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Abstract: Objective To establish and evaluate a fully automatic time-resolved fluoroimmunoassay (TRFIA) based on a modified
competitive method for detecting thyroxine (T,) in neonatal dried blood spots (DBS). Methods Microplates coated with T,
competitive-method paired monoclonal antibody (capture antibody) were used as the solid phase. Europium (Eu)-labeled T,
monoclonal antibody (anti-T,) was used as the tracer. The fully automatic TRFIA system was applied to quantitatively detect the T,
concentration in the blood spots on the filter paper fixed onto plate needles. The analytical performance indicators, including sensitivity,
accuracy, linearity, precision, specificity, chromatographic effect, matrix effect, recovery test, volume effect, hematocrit effect, and
stability, were evaluated. 120 paired serum and DBS samples were selected for the comparison test between the self-developed
method and the T, chemiluminescence method. Residual DBS samples from 312 newborns were used for combined T, and thyroid-

stimulating hormone (TSH) detection. Results The limit of blank was 0.44 w g/dl serum, the limit of detection was 0.81 p g/dl
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serum, and the limit of quantification was 1.61 p g/dl serum. The relative deviations for certified reference materials ranged from
—5.33% to 1.83%. Excellent linearity was observed within the range of 1.61~50.00 png/dl serum (=0.999 6). The intra-assay,
inter-assay, repeatability, laboratory and inter-laboratory coefficients of variation (CV) were all within 6.00%. The cross-reactivity
rates for nine high-concentration cross-reaction substances ranged from 0.021% to 1.980%, and the cross-reactivity rate for 20ug/
dl D-T, DBS sample was 43.900%. The interference rates of nine high-concentration interfering substances on T4 measurements
were all within + 10%. Blood spots punched from the edge yielded higher results than those punched from the center or from the
midpoint between the central and edge (r=4.44, 5.26, both P<0.05). The relative deviations between measured and theoretical
values for DBS samples prepared with three different batches of 903 filter paper were all within the acceptable range ( + 15.00%).
Recovery rates ranged from 91.64% to 104.07%. Compared with DBS samples prepared at a volume of 50 p L/drop, those
prepared at other volumes showed statistically significant differences (all P<0.05). The relative deviations for DBS samples
prepared at hematocrit levels of 35% to 60% compared with those at 50% were all within + 15%. The Eu-marker could withstand
up to four freeze-thaw cycles at —20 °C., and the reagent could be stored at 2 to 8 °C for 14 months and at 37 + 1 °C for 9 days.
Within the range of 2.07~36.11 pg/dl serum, the results of the established method showed a strong correlation with those of the
comparator method (=0.995 5, t=112.73, P<0.05), with no statistically significant difference in detection rates between the two
methods (°=0.50 and 0.50, both P>0.05). The average concentration of T4 in neonatal DBS samples was 18.90 ug/dl serum. The
detection rates of T, and TSH differed significantly (y’=11.56 and 16.52, all P<0.05). Conclusions The established method

demonstrates high sensitivity, good accuracy, wide linear range, excellent precision and high specificity. It shows strong

correlation and consistency with the comparative method, and meets the requirements for routine clinical testing.
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sulfonic acid, ANS) B fE TAEHRE

1.3.1.4 Ko 20 W . F0 e 4 Uk W R 2l Ak K Fe (R R L
1:25 189 B¢ IR 4 TAE W . oK ] Easy DBS 680 I 4>
B ShFTFLHL A M i L 545 i R & (1) DBS L (1 o
P ZINSE1/2 1 FAEF 3.2mm(1/8 inch) Y LEE, I [
SR ] 5 7 I S AR AR L R 1 A LB
I F 2 25675 25 AutoTRFIA-4 %1 4> [ 358 Y6 s 4y
ML, F 31 feFL S AR A B L i A 150 o 14
Fric4n TAEM , BA e [ AR | g i ke i
MLBEAR NS FRICH TR, LR bR A4
B AT S A i L B EORE i B SE
FEEE MO TR LT, , 21845 5 120min f5
B8 FMR AT 1 () A O i L B4 ot SR i LB, R
VeV T AR WP AL B N Al 6 YR, A 150 pu 134528
W, 2R Smin, 28 BRI 298 11 4)
{& (fluorescence value, FV)[ B4/ : 1144/ (counts per
second, CPs)], I HBCE RS 745 3R 0 Hr -

1.3.2 Hexd e T, e 50 & (B 322 20
) 5 ADVIA Centaur CP 4= H shfb 5 & G iE b
IXBCE L R T, A4 Kk s B L TSHI & il &
(TRFIA ¥:) 5 AutoTRFIA-4 1 4> [ 31 9¢ 6 5 58 7 Br
LB L B TSH TRFIA %55 A8 F850] & X AS U
B A TR A o

1.3.3 PEREVFAT -

1.3.3.1 4 - S R A . SRR (log-log_B)
BUp AR = YORE 254 (i (spline) pRIEILG 57 2 - [
7 2, B HE S Y FV R 5 - SO 2R A )
F14) Ve JEE 15 8 o it RV A 1 4 1 A O 2R 8K (correla-
tion coefficient, r) W AN T 0.990 0,

1.3.3.2 430 REE M. B YY/T 1789.3-20221
PE74% FHFR (limit of blank, LoB). & HiFR (limit of de-

tection, LoD) Fl % & R (limit of quantification, LoQ)
AT, LoD AN T 1 g/dl™s

1.3.3.3 UEGAEEIEHT : ARUCKIN 2.00., 8.00 F132.00pg/
dl LT 9 L-T, B 15 2 25 40) SR ¢ it 1Y) DBS A it 45 3
W, 3REE R HIRH R 224 W 7E £ 15.00% L FIP

1.3.3.4 AV : B T, i (EAE G LT AR IR Tk
R 1.61., 4.00, 8.00, 16.00, 32.00 £150.00ug/dl, il
YERCDBS FE i, RV AR Al I 2 0, THEH:
X RSN R N S B B B Y e/ N ek
TS, r AN 0.990 0,

1.3.3.5 A% P W — el & A TR AR
R 3N MR EE A T A 10K, THIEHIE N AR R R
¥ (coefficient of variation, CV), ¥R A KT 15%',
FH 3465 i) 6 J 52 00 B B A 4% 109K,
15 2/ 30 il £ 25 21, AL OV, BN R T
20%" - YY/T 1789.1-2021"7 gk A7 i 4 v | 5246
5 PN IS 06 = (ARG % B PR A, H OV AN KT
15%.20% #120%,

1.3.3.6 AU T - R BE R 1 000pg/dl 7 — it
IR i )i 22 PR (triiodothyronine , Ts) 15 = fill FFOBR i
J 2 iR (reverse triiodothyronine, rTs), 10 000pg/dl 143,
37, 5°- = LRI 4,12 (benzeneacetic acid, BA). 3, 5-
R -L- B8R (3,5-L-diiodotyrosine, L-DDT), 3- fifll-L-
i 2 112 (3-iodol-tyrosine, H-Tyr), TSH. 3,3’ —filll -L- !
IR MR (B2 (3,3 -L-Diiodothyronine, T,). $t FF IR i Bk
14704 (anti-thyroglobulin antibodies, TGAb) FIHt H K
R 35 401k W) T P AR (anti-thyroid peroxidase antibody,
Anti-TPOAb), UL & 20ug/dl ¥ D-T, DBS ki, Hizz X
JIHE=100% x MENE/ THAIREE

1337 1 # 52 5 ¥ $£4.00 F116.00pg/dl Ifil %
B E i VB R T 0V Al A o 0 0l ) 45 Wk B A
200 000.00ng/ml %) 5, 5- — 1 3L ¥ [K(5,5-dimethyl-
hydantoin, DMH), &3 T %l (phenylbutazone,, PB),
6- TR -2- Bt IR W% € (6-propyl-2-thiouracile, PTU), F
i Bk (methimazole, MMI), 3, 3°- 7. A JL XN (4- 25
7 2. %) (dicumarol, DCM) Fll LTk /K 4% 1R (acetyl sali-
cylic acid, ASA), A% 6.00mg/ml [ JBZT. 2 (bilirubin,
BIL). 400.00mg/ml % H i =ik (triacylglycerol, TAG)
F14 280.00 TU/d1 %) 2 K% A - (rtheumatoid factor,
RE) VERAEFEU AT 5 HEAAE S 4R HR 119 1 L
BIHEATIR A VRS IR &, WA i R B 5
SERIAE S B 119 1 LB A T TR A R X6 HEARE
TS I it IO BEAE i ) iV 8 DBS A i o 43 1) 5
VS TNV 5t RS BEORE i, B A EE BRI 3 0, 43331
THEH R STA, HA 5 =100% x (AR AR & S0
B - X R Sty SEEDMED) / 6T VR it S

1.3.3.8 DBS LR : FEH30 173 A8 [ (1) DBS #:



34 KIS dal S541 5 955 202649 H T Mod Lab Med, Vol. 41, No. 5, Sept. 2026

ffr, 2 BESCHR (18] B9 75, 76 DBS R A e | e &
NG 172 b K h 3 TSI

1.3.3.9 DBS ¥k 3 & . 2 B SCHik [12] 09 7 a8
L-T, b2 %) iR B Al 2.00 . 4.00, 8.00, 16.00 Fll
32.00pg/dl ML 37 BYRE A (S4~88), T FH 3 AR HEK Y
903 3£ 4%, LA SO w I/ In#E 903 JE 4K L, H SR A1
T8, HIVE 5 DBS (1) S4~S8 J5 HEAT A I, S0
EHSAEA R 2E Y NAE + 15.00% 5 Rl
1.3.3.10 DBS ¥ [FISES . 2 BESCHR [12] 19 77 74
L-T, br 2% W) M B 3. 11, 6.98 F112.30pg/dl Ifil.
TH HRE 1 (S9~S11), LA 50 w I/ 37 1% SN 7E 903 JE 4% |-,
H RS T4, 7 i DBS B & e dE A7 K . 5

ZMESCHR (191 505, THEA I IR B2 5 B ARk EZ L
B IR

1.3.3.11 DBSIERFIELN . S HE Sk [20] 09 )7 74 1
FFREMY, 85 T, 4 2.00., 9.00 Fl132.00ug/dl IfiL 7 B FE 5
(S12~S14), 435Ik 10, 25, 35, 50, 75 A1 100 w /i1
SRR IINAE 903 YELR L, H SR T T4, AR AR
DBSHEShE , 20 I AR R 2EVE ] + 0.5mm)!™"
Je HEA TR

1.3.3.12 DBSTELLANA RN : S B8 SCHR [20] (17
EVEATPEMY, 5 T, 24 2.00., 8.00 F1132.00ug/dl Ifil 7% (1 £E
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IR 10pg/dl I35 5% 15pg/dl I35 S YE, 23 34T
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23 FET-REME S~ MFVIERR - [ £k
MRS RN AR S RE S S ER 74 1.000 0,
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TN ER = N M e~ A ol 1 R S |
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H15.36%; HPfk i SRt ) R S0 s
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—9.83% 1 =9.15%, X £& ¥ B b 15.20ug/dl IflL 7 1Y
T, A it Ao 000 485 2R 1) T e 2853 301 o —7.46% . —8.82% .
—5.55%. —9.33%. —8.77%. —0.15% . —9.38% . —9.03% Fll
5.81%.

2.10 DBS:* & m 301 DBSEESfE P e
P FN G112 b KNG TFLI ILIREARS I (4 285 5 53 1) A
11.88 +£2.99,13.25 + 3.34 f114.93 + 3.94 p. g/d1 IfiL ¥,
Jo G FTFLE P g B Sk 1/2 Kb FTFLAY I BEAS I 25
R, ZRHEAGIEE L (=444 526, ¥ P<0.05) .

211 DBSEASARE  3MAEHEIK 903 SELLHIME
SA~S8 11 DBS A i, S 5 P Ve (B 149 AH X it 22 4351
1E—325%~0.13%. —10.13%~—2.63% F1—1.13%~11.38% N ,
2.12 DBS:* Bk X 3 SO~ S11AY A il #e 2 4
511k 2.85 . 6.83 F112.80 w g/d1 Il 175 , 111 05 38 43 1]
91.64% . 97.85% #1104.07%

2.13 DBS:#HEAMEE 10,2535, 50, 75F1100 pl/ii%
Tilf5 DBS FESH AL 5 60+ 05,8505, 10205,
121405, 156+ 05F118.1 +05mm; 5 50w Vi 1l £ 1)
DBSFESFEMZE AL, 10,2535, 75 F1100 o Vi )
DBS sz R 2: S B gei e L (=297 ~ 1012,
¥1P<005, n=8), HAHXHmZAHEL + 15%.

2.14 DBS:kirmfo /B $# 15%~85%%1 4 il
JEFRHIAS DBS Hdh, HEA2 50 12.6 £ 0.5, 124+ 0.5,
124+05, 12305, 123 +0.5, 123+0.5, 12.1 0.5,
121£0.5,121+05, 121 0.5, 120+ 0.5, 11.9£0.5 Fl
11.9 + 0.5mm; 15 50% Z1 41 ffd 5 FH il 5 DBS A i A4S
ZEIL AR, 55% 21N R A5 DBS A i FR R 25
[8]22 TG L (=0.02~2.75, ¥ P>0.05, n=5), HAth
ZT AN H AR 15 DBS B S A 25 SR 25 A Gt T4
(=2.82~26.06, ] P<0.05, n=5), TELT AR 35% . 45%.
55% F160% T il 15 DBS A fit BRI 25 SR A AE X 22
1E +15% M

215 FEERE LRI, —20°C AR icY g4
.2 ~ 8CIKFIRLF 144 H 137 + 1 CIKFIRIFOR,
BSEFV AR R | AT R AR | 2Pk | e B AL
KA EK,

x1 REMWRIEER 7 (%), pgdl]
KM FV L% OB LOD  10Q 4tk r XD 22 #e v
=20°C T ARCHRTL 4 3K -0.16 ~392 041 0.80 1.61 161 ~ 5000 0996 088 ~ 725 1.50 ~ 6.12
2 ~ 8CIHFIRIF 144 117 ~528 043 080 16l 161 ~ 5000 09999 097 ~ 444 186 ~ 3.04
37+ ICHARIE O K 455 ~849 045 082 16l 161 ~ 5000 09998 050 ~ 600 163 ~ 233

216 ik FwkF 4R WK1, 7£2.07~36.11pg/
dUILTE P, B RT3 5 0 Eb 92 K 4 S v B A O
(Y=1.022 4X-0.032 2, 7=0.995 5, t=112.73 , P < 0.05);
10pg/d1 AT 15pg/dlUIli ¥ B4 T30 O £y Ak T 6 A A X6
DR 53 31 M 1.92%(95%C1: 0.91%, 2.92%) F12.03%
(95%CI: 1.35%, 2.70%); 4 Bland-Altman 7347, 100%
HEE S E— SR (95%CT: -9.39, 13.16) N, H—3%
B 95%CTFE I IR Fe 1R 1R 22 (= 15%) N, PP 7 ik H
A EAAE; DL 1opg/dl R UIE, PRI 5 %50
114 98.04%(50/51) F198.55%(68/69), « 4 0.97, ¥
R R TG X (=0.50, P> 0.05); LA 15ug/
dUAYME, FHPERIBAPERT G255 100%(73/73) F11
95.74%(45/47), v N 0.96, Kt R22 3 TG4 X

(=0.50, P> 0.05), PRI iE RN 45 R A — 2.

15

. T +1.96 SI].
Z 10 1 11.6
m o
= o5
= -
~ 3]
- T ‘ FiYE
P T B S 1.9
g c
3 >
®
| S
B -1.96 SD

ﬁ—lo 7.9
{m

-5 5 s 1 N 1 L 1 N 1

0 10 20 30 40
BR7EN FENTRIE (He/dl)

B 1 BEFAES3LEAERNZE R Bland-Altman B



36 BN A A R

941 %

5 202649 H J Mod Lab Med, Vol. 41, No. 5, Sept. 2026

2.17 #HAILERADBSHSBT, KES»H WHE2,
3124 # 2 L DBS # i T, W BE 43 A 2 1E i A5 4341 (K-
$=0.053, P < 0.05; S-W=0.99, P < 0.05), ¥} 18.90 pg/
dLiln i, A 18.61ug/dlIMLiE ; P\ Py, Pys. Py Py,
Py, PyFILP, 53 ] 843, 11.34, 1149, 11.59, 12.02,
1248, 13.32 F1 14.01pg/dl Il 75 . 7 T, < 10 pg/dl il 3%
H.TSH =9 ulU/ml, T, < 10pg/dl Il H. TSH < 9 pIU/
ml, T, > 10ug/dl L35 ELTSH = 9 plU/ml B94E & 43 5]
0], 4451(1.25%) F121 £1)(6.73%), T, 5 TSH ) FH

PERE R 22 55 B et 5 L (/=11.56, P < 0.05).
T, < 15pg/dlIfiL ¥ H TSH = 9 plU/ml, T, < 15pg/dl IfiL
7% H. TSH < 9 ulU/ml, T,> 15 pg/dlifi. 7% H. TSH =9
uIU/ml (1 4 i 53 5310 2 6 1611(1.92%) . 47 151 (15.06%) Fil
1515(4.81%), T,5 TSH W BHPERS 325 5 HAA 41t
2 N (r=16.52, P<0.05), H H T, < 10pg/dl Ifi. 7
H TSH < 9 pIU/mlI 20 # 4 451)387 A= LI 7R IE 8 AR E 1)
LA, AR CH, 1 T, > 15pg/dl L7 H.
TSH = 9 plU/ml 201 1 il LB R e &% CH.

x2 A JLRERM DBS #& T, REHS T
JRILKE (g) 2 (F)
T (pg/dl L ) TSH ¥ (plU/ml )

<2500 = 2500 <37 =37

5~ 10 <9 0 4 0 4

9~ 18 0 0 0 0

> 18 0 0 0 0

10 ~ 15 <9 1 IY) 0 4

9~ 18 0 5 0 5

> 18 0 1 0 |

>15 <9 10 234 11 233

9~ 18 0 15 0 15

> 18 0 0 0 0

3 it

T, o110 776.87 Da /N T4, Bk
FE T AR I e se ks, Wl A T BB A 26
PIIE R se . T, MEBE A HIET Z
BEOME R, SEEEAS L, HEIR) 25 K, R 5 | AR
AT AR R AER: 7 B RO, SRR 585
FUARTE] 7 g [RG5S v HebE 22, B AR, RS
2P,

B > TR A | N TR e MUY &R,
Ui H ARG B R &, JUH R e TR A
A R Al RS R R T R A
S TN TR A2 W R IR P BTN
Jo ARSI vk Bt 22 AT T B S A R P AR ST
FIH TRFIA £ AR HE S T —Fh ke B SE i T,

SR T, 0 B BRI TR S T,
HREE W, 510 T, 358 455 hbmic ) v 4t
T,, VRIS PR 88 AR A B bR 5 5FRic Hi T, 1Y
GE R AW %0 RS i 0 IR B )58 oA
AN T O U B S | SRR | 2 | L
FZGHAE) (R  ABFgT 4 R A @ B A R
S UERR B RS9 B R S

WETE T, H R FH MG RS, HRR A K. NBS
SR S 7 A I DBS A CHE bRk 52 B P DBS
B RAE T AMREERN S T 7 %%z, (HNBS
SEG = AR AR R 3.2mm(1/8 inch) ILBE, 1375 FAH 24
F(1.5 +0.17) w 1%, X LBE P B A SRS EER 5
e BT M RAUE A AR IR 1 99.97% HY T, J2&
AL S AR A P SR e SR T,
FE RGN SR T PRI, DRI, A ARG I T, ), 2R
FAREHCGHS 45 68 0 T, 40 F 2R ok, Xk
A REAS RN MRG0 T, 1Y A i BP0 AR RIS b T v R
TR RN F B (94 4 2) TREIA £R | {8 T RRE 5L 7
o, AR EE T TARRCR 8560 R S 28 [
SEMBER AR, H SR MEE, AT MBE_E R4
FRICH) TAER 7o o L PRI 78 43 R, gtk T
£:455 DBS K I J5 I A7 (R I BE V7 B4, v A
TR A AR R | R R RIORE  E  AS I AT I A
BRI T AR P I PR IR vl mh 2 7 38 BV B 1Y)
IR EREN N 8- Bz -1- Z5k R, W RE VM IRDRE 25 5 T8
AT, 2 R A 1)) B T A T, ARG I o
N RBLE ABHFE IR H PR (0.81 o g/dl ML) 76 ATl
FRUERI SR ORE T 1w g/dD™, 0T SCik (317435 Y
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R g/d) o R (1.61~50.00pg/
dD 8, H 5%F gy e B & B AH X MG=0.995 5,
t=112.73, P < 0.05) FIE #pk, 2643 Fl s 7 55 21 5C
HR [3 1] H B B I R A S A D15 L (8.4~35.7 . g/dD), il
JRIGIRTT K

TERON | AR FOZT 40 F AR L0 & DBS
RS R bR P AT 2 BE DBS 5 T, A8
HLA I A ROy, Sh G TFLAY e B I i s, 5
SCHR [18-19, 321 4GE H G TSH , 17a- FRZ20 | 43
TR AR ) 25 16— 35, 1H 53Tk [18, 33] HRRm R Y
SRV -6- BRI SRS B S5 e A —3, X
A8 -5 R0 B 76 10355 A0 P B A I, A [+]
I35, 3 A 8 ARKE T r 1) IR AL A7 A 25 5 O A F
58 PRI DBS e S0 2% 1/2 LAY IX 3 G ) A
FERBAE o ASBIFFT 2 BG5S ] 38 32 A FR ARG 7 1) 5%
i), 3 AT R85 ML VRFE B AR 5 P B PO L 4 T
FRDL R T M o B A5 PR R A G, DR AR AR B2 L2
PR I o — 5 B A 4 R AR Y HEA T R A, T LU
il RSO ER RS WA . 25 i R AU SR B il ot 45
J5 B AR 4 I s R A AR ) — S0t B A 41 41 i R
IS H % BH 35%~60% 2140 il AR il 45 DBS
FE 5 50% 2120 g 5 BRI 75 DBS FF it (4 Az I &5
FL 38, AH X i 22 25 7 1T 42 32 Bn 1 (£ 15%) 18 LN,
2T 240 0 e R R e AR 7 5 10 B A JL4n 40 it e R
(0.430~0.630)", {H B % [ 21 411 it /™ Fh ik />l 14 22 i)
X DBS 75 K I 25 S A 5200 o ) A1 e B T 1 1 D18 40K
AN ) AR AEUE AT o i, AR AR U8 40 0t A
B SEp A TI

AHIFFE RN A L R 1l DBS B A (1 T, 14
- H4(E (18.90 ng/dl) A i T SCHR [21] #8 (9 T, 73
{B(17.6 w g/dD), H TSH (417 BAPE3(6.73%) B i 55
T 3CHik [36] 3 1447 57 B R (1.02%~1.27%), 1 BE
ERAERE S BB LRI | sl | Z T AR AR R
22 A KPR SR AR R A SR AE2 A L R
JEE AR At 2T AR, B Az L 2B T 5298 N 3
RN, A 53 TSHAKF-BH B TH i, b B4 Fm il
A 3k 2 T e A WAL P g i T, TS H Y
A KA B 14 e B I Pk CH A K i M CH
LA 3 (BAT 5T 4 IS T,(< 10pg/dL L)
B LA A CH, B35 AP EEAIR T4 ILEE A 6
T ARG DL S 22 RGE 0 kB A B EEAEA,
BRI EAR T, ME — 2 R LS inrp AR L R G0k
BB Y RS , T B SR BCE 2R =X, et HORE
AR B T AN A B O A SR B SR O A KA Ak
B I X A AR A PE I =l S, 3k S i
2B LB BB A 5 AME R R 2 H ik
FEAHFZE LATRAIE T, A1 TSH AR B2 BE -

g5 TR, ARWESE A 94 H ) TRFIA K6

A JLUEAR ML BE T, o R 32412, H Sl bRy, 9 4F

TG, BT A i O A, FL AT R U L VA G

LRI R TE N B L AR e B = S, SR

TG 45 SR TR) BLAT 1 B 0 2R P A G M N — B, il

SRR K
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