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Introduction

Serum amyloid A (SAA) is a class of lipid-binding protein 
in plasma and is mainly secreted by hepatocytes, adipocytes, 
and tumor cells (1,2). SAA is a family of polymorphic 
proteins encoded by polymorphic genes, and as precursors 
of tissue amyloid A, they are acute-phase proteins that 

can be used for auxiliary diagnosis of multiple diseases, 
with high levels found in bacterial and viral infections, 
atherosclerosis, coronary heart disease, acute transplant 
rejection, neoplasms, and other diseases. SAA is also viewed 
as a biomarker for evaluation of therapeutic effects and 
follow-up analysis of prognosis (3), and it is highly expressed 
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in several malignancies, including esophageal squamous cell 
carcinoma, ovarian cancer, lung cancer, gastric cancer, breast 
cancer, and hepatocellular carcinoma (4-6). Moreover, as 
a typical positive acute-phase protein, SAA can promote 
the recirculation of cholesterol and is implicated in retinol 
transport, innate immune modulation, and pathological 
responses to various diseases during their acute phases (7-9). 
SAA is of great value in the auxiliary diagnosis of infectious 
diseases, the risk prediction of cardiovascular diseases, and 
the evaluation of the curative effect and prognosis of tumor 
patients, and thus it has been extensively utilized in clinical 
practice.

SAA is mainly detected by means of latex-enhanced rate 
nephelometry (LERN), dot immuno-gold filtration assay 
(DIGFA), and time-resolved fluorescence microsphere 
immunochromatographic assay. The Mindray BC-7500CS 
automated hematology analyzer utilizes LERN for SAA 
detection. Specifically, lyse for hematology analyzer is 
mixed with the blood cell specimens, thus removing the 
interference of blood cell particles on LERN. SAA reagent 
is then mixed with the specimen processed by the hemolytic 
agent, and the antibody-labeled latex microspheres in the 
latex reagent agglutinate with the SAA, raising the turbidity 
of the solution, after which the SAA concentration is 
measured by LERN. The measured SAA concentration 
is then substituted into a formula to obtain the SAA 
concentration in the whole-blood specimens.

In SAA detection, the hook effect may occur during the 
antigen–antibody reaction. The condition of antibody/

antigen excess is referred to as the prozone/postzone 
phenomenon. While using immunonephelometry or 
immunoturbidimetry, an extremely high concentration 
of the analyte may cause falsely low results, lowering 
the accuracy of detection. The Mindray BC-7500CS 
automated hematology analyzer addresses the hook 
effect by identifying reaction curve characteristics and 
flagging abnormalities. That is, according to the kinetic 
characteristics of the antigen–antibody reaction, the A value 
of the immune complex generated at a specific time point in 
the reaction curve is monitored, and the ratio of the A value 
between different times of the reaction is then calculated 
and compared with the preset parameter, thus identifying 
and flagging the hook effect automatically. On this basis, 
SAA autodilution (SAA-D) function can detect specimens 
with high SAA concentration accurately.

In this study, we evaluated the analysis performance of 
the Mindray BC-7500CS for SAA and compared it with the 
Upper Ottoman-1000 automated hematology analyzer for 
clinical performance. In addition, we verified the function 
of the SAA-D function. We present the following article in 
accordance with the MDAR reporting checklist (available 
at https://tp.amegroups.com/article/view/10.21037/tp-22-
661/rc).

Methods

This study involved a clinical evaluation of in vitro 
diagnostics. Leftover specimens, whose laboratory results 
had been reported by the hospital, were tested on the 
evaluation instrument, avoiding violating the privacy 
and interests of the patients. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013) and approved by the ethics board of the Children’s 
Hospital of Nanjing Medical University (CH) (No. 
202008096-1). Due to the study’s retrospective nature, the 
requirement to obtain signed informed consent from the 
patients was waived. Data are not available due to ethical 
restrictions.

Specimen source

In total, 764 venous whole-blood specimens anticoagulated 
with EDTA-K2 were collected from CH outpatients and 
inpatients between May 2022 and July 2022. The volume 
of each sample was not less than 2 mL. As per the Clinical 
and Laboratory Standards Institute (CLSI) H04-A6 (8,9) 
standard, samples with hemolysis and coagulation were 
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not included in the assessment. Specimens were placed at 
room temperature (18–25 ℃) and tested within 8 hours of 
collection. 

Instruments and reagents

The instruments and reagents used in this study included 
the Mindray BC-7500CS and its supporting calibrator, 
control material, and reagent (Shenzhen Mindray Bio-
Medical Electronics Co., Ltd., Shenzhen, China); the 
Upper Ottoman-1000 (Shanghai Upper Bio-Tech Pharma 
Co., Ltd., Shanghai, China); and an SAA testing control 
instrument that has been marketed and widely applied 
clinically. The instruments were calibrated in a valid manner 
with good daily quality control monitoring, and all reagents 
had not expired.

Verification of basic performance

Background (limit of blank)
Background was tested by adding 2 mL diluent to clean, 
anticoagulant-free blank tubes each day. The sample was 
run under whole blood CDR (complete blood cell count, 
white blood cell differential count, and reticulocyte count) 
+ CRP (C-reactive protein) + SAA mode consecutively  
10 times for three days. The analyzer background results 
were obtained using the nonparametric method referred to 
in CLSI EP17-A2. 

Repeatability
At least 20 SAA samples were selected to cover the 
repeatability range (5–350 mg/L) as best as possible. After 
thorough mixing, the measurement was repeated 10 times 
in the CDR + CRP + SAA mode of BC-7500CS, and the 
mean value, standard deviation (SD), and coefficient of 
variation (CV) of each group were calculated. Ten tests 
were completed within 30 minutes. The repeatability was 
examined to determine whether it was consistent with the 
manufacturer’s claim (SAA: 0–10 mg/L, SD ≤1.0; SAA: 
10.01–350 mg/L, CV ≤8%).

Precision
After the instrument was turned on and the performance 
was confirmed stable, the SAA control materials of normal 
and pathological concentration were consecutively tested 
twice in the corresponding quality control procedures as the 
first run of test results on that day. After 2 hours, the SAA 

control materials of normal and pathological concentration 
were tested twice consecutively as the second run of test 
results on that day. Test data of the 2 runs (testing twice 
per run) per day and testing for at least 20 consecutive days 
were required. Data were calculated with reference to the 
method in CLSI EP05-A2.

Linearity
The linearity of different concentrations was prepared by 
mixing SAA high-value linear quality control solution with 
DS diluent, covering the entire linear range segment (5.00–
350.00) as far as possible. The entire linear range segment 
needed to be configured with no less than 9 concentration 
points. The distribution of concentration points did not 
need to be isometric but should cover the main medical 
decision level points of each parameter as far as possible. 
After the configuration was completed, measurements 
were performed sequentially and linearity statistics were 
performed as per CLSI EP6-A2.

Reportable range
A whole-blood specimen with a high SAA concentration 
of approximately 2,000 mg/L was selected, and the pure 
analyte was added, if necessary, followed by calculation of 
the theoretical value. The whole-blood specimen with a 
high SAA concentration was diluted with the hematology 
analyzer diluent at a ratio of 5:1 (6-fold dilution). The 
diluted specimen was measured 3 times, and the average 
value was taken. The original concentration was calculated 
according to the following formula, and the relative 
deviation between the original concentration and the 
theoretical concentration was calculated.

( ) ( )Fh 100 HCT / 6 / 100 HCT= − −  [1]

C 6 C' Fh= × ×  [2]

where: 
C: original concentration;
C’: measured concentration after dilution;
Fh: conversion factor for hematocrit (HCT; the HCT 

value here refers to that of the predilution blood specimen).

Intermode comparison
No fewer than 50 fresh venous whole-blood specimens 
were selected and tested once in the whole-blood mode and 
the micro-whole-blood mode of the Mindray BC-7500CS, 
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with an interval of no more than 2 hours between the 2 test 
modes.

Interference study

Interfering substances quantitatively evaluated in this study 
included bilirubin (BIL), endogenous lipid (triglycerides, 
TG), vitamin C (VitC), rheumatoid factor (RF), human 
anti-mouse antibodies (HAMA), and hemoglobin (HGB). 
First, stock solutions of the interfering substances were 
used to prepare 5 test groups of different (high and low) 
concentrations of the interfering substances according 
CLSI EP07-A2. The interfering substance samples in the 
5 test groups were then tested in the whole-blood SAA 
module for a total of 3 rounds in the order of groups 1 to 5, 
groups 5 to 1, and groups 1 to 5. After that, the results were 
statistically analyzed according to CLSI EP07-A2.

Methodological comparison

No less than 200 whole-blood specimens were randomly 
selected from CH outpatients and inpatients, followed by 
testing using the BC-7500CS and the Upper Ottoman-1000 
(the control instrument), respectively. SAA results were 
recorded, and the r values were calculated by Passing-
Bablok regression analysis.

SAA-D function

The SAA-D function of the BC-7500CS was turned on 
and specimens with an SAA concentration >100 mg/L were 
selected and tested in the CD + SAA mode. Next, 800 µL 
of a blood specimen was pipetted and manually diluted with 
DS diluent at a ratio of 1:5 (6-fold dilution). The diluted 
specimen was then tested in the CD + SAA mode of the 
Mindray BC-7500CS, and the original concentration was 
calculated using the formula shown in 2.3.5. Passing-Bablok 
regression analysis was used to compare the data, and a 
Bland–Altman plot was drawn.

Statistical analysis

Statistical analysis was performed using SPSS 27.0 and 
graphs were created using GraphPad Prism 8. The SD 
and CV% were calculated to evaluate repeatability and 
precision. The correlation [correlation coefficient (r) and P 
value] between the BC-7500CS and Upper Ottoman-1000 

was evaluated using the linear regression equation. P<0.05 
was considered statistically significant.

Results

Basic performance

Background (limit of blank)
Figure 1A shows the SAA background results, which at  
0.14 mg/L was in line with the manufacturer’s claim (≤2 mg/L).

Repeatability
The results of sample reproducibility are shown in Figure 1B.  
A total of 20 SAA samples were selected, of which 3 samples 
were 5–10 mg/L and 17 samples were 10.01–350 mg/L. 
Among them, SAA ≤10 mg/L samples had SD <1 mg/L 
(Figure 1B, left Y axis), and SAA ≥10.1 mg/L samples had 
CV <8% (Figure 1B, right Y axis). The above results all met 
the manufacturer’s claims.

Precision
The quality control of two concentration levels were 
measured twice a day for two rounds, for 20 consecutive 
days of testing, and a total of 160 tests were collected. 
The mean of SAA control materials with normal and 
pathological concentration were 10.17 and 49.80 mg/L, 
respectively. Table 1 shows the SD and CV of repeatability, 
between run, within day, between day, and within laboratory 
precision.

Linearity
The linearity results for SAA of BC-7500CS are shown 
in Figure 1C with a linear range of 2.265–343.475 mg/L 
(r>0.99). Regression equations showed that the measured 
values were in high agreement with the theoretical values.

Reportable range
As shown in Figure 1D, a specimen with a high theoretical 
SAA concentration of 2,000 mg/L was measured 3 times after 
dilution, with a mean SAA concentration of 184.87 mg/L.  
The mean SAA concentration was substituted into the 
formula in Section 2.3.4, and the original concentration was 
calculated as 1,932.38 mg/L, with a relative deviation of 
−7.63% from the theoretical concentration.

Intermode comparison
A total of 63 whole-blood specimens were collected to 
compare the results of SAA detection in whole-blood mode 
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and micro-whole-blood mode. The results showed that the 
mean concentration of SAA was 48.96 mg/L in whole-blood 
mode and 52.09 mg/L in micro-whole-blood mode, with 
a correlation coefficient of 0.999, an absolute deviation of 
3.13, and a relative deviation of 6.01% (Figure 1E).

Interference study

The interference of common clinical interfering substances 
(BIL,  TG,  VitC,  RF,  HAMA and HGB) on SAA 
concentration was verified (Figure 2). BIL <1,750 mmol/L, 
TG <22 mmol/L, VitC < 8,522.7 µmol/L, RF <65 IU/mL,  
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Figure 1 Basic performance. (A) Background of SAA for Mindray BC-7500CS auto hematology analyzer. (B) Repeatability of SAA for 
Mindray BC-7500CS auto hematology analyzer. The scatter plot with bars on the left side indicates the SD when SAA ≤10 mg/L and the 
right side indicates the CV when SAA ≥10.01 mg/L. (C) Linearity of SAA (horizontal axis: theoretical concentration; vertical axis: original 
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SD, standard deviation; CV, coefficient variation; CDR, complete blood count (CBC) + differential counts (DIFF)+ reticulocyte count (RET); 
CRP, C-reactive protein.

Table 1 SAA precision results

Control Level N
Mean,  
mg/L

Repeatability Between run Within day Between day Within Laboratory

SD CV SD CV SD CV SD CV SD CV

Normal 80 10.17 0.2351 2.3% 0.3795 3.7% 0.4465 4.4% 0.6808 6.7% 0.8142 8.0%

Pathological 80 49.80 0.7267 1.5% 0.6840 1.4% 0.9980 2.0% 1.6305 3.3% 1.9117 3.8%

SAA, serum amyloid A; SD, standard deviation; CV, coefficient variation.
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Figure 2 Interference study. Quantitative assessment of the interference level of different interferents (BIL, TG, VitC, RF, HAMA, HGB) 
on SAA. SAA, serum amyloid A; BIL, bilirubin; TG, total cholesterol; VitC, vitamin C; RF, rheumatoid factor; HAMA, human anti-mouse 
antibody; HGB, hemoglobin.

HAMA <1,000 IU/mL, and HGB <203.1 g/L had no 
obvious interference on SAA concentration.

Methodological comparison

Venous blood specimens of 549 outpatients and inpatients 
were randomly selected and tested using the Mindray 
BC-7500CS and the Upper Ottoman-1000. As shown in  
Figure 3A, the Upper Ottoman-1000 exhibited a hook 
effect when SAA concentration was >280 mg/L. When 
SAA concentration was ≤280 mg/L, the detection results of 
the Mindray BC-7500CS were well correlated with those 

of the Upper Ottoman-1000: y= −0.48+0.912x (r=0.977)  
(Figure 3B).

Clinical applicability

Specimens with SAA concentration >280 mg/L were 
selected from the specimens mentioned above to observe 
the distribution of their clinical origins. Specimens with 
high SAA concentration mainly came from the intensive 
care unit (ICU) and cardiovascular surgery ICU (Figure 4A),  
and the diseases related to these specimens were 
largely coronary atherosclerotic heart disease and some 
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malignancies.
A total of 81 specimens with high SAA concentration 

came from the cardiovascular surgery ICU, and 55 came 
from the ICU. The specimens from these 2 departments 
were subjected to correlation analysis. As shown in Figure 4,  
many specimens from the ICU exceeded the upper 
detection limit of the Upper Ottoman-1000 (Figure 4B), but 
when SAA concentration was ≤280 mg/L (Figure 4C), the 
SAA detection results of the Mindray BC-7500CS were well 
correlated with those of the Upper Ottoman-1000 (r=0.975). 
Similar results were identified in the cardiovascular surgery 
ICU specimens, with many specimens containing high 
SAA concentration exceeding the upper limit detection 
of the Upper Ottoman-1000 (Figure 4D). When SAA 
concentration was ≤280 mg/L (Figure 4E), the SAA 
detection results of the Mindray BC-7500CS were well 
correlated with those of the Upper Ottoman-1000 (r=0.975).

Verification of the SAA-D function

A total of 212 specimens were collected to verify the SAA-D 
function of the Mindray BC-7500CS, and the measured 
results of SAA diluted by the SAA-D module were 
compared with those after manual dilution. Figure 5A shows 
the Passing-Bablok analysis of Upper Ottoman-1000 and 
manual dilution, where a hook effect starts to appear after 
>280 mg/L. Figure 5B displays the Passing-Bablok analysis 
of SAA-D and manual dilution, showing a good correlation 
(r=0.993). The Bland–Altman plot of SAA-D and manual 
dilution is shown in Figure 5C.

Discussion

SAA is an acute-phase protein that increases in response to 
infection, injury, inflammation, or cancer. It can also serve 
as an evaluation indicator for the diagnosis, prognosis, and 
posttreatment follow-up of multiple diseases. SAA level 
increases notably with the progression of cancer (10-15), as 
well as in patients with rheumatoid arthritis or osteoarthritis 
(16-18). SAA also changes markedly and shows a rapid 
response in cardiovascular diseases, reflecting the disease 
activity well (19). The clinical applicability of SAA detection 
has broadened over time, and it is receiving more attention 
from clinicians. Thus, accurate SAA detection is necessary.

In this study, the basic performance of the Mindray 
BC-7500CS, including background, precision, linear 
range, intermode comparison, interfering substances, 
and methodological comparison, were tested. The results 
indicated that the Mindray BC-7500CS had good basic 
performance. The background of SAA was 0.14 mg/L, 
well below that claimed by the manufacturer (≤ 2 mg/L). 
When SAA was in the range of 5–10 and 10.01–350 mg/L,  
the corresponding SD and CV met the manufacturers’ 
claims. The CV of quality control (QC) precision was less 
than 8%. The linear range of SAA concentrations was 
2.265–343.475 mg/L (r>0.997). The regression equation 
indicated that the measured values were essentially 
consistent with the theoretical values, suggesting the BC-
7500CS could meet most clinical laboratory measurement 
requirements. The ability of the BC-7500CS to detect 
specimens with high SAA concentration was tested by 
determining its reportable range, and the results showed 
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Figure 4 Clinical applicability assessment. (A) Clinical origins of specimens with SAA concentration >280 mg/L; (B,C) clinical applicability 
analysis of cardiovascular surgery ICU specimens (Passing-Bablok regression analysis).; (D,E) clinical applicability analysis of ICU specimens 
(Passing-Bablok regression analysis). ICU, intensive care unit; SAA, serum amyloid A; CI, confidence interval.

that the relative deviation of the original concentration 
from the theoretical concentration was <10%. The 
correlation coefficient of SAA detection results between 
whole-blood mode and micro-whole-blood mode was 0.999. 
The test for interfering substance effects showed that BIL  
<1,750 mmol/L, TG <22 mmol/L, VitC < 8,522.7 µmol/L,  
RF <65 IU/mL, HAMA <1,000 IU/mL, and HGB  
<203.1 g/L had no obvious interference on the measured 
SAA concentration, suggesting that the Mindray BC-

7500CS had good anti-interference ability and reported 
accurate SAA results.

In the comparability evaluation of SAA, whole-blood 
specimens were randomly selected from outpatients and 
inpatients and tested for SAA using both the Mindray BC-
7500CS and Upper Ottoman-1000. Comparison of the 
results revealed that the Upper Ottoman-1000 exhibited a 
hook effect when SAA concentration was >280 mg/L, its 
detection results were underestimated, and some specimens 
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Figure 5 Comparability between SAA autodilution (SAA-D) module and manual dilution. (A) Passing-Bablok regression diagram of 
specimens with high SAA concentration detected with the Mindray BC-7500CS and the Upper Ottoman-1000 (horizontal axis: SAA 
measurement results of the Upper Ottoman-1000; vertical axis: SAA measurement results of the Mindray BC-7500CS). (B) Passing-
Bablok regression analysis diagram of the Mindray BC-7500CS and original concentration after dilution (horizontal axis: measured results 
of original concentration; vertical axis: measured results of the SAA-D module of the Mindray BC-7500CS). (C) Bland-Altman plot of the 
Mindray BC-7500CS and original concentration after dilution. SAA, serum amyloid A; CI, confidence interval.

exceeded its upper detection limit (Figure 3). In specimens 
with an SAA concentration of ≤280 mg/L, the detection 
results of the Mindray BC-7500CS were well correlated with 
those of the Upper Ottoman-1000 (r=0.977). Since a hook 
effect was shown by the Upper Ottoman-1000 when SAA 
concentration was >280 mg/L, leading to an underestimated 
result, the specimens with an SAA concentration >280 mg/L  
among the 552 specimens described previously were 
analyzed in this study. The results showed that the 
specimens with an SAA concentration of >280 mg/L came 
mainly from the cardiovascular surgery ICU (49.71%) and 
the ICU (34.29%). We evaluated the clinical applicability 
of the Mindray BC-7500CS for specimens from these  
2 departments. Figure 4 shows that the detection results 
of the Mindray BC-7500CS in blood specimens from the 
cardiovascular surgery ICU and the ICU were correlated 
with those of the Upper Ottoman-1000 (both r>0.9) when 
SAA concentration was <280 mg/L. Specimens with high 
SAA concentration exceeding the upper detection limit 
of the Upper Ottoman-1000 could be measured by the 
SAA-D function of the Mindray BC-7500CS. Therefore, 
the Mindray BC-7500CS could accurately detect specimens 

with a low SAA concentration and also specimens with an 
SAA concentration exceeding the upper detection limit of 
the Upper Ottoman-1000.

Although specimens with an SAA concentration exceeding 
the upper detection limit of the Upper Ottoman-1000 could 
be detected by the SAA-D function of the Mindray BC-
7500CS, its accuracy needed to be verified. The SAA-D 
function was evaluated with manual dilution as the reference. 
Specifically, a specimen with an SAA concentration >100 mg/L  
was selected and tested in the SAA-D mode of the Mindray 
BC-7500CS. The specimen was then manually diluted and 
tested in the normal SAA mode of the Mindray BC-7500CS. 
When we compared the 2 results, there was an excellent 
correlation between SAA-D and manual dilution, and 
there were no false-negative or false-positive results and no 
significant outliers. Thus, the SAA-D function was sufficient 
for meeting the detection requirements of specimens with 
high SAA concentration in most departments.

Healthy individuals have an overall SAA concentration 
of approximately 1–2 mg/L in serum, which can be elevated 
by 1,000 times during the acute exacerbation of severe 
infections and chronic inflammatory diseases (3). That 
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is, the concentration of SAA in serum can reach 1,000–
2,000 mg/L, much higher than the upper limit of some 
instruments. SAA, as a typical positive acute-phase protein, 
is extensively utilized in the auxiliary diagnosis of infectious 
diseases and also considered an evaluation indicator during 
the recovery period of infectious diseases (20). SAA can 
also serve as an independent risk factor for cardiovascular 
diseases, assisting in the early diagnosis, prevention, and 
treatment of cardiovascular diseases (19,21). High SAA is an 
independent risk factor for tumorigenesis and is also closely 
related to the prognosis of overall survival of tumor patients 
(22,23), consistent with the distribution of specimens with 
high SAA concentration in this study (Figure 3). Taken 
together, research findings show that high SAA is closely 
associated with the occurrence, prognosis, and severity of 
various diseases. 

One protocol for detecting specimens with high SAA 
concentration starts with predilution of the specimens. 
The hook effect can be reduced through 10-to-21-fold 
predilution of the specimen. Nonetheless, this method may 
introduce pre-analysis variation and thus affect the accuracy 
of the results of specimens with low SAA concentration. 
To address the hook effect of high-concentration SAA, the 
Mindray BC-7500CS identifies specimens with high SAA 
concentration according to the kinetic characteristics of 
antigen-antibody reaction and then dilutes these specimens. 
Hence, the impact of the hook effect on the results as well 
as the pre-analysis variation that may affect the detection 
accuracy for specimens with low SAA concentration can be 
avoided, ensuring the accurate detection of SAA at various 
concentrations. It should be noted that the SAA-D module 
does increase the use of reagent since it automatically dilute 
the blood samples and run another test when detecting the 
high value SAA, which is the main drawback of the system. 

In summary, the Mindray BC-7500CS not only 
performed well for SAA detection, but also have good 
performance in other basic performance (24). It could 
accurately detect SAA at low concentrations and also detect 
SAA at concentrations that exceeded the upper detection 
limit of other instruments through its SAA-D function. 
These capabilities are of great value for accurate clinical 
auxiliary diagnosis and will lay a solid foundation for further 
research on the interactions between SAA and various 
clinical diseases and the mechanisms underlying them.

Conclusions

The SAA module of the Mindray BC-7500CS had excellent 

performance, good precision and accuracy of detection, a 
wide measurement range, and could simultaneously obtain 
complete blood counts. Thus, the Mindray BC-7500CS 
could be used by the majority of clinical departments with 
SAA detection requirements. In addition, the SAA-D 
function could accurately detect SAA at high concentrations, 
and so it is applicable for auxiliary diagnosis of diseases and 
also valuable for scientific research.
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