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H i TORCH J&HuIlff R b5 TR 5 i = 246
FEFE G e W 6425 (enzyme-linked immunosorbent assay,
ELISA ) Filfb2 k& % 43 Atk ( chemiluminescence
immunoassay, CLIA ) . A XRN ik R,
B, [Af55E ELISA Fil CLIA TR 2 2R &l
s St N, HEEge i B i 4, (N FH 4%
2R, XMELISEBL A shik; SIEEE, CLIA JBAAAE
ERe a7 e [E1 T O A 0 4 N = =113 1 54
W7 s — R AR I — I A= W de bR, A e A 240%
TR B AEA I R A BN, 25 LRI R T ANV,
BRI 7 AR OB A b A i o BRI, dn el B2
TORCH YL i £ 14 5503 S AR Gl AR N D iR figp 2R
Ay [ A

AR, KRG 1) 22 9 Y e 4 AR AT 51
A AR Z AR R RI, ARG T 20
it ERBAR | TN . B TR AR TR
FAE SR, BRESHARMARZHS 22, £
T2 s T A DN A AR SR PR RO 22 5 R 2t e
RHEAETR LIRS, XHokE T, 25
Mr B sl A ER R 5 IO X 40 JF s IGAT,
B2 ) GmA ok rT AR TR A, SRR
PTG A R 5 I [T AT 43 ) A5 BRAS [ e S M A
RRAREY , SREA i i 20 43 A S R B it
PR AL AE SN, I AT A S A 1 o
ATy TEF—IA R, RIS HERE B SO
HATHE, DTSR A I SR A5 22 T 235 R i) e e dt
5 Sy oalll 8

ZEYOCIIS BRI B A wl e, AR, 5
YERIE R L Re e bEdr o ad PR SR A
Iz HFEREZE . BMLde i
451 B P00 C. Dobaiio 45 BV 3 T xXMAP Luminex
5 108 BT MRS AR T — s A SARS-
CoV-2 it )5t (ELHERIZEEN (S) , ZEH (N) Al
B (M) M IgM. IgA Fl1gG) Mk, wlk T
P2 WIS T ELISA 1L Jm FRYE . %0 e
R K LA SOy J T EA B S ReR . T A
FHE, A B FHGEERA T A T 9 1 T & s 1
PUA S G AR OCNE

HET RIS T 5, AUESERIH 2 EYO 0G0 Y

ET X ERCMATEART TORCH B L0058 S48

AR RSB TORCH J2% 4 i e i il . 38 0
ARSI 25 F (R B 2% vl pH {H M2 Goat anti-Human
IgG-PE Wk ) DUKSRAE RN PERE, FR¥ A
R BE S I PR 8 A A2 R S o BT i b A T
i S 0GR RS, DA R R s i2 W
TORCH /&Y effit 5%

2 LIGENS

2.1 ERME. NR5RE

1) S5k

Magplex Beads ( #¢JEk 1.25 x 107 AMEk /mL )
3 F 3¢ E Luminex 23 ) ; Goat anti-Human IgG-PE,
I F 3 [E Thermo Fisher Bt A w]; ZIE dipils (i
WIRIE A 2.27 mg/mL, F[E) . KR EEPUR (0.51
mg/mL) . E 45 2 P (3.4 mg/mL) | HL4l
I8 925 9% 7 PR ( Hoh &4 HSVI 4.5 mg/mL, HSV2
3.79 mg/mL ) , T URINTH WG Jg 2E Yy RH Ry
AR 1-3- ZH 2 RN 5 )-3- £ FE ik W %

(EDC) . N- #Im Bt st i ( Sulfo-NHS)

W4T+ Sigma-Aldrich 22w ; 2-(N- FERK ) 2 1R
(MES) . S b8, BERRaUi . i . Sfbin.
MR 20, YOMarHral, W i 2 AR bR
A BRAF

PBS-BN 128 i . PBS. 1% ({AFU0%L, T
[i]) BSA. 0.05% S&fbih, ik, 4 CLRAE

PBS-TBN i £ 2 M / A5 2% vl : PBS. 0.1%
BSA .0.05% &R ALHN . 0.02% it 20, i 1€, 4 CIEAF .

2) ELEUE SR

Z IREW AR A 43T, Luminex200 %4, 32 [H
Luminex 2y 7 ; B¢, ZS—1 A, 3 [E Malvern ¥
a A PR A B SC RS, iFlash3000 7Y,
TRINTT WA A R e A BR A |5 eI A1,
VX-200 &, S [E Labnet 2\ A); 9GRS, Leica
DM1000 %Y, FE[ERAR ARl A HEIEYENL, 0408 2,
DN TS VR s A IRl T or s, 16 PHER
IRGUKBHA B ] 5 AR AL, TR HAMDLURAYL
il A BR A ]
2.2 YmESREKEBERRE

RO R TR (1.0 x 10° MHEk ) B 2 M
B0, A 80 uL pH=5.0 ) MES ( 50 mmol/L )
Ak 7E TR A% W fin A 10 pL Sulfo-NHS (50
mg/mL ) . 10 uL EDC (50 mg/mL ) , Ji€ i i A1 1
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GWEE 20 ming MW SERUE, 200 pL {HECSE ik
(0.1 mol/L MES) B.LyRsPIIR)E, #80E 1Lk
BRATHCT 100 pL (HEEZE v, A ALBE 20 s 5 m
A 10 pg HUR, WRIIRAST . FIZIRSTCE TR A
FIRWFE 2 h, HURBINEIE 2K, BE, 11200
uL PBS-BN Hf [41 2% sl il Ve A TR, Ak S0l (R I BR
ST 200 uL PBS-BN AL miE th I/ 1 h, DA
S5 P GOk 2 T B AR R Sk RO A A B, 200
mL PBS-TBN {RAFZZ 0P DRI PR IR o BRI )
HTHER BT 100 pL PBS-TBN {472 i, I8
T 2~8 C, BOCIRAE.
2.3 TORCH $#HtEh{k 1gG ¥l A iEmE L
VPR AP F R I MERRE S, TR Fa s
1R5120s, DISEISEHoRE I . IR EZ bh ik 18
106 ) PR A R B 20 B Oy 25 ANtk /L, 45 21 B il
HITER AR . KoK TARW o2 2 R S iR (50
uL/ L) L FHArHIIA 30 uL i BEREAS 2 A0 B A B AL
o, AHRR RV TR GREOR . DIRIEREA STk
TERIEAHS, FEBTERN 15 min, A5
BCE, I 200 pl A6 ok 22 45 S AL b E AT R
PR, ABR RN RPN 50 pL FRe e
) PE FRic BI-EHN 1gG HriRF] &L (A ZE oh
WHFE R S pg/mL) , HHHERERITHR, RE
5), TEEFE Y 15 min 5, H1 200 pL #002% pj
WA SN AL P W VR, DABRZ R SO i A T
Puidc; BALIMA 80 pL FZE M o BUMER , Rk
8K, IREH5), T Luminex AT PG

3 Z#R5F8
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ST ZEIOLHISH A X TORCH J8YL () 5538 it
LRI DE e BN I 7N = o ﬁﬁmm&MNm
Do PUR g TRk R OREEILE la)
J& SRR E AR A BRI, F@ﬁﬂ/\@%ilﬁi
Il ( phycoerythrin, PE) fric (BT 1gG HitiK ( Goat
anti-Human IgG ) ¥ 5, ERPUE - REMBTIA - #5710
PR G4 RIEE ORERIWE 1b) |, FEAR
BN 96 FLAR H I UL B IR G S B AR R, FETAAR B
J12ER N RAE R — AR B I REAS T . Y AEAS T
M R ER, AR SZ BIPREOE (U8
A 633 nm AR A E R 525 nm IR L)
P REF, P R A 1 T e S - RO SR TR PR

ILIIDEE I 100 3 52 BRI R0, Petsend
?ﬂﬁﬁHFAﬁﬁﬁLﬁ%%%ﬁﬁ%%Wﬁ
MR SRR AR L F SRR STl S, i

LIGER L ﬁﬁﬂi% MRS W REAS B
0 0 G 0
Mo __LEDC N R—NH, A R
¢ 2 Sulfo-NHS QAU \( o
a) G R BT s R R 4
>%>—>— .
e \ o ¥

Multiplexed fluorescence

e}

9

N
O«\’o S Goat anti H uman IgG-PE

b) TORCH Fi5tETiA 1gG Rl 4l
1 BEFZEXRHIEHAI TORCH BEFH
T I8 ) IR
Fig.1 Mechanism of high-throughput detection of
TORCH infection based on multiplex fluorescence
coding technology

3.2 BEEAE pH EML

RIBEZE M pH (B SE 0T B i o) (K 28 ik 1
KA ER, f%ﬁﬁ£%£WﬁmpHﬂﬁ$ HH
Jo bt A de b, DNTTTBE K P i, T AR
ﬁ%ﬁ%@ﬁ&%ﬂﬁ,méﬁﬁﬁﬁﬁﬁaﬂ%
() Fo i 5 EAHEA 255 W, DT SRAS 30T 1Y)
RERR

A5 38 20 75 5 45 oS B BRI pHL I RIBESCR
R %E pH {HAE 5.5~7.4 B9IE B TO0AL 5256, LW
FE ALV Y pHo AN [A] pH H {5 556 22 i %470 5 1
BRI E 2 frs. K 2 AJH, TOXO. RV,
CMV. HSV1, HSV2 fifE i pH E 5514 6.0, 6.5,
7.4,5.5, 6.0, VALAE N 5230 it Fe v 4 i iR R K
BRI pH
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Fig.2 The pH optimization of coupling buffer

3.3 Goat anti-Human IgG- PE iRE K1k

ABITFEIE 1 (0] F2 G2 73 M 7 1S B0 TORCH g
UREAS R, RI3E 3 E PN 1gG Pk BARic iy o
FFA {55 (Goat anti-Human IgG- PE ) FSZFIXS kL
A B AR  B Z k. I, Goat anti-Human
1gG- PE MU NN A 25 E 425 M 3 B 2R I (55 FR iR 55
# Goat anti-Human IgG- PE ¥ & i1, 2 RS
S IRAR M- BB R FEREA TG4 H 5 T Goat anti-
Human IgG- PE W& £ &7, AN{UEAS I A% il AR i 15

23 | SR re v BEAEAS ARG D45 5 T R i S B FA
FHﬁ?/f o I, X} Goat anti-Human IgG- PE HJ¥

il ZECRUEAS IS 558 B A9 [A]Isf S22 ORI L

Zl—‘ A P:’fo

TG, IAHIFEARL (50 uL ) AS[F] 5 vk B2 11
Goat anti-Human IgG- PE (0, 2, 4, 6, 8, 10 pg/mL ) ,

IR MR DG A5 5 5 B2 SR 2 15 AL 88 T T REAS 1Y
Ry, A AE R ANTE 3 s
30000
25000
20 000}
£ 15000

10 000

5000

C. /(g mL")

Goat anti-Human 1gG-PE

3 Goat anti-Human IgG- PE iREK &
Fig.3 The concentration optimization of
Goat anti-Human IgG- PE

H& 3 \I %, Bfi#E Goat anti-Human IgG- PE ¥ &
M, R B A DO E SR EE W AE TR, Y Goat
anti-Human IgG- PE [ 5T 5 ¥ B M\ 6 pg/mL 3 #)| 8

ng/mL B, D605 B K B s T 2%,
LB RG5O &k 8 LR AR RS . R 65 I8
R A% o B B A, SR 2SIk R 6 pg/mL fE R
Goat anti-Human IgG- PE A8 fc R b e
34 WBAIKOFMRER Zeta B

N UERS I H BT A IR g ek
12 B RIE T gRis R rIRA, ﬂfFX‘T,\Tﬁ%EﬁHU
JE ) Zeta AL T 1 3RAE, S5 RWE 4 Fos.
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HIE 4 a~e AT, G ROBRRAS R iF HICH R
Bk (AT LA 25 b TR IR SRR ORI )
ANERPECAR T RARTE RGN . 18] 4f ' Zeta HLAL4S
R RS i B BBk X S AR G X T, R
TR A FREEAA A, RIRATH G, TR
H A i, [BERS Zeta HLOT A B A 7 1B 50
RUMEI AL .

c¢) RV

d) HSVI

e) HSV2

D before eonjunction;
after conjunction
10

=
£
E TOXO RV CMV HSVI HSV2
£ 0
N

-10f

f) Zeta HL{L
4 REGPIRFIB Zeta BLALRAE
Fig. 4 Morphology and zeta potential characterization of
encoded microspheres

3.5 HiNTERE R R

S S vk R R A SRR
FEASEAT A5 LR BAS SR [R R A I REA, B4
FEAAT b2 R G A 3 B A A2 3 ¥k, A Hh A ik
JE - YA AE R REAS () EL SR B . 45 50 H e 7
DNURE I RS20 TOXO (0, 12, 90.8, 180, 236,
301, 392 TU/mL ) . RV (0, 12, 70, 142, 210, 300, 340
UML) . CMV (0, 14.1, 55,91, 123, 148, 172 U/mL ) ,
T 4 COAFE L

DL B flaGN 2 5 k EEAR ApR, DA
HAE AABFR, K OriginPro 2018 4k F 1 71U %k
JELRPERLA, 152 - ViR, S5 S s
SEATINAE 20 PREHR BEARAE S R DO B AL, T
BAEYIE (AV) KhrifE2E (SD) , LIS{E (4V+2SD)
14 S e AR IE R 2R R, ST X IO Fr e B 0 kg Ay
DR R . &0 H RS R L ARSI R A B
MR 1 PR, FWEMHERE (R?) BT 0.99,
TN R AT
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5 FRMEFE - REfZE
Fig.5 Dose-response curves of different items
F1 ZWMHEMHE - REEFE LR
Table 1 Dose-response curves and detection limits for each item
i H A& R R For I K 4 B
TOXO Y=(71.413-47 600.971)/[1+(x/252.284)"*1+47 600.971 0.9990 0.4~392.0 IU/mL 0.4 IU/mL
RV ¥=(109.534-37 942.795)/[1+(x/125.375)"""]+37 942.795 0.9958 0.5~340.0 IU/mL 0.5 IU/mL
CMV Y=(~7.165-10 876.173)/[1+(x/105.793)"""1+10 876.173 0.9997 5.2~172.0 U/mL 5.2 U/mL

3.6 Cutoff {H

Cut off {E M E Jr k. PAadfb2# & i i
MrASCI I REEAS ( BHBHIE IR ) VRS2, XA
7 AE L ] OriginPro 2018 #/4-k

(s

ik i1 28 (receiver operating characteristic curve,

ROC curve ) 70¥r, #EATTEM cut off (. 7E ROC

BOm il St ROC HEBEEIT 76 AR, SC0a e
PEBE S o FESEAT HAAE AN E B, 5 T cut off {HE
SCR Y ARTF cut of f{EE NI FZL T R area
under curve, AUC) K, 2WiEmMEE . 45 H
[ ROC HhZnl&l 6 fFrzn. mlE a1, 40 H i) AUC
BRT 0.9, Wk A RIFIIZIECR . 40

AT 32 T

M2 b, SEmARARIETAS b5 i) s R AU R S 1 35 H BT cut off{E . AUC KB HFEARBUNGE 2 Fi/s .
1.0 1.0 1.0
I,__l—' /,,' _r,_r' /’/, Jj ”/,
osf 08¢ 0.8f
£ 06} i Z 06} e 2 06} i
2 2 2
504} g 04 3 o4
(] S oo .7 02f
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10
1-Specificity 1-Specificity 1-Specificity
a) TOXO IgG b) RV IgG c) CMV IgG
1.0 — 1.0 —
o JJ_,.l"-‘ //’ 0.81:’:,_:—’_‘ ’/’,
=
206 e £ o6f i
@ 04 5 04f
.7 QA ,"
02 02 .-
0 02 04 06 08 10 0 02 04 06 08 10
1-Specificity 1-Specificity
d) HSVI1IgG e) HSV2 IgG

6 TOXOIgG. RVIgG., CMV IgG, HSV1 IgG & HSV2 IgG B ROC #1£k (n=100)
Fig. 6 ROC curves of TOXO IgG, RV IgG, CMYV IgG, HSV1 IgG and HSV2 IgG (»=100)
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01

F2 ROCHIZAT cutofffi. AUC

30 000
BERTY sl vam
- % /
Table 2 Cut off values, AUC and number of reference A 1 ]
samples under the ROC curve 20/000F % % %
= 7 / /
TR L T MY AUC g % % % %
) pitE BtE 10000t 7 N
TOXO 50 50 8.3 [U/mL 0.99 306 so00L % % Z// % ///¢
RV 50 50 11.4 IU/mL 0.99 200 % % /// /4 .
0 4 A A i g
CMV 50 50 14.1 U/mL 0.99 658 S > z = o
HSVI 50 50 1 cor 0.98 600 S o Z £
HSV2 50 50 1 col 0.96 880 2) T
e 58 L COI= FEAZOGHR EE T ALE /out off 5o B rh (7 A,
Hrp HSVT cut off SEOLHREE AL 1336, HSV2 cut off 3 20000
(B A 1493, 18 000} =EIC\)/I)€/O =§I\S/V1
37 RNBRMSERN e B 152
K H 5 Hto LA BRI AR R REAS, DA Z 12000¢
VARG E, FERIFHCA 4 R ALY ool
T, FA IS BRI T2 S WA, srHrae jg%:
HeImS R R S, ZRE 7 PR, 2000}
i & 7a Bl %1, TOXO. RV, CMV, HSVI, gz z = ¢
HSV2 # *F #5 Y f 22 (relative standard deviation, = © 2 2
RSD) 44l N 1.2%., 2.0%. 3.6%. 2.1% Fl 5.9%, b) stk

PIARE] 10%, 156 B 2 Gt A falc B Ay 0 24 S 1 7 &
Bt I 7o mIAL BRYS B BRI E 8 B
FEASIA A BHMESE , FLA 4 T JELAAHT A4 BH 14 i 754
A BRI R 35 R B, e AN [ S
UH Z BIJCHE TR, Rtk R
3.8 SUFEREENFEEIMIE

435I 50 44 TOXO IgG. RV IgG. CMV IgG.
HSV1 IgG J HSV2 IgG 4 YHLO fb2% & i £ 5
UERBHYE / BPERIG IRFEAS . FHASHIFSE i oy i 2 5
DI T EEIEA TR, LAAS 7 A5 4 P (R
Aebr (X)), DA CLIA VAR vk BE (B A (Y)
S BT RRP Iy G 25 S (R A ek o

TOXO. RV, CMV &t IaIH 7 #5h

7 BERARBEAAMNHESHEHRE
Fig. 7 Reproducibility and specificity of multiplex
fluorescence coding technique assays

Y=-0.2859+0.9994X ( R’=0.9998 ) ,
¥=0.426+0.100X ( R*=0.9997) ,
¥=0.332+0.996X ( R’=0.9995) .

R ¥R T 0.95, FUI PRy 246 0 245 SR AR & 1
K47

AHFFELL TOXO, RV, CMV =Flig A T4,
K H] OriginPro 2018 #fFi|{f Bland-Altman [#], X £
OGRS 75 CLIA J kil AR A5 SR A T — 2L
e, Z5RE 8 k. MEATHI, ZEIS Y
J71: 5 CLIA A R A B i) — 2k

10 2.0 -
____________________________________________ +1.96 D). 8 e gy
= . s, WS +1.96 D, e e e o b6
£ Y A U E |- +6.02 2 10rs e L o
= et S s S of3te T e .
— g BR8] 4_...mean = 22 e < ° mean
) 4 “ . 007 3 TELserattat o......mean R T [ 0.09
| A 7 of 0.58 g 3 %
& a (-9 o ° QI_ % 0% o ® °
2 Ik ssso| =[S = i
-1.96S . =_10f¢
B E A T AL =1.96 5D e M -1.96SD
—6F -4.86 o -1.37
. . . ; 8 : : ; . : 20 ; ; ;
100 200 300 400 0 50 100 150 200 250 0 50 100 150 200

average/(TU-mL™")

a) TOXO 4% 2=

average/(IU-mL™")

b) RV 4ax 22

average/(U-mL™")

¢) CMV %% 2%
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1.6 1.4
145 -1.96 D)
2: """"""""""""""""""""""""""""""""""" 1.32] 1Sl -1.96 5D 2r  _196SD

= 1. 5 . 1.46 < 6% 1.16

E ean (&} o a 5 °

E 10 AQAAHMAM&AWAA"A‘i%.\’jzj § ";%fiﬂfﬁ”?ﬁ%gﬂﬁﬂ'ar"a""""a """ ;%682 g 1.0 %:_"°°.‘i&.?a.6..gm.%b.&@...@a..a.&iﬁan

= 0.8 = ] = >‘§ .

S I T w9650 A6 W fot +1.965D
0.6 0.67 0.62 0.8F 0.83
0.4 06

0 100 200 300 400 50 100 150 200 250 0 0 80 120 160 200

average/(TU-mL™")

d) TOXO F%Hm 2

average/(ITU-mL™")

e) RV HIXHR2:

average/(U-mL™")

£) CMV HIX w22

8 & B Y Bland-Altman £33 {fR = Fni8 3R =45t E

Fig. 8 Bland-Altman absolute deviation and relative deviation statistical plots for each item

AW TN 2 FEHOE G Tk S CLIA J7r ki
IRFG I 25 AT T Kappa K, 25K U136 3 Uron.
HERFTAL, PRI LB BIMEAT 5 R R T 85%, 4%
Kappa {HI7E 0.8~0.9 Z 1], 4 P{HE/NTF 0.05, W]
AR A v ARG I 45 2R — S 5

F3 BWMHEFEZFLI R Kappa (H
Table 3 Comparison of methodologies and Kappa values
for each item

5iH KM 25 AT A% Kappa i
PE: BA

TOXO 46/50 (92%) 48/50 (96%) 0.880

RV 47/50 (94%) 45/50 (90%) 0.840
CMV 46/50 (92%) 47/50 (94%) 0.860
HSV1 49/50 (98%) 43/50 (86%) 0.840
HSV2 49/50 (98%) 46/50 (92%) 0.900

4 Zig

A 22 55 5 G B A [ IS  22 4 0
B, SEPLT 4 TORCH B i vy B G, A3k
fifle TG IR b B TORCH Huil Jr ke af 4 |
RANHFE RO AE ), WA RE . Red
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High Throughput Detection of TORCH Infection Based on Multiplex

Fluorescence Coding Technique

CUI Ting"?, QIAN Chungen’, WU Ligiang’, HUANG Tianxun’, TANG Jianxin'

(1. College of Life Science and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Department of Pre-Research Platform, Shenzhen YHLO Biotech Co., Ltd., Shenzhen Guangdong 518100, China )

Abstract: Rapid early diagnosis of TORCH infection is crucial in disease control and helps to improve the
effectiveness of diagnosis and treatment, and reduce medical risks. An immunoassay for simultaneous detection of IgG
specific antibodies against Toxoplasma gondii, rubella virus, cytomegalovirus and herpes simplex virus was established
using multiplex fluorescence coding technique. The optimal assay conditions were achieved by optimizing the pH of
the coupling buffer and the concentration of Goat anti-Human IgG-PE. The performance of the modified experimental
method was verified in terms of precision, specificity, dose-response curve and detection limit. The results showed that
the relative standard deviation (RSD) of each item was less than 10%, and there was no cross-reactivity with antibodies
to a variety of common pathogens. The batch testing of five items could be completed simultaneously within 40
minutes, and the results were well correlated with those tested by CLIA method. This method can shorten the test cycle
and reduce testing cost, providing a new option for rapid, sensitive and high-throughput TORCH infection screening in
the clinic.

Keywords: multiple fluorescence coding technology; encoded microspheres; TORCH infection; high-

throughput detection
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