. It has been demonstrated that PLT-O 
on the BC-6800 and BC-6800Plus has a “deaggregation” 
effect on EDTA-induced aggregation of PLTs (15,16): the 
aggregated PLTs are disaggregated by the action of certain 
factors (e.g., deaggregating agent, temperature, and mixing) 
in the optical PLT channel; therefore, the counting result 
is very close to the PLT count in blood samples without 
PLT aggregation that are recollected after changing the 

anticoagulant. No previous study has described a similar 
“self-deaggregation” effect of PLT-O on the BC-6000Plus, 
although BC-6000Plus uses the same optical PLT detection 
system as the BC-6800Plus. It theoretically can also induce 
a “self-deaggregation” effect on EDTA-dependent samples 
with PLT aggregation. Our current study demonstrated 
that the PLT-O on the BC-6000Plus correlated well with 
post-dilution manual microscopy when counting PLT in 10 
PLT aggregation samples, indicating that the PLT-O on the 
BC-6000Plus has the same “self-deaggregation” function 
for PLT aggregation samples.

 In summary, we evaluated the basic performance of 
the optical PLT method of the BC-6000 Plus (Mindray, 
Shenzhen, China), a five-part hematology analyzer, 
and assessed its performance in detecting samples with 
interferences from small RBCs and PLT aggregation. We 
can conclude that the PLT-O on the BC-6000 Plus has (I) 
good essential functions in terms of blank count, carryover 
rate, trueness, and accuracy; (II) good anti-interference 
ability for small RBCs and PLT aggregation; and (III) 
good correlation with an existing detection system, the 
XN-L 350. The BC-6000 Plus thus meets the clinical 
requirements for PLT counting.
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