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Introduction

Combined with a patient’s clinical symptoms and history, 
routine peripheral blood examinations play a vital role in the 
clinical diagnosis and treatment of many diseases, especially 
diseases involving the blood system (1). For example, 
hemoglobin (HGB) levels and platelet (PLT) counts can 
determine whether a patient needs blood transfusions, 

the number of white blood cells (WBCs) can indicate the 
degree of infection, and the appearance of abnormal cells 
may be closely related to diseases of the circulatory system 
and tumors (2-4). Furthermore, the presence of nucleated 
red blood cells (NRBCs) is closely associated with many 
serious diseases. Therefore, methods that can accurately 
and efficiently analyze peripheral blood are of great clinical 
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significance in the diagnosis and treatment of diseases (5).
While manual microscopy is an established reference 

method for blood cell counts, it has a huge requirement 
for experienced manpower, and has low precision and 
efficacy, and is thus not suitable for the clinical setting (6,7). 
Automatic blood cell analyzers can combine resistance 
with flow cytometry to ensure accuracy and repeatability of 
clinical specimen results, and thus may be more suitable for 
clinical applications. It can also screen clinical specimens 
with abnormal classifications, abnormal numbers, and 
abnormal cells (1,8). With advancements in instrument 
technology, the function of new blood cell analyzers has 
significantly increased, and the structure and principles 
are also more complex. To ensure that the performance 
of an automatic blood cell analyzer meets the clinical 
requirements, many committees and research institutes 
have developed standards and guidelines to facilitate the 
evaluation of instrument parameters and performance (5,7).

Mindray BC-6800Plus (Mindray, Shenzhen, China) is the 
latest generation of automatic hematology analyzer (Figure 1),  
which can rapidly assess both outpatient and emergency 
patient samples. This study evaluated the performance of the 
Mindray BC-6800Plus by examining its precision, linearity, 
conformity rate of manual microscopic examination, carryover, 
and limit of quantitation (9,10). In addition, the performance 
was compared with other brands of blood cell analyzers, 
namely, the Sysmex XN-9100. In addition to neonates 1 week 
after birth, the presence of nuclear erythrocytes in peripheral 
blood is mostly related to the pathological state, so the 
accurate detection of nuclear erythrocytes is very important. 
The Mindray BC-6800Plus showed superior performance in 
detecting the presence of NRBCs in neonates compared to 
other blood cell analyzer systems.

We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1772).

Methods

Samples and analyzer

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Ethics Committee of the Guangyuan Central Hospital, 
Sichuan, China and informed consent was taken from all 
the patients. Blood samples were collected from outpatients 
and inpatients at the Guangyuan Central Hospital between 
December 2019 and May 2020, and stored in BD Vacutainers 
(reference 367861, Franklin Lake, NJ, USA) with potassium 
ethylenediamine tetraacetate (1.5–2.2 mg/mL) to maintain 
anticoagulation. Samples showing obvious hemolysis, clotting, 
or developed clots were excluded. A total of 490 venous  
specimens were collected in this study. The presence of NRBCs 
in the blood samples was evaluated using two Mindray BC-
6800Plus auto hematology analyzers, using the CD [complete 
blood cell (CBC) + differential (DIFF)] mode. All blood 
samples were evaluated within 8 hours of collection, during 
which the blood samples were stored at 18–26 ℃. Evaluated 
CBC parameters included absolute WBC count (×109 cells/L),  
absolute red blood cell (RBC) count (×1012 cells/L),  
HGB (g/L), hematocrit (%), PLT count (×109/L), mean 
corpuscular volume (fL), mean corpuscular HGB (pg), mean 
corpuscular HGB concentration (g/L), and RBC distribution 
width (%). Percentage and absolute counts for neutrophils, 
lymphocytes, monocytes, eosinophils, and basophils were also 
assessed. The morphology of the CBC was examined using 
morphological markers of WBCs, RBCs, and PLT.

Precision

Repeatability refers to measurements made using blood 
samples from many different healthy subjects, covering 
a range of measurements (AMR) (11,12). Repeatability 
was determined by assessing each clinical patient sample 
more than 10 times and calculating the standard deviation 
(SD) and coefficient of variation (CV). The between-
run precision was measured by quality control products 
with the same batch number provided by the instrument 
manufacturer. The same operator carried out quality control 
tests on two BC-6800Plus units every day for more than  

Figure 1 The latest Mindray BC-6800Plus automatic blood cell 
analyzer.

https://dx.doi.org/10.21037/apm-21-1772
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20 working days. The reproducibility was assessed using 
three levels of BC-6D controls according to the following 
design: 20 days × 2 runs × 2 replicates.

Linearity

Linearity is the ability to obtain test results within a given 
range that are proportional to the concentration of the 
tested substance in the sample (13). To verify this parameter, 
specimens with abnormal nuclear red cells were selected for 
analysis, and the parameters studied were WBC count and 
NRBC count. Whole blood samples with the highest and 
lowest values of NRBCs were selected for gradient dilution.

A comparison of different methods

The ability of the CD model of the Mindray BC-6800Plus 
to accurately identify NRBCs was compared with that of 
the CBC model of the XN-9100 machine (Sysmex).

Conformity rate of manual microscopic examination

Peripheral blood smears were prepared with Wright Giemsa 
reagent using the Mindray sc-120 automatic blood slide 
preparation device (14). The smears labeled with NRBC 
by the analyzer were manually counted by experienced 
laboratory technicians. Manual NRBC counts also included 
morphological analysis of WBCs, RBCs, and PLTs. The 
BC-6800Plus identifies and counts NRBCs in a dedicated 
DIFF/WNB channel by combining DIFF cell lysis, forward 
light scattering, lateral light scattering, and fluorescence 
emissions. The results are displayed as the percentage of 
WBC (NRBC per 100 WBC) and the absolute cell count. 
The correlation between the Mindray automatic counting 
results and the manual counting results was analyzed.

Instrument comparability

Two auto hematology analyzer BC-6800Plus machines 
were used to analyze the same samples, and instrument 
comparability was evaluated by examining the differences in 
the NRBC detection results obtained with the two analyzers.

Carryover

Carryover was evaluated using methods recommended by 
International Council for Standardization in Hematology 
(ICSH). The percentage of carryover for NRBCs and 

WBCs was calculated using the following method (15):

1 3 3 3% /Carryover L L H L= − − 	 [1]

Limit of quantitation

To measure the detection limit of nucleated erythrocytes 
by the instrument, a sample with a concentration of five 
nucleated erythrocytes per 100 WBCs was used for a 
gradient dilution until the concentration was 0.25%, and 
each specimen was tested three times (16). The limit of 
quantitation of the instrument was the concentration of the 
specimen with a nucleated erythrocyte detection result of 0.

Statistical analysis

Statistical analyses were performed using WPS 2021 and 
Graphpad 8.0 software. Paired Student’s t-test was used to 
compare results obtained using BC-6800Plus and results 
obtained using manual microscopy, and between different 
blood samples. Passing-Bablok regression and Bland-
Altman analyses were used for method comparison between 
the BC-6800Plus and the Sysmex XN-9100 systems.

Results

Precision

A total of 10 venous whole-blood samples were analyzed on 
the BC-6800Plus machine and each sample was analyzed  
10 consecutive times (Table 1). According to the manufacturers, 
the percentage CV in the detection of WBCs and NRBCs 
should be less than 2.5%. If the WBC count exceeds  
4×109/L, the CV should be less than or equal to 20%. The 
intra- and inter-operation precision were assessed using the 
Analysis-it software (Table 2).

Carryover

The BC-6800Plus parameters evaluated showed no 
significant carry forward. The CD mode carryover results 
of WBCs and NRBCs were 0.20% and 0.01%, respectively.

Linearity

The parameters including WBCs, total NRBC numbers 
(NRBC#), and percentage of NRBC (NRBC%) showed 
good linear relationships at both high and median 
concentrations (Figure 2). WBC-D and WBC-N showed 
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Table 1 The precision/reproducibility data for clinical samples on the BC-6800Plus analyzer

Parameters Instrument Control level N Mean
Between-run

SD 95% CI CV%

WBC BC-6800Plus#1 NRBC#1 10 7.77 0.10 7.700–8.000 1.30

BC-6800Plus#2 NRBC#1 10 7.75 0.13 7.660–8.033 1.62

BC-6800Plus#1 NRBC#2 10 13.35 0.21 13.201–13.816 1.55

BC-6800Plus#2 NRBC#2 10 13.14 0.16 13.030–13.492 1.18

BC-6800Plus#1 NRBC#3 10 16.83 0.20 16.687–17.278 1.18

BC-6800Plus#2 NRBC#3 10 16.88 0.33 16.641–17.634 1.98

BC-6800Plus#1 NRBC#4 10 14.24 0.10 14.167–14.474 0.72

BC-6800Plus#2 NRBC#4 10 14.22 0.21 14.074–14.693 1.46

BC-6800Plus#1 NRBC#5 10 34.13 0.36 33.873–34.953 1.06

BC-6800Plus#2 NRBC#5 10 34.01 0.53 33.630–35.203 1.55

BC-6800Plus#1 NRBC#6 10 18.06 0.19 17.821–18.485 1.05

BC-6800Plus#2 NRBC#6 10 18.11 0.18 17.981–18.519 1.00

BC-6800Plus#1 NRBC#7 10 12.59 0.22 12.428–13.083 1.75

BC-6800Plus#2 NRBC#7 10 12.70 0.16 12.582–13.066 1.28

BC-6800Plus#1 NRBC#8 10 11.28 0.18 11.158–11.685 1.57

BC-6800Plus#2 NRBC#8 10 11.26 0.12 11.176–11.521 1.03

BC-6800Plus#1 NRBC#9 10 21.20 0.22 21.048–21.696 1.03

BC-6800Plus#2 NRBC#9 10 21.16 0.21 21.006–21.633 1.00

BC-6800Plus#1 NRBC#10 10 11.01 0.12 10.927–11.283 1.09

BC-6800Plus#2 NRBC#10 10 10.96 0.18 10.827–11.372 1.67

NRBC# BC-6800Plus#1 NRBC#1 10 0.55 0.04 0.518–0.632 6.97

BC-6800Plus#2 NRBC#1 10 0.53 0.03 0.516–0.592 4.76

BC-6800Plus#1 NRBC#2 10 0.65 0.03 0.628–0.708 4.15

BC-6800Plus#2 NRBC#2 10 0.62 0.04 0.595–0.702 5.78

BC-6800Plus#1 NRBC#3 10 1.02 0.04 0.990–1.111 4.01

BC-6800Plus#2 NRBC#3 10 1.00 0.06 0.958–1.148 6.37

BC-6800Plus#1 NRBC#4 10 8.07 0.12 7.984–8.342 1.49

BC-6800Plus#2 NRBC#4 10 8.00 0.12 7.913–8.257 1.44

BC-6800Plus#1 NRBC#5 10 16.84 0.11 16.769–17.082 0.62

BC-6800Plus#2 NRBC#5 10 16.53 0.24 16.359–17.080 1.47

BC-6800Plus#1 NRBC#6 10 1.04 0.04 1.019–1.123 3.35

BC-6800Plus#2 NRBC#6 10 1.02 0.05 0.987–1.127 4.60

BC-6800Plus#1 NRBC#7 10 0.72 0.03 0.691–0.793 4.78

BC-6800Plus#2 NRBC#7 10 0.68 0.04 0.658–0.767 5.32

Table 1 (continued)
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Table 1 (continued)

Parameters Instrument Control level N Mean
Between-run

SD 95% CI CV%

BC-6800Plus#1 NRBC#8 10 1.28 0.04 1.249–1.360 2.94

BC-6800Plus#2 NRBC#8 10 1.26 0.06 1.225–1.390 4.38

BC-6800Plus#1 NRBC#9 10 4.36 0.10 4.285–4.590 2.35

BC-6800Plus#2 NRBC#9 10 4.30 0.10 4.229–4.518 2.26

BC-6800Plus#1 NRBC#10 10 2.77 0.06 2.724–2.915 2.32

BC-6800Plus#2 NRBC#10 10 2.75 0.07 2.705–2.909 2.49

NRBC% BC-6800Plus#1 NRBC#1 10 7.02 0.49 6.672–8.114 6.90

BC-6800Plus#2 NRBC#1 10 6.90 0.36 6.643–7.699 5.14

BC-6800Plus#1 NRBC#2 10 4.85 0.25 4.667–5.420 5.22

BC-6800Plus#2 NRBC#2 10 4.73 0.29 4.518–5.390 6.20

BC-6800Plus#1 NRBC#3 10 6.05 0.27 5.861–6.662 4.44

BC-6800Plus#2 NRBC#3 10 5.92 0.39 5.638–6.799 6.59

BC-6800Plus#1 NRBC#4 10 56.66 0.90 56.017–58.702 1.59

BC-6800Plus#2 NRBC#4 10 56.23 0.87 55.609–58.187 1.54

BC-6800Plus#1 NRBC#5 10 49.35 0.58 48.939–50.656 1.17

BC-6800Plus#2 NRBC#5 10 48.62 0.72 48.100–50.248 1.48

BC-6800Plus#1 NRBC#6 10 5.78 0.20 5.638–6.223 3.40

BC-6800Plus#2 NRBC#6 10 5.63 0.23 5.465–6.160 4.14

BC-6800Plus#1 NRBC#7 10 5.68 0.29 5.475–6.337 5.09

BC-6800Plus#2 NRBC#7 10 5.38 0.28 5.181–6.028 5.28

BC-6800Plus#1 NRBC#8 10 11.30 0.38 11.025–12.167 3.39

BC-6800Plus#2 NRBC#8 10 11.24 0.50 10.880–12.358 4.42

BC-6800Plus#1 NRBC#9 10 20.55 0.48 20.210–21.636 2.33

BC-6800Plus#2 NRBC#9 10 20.31 0.42 20.010–21.255 2.06

BC-6800Plus#1 NRBC#10 10 25.15 0.67 24.673–26.678 2.68

BC-6800Plus#2 NRBC#10 10 25.14 0.84 24.542–27.051 3.35

SD, standard deviation; CI, confidence interval; CV, coefficient of variation; WBC, white blood cell; NRBC#, number of nucleated red blood 
cells; NRBC%, percentage of nucleated red blood cells.

excellent linearity in the range of 0.18–487.14×109/L 
(r=0.9996). The correlation coefficient of NRBC# and 
NRBC% was 1.005 and 1.003, respectively.

A comparison of different analyzer machines

A total of 30 samples containing NRBCs were selected and 

analyzed using the Mindray BC-6800Plus and Sysmex XN-
9100 systems. The parameters for comparison included 
WBCs, NRBC#, and NRBC%. There was a high or very 
high correlation between the two devices in the WBC and 
NRBC parameters. The differences in each parameter were 
considered clinically insignificant in the Bland-Altman plot 
(Figure 3).
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Conformity rate of manual microscopic examination

The paired Student’s t-test (Table 3) was used to compare the 
WBC DIFF value and the NRBC count obtained with the 
BC-6800Plus and with manual microscopy. The Pearson 
correlation coefficient (r) between the BC-6800Plus results 
and the manual microscopy results ranged from 0.5771 
(percentage of basophils) to 0.9146 (NRBC%). The 
percentage of basophils calculated with the BC-6800Plus 
was significantly different from that obtained by manual 
counting (P<0.001). However, there were no significant 
differences between the two methods for the percentage 
of neutrophils (Neu%), lymphocytes (Lym%), monocytes 
(Mon%), eosinophils (Eos%), nor NRBC% (P>0.05).

Limit of quantitation

The BC-6800Plus system showed a good limit of quantitation 

in the detection of nucleated red cells. It was able to detect  
0.01 nucleated red cells out of 100 cells, with excellent 
performance parameters (Table 4).

Discussion

The rapid and accurate classification and reporting of 
hemocytes is a basic requirement of clinical hematology 
tests. Manual classification methods are gradually being 
replaced by automated blood cell analyzer machines, that 
can automatically classification blood cell types and are 
easier to standardize. In hospital hematology laboratories, 
analysis of blood cells are routinely used to accurately 
screen for pathological conditions (1,17,18). These tests 
usually need to be verified through repeated microscopic 
examinations to ensure the accuracy of the report (9,17,19). 
Therefore, blood cell analyzers need to be capable of 
quickly and accurately screening pathological specimens, 

Table 2 The precision/reproducibility data for BC-6D controls assessed s using the BC-6800Plus analyzer

Parameters Instrument Control level N Mean
Between-run

SD 95% CI CV%

WBC BC-6800Plus#1 BC-6D H 20 21.40 0.25 21.293–21.524 1.16

BC-6D N 20 7.60 0.13 7.548–7.670 1.72

BC-6D L 20 3.83 0.07 3.796–3.861 1.80

BC-6800Plus#2 BC-6D H 20 21.70 0.27 21.601–21.856 4.97

BC-6D N 20 7.70 0.12 7.692–7.801 6.63

BC-6D L 20 3.89 0.09 3.845–3.929 6.67

NRBC# BC-6800Plus#1 BC-6D H 20 0.60 0.03 0.567–0.593 1.25

BC-6D N 20 0.40 0.02 0.344–0.365 1.51

BC-6D L 20 0.32 0.02 0.307–0.326 2.31

BC-6800Plus#2 BC-6D H 20 0.60 0.03 0.558–0.585 5.12

BC-6D N 20 0.40 0.02 0.348–0.366 5.68

BC-6D L 20 0.32 0.02 0.310–0.327 5.42

NRBC% BC-6800Plus#1 BC-6D H 20 0.03 0.01 0.027–0.028 4.60

BC-6D N 20 0.05 0.00 0.045–0.048 6.07

BC-6D L 20 0.08 0.00 0.080–0.085 6.43

BC-6800Plus#2 BC-6D H 20 0.03 0.00 0.026–0.027 5.29

BC-6D N 20 0.05 0.00 0.045–0.047 5.57

BC-6D L 20 0.08 0.00 0.080–0.084 5.92

SD, standard deviation; CI, confidence interval; CV, coefficient of variation; WBC, white blood cell; NRBC#, number of nucleated red blood 
cells; NRBC%, percentage of nucleated red blood cells.
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reducing the workload of microscopic examination, and 
improving the detection rate under the pathological state. 
The BC-6800Plus is the latest blood cell analyzer from 
Mindray. This current study evaluated and validated the 
performance of the BC-6800Plus. The evaluation included 
the basic properties of the instrument, such as precision 
and carryover, and its clinical performance, including RBC 
count and NRBC count. The results indicated that the 
BC-6800Plus has outstanding performance, especially for 
the detection of NRBCs. It satisfied the requirements of 
accuracy of test results, rapid turnaround time of whole 
blood samples, and reduced the laboratory workload of 
microscopic examinations.

A low rate of carrying contamination is a basic performance 
characteristic of all blood cell analyzers. The results with 
the BC-6800 Plus demonstrated that high concentrations of 
WBCs and NRBCs did not increase the results of the low 
value specimens in subsequent tests.

The repeatability tests showed that BC-6800Plus had 
good performance in both low and high value samples. 
The percentage CV range for WBCs was 0.98–1.72, which 
was significantly lower than the manufacturer’s advertised 

CV of less than 4%. Similarly, the percentage CV range 
for NRBC# and NRBC% was 0.62–6.97 and 1.17–6.90, 
respectively, which were also significantly lower than the 
manufacturer’s advertised CV of less than 20%. In general, 
the BC-6800Plus showed good repeatability and accuracy 
in detecting WBCs and NRBCs. Due to the low detection 
value, the CV for the percentage of basophils was large, 
but the SD was very small, and thus, it still meets the 
requirements of conventional use.

By using high and median concentration samples to 
verify the linearity of BC-6800Plus, we obtained a WBC 
count range of 0.18–487.14×109 cells/L. There was a good 
linear relationship for NRBCs (r value of NRBC# and 
NRBC% was 1.005 and 1.003, respectively). The WBC 
count covers the vast majority of clinical specimens, while 
NRBC# and NRBC% can also be applied to the vast 
majority of clinical specimens. These results are beneficial 
for the diagnosis of blood system diseases and the detection 
of nucleated erythrocytes in peripheral blood. The superior 
linearity of the BC-6800Plus can reduce the manual effort 
required and avoid errors caused by manual dilutions.

The BC-6800Plus and the Sysmex XN-9100 systems 
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Figure 3 The figure shows that Mindray BC-6800Plus and Sysmex XN-9100 systems are highly consistent. (A) The Mindray BC-6800Plus 
and the Sysmex XN-9100 systems highly were correlated in NEU by Passing-Bablok regression, solid blue line represents Passing-Bablok 
fit, purple dotted line represents 95%CI; (B) the Mindray BC-6800Plus and the Sysmex XN-9100 systems were highly correlated in NRBC 
by Passing-Bablok regression, solid blue line represents Passing-Bablok fit, purple dotted line represents 95% CI; (C) the Mindray BC-
6800Plus and the Sysmex XN-9100 systems highly were correlated in NEU by Bland-Altman analyses; (D) the Mindray BC-6800Plus and 
the Sysmex XN-9100 systems highly were correlated in NRBC by Bland-Altman analyses. NEU, neutrophils; NRBC, number of nucleated 
red blood cells; SD, standard deviation.

Table 3 A comparison of WBC DIFFs and NRBC counts using the Mindray BC-6800Plus analyzer and manual counting methods

Parameters N
Manual, mean  

(range)
BC-6800Plus, mean  

(range)
Mean difference  

(95% CI)
Correlation 
coefficient

P value

Neu% 723 69.242 (0.00–99.96) 69.400 (6.80–97.30) 0.156 (–0.785 to 1.096) 0.8023 <0.001

Lym% 723 19.745 (0.00–83.18) 20.523 (1.10–90.10) 0.778 (0.152 to 1.405) 0.8466 <0.001

Mon% 723 5.936 (0.00–47.89) 8.026 (0.00–47.00) 2.089 (1.747 to –2.432) 0.6952 <0.001

Eos% 723 1.121 (0.00–10.92) 1.632 (0.00–10.80) 0.511 (0.435 to 0.587) 0.8365 <0.001

Bas% 723 0.585 (0.00–7.69) 0.429 (0.00–5.90) –0.156 (–0.214 to –0.098) 0.5771 <0.001

NRBC% 690 2.557 (0.00–53.98) 3.266 (0.01–59.18) –0.690 (–0.889 to –0.492) 0.9146 <0.001

WBC, white blood cell; DIFF, differential; NRBC, nucleated red blood cell; CI, confidence interval; Neu%, percentage of neutrophils; 
Lym%, percentage of lymphocytes; Mon%, percentage of monocytes; Eos%, percentage of eosinophils; Bas%, percentage of basophils; 
NRBC%, percentage of nucleated red blood cells.
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were comparable in terms of WBC counts and NRBC 
detection. Passing-Bablok and Bland-Altman analyses 
demonstrated that the two systems were highly correlated 
when analyzing the same sample. In terms of leukocyte 
classification, the BC-6800Plus and manual microscopy 
methods showed more consistent results. For the detection 
of NRBCs, the BC-6800Plus results showed a high 
correlation with manual microscopy results (r=0.9146). 
Therefore, BC-6800Plus showed good sensitivity and 
specificity for WBC classification and NRBC identification.

In conclusion, the Mindray BC-6800Plus blood cell 
analyzer demonstrated strong analytical capability and 
detection performance in clinical applications, especially in the 
detection of NRBCs. The BC-6800Plus provides a fast and 
accurate method for the analysis of blood samples and satisfies 
the clinical requirements of an efficient laboratory test.
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