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Background: C-reactive protein (CRP) is an important clinical indicator. There are many methods and instruments for CRP
measurement, and therefore the consistency of CRP values measured between instruments needs to be eval-
uated. This study aimed to compare the consistency of 3 serum CRP detection systems using turbidimetry.

Material/Methods: The consistency of CRP measured by 3 instruments, the Mindray BC-5390, Mindray BC-6800, and Johnson
Vitros5600, was evaluated, and the consistency of blood routine measurement between the BC-5390 and
BC-6800 was also evaluated. Pearson correlation analysis was used to evaluate the correlation of different in-
strument’s test results (R, correlation coefficient). The consistency of instruments was assessed by Passing-
Bablok analysis and weighted Deming analysis.
Results: CRP data and route blood test data from 847 patients were used for analysis. The results showed that there
were differences in the CRP values measured by the Mindray BC5390, Mindray BC6800, and Johnson Vitros5600
(x?=78.573, P<0.001). The CRP measurement results of the BC5390 analyzer were consistent with those of the
BC6800 analyzer (R=0.994, P<0.001) and Vitros5600 analyzer (R=0.983, P<0.001). However, there was a con-
stant deviation in the CRP values measured by the BC-6800 and Vitros5600 analyzer (R=0.994, P<0.001). In
the measurement of routine blood laboratory tests, the BC5390 analyzer and BC6800 analyzer were found to
be interchangeable.

Conclusions: This study analyzed the consistency of CRP detection by 3 instruments, the Mindray BC-5390, Mindray BC-6800,

and Johnson Vitros5600, and may provide a reference for the selection of CRP detection instruments.
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Background

C-reactive protein (CRP) is an acute-phase reactive protein pro-
duced by the liver and is present in blood plasma [1]. After tis-
sue injury, the blood CRP rises rapidly, with a CRP level that
is 1000 times higher than the baseline level within 24 h [2,3].
This phenomenon makes the blood CRP level an early indica-
tor of infection or inflammatory diseases, as well as a univer-
sal biomarker for many diseases [4-8]. Therefore, the detec-
tion of CRP levels in the blood of patients is essential for the
diagnosis, monitoring, and intervention of disease.

The analytical methods for assessing CRP levels should have
the characteristics of a lower sample volume, sensitivity, good
selectivity, rapidity, and trustworthiness. A variety of tech-
niques have been reported for the in vitro detection of CRP,
such as turbidimetry based assays (immunity transmission
turbidity and immune scatter turbidity), enzyme-linked immu-
nosorbent assay (ELISA), chemiluminescent, fluorescent, and
electrochemical assays [9-13]. The ability of these methods to
test the concentration of CRP is different: the turbidimetry-
based assays can detect CRP in pg mL™, while the methods
of ELISA, chemiluminescent, fluorescent, and electrochemical
assays can detect CRP in fg mL™! [9]. For the measurement of
CRP, different detection systems, reagents, and method prin-
ciples can cause differences in detection results. Testing insti-
tutions commonly have different types of CRP testing instru-
ments, and the consistency of different test results needs to
be evaluated. In addition, the instrument should be easy to
implement and use widely in clinical practice.

The purpose of this study was to compare the consistency of 3
serum CRP detection systems, the Mindray BC-5390, Mindray
BC-6800, and Johnson Vitros5600, and select the CRP detection
instrument most suitable for widespread use in clinical practice.

Material and Methods

Study Design and Population

This was a cross-section study, and all the patients were re-
cruited from October 2020 to February 2021 in the People’s
Hospital of Longhua Shenzhen Hospital. All included patients
were tested for CRP and routine blood laboratory values us-
ing 3 different instruments. This study was approved by the
Institutional Review Board of the People’s Hospital of Longhua
Shenzhen Hospital and written informed consent was obtained
from all patients.
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Sample Handling

For CRP testing, the Mindray BC-5390 and BC-6800 analyz-
ers use whole blood samples and the Johnson Vitros5600 an-
alyzer use serum samples. Two blood samples were collected
from all patients under fasting conditions. For testing with the
Mindray analyzers, 2 mL of blood was collected in a K2-EDTA
anticoagulant test tube; for the Johnson Vitros5600 analyz-
er, 3 to 5 mL of blood was collected in a test tube without an-
ticoagulant. The blood sample without anticoagulant was al-
lowed to stand for 30 min and then centrifuged at a speed of
3500 r/min for 10 min; the serum was then taken for testing.
If samples could not be tested in time, the protocol was to
store them in an environment at 2°C to 8°C and test as soon
as possible; however, the blood samples from all patients were
measured in time.

Instruments

Three instruments were used to analyze the blood samples: the
Mindray BC-5390 and Mindray BC-6800 (Mindray, Shenzhen,
China), and the Johnson Vitros5600 (Ortho-Clinical Diagnostics,
Inc., Raritan, NJ, USA). All reagents used were those matched
with the instruments. All operations were carried out in strict
accordance with the instrument and kit instructions. In ad-
dition, samples for each patient were tested by the 3 instru-
ments. The sample volumes used by the different instruments
during the test were as follows: (1) Mindray BC-5390 (sam-
ple type, whole blood; single blood routine model, 20 pL; sin-
gle CRP model, 20 pL; blood routine combined blood routine
model, 35 pL); (2) Mindray BC-6800 (sample type, whole blood;
routine blood manual model, 150 pL; routine blood automat-
ic model, 200 pL; CRP model, 20 pL); (3) Johnson Vitros5600
(sample type, serum; CRP model, 41 pL).

Data Collection

Test data of all patients were collected, and the following vari-
ables were extracted: CRP levels, white blood cells, neutrophils
(x10°/L), lymphocytes (x10°/L), monocytes (x10°/L), eosino-
phils (x10°/L), basophils (x10°/L), neutrophils (%), lymphocytes
(%), monocytes (%), eosinophils (%), basophils (%), red blood
cells (RBC), hemoglobin, hematocrit, mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscu-
lar hemoglobin concentration (MCHC), RBC distribution width-
coefficient of variation (RDW-CV), RBC distribution width-stan-
dard deviation (RDW-SD), platelets, plateletcrit, mean platelet
volume (MPV), and platelet distribution width.

Statistical Analysis

Statistical comparisons between combinations of 2 instruments
(Mindray BC-5390 analyzer, Mindray BC-6800 analyzer, and
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Johnson Vitros5600 analyzer) were performed using Pearson
correlation analysis, Passing-Bablok analysis, and weighted
Deming analysis. Pearson correlation analysis was used to eval-
uate the correlation of the different instruments’ test results
(R, correlation coefficient). The consistency analysis of the re-
sults was evaluated by Passing-Bablok analysis and weighted
Deming analysis, and the proportional and constant systemat-
ic errors were evaluated by the slope and intercept, with 95%
confidence intervals (95% ClI) [14]. The bias and 95% agree-
ment limit of CRP value were evaluated by Bland-Altman anal-
ysis and calculated as the mean difference between the in-
struments. Effect analysis was used to test the consistency of
the indicator direction. For the comparison of routine blood
indicators, the Shapiro test was used to test the normality of
measurement data. Continuous variables with a normal dis-
tribution were displayed as mean+SD, and the t test was used
for comparisons between 2 groups; non-normally distributed
measurement data were represented by a median and inter-
quartile range, and the Wilcoxon rank test was used between
2 groups. All statistical analyses were 2-sided, and R software
(version 4.0.3) was used to perform the analysis. P<0.05 was
considered to indicate statistical significance.

Results

Comparison of CRP Values Determined by BC-5390,
BC-6800, and Vitros5600

Test information was initially collected from 1058 patients.
There were 201 patients with missing CRP values due to fail-
ure to automatically upload instrument test data to the hos-
pital laboratory information system, and the BC5390 analyzer
was updating and debugging the new system, including 182
cases using BC-5390, 17 cases using the BC-6800, and 3 cas-
es using Vitros5600. In addition, the CRP values measured by
the BC-5390 and BC-6800 were 0 in 4 cases and 6 cases, re-
spectively. After excluding patients with missing CRP values
and CRP values of 0, data from a total of 847 patients were
included to compare the consistency of CRP values measured
by the BC-5390, BC-6800, and Vitros5600.

Results of comparing the CRP values tested by the 3 analyzers
showed a statistical difference in values (x?=78.573, P<0.001).
The results of the Wilcoxon test showed that the differences be-
tween every combination of 2 analyzers were statistically signif-
icant (all P<0.001). The detailed results are shown in Figure 1.

Comparison of Consistency of CRP Values Measured by BC-
5390, BC-6800, and Vitros5600

The CRP values measured by the Mindray BC-5390 analyzer
were compared with those measured by the Mindray BC-6800
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Figure 1. Difference analysis of C-reactive protein levels tested
by the Mindray BC-5390, Mindray BC-6800, and
Johnson Vitros5600.

analyzer (Figure 2). Pearson correlation analysis showed that
the correlation coefficient of the CRP values measured by the 2
instruments was 0.994 (P<0.001). The Passing-Bablok analysis
yielded the equation y=0.999(95% Cl: 0.989-1.011)x+0.565(95%
Cl: 0.305-0.824), in which the slope range contained 1. The
weighted Deming analysis yielded the equation y=1.011(95%
Cl: 1.005-1.029)x+0.406(95% Cl: -0.0937-0.459), in which the
slope and intercept were close to 1 and equal to 0, respective-
ly. The Bland-Altman test showed that the mean bias between
the 2 different instruments’ tests was -1.34 mg/L. These re-
sults indicated that the CRP values measured by the BC-5390
and BC-6800 had a certain deviation, but they were still rel-
atively consistent.

The consistency analyses of CRP between the Mindray BC-6800
analyzer and Johnson Vitros5600 analyzer are shown in Figure 3.
The correlation coefficient of the CRP value measured by the 2
instruments was 0.994 (P<0.001) in Pearson correlation analysis.
The Passing-Bablok analysis yielded the equation y=1.081(95%
Cl: 1.063-1.098)x-0.826(95% Cl: -1.811-[-0.165]), in which the
slope was close to 1 and the intercept was -0.826. The weighted
Deming analysis yielded the equation y=1.005(95% Cl: 0.982-
1.028)x+1.152(95% Cl: 0.366-1.957), in which the slope range
contained 1 and the intercept was 1.152. In the Bland-Altman
analysis, the mean bias between the 2 instruments’ tests was
-4.31 mg/L. These results showed that there was a constant
deviation in the CRP values measured by Mindray BC-6800
and Johnson Vitros5600.

The comparison results of the Mindray BC-5390 analyzer and
Johnson Vitros5600 analyzer are shown in Figure 4. Pearson
correlation analysis found that the correlation coefficient of
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Figure 2. Consistency analysis and Bland-Altman difference plot of C-reactive protein levels between the Mindray BC-5390 and
Mindray BC-6800. (A) Pearson correlation analysis; (B) Passing-Bablok analysis; (C) weighted Deming analysis; and

(D) Bland-Altman test.

the CRP values measured by the 2 instruments was 0.983
(P<0.001). The Passing-Bablok analysis yielded the equation
y=1.088(95% Cl: 1.066-1.109)x-0.310(95% Cl: -1.068-0.475),
in which the slope and intercept were close to 1 and equal
to 0. The weighted Deming analysis yielded the equation
y=1.025(95% Cl: 0.996-1.052)x+1.306(Cl: 0.372-2.217), in which
the slope range contained 1. The Bland-Altman test indicated
that the mean bias between the 2 different instrument tests
was -5.66 mg/L. These results showed that the CRP test re-
sults between the Mindray BC-5390 and Johnson Vitros5600
were more consistent than those between other instruments.

In addition, there were differences in test cost and test time be-
tween the Mindray analyzers and Johnson Vitros5600 analyzer.
The use of the Johnson Vitros5600 analyzer inspection costs
$6.60/time, while Mindray analyzers (BC-5390 and BC-6800)
costs $5.60/time. In terms of length of test time, the Johnson
Vitros5600 analyzer takes 9 min/time, while the Mindray an-
alyzer takes 3 min/time. Furthermore, the Johnson Vitros5600
analyzer requires centrifugation for 10 min/time before testing.

In summary, the test cost and time of the Johnson Vitros5600
analyzer were higher than that of the Mindray analyzers.

Analysis of the Consistency of BC-5390 and BC-6800 in
Routine Blood Indicators

The blood laboratory results from 847 patients were used to
compare the consistency of the Mindray BC-5390 and BC-6800
in routine blood indicators. The results of difference analysis
showed that there were statistically significant differences in
all indicators except RDW-SD (P<0.05). The summary results
of the Pearson correlation analysis, Passing-Bablok analysis,
and Bland-Altman test indicated that the BC-5390 and BC-
6800 had deviations in the measurement of hemoglobin, MCV,
MCHC, RDW-CV, RDW-SD, and MPV (Table 1).

The consistency of the indicator direction was evaluated by
effect analysis, as shown in Figure 5. The results showed that
the distribution of the BC6800 and BC5390 analyzers in the 3
directions of low, normal, and high measured values were in
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Figure 3. Consistency analysis and Bland-Altman difference plot of C-reactive protein levels between the Johnson Vitros5600
and Mindray BC-6800. (A) Pearson correlation analysis; (B) Passing-Bablok analysis; (C) weighted Deming analysis;

(D) Bland-Altman test.

the same direction (on the same side of the dot). The direc-
tions of the BC6800 and BC5390 were relatively consistent, in-
dicating that the 2 instruments are interchangeable.

Discussion

CRP is an acute-phase inflammatory protein, which shows in-
creased expression under inflammatory conditions. The rou-
tine determination of CRP in clinical situations is based on an-
alyzers, ELISA, and lateral flow assays [9]. In clinical practice,
CRP levels can be measured by different types of instruments,
and it is necessary to assess the consistency of the different
instruments. This study evaluated the consistency of 3 instru-
ments to measure CRP. The results showed that the CRP val-
ues measured by the Mindray BC5390, Mindray BC6800, and
Johnson Vitros5600 were different. The CRP measurement re-
sults of the Mindray BC5390 analyzer were consistent with
those of the Mindray BC6800 and Johnson Vitros5600 analyz-
ers. However, there was a constant deviation in the CRP values

measured by the Mindray BC-6800 and Johnson Vitros5600
analyzer. Furthermore, the Mindray analyzers consumed less
time and cost in testing than the Johnson Vitros5600 analyzer.
For the measurement of routine blood tests, the BC5390 ana-
lyzer and BC6800 analyzer were found to be interchangeable.

The available evidence indicates that CRP is highly expressed in
rheumatoid arthritis, certain cardiovascular diseases and infec-
tions, and other inflammatory diseases [6,15,16]. Transcriptional
induction of the CRP gene occurs primarily in liver cells in re-
sponse to increased levels of inflammatory cytokines, such as
interleukin-6 [17]. CRP is an acute-phase protein, and therefore,
its plasma concentrations change significantly in the presence
of inflammatory disease [18,19]. During bacterial infections, the
maximum concentration of serum CRP levels can increase by
up to 1000 times that of baseline levels [20]. However, when
the stimulation ends, the CRP value decreases exponentially
for 18 to 20 h [21]. Because of these characteristics, CRP has
become an important biomarker in clinical practice [22-25].
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Figure 4. Consistency analysis and Bland-Altman difference plot of C-reactive protein levels between the Johnson Vitros5600
and Mindray BC-5390. (A) Pearson correlation analysis; (B) Passing-Bablok analysis; (C) weighted Deming analysis;

(D) Bland-Altman test.

There are more than 10 detection methods for CRP, of which
turbidimetry-based assays and ELISA are the most widely
used in clinical practice [9,26,27]. Clinical chemistry analyzers
based on turbidimetric principles are used in large clinical set-
tings, while commercially approved ELISA kits are preferred in
dispersed and remote settings [9]. In the present study, the
Mindray BC-5390, Mindray BC-6800, and Johnson Vitros5600
analyzers were based on the principle of the turbidimetric
method to detect CRP value [10,28]. The difference was that
the Mindray analyzers used immunity transmission turbidity,
while the Johnson Vitros5600 analyzer used immune scatter
turbidity. Different detection systems, reagents, and method-
ological principles have different detection results for the same
item. Our results showed that the CRP measurement results
of the Mindray BC-5390 analyzer were consistent with the re-
sults of the Mindray BC-6800 and Johnson Vitros5600 analyz-
ers. However, the CRP values measured by the Mindray BC-6800
and Johnson Vitros5600 analyzer had a constant deviation.
The difference between the 2 analyzers may have been relat-
ed to a certain difference in the performance of the different

instruments. Furthermore, there are also reports on the use
of the Mindray BC-6800 analyzer outside of China, such as in
Poland [29], Spain [30], Korea [31], and Italy [32].

In the large-scale clinical practice environment, many factors
should be considered in the test instrument, such as the price
of the instrument, accuracy, test time, test cost, and the diffi-
culty of sample acquisition. The results of this study indicated
that the Mindray analyzers required less time and cost to test
CRP values than the Johnson Vitros5600 analyzer. In terms of
sample detection, the Mindray analyzers used whole blood for
testing, and almost no manual intervention was required, while
the Johnson Vitros5600 analyzer used serum, which required
blood samples to be processed before measurement. In addi-
tion, the Johnson Vitros5600 analyzer (41 plL serum) consumed
more blood when measuring CRP, while the Mindray analyzers
(20 pL whole blood) used less blood, and can test routine blood
values and CRP at the same time. For patients with difficulty
in taking a blood sample, such as infants, the Mindray analyz-
ers may be more suitable for detection in these populations.
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Table 1. Consistency of the Mindray BC-5390 and BC-6800 analyzers in routine blood indicators.

Passing-Bablok
Variables BC-5390 Bland-Altman
WBC, 10°/L, 11.02 10.84 o I 0.066 0.972 -0.217
M (Q, Q) 8.11,1432) (8.00,13.88) " : (-0.026,0.160)  (0.963,0.981)  (-1.478, 1.045)
Neutrophils, %, 1.782 0.980 0.334
mean+SD 77.38£10.52  77.76£10.31  <0.001 099 594 5 440)  (0971,0988)  (-2497, 3.165)
Lymphocytes, %, 12.90 12.40 0001 0.989 -0.034 0.976 -0.527
M (@, Q) (8.50,18.40)  (8.20, 18.00) : (-0.167,0.099)  (0.966,0.985)  (-3.006, 1.953)
Monocytes, %, 6.30 6.70 oINS 0.092 1.030 0.277
M (Q, Q) (4.90,7.80)  (5.20,820) : (-0.028,0.300)  (1.000,1.049)  (-1.713, 2.267)
Eosinophils, %, 0.70 0.50 <0001 0986 -0.100 1.000 -0.106
M (Q, Q) (0.20,150)  (0.10, 1.30) (-0.100,-0.100)  (1.000,1.000)  (-0.852, 0.640)
Basophils, %, 0.20 0.20 o I 0.000 1.000 0.022
M (Q, Q) (0.10,030)  (0.10,0.30) < : (0.000,0.000)  (1.000,1.000)  (-0.379, 0.423)
Neutrophils, 10°/L, 8.65 8.49 <0001 0994 0.123 0.966 -0.155
M (Q, Q) (5.90,11.84)  (5.94, 11.42) (0.069,0.190)  (0.958,0.975)  (-1.263, 0.953)
Lymphocytes, 10/L, 1.38 1.32 — o -0.036 0.979 -0.069
M (Q, Q) (0.95,1.85)  (0.88,1.76) : (-0.056,-0.017)  (0.964,0.996)  (-0.356,0.218)
Monocytes, 10°/L, 0.68 0.70 o 0.003 1.025 0.018
M (Q, Q) (0.49,092)  (0.50,0.96) (-0.008,0.020)  (1.000,1.043)  (-0.172, 0.208)
Eosinophils, 10°/L, 0.07 0.05 o I -0.010 1.000 -0.012
M (Q, Q) (0.03,0.15)  (0.01,012) < : (-0.010,-0.010)  (1.000,1.000)  (-0.082, 0.059)
Basophils, 107/L, 0.02 0.02 N 0518 0.000 1.000 0.001
M (Q, Q) (0.01,0.03)  (0.01,0.03) (0.000,0.000)  (1.000,1.000)  (-0.037, 0.039)
RBC, 107/L, -0.048 0.960 -0.223
mean+SD AEEE 4.20£0.88 <0001 099 (095 0005)  (0.950,0969)  (:0.491,0.046)
Hemoglobin, g/L, -4.918 1.013 -3.254
.32%2/. 38%2/. Y b
mean+SD 129.32427.29  126.38+27.60 <0.001 0996 ;.74 3000)  (1.000,1.020)  (-8.109, 1.601)
Hematocrit, %, -1.100 1.000 -0.928
mean+SD 37.9947.64  37.2847.61 <0001 0986 o0y 757)  (0.990,1.011)  (-3.445, 1.589)
MCV, fL, 2.400 1.000 2333
891/, 33+/.
mean+SD 8689:7.66  89.3347.82 0000 0983 ;505 3351)  (0.990,1.018)  (:0.337, 5.004)
MCH, pg, 0.800 1.000 0.741
mean+SD 29554305 30.22¢3.10 <0001 0966 (50, (g4 (0.992,1.020)  (:0.783, 2.265)
MCHC, g/L, 128.276 0.621 -0.701
.90+15. .89+10. X b
mean+SD 339.90£15.15  337.89+10.81 0.084 0733 113000 141.085) (0.583,0.667)  (-20.550, 19.148)
RDW-CV, %, 1.033 0.933 0.107
mean+SD 13.30+186 13414180  <0.001 0958 o0 450)  (0.900,0967)  (-0.825,1.039)
RDW-SD, fL, 7.183 0.833 0.010
438+6. D061)5. k b
mean+SD 424846.18 42561542 0864 0955 (1359 8102)  (0.811,0.854)  (-3.384, 3.405)
Platelets, 10°/L, 230.00 2500 o 007 2.426 0.966 4684
M (Q, Q) (180.00, 284.00) (178.00, 276.00) " : (-0.693,5.297)  (0.952,0.980)  (-42.211, 32.842)
Plateletcrit, %, 0.22 0.21 o I 0.002 0.948 -0.009
M (@, Q) (0.18,027)  (0.17,0.25) < : (-0.002,0.006)  (0.929,0.970)  (-0.054, 0.036)
MPV, fL, -1.244 1111 -0.187
mean+SD SEREL 951£1.29 <0001 0918 () 00 0857)  (1.071,1.148)  (-1.054, 0.681)
PDW, %, 0.000 1.000 0.022
96+0. .98+0. X .
mean+SD 15.96:079  15.98+081 0009 0815 500 0000)  (1.000,1.0000  (-0.465,0.510)

R — correlation coefficient; WBC — white blood cells; RBC — red blood cells; MCV — mean corpuscular volume; MCH — mean corpuscular
hemoglobin; MCHC — mean corpuscular hemoglobin concentration; RDW-CV — RBC distribution width-coefficient of variation); RDW-SD
- RBC distribution width-standard deviation; MPV — mean platelet volume; PDW — platelet distribution width.
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Figure 5. Consistency analysis of indicator direction between the

Mindray BC-5390 and Mindray BC-6800.
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Conclusions

The consistency of 3 serum CRP analyzers using turbidime-
try was analyzed. The measurement of CRP by the Mindray
BC5390 analyzer was consistent with that of the Mindray
BC6800 and Johnson Vitros5600 analyzers. A constant devia-
tion was observed in the CRP values measured by the Mindray
BC-6800 and Johnson Vitros5600 analyzer. The Mindray ana-
lyzers required less time and cost in CRP measurement than
the Johnson Vitros5600 analyzer. In addition, the BC5390 an-
alyzer and BC6800 analyzer were found to be interchangeable
for the measurement of routine blood values.
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