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Background: Clinical laboratories in laboratory medicine perform a wide range of clinical chemistry and immunoassay tests, and internal quality
control (QC) is an essential element of laboratory operations. This study aimed to improve the inefficiencies associated with using in-kit assay-spe-
cific QC materials by consolidating QC materials using third-party universal liquid QC materials.

Methods: The study was conducted using Cobas €801, Alinity i, and LABOSPECT 008AS equipment. Universal liquid QC materials for immunoas-
says and clinical chemistry tests were selected and their precisions, QC management time, annual costs of reagent and consumables, and storage
space requirements were evaluated.

Results: Comparison of coefficients of variation (CVs) showed that while assay-specific QC materials had lower CVs for certain tests, universal
QC materials exhibited lower CVs for other tests. Consolidation of QC materials reduced their total number by 42.3% and the actual number of QC
items managed by 52.0%. QC management time decreased by 50.2%. The annual cost of reagents and consumables was reduced by 8.3%,
whereas storage space decreased by 52.1%.

Conclusions: Implementation of universal liquid QC materials can enhance the efficiency of clinical laboratories, reduce costs, and provide envi-

ronmental benefits. Adoption of universal liquid QC materials is recommended for large laboratories.
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Table 1. Test assays used for consolidation of quality control materials

Test assay Analyzer

Pre-consolidation

Post-consolidation

Immunoassays
Anti-thyroglobulin Ab
TSH
Thyroglobulin
T3
Free T4
Free T3
25-0H vitamin D

Growth hormone Cobas €801

CEA

CA15-3

CA19-9

CA125

PSA

Free PSA

Ferritin

AFP

CK-MB

Myoglobin

Hs-troponin |

Pro-BNP

B-HCG

Insulin

C-peptide

DHEA-sulfate

Estradiol

iPTH

Homocysteine

HBsAg

Anti-HBc (total)

Anti-HCV (total)

HIV Ag/Ab

HBeAg

HAV IgM

Anti-HBs

HAV IgG

HBeAb

CMV IgM Ab

CMV 1gG Ab

Rubella IgM Ab

Rubella IgG Ab
Clinical chemistry assays

Alinity i

Total protein
Albumin
Glucose

Total bilirubin
Direct bilirubin
Urea nitrogen
Creatinine
Uric acid

AST (GOT)

PreciControl ThyroAB (2)

PreciControl Universal (2)

PreciControl Vitamin D total Il (2)

PreciControl Multimarker (2)

PreciControl Tumor Marker (2)

CK-MB (3)
Myoglobin (3)
Hs-troponin | (3)
Pro-BNP (3)
B-HCG (3)
Insulin (3)
C-peptide (3)
DHEA-sulfate (3)
Estradiol (3)
iPTH (3)
Homocysteine (3)
HBsAg (2)
Anti-HBc (total) (3)
Anti-HCV (total) (2)

HIV Ag/Ab (4)
HBeAg (2)
HAV IgM (2)
Anti-HBs (2)
HAV IgG (2)
HBeADb (2)
CMV IgM Ab (2
CMV 1gG Ab (3
Rubella IgM Ab
Rubella IgG Ab

2)
3)

Multichem® IA Plus (Technopath) (3)

Accurun® 2 (positive), Accurun® 810 (negative) (Seracare)

Accurun® 51 (positive), Accurun® 810 (negative) (Seracare)

Accurun® 52 (positive), Accurun® 810 (negative) (Seracare)

VIROTROL® ToRCH-M (positive), TORCH (negative) (Bio-Rad)
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Table 1. Continued

Test assay Analyzer Pre-consolidation Post-consolidation
ALT (GPT)
LDH
v-GTP (GGT)
Alkaline phosphatase (ALP)
Inorganic phosphorus Lyphocheck Assayed chemistry
Calcium Control (Bio-Rad, 2)
Total lipid InteliQ™ Assayed Multiqual Control (Bio-Rad, 3)
Phospholipid

Triglyceride

HDL-cholesterol LABOSPECT 008AS

LDL-cholesterol

Total cholesterol

Creatine kinase

Amylase

Lipase

Magnesium

Iron (Fe)

UIBC

Sodium

Potassium ISE Check (Hitachi, 2)
Chloride

Total CO;, Bicarbonate Control (Medical system, 2)
Rheumatoid factor

ASO quantitative

C3 (Complement 3) latrosera IM (LSI, 2)
C4 (Complement 4) InteliQ™ Immunology Control (Bio-Rad, 3)
CRP

Apolipoprotein A-I Apoprotein Control
Apolipoprotein B serum"DAIICHI" (Sekisui, 2)

The quality control (QC) materials shown in bold are lyophilized, while those shown in plain text are liquid. For immunoassay QC materials, the manufacturers of pre-consoli-
dation QC materials measured on Cobas €801 and Alinity i are Roche Diagnostics and Abbott Laboratories, respectively. The product names of Roche Diagnostics' QC materi-
als are listed in the table, while those of Abbott Laboratories were generally labeled ‘Alinity i plus test assay names and controls. For clinical chemistry assays, manufacturers
of the QC materials are shown in parentheses. The numbers in parentheses in the QC materials refer to the number of concentrations per assay, and for qualitative immuno-
assays, both negative and positive materials are indicated. Accurun and VIROTROL both have a single concentration per assay.

Abbreviations: Ab, antibody; Ag, antigen; TG, thyroglobulin; TSH, thyroid-stimulating hormone; T3, triiodothyronine; T4, thyroxine; (OH), hydroxy; CEA, carcinoembryonic anti-
gen; CA, cancer antigen; PSA, prostate specific antigen; AFP, a-fetoprotein; CK-MB, creatine kinase MB isoenzyme; hs, high-sensitivity; NT-proBNP, N-terminal pro B-type
natiruretic peptide; HCG, human chorionic gonadotropin; DHEA-S, dehydroepiandrosterone sulfate; iPTH, intact parathyroid hormone; HBsAg, hepatitis B surface antigen;
HBc, hepatitis B core antigen; HCV, hepatitis C virus; HIV Ag/Ab, HIV antigen/antibody combo assay; HBeAg, hepatitis B e antigen; HAV, Hepatitis A virus; CMV, cytomegalovi-
rus; LDH, lactate dehydrogenase; GGT, y-glutamyltransferase; ALP, alkaline phosphatase; CK, creatine kinase; UIBC, unsaturated iron binding capacity; CO,, carbon dioxide;
ASQ, anti-streptolyin O; CRP, C-reactive protein.

Table 2. Summary of changes in QC materials before and after consolidation

) Pre-consolidation Post-consolidation Difference™,
Metric Immunoassays  Chemistry Total Immunoassays  Chemistry Total in total (%)
Number of QC materials 36 16 52 16 14 30 -42.3
Number of QC materials reflecting concentration 95 32 127 31 30 61 -52.0
QC sample handling time (min/day) 93 16 209 42 62 104 -50.2
Price of QC materials (thousand KRW/year) 87,460 44,688 132,148 81,283 41916 123,199 -8,949 (-6.8)
Price of consumable waste (thousand KRW/year) 1,266 4,759 6,025 681 2,803 3,484 -2,541 (-42.2)
Storage space (cm*/month) 30,805 20,768 51,573 11,526 13,178 24,704 -52.1

This table presents a comprehensive analysis in the number of QC materials and time and cost required to manage internal QC before and after consolidation.
*Differences are expressed as either the percentage change or absolute change from pre- to post-consolidation.
Abbreviations: KRW, Korean Republic Won, the currency, the official monetary unit of Republic of Korea (South Korea).
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Fig. 1. Comparison of coefficients of variation in pre- and post-con-
solidation in immunoassays. (A) Immunoassays measured using Cobas
€801. (B) Immunoassays measured using Alinity i and reported quan-
titatively. (C) Immunoassays measured using Alinity i and reported
qualitatively. The results were analyzed using the measured concen-
trations of QC materials. The CVs of the assay specific in-kit QC mate-
rials are indicated as red labels, while those of consolidated universal
third-party QC materials are indicated as green labels. Each QC mate-
rial includes multiple concentrations. In Fig. 1A and 1B, different
markers denote concentration levels: circles for low, X-marks for me-
dium, and triangles for high. In Fig. 1C, circles indicate negative, X-
marks positive-1, triangles positive-2, and crosses positive-3 QC mate-
rials. The maximum CV required by the laboratory is indicated using
dashed lines.

Abbreviation: for non-standard abbreviations, refer to Table 1.
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Fig. 2. Comparison of coefficients of variation in pre- and post-consolidation in clinical chemistry assays. The CVs of the assay specific in-kit QC
materials are indicated as red labels, while those of universal third-party QC materials are indicated as green labels. Each QC material includes
multiple concentrations. Different markers denote concentration levels: circles for low, X-marks for medium, and triangles for high. The maximum
CVs required by the laboratory are indicated using short solid horizontal lines, shown for each test.

Abbreviation: for non-standard abbreviations, refer to Table 1.
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