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[BE] B8 12K 6% 50 (chemiluminescence immunoassay , CLIA ) {77 76 5 e it 5B ) H BUAS I 45 SR 1Y 22 45 1
B S AL ARG Y000 H AL ST HevE o ASBIFSE B R N7 — R 3 PR S 50 2 A ia I 1) 22 A MEASERL , O X2 A 4 Rk
P AR BEVEE , LR R R e R B e T RO B T 58 . ik IO B R BE AR R E ] CLIA - 5 7T
JETFFE , LLLRR % [7) T/ (creatine kinase-MB, CK-MB) I 2 C(cystatin C, Cys—C) K f# 5 2 i (procalcitonin, PCT)3 A fk
FHIC AT H IR X &, WA 34N 823Xt 5 (Lot A Lot B Lot C) (KM B , R4t [R1 250 2 31 910 AR Tl 4% 1t Y5 A T,
2K MBS . LA Lot ASHZ A5, R H] Deming [B1UT 257 Lot B Lot C X Lot A FUAMEREFE Iy it s AT A2 P HEPA 22 AL
25 ALUE A E 55 41 5 U B L 45 LY AN E R U(k=2) . &R 3DTH Y, RAMERT Lot B Lot CAHXS Lot A 1Y
it 475 75 Bl N —4.8% ~ +8.2%, 1 114 3% [ 1988 4T lfii R 52 4 =5 i iff % %8 4% 1E % (Clinical Laboratory Improvement Amendment ‘88,
CLIA'88) f i Eh ik 72 (total error allowable, TEa) Y 1/3; 4 Deming [\ AME S AR -1.3% ~ +1.5%, B A n] 32 X 6] . A
i€ BEPFAE B, #ME2 S CK=-MB (Lot B) ,Cys—C (Lot B) Cys=C (Lot C) \PCT (Lot C) B AN 5E BE 43514 4.3% . 4.1% .5.2%
6.2% (k=2) , 3= B TT K 43 18 S A ofi o I (S 0 32 25 Il A ke 22 o o sl M S R 7 S 2 6 4> ) S B 1o FH oy, 5 [l o e A1
(external quality assessment, EQA) 1546 28 fh AMETTY 92.3% $2 T+ 2 100% . 4518 BEF Deming [0 A4 32070 I (7] 25 R M AR 7Y
AL A RS TE CLIA AL 5 3 371y 5K A R G A% L 454 1SO/TS 20914 HE LR By A1 1 BE B8 1] fh Ak A2 fe 5 S A T S vk, 1& & 7
SR BRI

[REIR] oA ROCHRPE T s WRHE ] 22 5 MEERIARL s IR ANH € L 5 AR ARG

(hESES] R1976 [cHkiRERB] A XEHS: 1674-1242 (2026) 04-0107-05

Establishment and evaluation of uncertainty of batch-to-batch difference
compensation model for chemiluminescence immunoassay reagents

BAI Jin, HUANG Xiaohui

(Department of Clinical Laboratory, Xuchang Hospital, Xuchang 461000, Henna, China)

[ Abstract ] Objective The chemiluminescence immunoassay (CLIA) reagents are prone to systematic deviation of test results
when changing batch numbers, which affects the continuity and comparability of biochemical test items. This study aimed to establish a
reagent batch-to-batch difference compensation model suitable for clinical laboratories, and to evaluate the measurement uncertainty of the
compensated results, so as to provide an operational quality control scheme for reagent batch-to-batch switching in laboratory departments
of primary hospitals. Methods This study was conducted on the currently used CLIA platform in the Department of Clinical Laboratory
of Xuchang Hospital. Three biochemical-related immune projects, namely creatine kinase-MB (CK-MB), cystatin C (Cys-C) and
procalcitonin (PCT), were selected as the research objects, and the detection data of three consecutive reagent batches (Lot A, Lot B and
Lot C) were collected. Each batch was simultaneously measured for 31 clinical remaining serum samples and 2 horizontal laboratory
quality controls. Taking Lot A as the reference batch number, the compensation transfer equation of Lot B and Lot C to Lot A was
established by Deming regression. In addition, the measurement uncertainty was synthesized from components such as repeatability, intra-
batch difference, inter-batch difference, and calibrator assignment, and the extended uncertainty U (k=2) was given. Results The bias

ranged from —4.8%—+8.2% for Lot B and Lot C compared to Lot A before compensation, which exceeded 1/3 of the total error allowable
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(TEa) of Clinical Laboratory Improvement Amendment ‘88 (CLIA’ 88). After Deming regression compensation, the bias decreased
to =1.3%— +1.5%, all of which fell within the acceptable interval. The uncertainty assessment showed that the extended uncertainty of CK-
MB (Lot B), Cys-C (Lot B), Cys-C (Lot C) and PCT (Lot C) after compensation was 4.3%, 4.1%, 5.2% and 6.2%, respectively (k=2).
The main contribution components were the uncertainty of calibrator assignment and the regression residual. In the practical application of
the established compensation model in the following 6 months, the qualified rate of return of external quality assessment (EQA) increased
from 92.3% before compensation to 100%. Conclusion The Deming regression-based compensation model can effectively correct the
system shift caused by the change of batch number of CLIA reagents. Combined with the uncertainty evaluation of ISO/TS 20914
framework, the reliability of the compensated results can be quantified, and it is suitable for popularization in laboratory departments of

primary hospitals.

[ Key words] Chemiluminescence immunoassay; Reagent batch-to-batch difference; Compensation model; Measurement

uncertainty; Biochemical test

b 2= & 6 % ¥ 4 M1 (chemiluminescence
immunoassay, CLIA ) B BUSR B2 i MV [T 58 L A 2
PR BE vy, E i R A A 5 S e ARG A B R
F5 2N TR EY) B DIRERSCE
AR AR I H i R I  SRTAE LR TAE
BT B e S EOR I 25 2R Hh AR i se e sl
WL 2RV ARG |, AR RO R RIS
96 IR 3T I (carcinoembryonic antigen, CEA ) 1 51 6 1]
45 Sl 17 $5 2 T 3K 9.7% , R I R T 4532 B . [ 41
2B IR N T AR VR R I ] A2 5 (allowable
between reagent lot variation, ABRLV )" ) H) 5 HEZE
(B AT UL 2 S 3 2 v s 4R A ik
FRHE ] 22 1) 7 A2 B K B se B L I 22 57 (b iC )
WG VEIE S R UE S B IR S 2 R ek
SEAEA - UG i H 7 5 A I T R IH L5 (R AR
O, (H AL LL S i i <1/3 o 1 &R 22 (total
allowable error, TEa) " N &4 4, AKX} 5 2 A
SiRIEAT RGEMEROE AT RES I ARKIHIERS . X,
BRI GB/Z 43280-2023/ISO/TS 20914 : 2019 HE
BT RIMEE S 2 R RV AN E B LA AR B
BREA R o BT BRSSO B BE B A
B RHEH] CLIA V-5 TP RS M S Lt 5 it
5" Deming [l H FMEAEL RS, IR 35 GB/Z 43280-2023
TR AMEE 5 S5 R AT AN B 4 1w U S A L
B AR LA A B3R At o D)4 A A v AL PR R
(standard operating procedure,SOP) .

1 #REFE
L1 — 3R

W B B Bk 30 R 2024 47 1 A 5202446 A
SIS A R A MEREAS, SRV i AR I B bR
AJE A 92 filkEA . Hoh 31 i T Lot A Lot

B.Lot C 3/t 5 1 [R]AE e ARG, Higx 61 491 1 T Hoftl
HERGRAE (AR TE AR S ) o I AFEA R i 7 354548
B2 X A e B X B, A5 b v B S L
WLTFR 184 B 6] T ff (creatine kinase—-MB, CK-MB) 1.2 ~
18.5 ng/ml, B C(cystatin C, Cys-C)0.3 ~ 4.8 mg/L,
[ 45 % J5 (procalcitonin, PCT) 0.05 ~25.0 ng/ml.
1B XF A T A AR A & LA 2
30% .40% . 30% , ¥ £ 53 41 331 2) , o IX B A v i 477 o
BE T 092 96 M A7 A o 22 3.5% , BERE T 24 IR ME R
a=0.05, 1T L5 TR % 3=0.20, LIK: H 1/3 TEa F4) i
RE AR e, rits B/ NFEAS 2R 25 161 . ARDIF 5T SEPR AN
A 3100, G823k 86% , FEAS B R 52K o
NAFRAEQD FEAS gl R 5 BRI 7 4% 17
JE s S ) 3 A 5 X R I H 5 @) FEAR £20.5 ml, JC
PRAR 5 I g it | #9555 1 ] P 52
B S [ 2002 5 @ 24 HALES P RE A% A OL R
e RIS VE) T, = N R
JRAFEARRAESG 2 h IN4F 25 103 , —20 A7,
48 h N 58 BN E o 3% FHAA 5K (Bio—Rad) A RS2
SE R OKE T K TR N MR, A
WE5E T FEASGER SR DR YNNG ity A= P B 7 f T e A A BR A
Al A 7 B CL-6000i 8 4 [ 4k 2% & 6 55 43 BT AY
(Rl 2 Ak &)  BLE R CK-MB ., Cys—
C.PCTIF S M HE i o BEFEANA 3 ARt
(Lot A:20234F 12 A 7™ A N2 it ; Lot B:2024
AE4 H A" Lot C:20244F 5 H A7), 3 ML 5 R
] — & R HE S R = AN S H Y .
1.2 Fik
1.2.1  Hbla 22 3R A . Lot B Lot CJi X4 H , >R H
HIAR 314 RAEAS, 43 38 FH Lot A (S LEAIE 5, Lot
ABRIAZE 202446 H L5 R RS H) 5 Lot B,
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Lot CPATREIN , 3153 AH X it £y, 3133028 =X« A X i 2
(%) = (X ;=X 5, )/X 5, x100% ., H:H X .4 Lot B Lot
C I SEAFL, X 4 M Lot A BRI
1.2.2 FMEBIRIHE ST : LIS AL Lot A TUE R X,
BT Lot B Lot CIEE A Y, R Deming [H115 ([7]
25 5 X Y YA AE AL 1R 22 ) 3 Y=a+bxX;
PSS RAMER IE AN X = (Y=a) /b,
1.2.3 N BV B6 AR

2 BRI 52 22 4515 % GB/Z 432802023 1 il 152 M
K TR NG S5 AN B RS AR KRN S A AR Y
B A E E w5k 445 O R M, ()
—FEARTEZ I E 61K ) ;@ HE AL HE S 1w, (B HE
LAUA IR 2 ) ;@ IR 22 430 5 u, (3415 ] Deming
1) 5% 2% SD ) 5 @) B i B 53t e, (] B HR AL A%
HE S AN ) o A A K u= (w4
wtu+u)" e VR E R U=kxu, , B k=2,
222 2 MR S G576 7 (158 22 AN 2 B 1 1 T
B R E TR R 2 (w,) 5 010 8% 22 (u,) 7E
BE AR A B ST (w2 F T RIUEAS , w, R [ LR
Deming [M1H5% 2% ) , HEWIA AP Ir 22 00N T 4541
SRR 25 19 5%, BOEE B O T DL 220w, 25 2 e T
(FSO
1.3 iR

@ B H 4= ) 5 b I far B b £ F5 O o
@ Deming [E AR} b BRI o AR EL ;B A

JE JE o B S A B AN E i (@ = [ B U
#t (external quality assessment, EQA) [A] #it & #% R
AL

14 HItFEFE

KH R 4.3.05% 42547 Deming [711)5 (R £ Deming)
J Bland—Altman 7341 ; £ & 1E 28404 1Y 3 5 56k
(xs) 2271, ZHIA] FERCR AT AEAS K30 AT 3 IR 2SS
AT HIM(P,,, P,y) |37, 4116 SR H Mann Whitney
UK o i far 22 95% & {5 X 18] (95% confidence
interval, 95%CI) LAFI fii far 15 53 FU2R i fey T 42652
PRI E S 56 [ 1988 4FIIfi R S 40 28 Uil v R B IE SR
(Clinical Laboratory Improvement Amendment’88,
CLIA’88) TEa 1Y) 1/3 (CK-MB: 5.3%; Cys—C: 4.7%;
PCT:10%). P<0.0525A 50178 L.

2 #HR
21 #HEEBRLFELR

F DILAT 3751 HAE Lot B Lot CAHXS Lot A 1
JF UG T o ARZAMERT, CK-MB 5 Cys—C £ Lot B ffi
10553 53 4 +5.1% . ~4.8% , L 43T 1/3 TEa [# {8 ; Lot C
T PCT i35 +8.2% , i 1 (R .

2.2 Deming B3 4MEEEI S H]

14 Lot B: Lot A 1Y Deming [P] 4 85 &5 7 491 ( L
CK-MBAfRER) , 31301 H I Y [ A 200 3R 2.
Cys—C ¥ Lot BRFER b=0.943, &5 1 55c 10 2, A IR A
~0.06 mg/L 1Y RGeS 775 8 FHAMERY 51

R 3MEFIH S EERGREHEEL (0 =31/HE)

T H SIS (Lot A) Lot B Lot B far (%) Lot C Lot R (%) 1/3 TEa (%)
CK-MB (ng/ml) 4.82 5.07 4.78 -0.8 5.3
Cys—C (mg/L) 1.36 1.3 -4.8 1.42 44 47
PCT (ng/ml) 0.85 0.83 -24 0.92 8.2 10

H: TEa: fiFEiR2E; CK-MB: HLERFLEER TH¥; Cys—C: BENZE C; PCT: FEE5ZE ). TEafi CLIA 88 b5ifi, CK-MB H+16%. Cys—CH

+14% . PCT }+30%.

181 2
16F © SEWEHE (n=31)

:s ul — Deming[allH: y=0.982x+0.09 ,

& — y=x (FEAE—3)

St

wl0r

H o8t

=

B o

2 4L

= 4 =0.997
2t n=31

10 12 14 16 18

> 4 6 8
Lot AJE{H (ng/ml)
B 1 Lot B:Lot A B Deming [EJ3# & 7RI (WL CK-MB A %)
H: CLIA: fhRIGHPE5Hr; CK-MB: LRI F T/

o

X i AME I A A T A R E S L 35 H L [R]
e KA 1 8.2% [ 2 1.5% LA (F£3) . B2 4 Cys—
C 1E Lot C #MEHTJ5 1Y Bland—Altman [&] , AT WM i
95% — M FBR (95% limits of agreement, 95% LoA )
F1-8.6% ~ +17.4% , #ME 5 45 /N E-0.2% ~ +3.2%, 5
2 HA 5 — Stk B ek
23 iMERMERHEETE

Pl Cys—C Lot C AW, £ 43 HA AT cu,=1.1%
(EEM,n=6) u,=0.9% (FKIEML) .u,=1.67% It
] Deming 5% 2% SD) \u, = 1.3% (K UE G BE U #05 %
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%2 Deming BlREHLEEMEFESE
iH Btk BERb (95%CI) Bl a (95%CI) r ST i Mz
CK-MB Lot B 0.982 (0.961 ~ 1.003) +0.09 (-0.02 ~0.20) 0.997 P
CK-MB Lot C 1.008 (0.991 ~ 1.025) -0.04 (-0.11~0.03) 0.998 & (mfAre /)
Cys—C Lot B 0.943 (0.918 ~0.968) -0.06 (-0.10 ~ -0.02) 0.995 =
Cys—C Lot C 0.961 (0.939 ~0.983) +0.08 (0.03 ~0.13) 0.996 =
PCT Lot B 0.997 (0.975~1.019) +0.01 (-0.02 ~0.04) 0.999 i
PCT Lot C 0.921 (0.894 ~0.948) +0.03 (-0.01 ~0.07) 0.998 =
e 95%CI: 95% EAFIX[H]; CK-MB: LRGN TH§; Cys—C: BEMZEC; PCT: PRESERIG; Lot: L.
x3 WMERIERETLL (#8353 Lot A) x4 WMERIMBY BAREE (k=2)
i e %l‘ﬂ%ﬁﬁﬁ:’iﬁ %b\@i{ﬁﬁ'ﬁ PERERY i 5iH ﬁtf u, u, u, u, u, U (k=
fRfer (%) fRfy (%) (<1/3 TEa) MEE) (%) (%) (%) (%) (%) 2, %)
CK-MB Lot B 5.1 1.1 2 CK-MB Lot B 1 08 1.2 1 213 43
Cys-C Lot B -4.8 -13 2 Cys-C Lot B 09 07 14 11 205 4.1
Cys—C Lot C 44 15 = Cys—C Lot C .1 09 167 13 255 5.2
PCT Lot C 8.2 1.4 2 PCT Lot C 14 1.1 2 1.6 3.12 6.2

. CK-MB: JJUERBAEER THE; Cys—C. BEMIZE C; PCT: M5 E
Ji; TEa: fOiFER2E; Lot: LS.

HMEET

201
S 151 © ZEHE ---+1.96SD (4.3%)
= — WERK1.4% - -1.96SD (-1.6%)
< 10p 1/3 TEa (+4.7% )
5 | e 1/3 TEa (-4.7%)
'_|“ S bussssssssss s s s s s s s s
(&) oF . %% © ° CJ
Z 0t & B PO S
@ _5 ................................................................................
% _10 [

-15 1 1 1 1 1 I

1.0 15 2.0 2.5 3.0 35
FEHME (Lot A & Lot C) [mg/l]
20 - MEE

SETIRE ! ---+1.96SD (4.3%)
= — HERK1.4% -- -1.96SD (-1.6%)
< 10 1/3 TEa (+4.7% )
s 1/3 TEa (-4.7% )
—
(.|) 5 :=====-_--.»;=-_-===-_-=»_-.-_;_-=:==~_-=-.»===~_--_;.-n.-==-_-;-_»=
g 0" & & SR
= 5|
*']!H _10 [

-15 - ;

10 15 20 25 30 35
SEAME (Lot A & Lot C) [mg/l]

B2 Cys-C#E Lot C#MERI/EH Bland-Altman &l

H: Cys-C: BEMIZE C; TEa: AVFEIRZE; Lot: KFIHALS.
k=1) o G W u,=2.55%, 9 J& AT UR 52%
(k=2)o 3PW HAMEE A E IR W& 4,
24 BEFMEER

Ph Cys-C Lot C il , #h B2 00 &2 M 9 i w,=
1.1%(n="6) , #M2 5 24 Deming [P] 9 £ 1F A AH [R] 6 YK
M 5E 25 R BT ) =1.0%, ~HERTLGEIT2HE X

H: CK-MB: HUR2FEEGIR T8 ; Cys—C: BEANZE C; PCT: FEESE
s Lot: LS.
(F¥: %, P>0.05) . CK-MB Lot B(u,=1.0%:u,' =
0.9%) }% PCT Lot C(u,=1.4%:u,'=1.3%) 45 B0,
FEU MRS 5| A S e 75
2.5 BRI AR

¥ JIE ¥4 £ 1) Deming [91 9 #MERLRI S A VF B B&
B A B B2 & GRS V) SOP) I , 2024 4F- 7
H Z 20254 3 H 3L i 3 kit 5 vl e, Bk VI s
EQA 3301 H 3 12 T5 Yk 1] iz 435 A 4%, 1 M2 AR 7Y
I FH T —4F [R5 1 EQA 4% %k 92.3% (12 1 v 1 33
Cys—C [ a7 -6.1% , Bbpic N “WEL") .
3 iTig

ARHFFE B CK-MB |, Cys-C . PCT 3473 H , & 57
Deming 1] 5 #MEBE Y | 342 1SO/TS 20914 HE S F 1T
AHHETE %5 B IS Katayev 255 2 HUA)“ LRt
)48 7 WA — 30, Bt — 545t T a5 ARL)Z
SOP PR T 55 AN o i (L

S5 5L 1) I 06 0 17 452 =5 3% 8.29% (PCT Lot
C), AR 1.5% LA i S 5t 5 55 1
S A AE AR A 25 B, R 5+ X G A% R R
DI BR RS 1R 25, i ML IE o 3X 5 Tiwari ¢ T
AN 7 v A 5 ) A 3 R O 1 PN AR S (R 2518 — 3K
RVt i) 2 7% o2 RGeS , N7 LA T DA T Ab 3

ANHf o BE VP T, AR S0ORE L ] 22 A AR B
FPRAN Ay wy oy i, DO TAR G — 5 PP . R
AR U M ARHE S i (HR P Kt S )
o s ARFFEAD LK —25 . F 4 IR u, 7 Cys-C Lot C
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H13K 1.6% , ST u, 8955 R TTRRIR, B 7R A kb
B BER A A E Z o Zhang 557 R HIWAH
0 35% — 83 B 1% (liquid chromatography—tandem mass
spectrometry , LC-MS/MS) Fi- 4% ¥ 75 58 ARG AN (7] A6 U
V-5 6] B R GEAR S, H - 2 R LB S AR F
B T AT BT R — B R TR
REHE , AT R A ) — A -F 5 T B3Rt & D)4
i 22 16 1F. , S I DR AE A6 B Stk B 3% (9 52 B
M5t

TE [ 7 358 8 I, Deming [R5 [A] B AR B XY
X [e) I 8 12 2%, LT Passing-Bablok [F1 5 (/NEEASTR
B A X 8] T8 ) A1 38 A/ 3 1 (ordinary least
squares, OLS) (ZHg H A g EiR%E) . Ao kM
Deming [T 5 AR AR IE DR IR/ )N , 3R 28 S HEIT TR S, i
B T AMEJ e 7 T A A S AL

i RS FHE D5 T8, AS B A8 2 1 Deming (7] 5 R
AR R HLag  — YA FREE 7 B AR - 25 31
BIAEA S5, J5 20 85 R T i S % 05 B R SE
(laboratory information system, LIS) H 2% 1F . SZ i
JEHE ST RERT 1 2.5 d 45 % 0.5 d, EQA Ak %
F192.3% T+ 2 100% . AT T SBRAE T v Huk
A, T C 2 PR e A ARG 6 e A B OR TRl I 5
1SO/TS 20914 KUK A BRAYAZ 0 B A& R E L o

ZE b, 3T Deming [7] U5 {1 # M2 7R 0] A5 2508 1E
L BT R B AR G i £ , 45 43 TSO/TS 20914 AN
SEJE AT, AR R TR . 2O R R &
5 R EB IR SN o ABFRANEE—E
J PR O ALEL 55 3T H 5 1AL R A
@ Deming [FIH{E B E 5340, Z Lot e 0 A 800
I 7] BE 52 W S8 T 5 B R 25 G v e B2 3 Tk o

JREER] Z I CLSTAEAE ™ R It F 805 2 b ik
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