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SUMMARY 
 
Background: The Mindray SAL 8000 is an integrated serum analyzer for photometric, electrochemical, and im-
munological assays. The technical, analytical, and workflow performance of the system were evaluated in this 
study. 
Methods: The technical evaluation was performed using protocols adopted from the guidelines of the China Food 
and Drug Administration (CFDA). The precision, linearity, interference, and method comparison were carried 
out according to the Clinical and Laboratory Standards Institute (CLSI) protocols. The verification of carryover 
and turnaround time were conducted using specimens containing different analytes. 
Results: The technical performance was acceptable for all evaluated aspects. The repeatability and within-labora-
tory coefficients of variation (CVs) ranged between 0.22% and 4.23% for routine chemistry and between 1.05% 
and 6.89% for immunochemistry, respectively. All evaluated analytes exhibited linearity over the ranges claimed 
by the manufacturer. Significant interferences were observed during low concentration TBIL and P measure-
ments due to the presence of lipemia. Method comparisons showed good agreement with the comparison systems 
and with the correlation coefficients ≥ 0.988 except for anti-HBs (r = 0.812). No significant intra-module and inter-
module carryovers were detected. For all the 1,220 samples, 25%, 54%, 63%, 79%, 91%, and 100% samples com-
pleted analysis in 16.3 minutes, 30 minutes, 60 minutes, 120 minutes, 180 minutes, and 320 minutes, respectively. 
Conclusions: The Mindray SAL 8000 integrated system achieved optimal technical performance and met most of 
the criteria regarding analytical performance. The workflow study of the system met the turnaround time (TAT) 
requirements of laboratories. Therefore, it is a good candidate to be used in medium and large-sized laboratories. 
(Clin. Lab. 2019;65:1211-1223. DOI: 10.7754/Clin.Lab.2019.181228) 
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INTRODUCTION 
 
The performance of an analytical system is crucial for 
clinical assays to meet the specifications of clinical ap-
plications. High quality results and shorter turnaround 
times (TATs) achievable at lower costs are the expecta-
tion of many laboratories [1]. In general, laboratory au-
tomation and the consolidation of multiple serum test-
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ing platforms into a single integrated system can be uti-
lized to improve the performance of laboratory testing 
and to decrease its cost [2]. 
With this goal in mind, the design of Mindray SAL 
8000 system consolidates clinical chemistry assays, ion-
selective electrode (ISE) assays, and immunochemistry 
assays into a single analytical system. Mindray SAL 
8000 is a random-access and fully automated analyzer 
for clinical chemistry laboratories. 
The aim of the present study was to evaluate the techni-
cal and analytical performance and turnaround time 
workflow of the SAL 8000 system. In this study, 37 
representative assays were evaluated under routine con-
ditions. As a result, this study was the first to evaluate 
the performance of SAL 8000 in a routine laboratory 
environment. 
 
 

MATERIALS AND METHODS 
 
Instruments 
The Mindray SAL 8000 system is an automated clinical 
analyzer that integrates clinical chemistry (BS-2000) 
and immunoassay (CL-2000i) processing modules 
through a sample handling manager (SPL 1000). Mind-
ray SAL 8000 has been designed as a novel, scalable, 
and flexible automated system. It has the capability to 
determine the concentration or activity of various sub-
stances in body fluids, such as electrolytes, liver func-
tion, kidney function, blood lipid, cardiac markers, tu-
mor markers, and hormones. The BS-2000 module is a 
multi-parametric, automated clinical chemistry system 
which can perform spectrophotometric, immunoturbi-
dimetric, and ISE assays. BS-2000 is also one of a few 
automatic chemistry analyzers that can carry out mea-
surements at a speed of 2000 tests/h. The CL-2000i 
module applies a heterogeneous microparticle-based 
chemiluminescent technology and is capable of carrying 
out 240 tests/hour. 
 
Reagents, calibration, and quality control 
All reagents, calibrators, and controls used in this study 
were provided by Mindray. Calibrations were carried 
out according to the manufacture’s recommendations. 
For each parameter, two levels of lyophilized or liquid 
controls were measured daily. 
 
Serum samples 
Residual materials from routine work were submitted 
for testing. Serum/plasma samples were collected using 
Eppendorf tubes and stored at -20°C. Fresh (non-
frozen) samples were also used in certain assays. 
Samples were selected to meet the requirements for the 
wide value ranges encountered in routine applications. 
 
Evaluation protocol 
Technical performance of BS-2000 module 
The technical performance of BS-2000 module was 
evaluated according to the “Guideline for Automatic 

Chemistry Analyzer” issued by China Food and Drug 
Administration (CFDA) [3]. 
Stray light: The absorbance of 50 g/L sodium nitrite so-
lution was measured five times at 340 nm. The mini-
mum absorbance should be greater than 4.9 A. 
Photometric linearity: 11 concentrations of potassium 
dichromate and orange G solutions were measured at 
340 nm and 450 nm, respectively. Each of was assayed 
in 3 replicates. The relative bias between mean values 
and theoretical values should be no more than 5%. The-
oretical values of all concentrations were calculated by 
least square method. 
Photometric accuracy: Three consecutive measurements 
of 0.5 A and 1.0 A potassium dichromate solutions were 
carried out at 340 nm. The accuracy bias should be less 
than 0.025 A and 0.07 A for 0.5 A and 1.0 A potassium 
dichromate solutions, respectively. 
Photometric stability: A 0.5 A potassium dichromate 
solution and a 0.5 A copper sulphate solution were con-
tinuously measured at 340 nm and 660 nm, respective-
ly. Absorbances were recorded every 18 seconds during 
the maximum reaction time of the BS-2000 module. 
The difference between the maximum and minimum 
values of continuous measurements should be no more 
than 0.01 A. 
Photometric imprecision: A 1.0 A potassium dichro-
mate solution was measured at 340 nm using the mini-
mum reaction volume of 80 µL. The desirable coeffi-
cient of variation (CV) of 20 successive measurements 
should be less than 1.0%. 
Effectiveness of the thermostatic system: The tempera-
ture was recorded once every 30 seconds during the 
maximum reaction time of the BS-2000 module using a 
temperature measuring instrument with a precision of 
not less than 0.1°C. Temperature accuracy and tempera-
ture fluctuation should be less than ± 0.3°C and              
± 0.1°C, respectively. 
Sample carryover: Triplicate of a 200 A Orange G solu-
tion and distilled water (25 µL each) were measured 
successively at 340 nm with distilled water as the re-
agent, and repeated five groups. The carryover rate of 
each group was calculated. The sample carryover was 
acceptable if the mean results did not exceed 0.1%.      
Accuracy and precision of sample/reagent dispensing: 
Degassed distilled water of a specific volume was added 
into an empty sample cup using sample or reagent 
probes, and the actual sample volume was calculated by 
weighing method using an electronic balance with a 
measuring precision of 0.01 mg. This procedure was re-
peated twenty times for each probe. The relative bias 
and CV should be no more than ± 5% and 2%, respec-
tively. 
Within-run imprecision: Twenty measurements of fresh 
serum samples of ALT (30 - 50 U/L), TP (50 - 70 g/L), 
and UREA (9 - 11 mmol/L) were carried out. The ob-
tained CV values should be no more than 5%, 2.5%, 
and 2.5%, respectively. 
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Technical performance of CL-2000i 
The technical evaluation of CL-2000i was carried out 
according to the “Guideline for Automatic Lumines-
cence Immunoassay Analyzer” issued by CFDA [4].      
Effectiveness of the thermostatic system: We monitored 
the temperature of the reaction fluid every 30 seconds 
during 10 minutes using a temperature measuring in-
strument with a precision of not less than 0.1°C. Tem-
perature accuracy and temperature fluctuation should be 
less than ± 0.5°C and ± 1.0°C, respectively. 
Stability: Two different concentrations of ALP were 
measured in triplicate at 0 hour, 4 hours, and 8 hours. 
The relative deviation from the base value (0 h) should 
be less than ± 10%. 
Within-run imprecision: Imprecision was checked using 
20 analyses of HCG in serum sample. The CV should 
be less than 8%. 
Linearity: Patient serum samples at five concentrations 
were measured three times and the regression curve was 
obtained for measured and theoretical values. The corre-
lation coefficient (r) should not be less than 0.99.        
Sample carryover: Three low-concentration HCG serum 
samples were measured immediately after the measure-
ment of three high-concentration samples. This proce-
dure was repeated five times. The carryover rate was 
calculated. The maximum of carryover rate should be 
no more than 10 parts per million (ppm). 
 
Evaluation of analytical performance 
Precision 
Using at least two levels of quality control materials, 
precision studies were performed according to the Clini-
cal and Laboratory Standards Institute (CLSI) EP05-A3 
protocol [5]. A minimum of 20 acceptable operating 
days was generally necessary. 
 
Linearity 
In compliance with CLSI guideline EP06-A, linearity 
was verified for all parameters except for qualitative 
items (HBeAg, Anti-HBe, and Anti-HBc), FT4, and 
FT3 [6]. Six levels of equally spaced sample concentra-
tions were prepared to cover the lower and upper limits 
of the claimed linearity. In addition, high-concentration 
calibrators, concentrated quality controls, and serum 
samples containing pure analytes and proper diluents 
were also used if the concentration of clinical samples 
was not high or low enough. Samples were measured in 
duplicate to obtain the average values, which were then 
compared with theoretical values using linear regression 
analysis. A method could be considered linear if the dif-
ferences between measured values and expected values 
were ≤ 10% (5% for electrolytes) or smaller than the ab-
solute deviation specified by the manufacture. The R 
value should be > 0.99 for immunoassays. 
 
Interference 
According to CLSI protocol EP07-A2, the potential in-
terference from hemolysis, icterus, and lipemia was in-
vestigated for the BS-2000 module [7]. In brief, pooled 

serum containing recommended low and high concen-
trations of analytes were spiked with different amount 
of interfering substances and an equivalent volume of 
basic solutions (deionized water or 0.1mol/L NaOH). 
As a result, two samples containing 100% and 0% inter-
ference were generated, respectively. Hemoglobin was 
obtained from Sysmex (ref. 79370), while Intralipid 
(20%) and bilirubin were obtained from Sigma Aldrich 
(St. Louis, MO, USA). For each tested substance, a se-
ries of five samples with increasing interferent concen-
trations were prepared by blending the above two sam-
ples. Each specimen was promptly assessed in triplicate 
and the relative deviation of the results from the base-
line value was calculated. An observed deviation ex-
ceeding the allowed bias goals (relative deviation 10% 
for all assays) was defined as evidence of interference 
(SI, significant interference). Otherwise, it was defined 
as NSI (no significant interference). 
 
Method comparison 
The comparative study was conducted according to the 
CLSI EP09-A3 protocol [8]. For each analyte, a mini-
mum of 40 clinical specimens were tested. Since differ-
ent items were carried out on different systems in our 
laboratory, the results of clinical chemistry measure-
ments were compared with those obtained by the Cobas 
8000 (Roche). The results of HBV serological markers 
were compared with those obtained by the Architect 
i2000SR (Abbott), and the results of the remaining im-
munoassays were compared with those obtained by the 
ADVIA Centaur (Siemens). Collecting samples distrib-
uted over the entire analytical measurement range was 
difficult for certain items. Therefore, we used some 
samples supplemented with pure analytes or diluted by 
proper solutions. 
 
Carryover 
Carryover in the sample dispensing system (2 sample 
probes) was assessed by using the Glu and AST assay 
as an example: a specimen with a high Glu/AST con-
centration was analyzed three times (H1, H2, H3) and 
followed by three determinations of a sample with a low 
concentration (L1, L2, L3). The carryover rate was calcu-
lated from (L1 - L3)/(H3 - L3) x 100%. 
Carryover caused by reagent probes and mixers (assay 
A influenced assay B) was tested between UA (assay A) 
and P (assay B) and between LDL-C (assay A) and TG 
(assay B). Assay B was carried out 6 times alone, then, 
assay B was required 9 times after 6 consecutive deter-
minations of assay A. The mean of the first six mea-
surements of B was compared with the first result of B 
obtained in the second sequence. 
Carryover caused by cuvettes was also evaluated be-
tween the above two couples. Test B was first measured 
20 times. In light of 206 cuvettes on the inner and outer 
carousel of BS-2000 module respectively, the following 
sequence was performed: 20 tests of A, then 186 tests of 
water (sample and regent were both deionized water), 
finally 20 tests of B. The carryover was the difference 
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between the mean of 20 times measurements of B in 
both series. 
We used a sample carryover protocol that directed the 
BS-2000 chemistry module to process samples with 
very high immunoassay analyte concentrations followed 
by samples with very low concentrations for the same 
analyte. Then low concentration samples were tested by 
the CL-2000i immunoassay module to determine if the 
presence or absence of detectable sample carryover 
from chemistry module to immunoassy module could 
be documented. HBsAg was chosen as an example 
because of its low limit of detection (LoD). The high 
concentration samples (within ± 20% of 1,000,000 
IU/mL) were obtained by spiking purified HBsAg in the 
negative serum pool (negative for five HBV markers, 
HCV-Ab, HIV-Ag/Ab and TP-Ab) that comprised the 
low concentration samples. The low concentration 
sample (L) and the high concentration sample (H) were 
measured in 10 replicates to calculate the reference 
values. After enough three high concentration samples 
(H1-3) and nine low concentration samples (L1-9) were 
prepared, a single X test (an open item, 25 µL sample 
volume, and reagent was deionized water) was 
performed per sample in sequence (H1, L1, L2, L3, H2, 
L4, L5, L6, H3, L7, L8, L9) on the BS-2000 system. Then 
all nine low concentration samples were tested on the 
CL-2000i system for HBsAg successively. If the 
observed results for the potentially contaminated 
samples were higher than those of the low reference 
value, the carryover rate was calculated. The carryover 
rate should be less than 0.1 ppm, or the results of poten-
tially contaminated samples were less than LoD of 
HBsAg (0.05 IU/mL). 
 
Turnaround time 
For turnaround time, fresh serum samples collected 
from patients were measured on the SAL 8000 for 5 
consecutive days. TAT evaluation was carried out for 
items such as liver function, kidney function, blood lip-
id, myocardial markers, electrolytes, inorganic ions, 
blood glucose, and amylase, which were measured us-
ing the BS-2000, as well as items such as thyroid func-
tion, tumor markers and hepatitis B virus makers, which 
were measured by the CL-2000i. The entire length of 
testing as well as the maximum, minimum, mean, and 
quartile TAT were calculated. 
 
Statistical analysis 
Statistical analysis included the calculation of mean, 
standard deviation (SD), CV (%), bias, and R value. All 
measured data were calculated and analyzed using Ana-
lyse-It for Microsoft Excel Version 3.60 (Analyse-It 
Software, Ltd). 
 
 
 
 
 
 

RESULTS 
 
Technical performance of BS-2000 
The BS-2000 module consists of an internal and exter-
nal reaction system, so most of the technical perfor-
mances were verified on the inner and outer carousels. 
All goals were from the manufacturer, which were not 
lower than those from the CFDA guideline. 
The minimum absorbance of stray light at 340 nm was 
5.77 A on the inner reaction carousel, and 5.51 A on the 
outer reaction carousel. The relative bias of linearity at 
340 nm was from -1.48% to 1.01% on the inner reaction 
carousel and from -1.78% to 0.78% on the outer reac-
tion carousel. At 450 nm, the relative bias of linearity 
was from -0.96% to 0.55% on the inner reaction carou-
sel and from -1.98% to 0.02% on the outer reaction car-
ousel. On the inner reaction carousel, the accuracy devi-
ations (340 nm) at 0.5 A and 1.0 A were 0.00095 A and 
-0.00577 A, respectively. On the outer reaction carou-
sel, the accuracy deviations at 0.5 A and 1.0 A were 
0.00010 A and 0.00089 A, respectively. On the inner re-
action carousel, the stability deviations at 340 nm and 
660 nm were 0.00188 A and 0.00158 A, respectively. 
On the outer reaction carousel, the stability deviations at 
340 nm and 660 nm were 0.00084 A and 0.00076 A, re-
spectively. At 340 nm, the imprecision CV was 0.36% 
and 0.28% on the inner and outer reaction carousels, re-
spectively. The temperature accuracy and fluctuation 
bias were -0.04°C and 0.05°C, respectively. The sample 
carryover was 0.01% and 0.04% on the inner and outer 
carousels, respectively. The sample/reagent dispensing 
accuracy bias was from -4.08% to 1.13%, while the pre-
cision CV was from 0.05% to 1.61%. On the inner car-
ousel, the within-run imprecision CV was 0.8% for 
ALT, 1.0% for TP, and 1.2% for UREA. On the outer 
carousel, the within-run imprecision CV was 3.4%, 
1.7%, and 0.7%, respectively, for above measurements. 
All results indicated that the technical performance of 
the BS-2000 met all desirable criteria. 
 
Technical performance of CL-2000i 
The temperature accuracy and fluctuation bias were 
0.03°C and 0.08°C, respectively. For 0.3 ng/mL ALP 
enzyme, the stability deviation was 0.50% at 4 hours 
and 0.79% at 8 hours. For 2 ng/mL ALP enzyme, the 
stability deviation was 0.33% at 4 hours and 1.23% at 8 
hours. The within-run precision CV was 2.34% for 
HCG. The correlation coefficient of linearity was 1.000. 
The maximum sample carryover was 2.66 ppm among 
the five groups. All results were acceptable. 
 
Evaluation of analytical performance 
Precision 
Repeatability and within-laboratory precision were 
shown through the replicate assay of control pools over 
twenty days as described in the CLSI document EP05-
A3. The results are summarized in Table 1. The repeat-
ability CVs were below 1/4 CLIA’88 allowable total 
error (TEa), while the within-laboratory CVs were less 
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Table 1. Precision performance of SAL 8000 in chemistry assays and immunoassays expressed as coefficient of variation 
(CV%). 
 

Test item 
Repeatability 1/4 TEa 

(%) 

Within-laboratory precision 1/3 TEa 
(%) Level 1 Level 2 Level 1 Level 2 

Clinical chemistry 

ALT (U/L) 0.99 0.62 5.00 1.16 0.90 6.67 

AST (U/L) 1.09 0.55 5.00 1.26 0.80 6.67 

ALP (U/L) 0.77 0.64 7.50 3.88 4.23 10.00 

γ-GT a (U/L) 0.51 0.45 5.53 1.41 1.17 7.37 

TBIL (µmol/L) 0.43 0.26 5.00 1.72 0.48 6.67 

DBIL a (µmol/L) 1.01 0.79 11.13 2.25 1.39 14.83 

TP (g/L) 0.54 0.67 2.50 1.56 1.76 3.33 

ALB (g/L) 0.57 0.40 2.50 0.91 0.84 3.33 

CREA (µmol/L) 0.45 0.48 3.75 1.01 0.85 5.00 

UA (µmol/L) 0.34 0.34 4.25 0.55 0.51 5.67 

UREA (mmol/L) 1.08 0.53 2.25 1.87 1.90 3.00 

Glu (mmol/L) 0.56 0.51 2.50 0.87 0.94 3.33 

TC (mmol/L) 0.83 0.76 2.50 0.94 1.15 3.33 

TG (mmol/L) 0.47 0.42 6.25 1.14 1.74 8.33 

LDL-C a (mmol/L) 1.05 0.88 2.98 1.89 1.62 3.97 

HDL-C (mmol/L) 0.62 0.87 7.50 1.31 2.05 10.00 

Ca c (mmol/L) 0.02 0.02 0.06 mM 0.03 0.03 0.08 mM 

P a (mmol/L) 0.55 0.39 2.53 0.70 0.69 3.37 

α-AMY (U/L) 0.71 0.51 7.50 1.09 0.75 10.00 

C3 b (g/L) 0.76 0.86 3.15 3.75 3.90 4.20 

IgG (g/L) 0.69 1.01 6.25 1.07 1.29 8.33 

FR-CRPa (mg/L) 0.76 2.29 14.15 0.90 2.63 18.87 

K c (mmol/L) 0.03 0.02 0.13 mM 0.03 0.05 0.17 mM 

Na c (mmol/L) 0.63 0.30 1.00 mM 0.94 0.47 1.33 mM 

Cl (mmol/L) 0.57 0.22 1.25 0.68 0.36 1.67 

Immunoassays 

HBsAg (IU/mL) / 4.85 / / 6.89 / 

Anti-HBs (mIU/mL) / 2.40 / / 4.22 / 

HBeAg (COI) 1.58 1.83 / 3.92 2.65 / 

Anti-HBe (COI) 2.55 2.08 / 3.30 3.77 / 

Anti-HBc (COI) 2.28 2.22 / 3.66 4.16 / 

AFP (ng/mL) 1.32 1.30 / 2.20 2.32 / 

CEA (ng/mL) 2.76 2.77 / 2.96 3.34 / 

CA125 (U/mL) 2.50 1.05 / 2.99 2.24 / 

CA19-9 (U/mL) 1.80 1.30 / 2.62 2.36 / 

TSH (μIU/mL) 2.43 2.38 / 3.54 3.19 / 

FT4 (ng/dL) 1.88 1.52 / 2.77 1.93 / 

FT3 (ng/dL) 1.36 1.33 / 2.21 2.12 / 
 
a - TEa was from the desirable specification in biologic variation, and FR-CRP followed CRP, b - TEa was from the minimum specification in 
biologic variation, c - The results were expressed as SDs, / - not applicable, mM -  mmol/L. The mean value and SD for HBsAg and Anti-HBs 
(level 1) were 0, so we did not calculate the CVs. 
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Table 2. Linearity performance of various SAL 8000 assays. 
 

Test item Manufacturer’s claim Tested range 
Linear regression analysis 

r Slope Intercept 

Chemistry assays 

ALT (U/L) 4 - 1,000 3.4 - 1,167.8 1.000 1.01 5.47 

AST (U/L) 4 - 800 3.9 - 822.4 1.000 1.01 -5.16 

ALP (U/L) 5 - 800 4.6 - 1,000.8 1.000 1.00 -3.60 

γ-GT (U/L) 4 - 650 3.2 - 741.2 0.999 1.00 11.11 

TBIL (µmol/L) 2 - 684 1.9 - 692.7 1.000 1.00 -2.76 

DBIL (µmol/L) 1 - 430 0.9 - 477.2 0.997 1.02 9.16 

TP (g/L) 2 - 120 1.3 - 122.6 1.000 1.00 -1.02 

ALB (g/L) 3 - 60 2.7 - 61.3 0.999 1.01 0.51 

CREA (µmol/L) 10 - 7,000 7.8 - 8,107.9 1.000 1.00 9.35 

UA (µmol/L) 20.8 - 1500 19.2 - 1,753.2 1.000 1.00 -12.65 

UREA (mmol/L) 1 - 40 0.8 - 49.8 1.000 1.00 0.38 

Glu (mmol/L) 0.3 - 28 0.3 - 28.6 1.000 0.99 0.23 

TC (mmol/L) 0.1 - 20 0.1 - 21.0 0.998 1.02 0.37 

TG (mmol/L) 0.1 - 12.5 0.02 - 13.6 0.999 1.00 0.25 

LDL-C a (mmol/L) 0.05 - 20 0.02 - 23.4 1.000 1.00 0.20 

HDL-C a (mmol/L) 0.05 - 6 0.03 - 6.1 1.000 1.00 0.07 

Ca (mmol/L) 0.1 - 3.75 0.1 - 3.9 1.000 1.01 0.01 

P (mmol/L) 0.3 - 4 0.1 - 5.5 1.000 1.00 -0.02 

α-AMY (U/L) 5 - 1,500 4.9 - 1,794.3 1.000 1.00 -0.51 

C3 a (g/L) 0.04 - 3.3 0.02 - 3.5 0.996 1.02 0.11 

IgG (g/L) 0.3 - 35 0.2 - 39.7 1.000 0.99 -0.19 

FR-CRP (mg/L) 0.2 - 320 0.2 - 323.6 1.000 0.99 0.01 

K (mmol/L) 1 - 10 0.9 - 11.7 1.000 1.00 -0.01 

Na (mmol/L) 100 - 200 79.9 - 240.8 1.000 1.00 -0.84 

Cl (mmol/L) 50 - 200 45.9 - 206.9 1.000 1.01 -0.67 

Immunoassays 

HBsAg (IU/mL) 5 - 200 3.1 - 269.2 0.999 0.98 1.05 

Anti-HBs (mIU/mL) 5 - 200 2.4 - 239.6 1.000 0.99 2.63 

AFP (ng/mL) 1 - 400 0.8 - 454.3 1.000 1.01 -1.01 

CEA (ng/mL) 0.4 - 1,000 0.4 - 1109.3 0.999 1.00 19.14 

CA125 (U/mL) 2 - 3,000 1.7 - 3924.2 0.998 0.97 108.58 

CA19-9 (U/mL) 2 - 2,000 0 - 2,424.6 0.997 0.99 93.63 

TSH (µIU/mL) 0.01 - 100 0.01 - 103.3 0.995 1.02 3.14 
 
a - Increased volume mode. 
 
 
 
 
than 1/3 CLIA’88 TEa. Furthermore, the results of γ-
GT, DBIL, LDL-C, P, C3, and FR-CRP were compared 
with allowable total errors derived from biological vari-

ation [9]. For immunoassays, the repeatability CVs 
were less than 5%, while within-laboratory CVs were 
less than 7%, consistent with the statements of Mindray.
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Table 3. The interference effect of hemolysis, icterus, and lipemia. 
 

Test item 

Hemolysis Icterus Lipemia 

Interfering 
concentration 

(mg/dL) 

Effect on 
analyte 

Interfering 
concentration 

(mg/dL) 

Effect on 
analyte 

Interfering 
concentration 

(mg/dL) 

Effect on 
analyte 

L H L H L H 

ALT (U/L) 500 NSI NSI 40 NSI NSI 500 NSI NSI 

AST (U/L) / / / 40 NSI NSI 500 NSI NSI 

ALP (U/L) 500 NSI NSI 40 NSI NSI 500 NSI NSI 

γ-GT (U/L) 500 NSI NSI 40 NSI NSI 500 NSI NSI 

TBIL (µmol/L) 300 NSI NSI / / / 250 SI↓ (168.3) NSI 

DBIL (µmol/L) / / / / / / 100 NSI NSI 

TP (g/L) 250 NSI NSI 30 NSI NSI 2,000 NSI NSI 

ALB (g/L) 500 NSI NSI 20 NSI NSI 500 NSI NSI 

CREA (µmol/L) 100 NSI NSI 20 NSI NSI 250 NSI NSI 

UA (µmol/L) 250 NSI NSI 20 NSI NSI 500 NSI NSI 

UREA (mmol/L) 500 NSI NSI 40 NSI NSI 500 NSI NSI 

Glu (mmol/L) 500 NSI NSI 40 NSI NSI 500 NSI NSI 

TC (mmol/L) 500 NSI NSI / / / 500 NSI NSI 

TG (mmol/L) 500 NSI NSI / / / / / / 

LDL-C (mmol/L) 300 NSI NSI / / / 300 NSI NSI 

HDL-C (mmol/L) 300 NSI NSI 40 NSI NSI 1,000 NSI NSI 

Ca (mmol/L) 500 NSI NSI 40 NSI NSI / / / 

P (mmol/L) / / / / / / 1,000 SI↑ (917.5) NSI 

α-AMY (U/L) 250 NSI NSI 40 NSI NSI 500 NSI NSI 

C3 (g/L) 500 NSI NSI 40 NSI NSI / / / 

IgG (g/L) 500 NSI NSI 40 NSI NSI / / / 

FR-CRP (mg/L) 500 NSI NSI 40 NSI NSI 500 NSI NSI 
 
L - low concentration analyte, H - high concentration analyte, ↑ - false increase, ↓ - false decrease. The value listed in brackets indicated that 
significant interference was observed at this level. Underlined, the interferent was red cell lysate. / - not applicable. 
 
 
 
 
Linearity 
The manufacturer’s claims for linearity range were veri-
fied using CLSI document EP6-A. Summary results of 
the study are presented in Table 2. For the 32 analytes 
measured in this study, all correlation coefficients were 
more than 0.99. In addition, the regression slope ranged 
from 0.97 to 1.03. The measured values of all concen-
trations showed no significant deviation from their ex-
pected values. All corresponding results were linear and 
supported the claims. 
 
Interference 
The effects of routine interferences, i.e., hemolysis, ic-
terus, and lipemia, on the measurements of 22 analytes 
were studied. Except for the lipemia interference of 
TBIL and P at the low concentrations, all assays were 
consistent with the statements of the manufacturer. But 
when the lipemia interfering concentrations of TBIL 

and P at the low concentrations were more than        
168.3 mg/dL and 917.5 mg/dL, respectively, a signifi-
cant interference was observed (Table 3). 
 
Method comparison 
Using linear regression and Pearson’s correlation ana-
lyses, the slope, intercept, and correlation coefficient 
were obtained, and the relative and absolute biases at 
the medical decision levels (MDLs) were calculated. 
Statistical results are shown in Table 4. With the excep-
tion of anti-HBs (r = 0.812), good correlation and slope 
(r of all analytes were ≥ 0.988, and slope of 24 chemis-
try assays were between 0.93 and 1.06) were observed 
for most of tested parameters. Positive deviations were 
found in the regression analysis of ALT (23.92%) and 
γ-GT (15.06%) at the first MDL, while negative devia-
tions were found in the regression analysis of CREA     
(-12.21%) at the first MDL and LDL-C 
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Table 4. Comparisons between SAL 8000 (Y) assays and various assays used on conventional analyzers (X). 
 

Test item n r Slope Intercept 
Bias at MDLs (%) 1/2 TEa  

(%) Level 1 Level 2 Level 3 

Chemistry assays 

ALT (U/L) 41 0.999 1.02 4.43 23.92 9.14 3.23 10.00 

AST (U/L) 40 1.000 1.00 -1.13 -5.18 -1.40 0.11 10.00 

ALP (U/L) 42 0.999 1.03 -1.53 -0.46 1.57 2.21 15.00 

γ-GT a (U/L) 40 1.000 1.04 2.25 15.06 8.31 5.31 11.06 

TBIL (µmol/L) 40 0.999 1.03 1.58 9.22 6.36 3.14 10.00 

DBIL a (µmol/L) 40 0.995 0.97 0.93 / / / 22.25 

TP (g/L) 43 0.995 0.97 -0.36 -3.66 -3.46 -3.31 5.00 

ALB (g/L) 41 0.999 0.96 0.67 -0.53 -1.96 -2.58 5.00 

CREA (µmol/L) 41 1.000 1.06 -9.90 -12.21 -0.50 4.61 7.50 

UA (µmol/L) 41 1.000 0.94 1.60 -4.73 -5.74 -5.83 8.50 

UREA (mmol/L) 40 1.000 1.03 0.00 2.84 2.64 2.62 4.50 

Glu (mmol/L) 40 1.000 0.96 -0.02 -4.67 -4.04 -3.92 5.00 

TC (mmol/L) 41 0.999 0.97 0.11 1.43 -1.55 -1.68 5.00 

TG (mmol/L) 47 0.999 0.93 -0.01 -9.17 -7.85 -7.55 12.50 

LDL-C a (mmol/L) 40 0.995 0.93 -0.04 -8.12 -7.58 -7.43 5.95 

Ca c (mmol/L) 41 0.995 0.95 0.10 0.02 -0.02 -0.05 0.13 mM 

P a (mmol/L) 40 0.996 0.98 0.00 -3.18 -2.83 -2.57 5.06 

α-AMY (U/L） 40 1.000 1.06 -3.29 -0.33 3.51 4.61 15.00 

C3 b (g/L) 42 0.994 0.93 0.02 -4.48 -6.26 / 6.30 

IgG (g/L) 40 0.991 0.95 0.09 -3.09 -4.10 -4.46 12.50 

FR-CRPa (mg/L) 42 0.999 1.05 0.14 7.66 5.54 / 28.30 

K c (mmol/L) 44 1.000 0.98 0.08 0.02 -0.04 -0.07 0.25 mM 

Na c (mmol/L) 40 0.999 0.95 6.55 0.33 -0.75 -1.56 2.00 mM 

Cl (mmol/L) 47 0.998 0.99 3.09 2.34 1.67 / 2.50 

Immunoassays 

HBsAg (IU/mL) 41 0.988 0.77 -0.28 / / / / 

Anti-HBs (mIU/mL) 46 0.812 1.20 7.59 / / / / 

AFP (ng/mL) 42 0.999 1.02 -4.34 / / / / 

CEA (ng/mL) 40 0.995 1.18 -1.94 / / / / 

CA125 (U/mL) 40 0.991 0.82 85.13 / / / / 

CA19-9 (U/mL) 40 0.997 0.58 11.70 / / / / 

TSH (μIU/mL) 40 0.988 1.00 2.68 / / / / 

FT4 (ng/dL) 40 0.991 0.74 0.05 / / / / 

FT3 (pg/mL) 40 0.989 0.88 0.05 / / / / 
 
a - TEa was from the desirable specification in biologic variation, and FR-CRP followed CRP Tea, b - TEa was from the minimum specification 
in biologic variation, c - The biases were expressed as absolute deviations, mM - mmol/L, Underlined - the results did not meet the specifica-
tions, / - not applicable, The bias was -2.10% for TC at the fourth MDL (data not shown in the table). 
 
 
 
 
(-8.12% - -7.43%) at the three MDLs. They were all 
more than the 1/2 TEa from CLIA’88 or biological vari-
ation. 
 

Carryover 
No sample carryover (< 0.5%) in the dispensing system 
was observed for Glu and AST. Reagent-related carry-
over was not detected between UA and P nor between 
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Table 5. Sample-related and reagent-related carryover study. 
 

Sample-related carryover 

Test item H1 H2 H3 L1 L2 L3 Carryover rate 

Glu 55.84 53.44 55.61 4.71 4.74 4.72 -0.02% 

AST 807.00 798.40 803.20 2.40 2.20 2.50 -0.01% 

Carryover caused by reagent probes and mixers 

A - B 
Mean B 
(n = 6) 

The value of B1 in sequence of A1···6-B1···9 Comparison bias 

UA - P 1.15 1.14 0.01 

LDL-C-TG 1.33 1.33 0 

Carryover caused by cuvettes 

A - B 
Mean B 
(n = 20) 

The mean value of B1···20 in sequence of A1···20 - Water1···186-B1···20 Comparison bias 

UA - P 1.12 1.11 0.01 

LDL-C-TG 1.22 1.22 0 

 
 
 
 
Table 6. Carryover evaluation between the BS-2000 and CL-2000i modules. 
 

Group First Second Third 

Number L1 L4 L7 L2 L5 L8 L3 L6 L9 

HBsAg (IU/mL) 0.11 0.05 0.10 < 0.05 < 0.05 0.05 < 0.05 < 0.05 < 0.05 

Carryover rate (ppm) 0.09 / / 
 
/ - not applicable. 
 
 
 
 
Table 7. Trueness verification of four chemistries using reference samples. 
 

Test item  Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 1/2 TEa (%) 

ALT (U/L) 
Target value 20.57 93.23 168.73 193.10 252.26 

10.00 
Relative bias (%) 2.09 -1.10 2.53 2.95 3.11 

γ-GT (U/L) 
Target value 30.40 96.40 134.30 175.80 251.40 

11.06 
Relative bias (%) -2.30 2.07 1.27 0.68 -0.84 

CREA (μmol/L) 
Target value 66.41 703.38 / / / 

7.50 
Relative bias (%) -1.07 2.45 / / / 

LDL-C (mmol/L) 
Target value 3.32 2.07 / / / 

5.95 
Relative bias (%) 1.41 0.77 / / / 

 
TEa was from CLIA’88 or desirable specification in biologic variation, / - not applicable. 
 
 
 
 
LDL-C and TG (Table 5). For a high HBsAg sample of 
963,020 IU/mL and a low HBsAg sample of < 0.05 
IU/mL, the mean value of the first potentially contami-

nated samples (L1, L4, L7) in the three groups was 0.09 
IU/mL, so that the carryover rate was 0.09 ppm. The 
mean values of the second (L2, L5, L8) and third (L3, L6, 
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L9) samples in the three groups were both < 0.05 IU/mL 
(Table 6). In summary, no significant carryover was 
observed in this study. 
 
Turnaround time 
A total of 1,220 fresh serum samples were measured. 
The number of samples received from Monday to Fri-
day was 224, 283, 272, 196, and 245, respectively. The 
total operation time on these five days was 5 hours: 22 
minutes, 6 hours: 52 minutes, 7 hours: 25 minutes, 3 
hours: 22 minutes, and 5 hours: 29 minutes, respective-
ly. For the 1,220 samples, the minimum TAT was 1.7 
minutes and the maximum TAT was 309.4 minutes, 
while the mean TAT was 65.9 minutes. In addition, the 
quartile 1, median, and quartile 3 TAT were 16.3 min-
utes, 25.9 minutes, and 98.9 minutes, respectively. 
These TAT values represented good performance and 
were deemed acceptable for various clinical conditions. 
Overall, the mean TAT was 65.9 minutes, while 305 
samples (25%), 657 samples (54%), 772 samples 
(63%), 960 samples (79%), and 1,114 samples (91%) 
completed analysis in 16.3 minutes, 30 minutes, 60 
minutes, 120 minutes, and 180 minutes, respectively. 
The analysis of the remaining 106 samples was finished 
in 180 - 320 minutes. 
 
 

DISCUSSION 
 
Considering the technical and analytical evaluation of 
SAL 8000 described above, it could be concluded that 
the system exhibited robust chemistry and immunoas-
say performance, and hence showed good potential to 
be used in clinical applications. 
The core of the basic performance evaluation is to veri-
fy the technical performance of the photometer, sample 
adding system, and temperature control system. Under-
standing the technical performance of the instrument is 
critical. Good technical performance of the product is 
the prerequisite for good clinical results. According to 
the regulations of the CFDA guidelines, technical per-
formance verification is necessary for each instrument 
in the factory and the results should meet the require-
ments from the manufacturer and professional standard 
before it can be put into application in clinical hospital 
[3,4]. The technical performance verification is equiva-
lent to the process of instrument calibration and can 
provide valuable reference data for laboratory quality 
management. In addition, when the instrument fails, it 
can also help troubleshoot the cause of the trouble and 
locate the source of the fault. Therefore, we carried out 
technical performance evaluation before conducting 
clinical performance assessment. Based on the above 
assessment results, the overall technical performances 
for the BS-2000 and CL-2000i module met the criteria 
described in CFDA guidelines and the declaration of 
manufacturer. The technical performance evaluation is 
the part of the quality management of the laboratory, 
and is also a favorable way to monitor daily quality con-

trol. It is suggested that conditional the laboratory 
should conduct technical performance evaluation annu-
ally. 
For precision study of chemistry assays, repeatability 
CVs ranged between 0.22% and 2.29%. Within-labora-
tory precision CVs ranging between 0.36% and 4.23% 
were obtained, and all results fulfilled the desired speci-
fication. During the 20 days of testing and apart from 
ALP and electrolytes, which only used a 7-day and 24-
hours expiration date, respectively, all other tests were 
performed using the same calibration curve. Moreover, 
except for HBsAg, which used two different lots of re-
agents for two levels of precision, all other tests used an 
identical lot of reagents. It should also be remembered 
that lot variation affected precision but did not affect 
systematic and analytical errors [10]. 
Linearity is a quantitative parameter referring to the re-
covery of an analyte based on the measurement of serial 
sample dilutions of a linear proportion [6]. All evalu-
ated assays in this study achieved their proposed goals 
of linearity. The wide linearity range for numerous test 
items allowed most low concentration samples to be 
measured, while most high concentration tests could be 
carried out without any dilution, thus saving time in 
routine clinical applications. In addition, when the con-
centration was beyond the linearity range, the analyzer 
performed automatic rerun (when the automatic mode 
was activated) using decreased or increased sample vol-
umes. 
In general, the tolerated level of three “visible” interfer-
ences, i.e., hemolysis, icterus and lipemia, by the sys-
tem was acceptable for the 22 chemistry assays tested in 
this study. We also observed negative interference on 
TBIL and positive interference on P by lipemia, similar 
to the results published by Li et al. [11]. Since true lipe-
mic sample was unavailable, we used intralipid as the 
interferent. However, Bornhorst et al. confirmed that the 
concentrations of triglyceride did not correlate well with 
Intralipid-supplemented serum pools. Samples with 
added Intralipid did not perfectly mimic lipemic sam-
ples. According to the relationship between L-index val-
ues and triglyceride concentrations for 16 pooled serum 
samples after supplementation with Intralipid reported 
in the research, we might estimate L-index values of 
168.3 and 917.5 corresponded to a triglyceride concen-
trations of 6,000 mg/L and > 20,000 mg/L, respectively. 
Such high-concentration triglyceride samples were not 
common in clinical work, especially for > 20,000 mg/L 
[12]. In summary, the serum indices on the BS-2000 
module enabled automated semi-quantitative assess-
ments of hemolysis, icterus, and lipemia, thereby signif-
icantly improving the performance for assessing speci-
men integrity. 
Method comparison is a necessary procedure when a 
new analytical system is introduced to routine labora-
tory applications. In this study, the comparison with 
Cobas 8000 yielded high correlation coefficients and a 
quite limited bias for most test items. However, some 
relatively significant bias values were found for ALT, γ-
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GT, CREA, and LDL-C. Higher deviations at the first 
MDL for ALT, γ-GT, and CREA might be acceptable 
since the expected values obtained from the regression 
curve were close to the reference values (the absolute 
deviations were 4.78 U/L, 3.01 U/L, and -6.47 μmol/L, 
respectively). For LDL-C measurements, the biases 
were more than 1/2 of the desirable specification for 
TEa, a more stringent criterium. If we followed the 1/2 
of the minimum specification for TEa (17.8%), the bias-
es were acceptable. In addition, we further verified the 
trueness on ALT, γ-GT, CREA, and LDL-C and found 
that the deviations from the target values on the Mind-
ray system were acceptable (Table 7). In addition, a 
poor slope of 0.89 was obtained for the HDL-C compar-
ison and could be explained by the lack of samples cov-
ering the entire concentration range of the analyte (36 
out of 40 measurements were clustered in the range of 
0.6 - 2.0 mmol/L). During the study, it was difficult to 
collect high concentration HDL samples. In fact, an in-
adequate sample range was implicated in the poor val-
ues of slope, intercept and correlation coefficient in sev-
eral studies [10,11,13,14]. A poor correlation was dem-
onstrated for anti-HB (r = 0.812) measurements done on 
the CL-2000i and Architect i2000SR, even though an in-
ternational standard was used for the calibration of both 
systems. Such results were consistent with previous 
findings, which displayed an r value ranging from 0.83 
to 0.94 [15-18]. The reasons for such poor correlation 
were complex and several hypotheses were proposed. 
For example, heterogeneity could be introduced by the 
reagents used in the assays, as Architect i2000SR used 
recombinant (E.coli) ad and ay antigens, while CL-
2000i used recombinant ay. Furthermore, different 
sources of HBV vaccinations might also cause non-neg-
ligible variation [15-17,19,20]. Additionally, the quality 
of individual immune responses might also vary de-
pending on actual clinical situations, such as the appli-
cation of antivirus therapy and treatment strategies in-
hibiting HBV flare following liver transplant [19]. 
Moreover, the World Health Organization (WHO) stan-
dard, which was based on immunoglobulin preparations 
rather than serum preparations, could generate a matrix 
effect [17]. Although Huzly et al. found that the anti-
gens used in the assay systems did not seem to affect 
incongruent anti-HB results, while the possibility of an-
tigen production and preparation differences could not 
be completely excluded. Moreover, interference by en-
dogenous proteins or other substances in individual 
samples might also explain the above discrepancies [21, 
22]. 
It is generally true that a chemistry analyzer operates 
with reusable probes, mixers, and cuvettes, so this may 
result in carryover due to insufficient and inefficient 
washing. Following the principles from former carry-
over studies [23-25], we used two analytes and two po-
tentially interfering pairs to assess sample and reagent 
related cross-contamination, and no significant carry-
over was observed in sample probes, reagent probes, 
mixers, and cuvettes. Thus, the cleaning procedure 

designed by the manufacturer satisfied the clinical re-
quirement. Since each reagent disk had an inner and an 
outer carousel corresponding to their specific probes, 
the user could place potentially interfering assays into 
different carousels. Furthermore, the system could en-
hance the cleaning of reagent needle and cuvette using 
specific anti-cross-contamination parameters program-
med into the software. We evaluated CL-2000i for sam-
ple carryover in the HCG assay and the carryover was 
insignificant (the mean carryover rate was 2.33 ppm), 
which was consistent with the results published by For-
est et al. [26]. In addition, the use of disposable cups 
could better avoid cuvette carryover. 
Immunoassays require even more rigorous reduction of 
sample carryover than biochemical testing. Therefore, 
when several samples are measured on the chemistry 
module in sequence, with one sample containing a high 
concentration of an analyte followed by other samples 
containing low concentrations of the analyte, carryover 
to the immunoassay module may lead to falsely high 
immunoassay results, thus may lead to misdiagnosis 
and eventually jeopardize the wellbeing of patients. In 
our study, no significant carryover was detected when a 
high concentration sample of HBsAg at 963,020 IU/mL 
was tested. Other studies also reported insignificant car-
ryover on integrated clinical chemistry/immunoassay 
systems when HBsAg, HCG, AFP, and PSA were mea-
sured [27]. A drawback of this study was that the high 
concentration samples used in the measurements might 
not reflect the actual physiological concentrations of the 
analyte seen in the patients; nevertheless, these data still 
provided useful information. In general, the SAL 8000 
system achieved its advantage in minimizing carryover 
through the following measures: a) samples (including 
chemistry and immunoassay tests) were run first on Cl-
2000i; b) vigorous cleaning of BS-2000 was performed 
before the tests; c) sensitive immunoassay parameters 
were marked and retested. Due to the sufficient and effi-
cient cross-contamination control technology, SAL 
8000 may allow samples to be transferred and tested for 
multiple analytes between the two analyzer compo-
nents. 
What laboratories really need to consider is to ensure 
shorter TAT that satisfies the clinical demand [25]. The 
sample TAT in the laboratory has a close relationship 
with the tests ordered on samples, the number of sam-
ples loaded on an analyzer, and the STAT-vs-routine ra-
tio [28]. In actual work, one must also consider the time 
it takes to do reruns and to resume testing when re-
agents or other consumptive material need to be replen-
ished unexpectedly [25]. We chose samples received 
during 5 consecutive days in a week as an example. The 
samples’ testing information represented the typical 
characteristics of sample flow in the laboratory, and a 
total of 1,220 clinical serum samples were simulated. 
The minimum TAT of all samples was 1.7 minutes, and 
the test items were Na, K, and Cl. The BS-2000 ISE 
module applied the indirect ion selective electrode 
method. It took only 18 seconds from the initiation to 
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the completion of the detection, and the rest TAT time 
was spent on sample scheduling. However, for 11 sam-
ples TAT exceeded 300 minutes, and the maximum 
TAT was 309.4 minutes. The main reason might be that 
the samples were loaded simultaneously, leading to the 
limited scheduling and test waiting. We analyzed the 
testing situation of all samples on the same day of the 
sample with maximum TAT and found that 168 sam-
ples were started during 8:00 - 9:00 am and 22 samples 
at 9:20 am. Forty-nine samples were put into the instru-
ment at 9:42 am. The sample of maximum TAT was ar-
ranged in this run and followed by 37 samples, about 
480 tests. Too many items, long reaction time of these 
items, and rerun of certain items might also influence 
the sample TATs in our experiment. Generally, sample 
handling capacity and scheduling efficiency of SAL 
8000 analyzer system met the needs of medium and 
large-sized laboratories. 
 
 

CONCLUSION 
 
In summary, the Mindray SAL 8000 analyzer system is 
a useful tool for the concurrent analysis of different se-
rum and plasma samples. It demonstrated excellent 
technical performance and good analytical performance 
for most analytes. Workflow studies documented satis-
factory TATs. It could be concluded that the Mindray 
SAL 8000 presented robust capability for chemistry and 
immunochemistry assays, and hence showed good po-
tential for workstation consolidation in medium and 
large-sized laboratories. 
 
 
Acknowledgment: 
This work was supported by the Science and Technolo-
gy Project of Guangdong Province (Grant No. 2014A02 
0215013). We would like to thank Mindray for provid-
ing the instrument and technical assistance during the 
study. 
 
 
Declaration of Interest: 
The authors have no conflicts of interest to disclose. 
 
 
References: 
 
1. Hubl W, Zogbaum M, Boyd JC, et al. Evaluation of analytical 

methods and workflow performance of the Architect ci8200 inte-
grated serum/plasma analyzer system. Clin Chim Acta 2005;357: 
43-54 (PMID: 15963793). 
 

2. Markin RS, Whalen SA. Laboratory automation: trajectory, tech-
nology, and tactics. Clin Chem 2000;46:764-71 (PMID: 10794 
775). 
 

3. People’s Republic of China Medicine Profession Standard, Auto-
matic chemistry analyzer. YY/T 0654, ICS 11. 100 C 44, 2008. 
https://www.chinesestandard.net/PDF/English.aspx/YYT0654-
2017 
 

4. People’s Republic of China Medicine Profession Standard, Auto-
matic luminescence immunoassay analyzer. YY/T 1155, ICS 11. 
100 C 44, 2009. https://www.chinesestandard.net/PDF.aspx/ 
YYT1155-2009 
 

5. CLSI: EP05-A3: Evaluation of Precision of Quantitative Mea-
surement Procedures; Approved Guideline-Third Edition 2014. 
https://clsi.org/media/1438/ep05a3_sample.pdf 
 

6. CLSI: EP06-A: Evaluation of the Linearity of Quantitative Mea-
surement Procedures: A Statistical Approach; Approved Guide-
line. 2003. https://clsi.org/media/1437/ep06a_sample.pdf 
 

7. CLSI: EP07-A2: Interference Testing in Clinical Chemistry; Ap-
proved Guideline-Second Edition. 2005. 
https://clsi.org/media/1436/ep07a2_sample.pdf 
 

8. CLSI: EP09-A3: Measurement Procedure Comparison and Bias 
Estimation Using Patient Samples; Approved Guideline-Third 
Edition. 2013. https://clsi.org/media/1435/ep09a3_sample.pdf 
 

9. Ricos C, Alvarez V, Cava F, et al. Desirable specifications for to-
tal error, imprecision, and bias, derived from intra- and inter-indi-
vidual biologic variation. [The 2014 update, accessed May 2017]. 
Available from: https://www.westgard.com/biodatabase1.htm. 
 

10. van Gammeren AJ, van Gool N, de Groot MJ, Cobbaert CM. An-
alytical performance evaluation of the Cobas 6000 analyzer-spe-
cial emphasis on trueness verification. Clin Chem Lab Med 
2008;46:863-71 (PMID: 18601611). 
 

11. Li YQ, Zhuang JH, Huang XZ, et al. Performance evaluation of a 
new high throughput Mindray BS-2000M1 clinical chemistry sys-
tem. Clin Biochem 2014;47:1078-83 (PMID: 24713398). 
 

12. Bornhorst JA, Roberts RF, Roberts WL. Assay-specific differ-
ences in lipemic interference in native and Intralipid-supple-
mented samples. Clin Chem 2004;50:2197-201 (PMID: 15375 
017). 
 

13. Redondo FL, Bermudez P, Cocco C, et al. Evaluation of Cobas 
Integra 800 under simulated routine conditions in six laboratories. 
Clin Chem Lab Med 2003;41:365-81 (PMID: 12705348). 
 

14. Muser J, Bienvenu J, Blanckaert N, et al. Inter-laboratory evalua-
tion of the Cobas Integra® 400 analytical system. Clin Chem Lab 
Med 2001;39:539-59 (PMID: 11506468). 
 

15. Chen Y, Wu W, Li LJ, Lou B, Zhang J, Fan J. Comparison of the 
results for three automated immunoassay systems in determining 
serum HBV markers. Clin Chim Acta. 2006;372:129-33 (PMID: 
16713592). 
 

16. Kim H, Oh EJ, Kang MS, Kim SH, Park YJ. Comparison of the 
Abbott Architect i2000 assay, the Roche Modular Analytics E170 
assay, and immunoradiometric assay for serum hepatitis B virus 
markers. Ann Clin Lab Sci. 2007;37:256-9 (PMID: 17709690). 
 

17. Miedouge M, Legrand-Abravanel F, Lalanne C, Saune K, Izopet 
J. Laboratory evaluation of the UniCel DxI 800 analyser (Beck-
man Coulter) for detecting HBV and HCV serological markers. J 
Clin Virol 2009;44:134-7 (PMID: 19110466). 
 

18. Choi SJ, Park Y, Lee EY, Kim S, Kim HS. Performance evalua-
tion of LUMIPULSE G1200 autoimmunoanalyzer for the detec-
tion of serum hepatitis B virus markers. J Clin Lab Anal. 2013; 
27:204-6 (PMID: 23440745). 
 

19. Heijtink RA, Schneeberger PM, Postma B, Crombach W. Anti-
HBs levels after hepatitis B immunisation depend on test re-
agents: routinely determined 10 and 100 IU/l seroprotection lev-
els unreliable. Vaccine 2002;20:2899-905 (PMID: 12126900). 
 



Performance Evaluation of Mindray SAL 8000 

Clin. Lab. 7/2019 1223

20. Taylor P, Pickard G, Gammie A, Atkins M. Comparison of the 
ADVIA centaur® and Abbott AxSYM immunoassay systems for 
a routine diagnostic virology laboratory. J Clin Virol 2004;30 
Suppl 1:S11-5 (PMID: 15062762). 
 

21. Huzly D, Schenk T, Jilg W, Neumann-Haefelin D. Comparison of 
nine commercially available assays for quantification of antibody 
response to hepatitis B virus surface antigen. J Clin Microbiol 
2008;46:1298-306 (PMID: 18256221). 
 

22. Selby C. Interference in immunoassay. Ann Clin Biochem 1999; 
36:704-21 (PMID: 10586307). 
 

23. Blanc MC, Neveux N, Laromiguière M, Bérard MP, Cynober L. 
Evaluation of a newly available biochemical analyzer: the Olym-
pus AU 600. Clin Chem Lab Med 2000;38:465-75 (PMID: 10952 
231). 
 

24. Pauli D, Seyfarth M, Dibbelt L. The Abbott Architect c8000: ana-
lytical performance and productivity characteristics of a new ana-
lyzer applied to general chemistry testing. Clin Lab 2005;51:31-
41 (PMID: 15719702). 
 

25. Horowitz GL, Zaman Z, Blanckaert NJ, et al. Modular analytics: 
a new approach to automation in the clinical laboratory. J Autom 
Methods Manag Chem. 2005;2005:8-25 (PMID: 18924721). 
 

26. Forest JC, Massé J, Lane A. Evaluation of the analytical perform-
ance of the Boehringe Mannheim Elecsys® 2010 immunoana-
lyzer. Clin Biochem 1998;31:81-8 (PMID: 9622770). 
 

27. Armbruster DA, Alexander DB. Sample to sample carryover: a 
source of analytical laboratory error and its relevance to integrat-
ed clinical chemistry/immunoassay systems. Clin Chim Acta 
2006;373:37-43 (PMID: 16777083). 
 

28. Mohammad AA, Elefano EC, Leigh D, Stredler D, Okorodudu 
AO, Petersen JR. Use of computer simulation to study impact of 
increasing routine test volume on turnaround times of STAT sam-
ples on ci8200 integrated chemistry and immunoassay analyzer. 
Clin Chem 2004;50:1952-5 (PMID: 15484336). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


