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Abstract

Introduction: BA400 (Biosystems, Spain) is a new clinical chemistry analyzer for spectrophotometric,

tubidimetric and ion-selective determination of biochemical analytes. Validation of method performance

before routine operation is needed.
Objective: The objective of this study was to perform the analytical evaluation of BA400 analyzer.

Materials and methods: The evaluation was performed according to the guidelines of Clinical
Laboratory Improvement Amendments (CLIA). The evaluation included determination of within-run and between-run
imprecision, linearity and method comparison with Cobas 6000 (Roche). The 39 test analytes including metabolites,

enzymes, trace elements, proteins and electrolytes were evaluated.

Results: All analytes met the required specifications for imprecision except opiates, amphetamines and Phenytoin.
The result showed acceptable inaccuracy for all analytes except cholinesterase, AST, microalbumin and valproic

acid. The linearity was in acceptable ranges for all analytes.

Conclusions: BA400 analyzer has satisfactory accuracy, precision and linearity for majority of analytes.

However, some analytes require more study and adjustment for routine operation.
Bull Chiang Mai Assoc Med Sci 2015; 48(1): 34-48. Doi: 10.14456/jams.2015.2
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Table 1. Methods and reagents used in the evaluation of BA400 analyzer.

Analyte Unit Method
AMY U/L CNPG3
TP g/dL Biuret
ALB g/dL BCG
AST U/L Kinetic without Pyridoxol-5-Phosphate
ALT U/L Kinetic without Pyridoxol-5-Phosphate
ALP U/L AMP-pNPP; IFCC
GGT U/L Enzymatic:IFCC
TBIL mg/dL Diazo
DBIL mg/dL Diazo
BUN mg/dL Urease
CRE mg/dL Jaffe
CK U/L Kinetic IFCC
CK-MB U/L Enzymatic
LDH U/L L>P; IFCC
CHOL mg/dL Oxidase/POD
HDL-C mg/dL Accelerated
LDL-C mg/dL Direct
TG mg/dL Enzymatic GPO
Ca mg/dL Arzenaso llI
Mg mg/dL Xylidyl blue
P mg/dL Molybdate UV
Na mmol/L Direct ISE
K mmol/L Direct ISE
Cl mmol/L Direct ISE
CO2 mmol/L PEPC
GLU mg/dL Hexokinase
CHE uU/L Bultylrythiocholine
Iron pg/dL Ferrozine
Uric mg/dL Uricase
HbA1C mmol/L Immuno inhibition
hsCRP mg/L Latex- high sensitivity
MicroALB mg/L Latex
TP-urine mg/dL Pyrogallol red
BUN-urine mg/dL Urease
CRE-urine mg/dL Jaffe
Amphetamine ng/mL Homogeneous enzyme immunoassay
Opiate ng/mL Homogeneous enzyme immunoassay
Phenyltoin pg/mL Recombinant DNA
Valproic acid pg/mL Recombinant DNA

AMY-Amylase; TP-Total protein; ALB-Albumin; AST-Aspartate aminotransferase; ALT-Alanine aminotransferase; ALP-Alkaline phc y>hatase; GGT- -Glutamyltransferase;
TBIL-Total bilirubin; DBIL-Direct bilirubin; BUN-Blood urea nitrogen; CRE-Creatinine; CK-Creatine kinase; CK-MB-Creatine kinase-MB; LDH-Lactate dehydrogenase;
CHOL-Cholesterol; HDL-C-High density lipoprotein cholesterol; LDL-C-Low density lipoprotein cholesterol; TG-Triglyceride; Ca-Calcium; Mg-Magnesium; P-Phosphorus;
Na-Sodium; K-Potassium; Cl-Chloride; CO2-Carbondioxide; GLU-Glucose; CHE-Cholinesterase; Uric-Uric acid; HbA1C-Hemoglobin A1C; hsCRP-High sensitivity

C-reactive protein; MicroALB-Microalbumin.
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Table 2. Within-run and between-run imprecision of tests analyzed by BA400 analyzer (n = 20).

Within-run imprecision

Between-run imprecision

Analyte Level 1 Level 2 %CV Level 1 Level 2 %CV
Mean %CV®  Mean %CV  accept’  Mean %CV Mean %CV  accept
AMY 66.70 1.26 380.04 211 7.50 70.79 4.39 398.75 3.70 9.90
TP 6.25 1.53 3.87 1.52 2.50 6.72 2.85 3.96 2.21 3.30
ALB 3.90 1.19 2.79 1.66 2.50 4.08 1.87 2.60 2.46 3.30
AST 43.28 2.90 225.69 0.71 5.00 47.06 3.85 242.85 1.78 6.60
ALT 33.33 414 88.85 1.90 8.75 33.16 2.35 96.26 1.45 11.55
ALP 83.98 4.32 407.33 1.94 7.50 82.38 9.68 364.42 2.51 9.90
GGT 51.57 4.38 145.76 3.02 5.55 58.34 7.09 154.55 3.17 7.33
TBIL 1.26 3.68 4.21 1.94 7.75 1.25 4.09 4.08 241 10.23
DBIL 0.29 6.75 1.89 1.71 11.13 0.29 13.48 1.69 4.20 14.69
BUN 16.67 3.70 42.11 1.87 3.93 16.97 5.08 42.81 3.03 5.18
CRE 1.89 1.89 4.25 0.57 6.25 2.02 6.60 4.47 4.26 8.25
CK 147.96 1.71 506.59 0.88 7.50 151.24 2.84 505.93 1.64 9.90
CK-MB 34.45 3.46 N/Ad N/A 6.03 36.2 4.99 N/A N/A 7.95
LDH 149.55 2.81 329.08 1.84 5.00 170.44 4.29 368.14 3.1 6.60
CHOL 244.01 0.53 106.01 1.80 2.50 249.58 2.79 104.17 2.20 3.30
HDL-C 64.57 3.69 18.91 2.83 7.50 72.60 5.55 19.38 9.41 9.90
LDL-C 122.86 1.13 61.44 0.77 3.40 109.69 3.28 56.48 3.65 4.49
TG 191.55 1.77 76.41 4.07 6.25 195.95 3.18 79.47 5.32 8.25
Ca 8.95 1.32 12.17 1.02 2.56 9.94 2.68 12.55 1.57 3.38
Mg 2.53 1.63 4.82 3.18 6.25 2.10 477 4.42 5.86 8.33
P 3.16 1.81 7.37 0.77 2.56 3.68 2.03 7.57 1.82 3.41
Na 142.13 0.29 121.87 0.12 1.25 148.74 1.51 126.63 1.27 1.65
K 3.79 0.20 6.03 0.35 1.50 3.92 3.16 6.10 1.02 1.98
Cl 99.08 0.19 84.15 0.20 1.25 101.91 1.26 86.02 1.52 1.65
Cco2 44.46 1.03 19.54 1.21 5.00 38.25 4.03 17.52 4.61 6.60
GLU 89.07 1.76 281.55 0.97 2.50 88.20 2.07 28417 0.84 3.30
CHE 6302.1 1.20 9173.37 1.77 2.33 6346.84 298  8555.00 1.77 3.23
Iron 245.80 1.13 39.65 4.69 5.00 233.54 1.62 71.96 2.56 6.60
Uric 4.95 2.92 9.01 0.92 4.25 5.07 4.35 9.13 3.21 5.67
HbA1C 5.05 1.61 10.04 2.70 2.98 5.34 1.26 9.94 2.09 3.93
hsCRP 4.56 1.27 10.24 0.57 12.50 4.20 2.74 10.75 1.97 16.50
MicroALB 39.63 0.82 N/A N/A 11.53 40.94 1.58 N/A N/A 15.21
TP-urine 68.78 4.83 N/A N/A 12.88 74.96 6.95 N/A N/A 14.36

Bull Chiang Mai Assoc Med Sci

Vol. 48 No. 1 January 2015

39



Table 2. Within-run and between-run imprecision of tests analyzed by BA400 analyzer (n = 20). (Continued)

Within-run imprecision

Between-run imprecision

Analyte Level 1 Level 2 %CV Level 1 Level 2 %CV
Mean %CV?® Mean %CV acceptb Mean %CV Mean %CV accept
BUN-urine  413.32 1.86 746.42 5.67 6.83 391.95 7.69 722.72 4.88 9.01
CRE-urine 49.49 1.69 105.31 1.51 10.53 50.99 4.34 108.83 3.29 13.89
Amphetamine  28.48 5.06 109.79 3.36 5.50 41.64 12.91 112.34 6.57 6.60
Opiate 14.03 7.26 100.62 2.62 5.50 50.85 11.28 339.55 3.81 6.60
Phenyltoin 16.77 4.47 53.96 222 6.25 32.23 14.49 79.35 10.00 8.25
Valproic acid  179.40 3.18 810.63 2.01 6.25 166.46 5.01 775.54 2.72 8.25

“Coefficient of variation (%CV) is SD divided by mean and multiply by 100.

Acceptable CV is not more than 0.25 times of allowable total error (TEa) for within-run variation and not more than 0.33 times of TEa for

between-run variation.
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Table 3. Accuracy analysis of BA400 analyzer. Comparison study was performed for BA400 analyzer using the

Cobas 6000 analyzer as the comparative method.

Analyte (units) N r Slope Intercept MDL TEcal TEa % Bias
AMY (U/L) 42 1.000 0.893 0.000 50.00 15.27 30 10.70
120.00 15.27 10.70
200.00 14.96 10.70
TP (g/dL) 40 0.978 0.961 0.000 45 7.13 10 3.90
6 7.13 3.90
8 7.13 3.90
ALB (g/dL) 100 0.986 0.941 0.000 2 8.87 10 5.90
3.5 8.11 5.90
5.2 8.11 5.90
AST (U/L) 100 0.997 1.102 1.381 20 21.19 20 17.11
60 17.3 12.50
300 12.6 10.66
ALT (U/L) 40 0.987 1.011 0.000 20 9.3 35 1.1
60 9.3 1.1
300 3.5 1.1
ALP(U/L) 42 0.994 1.029 0.000 50 13.50 30 29
150 13.50 29
400 6.07 29
GGT (U/L) 40 0.989 0.915 0.000 20.00 16.83 22.20 8.50
50.00 16.83 8.50
150.00 12.87 8.50
TBIL (mg/dL) 41 0.997 1.102 0.204 1.40 20.28 31 24.77
2.50 23.83 18.36
20.00 14.31 11.22
DBIL (mg/dL) 43 0.991 1.228 -0.063 1.1 21.61 44.50 17.07
4.2 25.83 21.30
14 26.88 22.35
BUN (mg/dL) 108 0.991 1.000 0.000 6 6.28 15.70 0
25 6.28 0
50 3.56 0
CRE (mg/dL) 40 0.999 0.927 0.000 0.6 14.17 25.00 7.30
1.6 14.17 7.30
6 11.60 7.30
CK (U/L) 40 0.998 1.050 -9.846 100.00 8.16 30 4.85
240.00 4.21 0.90
1800.00 6.31 4.45
CK-MB (U/L) 40 0.976 0.822 0.000 48 23.87 24.10 17.80
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Table 3. Accuracy analysis of BA400 analyzer. Comparison study was performed for BA400 analyzer using the

Cobas 6000 analyzer as the comparative method. (Continued)

Analyte (units) N r Slope Intercept MDL TEcal TEa % Bias
LDH (U/L) 40 0.995 0.913 19.96 120 13.06 20 7.3
300 5.66 2.05
500 8.32 4.71
CHOL (mg/dL) 42 0.9976 1.057 0.000 90.00 8.54 10.00 8.70
240.00 8.54 5.70
260.00 8.54 5.70
350.00 8.54 5.70
HDL-C (mg/dL) 40 0.978 0.888 0.000 25.93 21.02 30 11.20
76.15 17.84 11.20
LDL-C (mg/dL) 40 0.983 0.983 0.000 59.01 5.43 13.60 1.70
120.34 5.16 1.70
TG (mg/dL) 100 0.989 1.020 -6.369 40 20.61 25.00 13.92
150 8.94 2.25
400 7.10 0.41
Ca (mg/dL) 40 0.978 1.027 0.000 17 5.69 10.20 2.70
11 4.57 2.70
13.5 4.57 2.70
Mg (mg/dL) 40 0.985 1.047 0.000 1.20 9.76 25 4.70
2.00 9.76 4.70
5.00 11.36 4.70
P (mg/dL) 40 0.988 1.028 0.000 1.5 5.52 10.20 2.80
2 5.52 2.80
5 4.78 2.80
Na (mmol/L) 44 0.985 0.997 0.000 115 1.57 5 0.30
135 1.83 0.30
150 1.83 0.30
K (mmol/L) 44 0.977 0.943 0.306 3 7.67 6 4.50
5.8 1.51 0.42
7.5 2.70 1.62
Cl (mmol/L) 44 0.984 0.872 11.71 90 1.49 5 0.21
112 3.62 2.34
CO2 (mmol/L) 40 0.975 0.906 4.444 20 17.57 20 12.80
33 8.21 4.05
GLU (mg/dL) 100 0.989 1.070 -5.585 45 8.13 10 5.41
120 8.07 2.35
180 5.18 3.90
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Table 3. Accuracy analysis of BA400 analyzer. Comparison study was performed for BA400 analyzer using the

Cobas 6000 analyzer as the comparative method. (Continued)

Analyte (units) N r Slope Intercept MDL TEcal TEa % Bias
CHE (U/L) 40 0.998 0.9842 -369.300 4275 13.45 9.80 10.24
11150 9.80 4.91
Iron (pg/dL) 40 0.997 1.025 0.000 50 7.84 20 2.50
220 4.47 2.50
400 4.47 2.50
Uric (mg/dL) 41 0.985 0.934 0.000 2 11.84 17.00 6.60
8 11.84 6.60
10.7 9.93 6.60
HbA1C (%) 40 0.996 1.193 -1.134 5.7 2.64 11.90 0.59
9.3 10.52 7.11
hsCRP (mg/L) 40 0.982 0.998 0.658 2.53 28.83 50 25.81
6.64 11.76 9.71
MicroALB (mg/L) 40 0.974 1.150 0.000 11.8 16.78 46.10 15.0
56.7 16.78 15.0
TP-urine (mg/dL) 40 0.980 0.962 0.000 78.7 11.26 425 3.8
BUN-urine (mg/dL) 44 0.992 0.934 0.000 419 17.45 27.3 6.6
721 14.08 6.6
CRE-urine (mg/dL) 40 0.999 1.338 0.000 688 38.46 42.1 33.8
158 37.41 33.8
Phenytoin (ug/mL) 40 0.989 0.946 0.000 39.2 15.64 25 5.40
86.6 15.64 5.40
Valproic acid 40 0.914 0.872 0.000 260 18.73 25.00 12.80
(ug/dL) 972 16.19 12.80

MDL-Medical decision level; TEcal-Calculated total error; TEa-Allowable total error.
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Figure 1. Comparison plot of selected analytes. Graphs were plotted between comparative result (Cobas 6000 analyzer) on X-axis and test

result (BA400 analyzer) on Y-axis.
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Table 4. Linearity experiment of BA400 analyzer.

Analyte (units) Theoretical value Bias %Error TEa accept (%) Linearity®
AMY (U/L) 0 - 1163.29 9.79 — 19.71 1.07 - 3.37 30 0-1,317
TP (g/dL) 0 - 14.05 0.18 - 0.48 1.68 - 8.16 10 0-15
ALB (g/dL) 0-8.07 0.04 - 0.17 0.69 - 4.71 10 0.1-7.0
AST (U/L) 0 — 693.27 1.40 — 17.80 0.20 - 9.40 20 0-500
ALT (U/L) 0 —645.20 1.31 -24.85 0.27 - 10.38 20 1.6-500
ALP (U/L) 0 — 1473.89 473 - 1417 0.32 - 3.21 30 0-1,200
GGT (U/L) 0-312.81 2.56 — 14.18 3.25-453 22.2 0-300

TBIL (mg/dL) 0-15.58 0.09 - 0.49 0.78 — 9.80 20 0-15

DBIL (mg/dL) 0—24.71 0.36 -1.76 3.96 - 7.11 445 0-15

BUN (mg/dL) 0 - 150.39 0.14 - 17.32 0.39 — 11.52 15.7 0-140

CRE (mg/dL) 0-25.23 0.02 - 1.29 0.12 -5.11 15 0-20
CK (U/L) 0-1274.0 4.50 — 14.50 1.10 — 1.52 30 9.2-1,300
LDH (U/L) 0 — 1049.45 4.01-12.29 1.16 — 1.56 20 6.2-1000

CHOL (mg/dL) 0 — 846.31 11.71 — 29.05 1.85 - 6.36 10 0-1,000

HDL-C (mg/dL) 0 -201.10 437 -9.77 4.32 - 8.69 30 0-200

LDL-C (mg/dL) 0 — 946.67 4.00 — 15.67 1.37 - 2.21 13.6 0-990

TG (mg/dL) 0 — 497.00 7.44 — 47.05 5.99 — 947 25 1.6-600
Ca (mg/dL) 0-22.39 0.28 — 1.11 497 - 6.24 10.2 0-18
Mg (mg/dL) 0-4.30 0.005 - 0.12 0.36 - 5.12 25 0-4

P (mg/dL) 0-21.29 0.26 — 0.73 1.64 — 6.98 10.2 0-20
Na (mmol/L) 0 —240.80 0.13 -5.20 1.09 — 2.16 3 100-200
K (mmol/L) 0-11.04 0.02 - 0.29 0.85 — 2.66 5.8 1-10
Cl (mmol/L) 0 —168.40 1.67 —4.77 2.16 — 3.96 5 50-150

CO2 (mmol/L) 0-70.12 0.09 — 2.49 0.51 -4.74 10 2.62-50

GLU (mg/dL) 0 —573.76 222 -117 0.39 - 8.28 10 0-500
CHE (U/L) 0 —23591.39 188.27 — 222.69 0.80 — 2.83 8.9 0-25,000

Iron (ug/dL) 0 — 1155.04 1.72 - 5.33 0.15-1.85 20 0-1,000
Uric (mg/dL) 0-—14.21 0.04 — 2.39 0.61 —8.40 17 0-25
HbA1C (mmol/L) 0-1.77 0.00 — 0.06 0.05 — 8.20 11.9 0.06-1.61
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Table 4. Linearity experiment of BA400 analyzer. (Continued)

Analyte (units) Theoretical value Bias Y%Error TEa accept (%) Linearity®
hsCRP (mg/L) 0-16.04 0.13-10.33 0.05 — 3.46 50 0.06-15
MicroALB (mg/L) 0-92.92 0.25 - 2.77 0.36 — 8.93 46.1 0-130
TP-urine (mg/L) 0 —4373.01 38.74 — 544.07 3.54 —12.44 435 70-4000
BUN-urine (mg/dL) 0 - 8516.00 19.67 — 1229.00 0.92 — 14.43 27.3 0-7000
CRE-urine (mg/dL) 0 - 1021.35 0.84 — 17.88 0.33-1.75 28.4 0-1000

? Linearity values were reported by Biosystem company.
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