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WE BHM: 237 FE2BtREAAESIEDRRK 2 A (SARS-CoV-2) 4% @)% % (CHO @ he ) 1k
SIAR TR Ay 8 M FAK &5 ELISA Ao 7 %, S ATHE, ik KA A B E4a5 K4 &3 SARS-CoV-2 #
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RE ., TR RFHIE, R A AXKS A S A HEE(ELW . S ) EHEFeaf A,
KR E T FH AN 3 I LIERA 22 S T E HiAdt SARS-CoV-2 £ E G 9% % (CHO /e ) 4
WRINARAT A Ty, G5 R: GH4 & CB6-HRP #9i& & TAER E 4 %) 4 1 000 ng - mL™ 2 31.25 ng-mL™', &%
KE SR ERIEAE 0312 5~5ng - mL ™ FEE A5 Ao 2 RAFOATHEMEX R, @025 24 F 3 E 0.80~1.25
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GCV 4 4.8%;22 #HF 4 T ¥ #iA#k SARS-CoV-2 Z20% & J& v ( CHO 28 e ) 4R sh A8 5F % A /2 0.81~1.23
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Establishment and validation of a double antibody sandwich ELISA
method for the in vitro relative potency test of recombinant
SARS-CoV-2 vaccine (CHO cells)’

CAO Sha-sha', HE Peng®, LIU Xiao—ya', LIU Ying', LIU Yu', MA Zhi-tao',
WEI Fen', WANG Jia—ji'", HU Zhong—yu®"

(1. Anhui Zhifei Longcom Biopharmaceutical Co, Ltd., Hefei 230088, China; 2. National Institutes for Food and Drug Control,
State Key Laboratory of Drug Regulatory Science, NHC Key Laboratory of Research on Quality and Standardization of Biotech Products,
NMPA Key Laboratory for Quality Research and Evaluation of Biological Products, Beijing 102629, China)

Abstract Objective: To establish and validate a double antibody sandwich ELISA method for the in vitro relative
potency test of severe acute respiratory syndrome coronavirus 2, (SARS—CoV-2) recombinant protein vaccine
(CHO cells). Methods: Human monoclonal antibodies GH4 and CB6 against the receptor binding domain (RBD)
of SARS-CoV-2 spike protein were prepared by genetic recombinant technology. A double antibody sandwich ELISA
method was established using GH4 as coating antibody and CB6 labeled with HRP enzyme (CB6-HRP) as detection
antibody. The working concentrations of GH4 and CB6-HRP were determined. Methodological validation was carried out,
including linearity and range, specificity, precision (repeatability, intermediate precision), accuracy, and robustness. The
established method was used to detect the in vitro relative potencies of three batches of process—validated and twenty—
two batches of continuous process verification of SARS—CoV-2 recombinant protein vaccines (CHO cells). Results: The
optimal working concentrations of GH4 and CB6~HRP were 1 000 ng* mL™" and 31.25 ng* mL™, respectively. The
vaccine reference had a good log—linear relationship with Asso in the concentration range of 0.312 5-5 ng * mL™",
and the slopes of the regression equations were all in the range of 0.80-1.25 and the R® values were all > 0.99.
The established method could specifically detect the SARS—-CoV-2 recombinant protein vaccine (CHO cells), and
there was no cross—reactivity with the MERS Vaccine (CHO cells), influenza virus vaccine, rabies virus vaccine and
CHO host cell proteins. For precision validation, the geometric coefficient of variation (GCV) of repeatability was in
the rang of 1.6% to 2.4%, and the GCV of intermediate precision was in the range of 1.2% to 2.6%. The R* value of
the regression equation was 0.994 5, and the slope was 0.999 5 which was in the range of 0.80-1.25. For accuracy
validation, the relative bias (RB) was in the range of -4.04% to 7.36%. In the robustness validation, the in vitro
relative potency under different test conditions ranged from 0.96 to 1.08. The geometric mean in viiro relative potency of
the three batches of process—validated SARS—CoV-2 recombinant protein vaccines (CHO cell) was 1.02, with an GCV of
4.8%; the geometric mean in vitro relative potency of twenty—two batches of continuous process verification SARS-CoV-2
recombinant protein vaccines (CHO cells) was 1.04, with an GCV of 4.4%. Conclusion: The established double antibody
sandwich ELISA method has good specificity, precision, accuracy and robustness. It can be used for the detection of the in
vitro relative potency and the quality control of SARS—CoV-2 recombinant protein vaccine (CHO cells).

Keywords: SARS—CoV-2; recombinant protein vaccine; ELISA; double antibody sandwich method; in vitro relative
potency
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BT A, W17 S RN ™ AR 1Y 32 B A Al 1P
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J), S S R A5 25 pgs SARS-CoV-2 B
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1.2 EEH S5

GH4 TR 5 v B 14K HRP b1 ic 19 CB6 A Ui
B v BE BT AR (CB6-HRP ) #2% [ [E 4k Wy iF 5%
It ; PBS J PBST. 4F IfiL ¥ H & M . —. £ B % | Triton
X-100, TMB BL2H 43 b (A9 ¢ 1R300 A db at & 3¢
FRME AR A FL AR U I A T A TR (L
) B BRZN ] 5 CHO il fe £ 8 11 A FR A &%
B R S A A BRA F

Spectra Max M5 B i R {¥ . Aqua Max 2000 %
M AL Molecular Devices 77 it ; DK=8D % = L Hi,
HE IR KA | CU-600 1 Hg Ve K RS 0 B L i —
PEHRLF AR A FR A B 3 HYC-390 #1274 e 1
5 R AW BT B A BR S 7] 5 MS 3 digital €
RERIE KA A,

1.3 ikmyEsy

FH PBS #i ke GH4 NS a FEHTIA S 1 pg - mL,
JA 96 FLAR , 4L 100 pL, 2~8 CALWE ; ] PBST
VeV 3 K, AL 300 pL; 4L i 200 pl & 3% g
Wik 1Y PBS F 37 CEFHA 2 h; [ PBST k3% 3 1K, £
FL 300 pL; F 100 pL &b PR (75 2.5% — £, B iz Al
2%Triton X—-100 [ PBS ) 73 5i1# 100 pL 3 5k K2
W52 5 37 CHRW B 30 ming FHFS B (& 1% 4
3% H & Y PBS ) K OE T 2% i 2 5 &R
B3 g Ry AN [l A T VA TR S BE I 52 L,
R£L 100 pL i 2= EbrAR 37 CHEE 2 h; H PBST
Ve 3 K, Bl 300 pL; BEFLIMA CB6-HRP 100 pL,
37 CW¥E 1 h; H PBST Y% 5 1K, 4L 300 pL; &RfL
A TMB B2H 43 5 A3 100 L, 37 C R S min J5
BEFLIN 0.5 M B R 2 13 100 s FH A 4SS )
Assoo RCFATERIEITEGUR & & T Bl 5% S
PR HU (A R ARSI R
1.4 GH4 } CB6-HRP TAEH &

K AL A3 2 vk, PBS B itk GH4 T ke
%2000, 1 000,500 ng - mL™", FH &% 19 i I 055 1Y
PBS 2 v i B¢ 5 I T 14 CB6-HRP H 250 ng » mL™'
2GRS FE R 7.812 5 ng - mL™ % “1.37 5 46
I Aso, TS 152 BEPAE X R (P, 281 225 i ) B B 4
HEON, & 1% 41038 FAR ) PBS ), 15 Ap 5 Ay 1)
Ausso HUIE (Ap/AN ), SRR BE BT IR GHA 35 21 FnfE
W FERS | Ap/ A Foe KIS X 187 A9 G T B (AR e J3E g o3 T
YRR A .
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1.5 prifEh e py s S
151 FRfERRZES, MRS S5 R
%20 ng-mL, P 2 5 R IR FEE 0.156 25 ng - mL™,
I 8 ANREE SRS R TR . DIE 57
R B TR GO R AR AR, A MR EE T Auso FOXTECA A AL
b, HEATEAME RN, UG A AR e T 2 n HAT R4tk
R V> 0.99, brUfE I ZER AT 5 ANHRIE 5.
1.5.2 PRUEITER MR IR RERCR 2 1 S5 Wi
BEE “1.5.17 W7 a0 46 0 8 B VR BE Y L, SR FH A ST
BT A TR o DASE B 27 ik B A T IR e Al
Wi B HREE T Auso BIRTECHHARFR , A TZE [RIH A
HEHZE R V> 0.99,
1.6 TR ERE
1.6.1 £tk S5HE  BOEES% BT 2
5 R GVFERE, il 48 BT VR B2 R 0.312 5~5 ng » mL™' 1Y
S S, R FH ST iR T 6 YOS A, DA
RET 75 (i W BE 0 X BICH B AL bR, AR BE T Auso 1Y
X RCH AR R, HEAT S MR TR, 15 TR A O AR AR
KR
1.62 LJEME HWEBAR ML S % 0.
SARS-CoV-2 1 2H 45 1 % i (CHO 4Hi il ). MERS
H A T (CHO 20 ) ] “1.3” 54 350 i
B IE L SR ST D7 A o BBOAS 5 SR AR 7R K i
CHO 15 AU [ . DU B i 2 1 R A
FHAE RIS T (MRC=5 0 ) DL K 59k i 1 b )
JoT AR FRNAS BT FH ALk SRR A W RGP 1,37 I 4k
FHEEST B 7 R o DA B8 hy 4 T L, B 1 o)
HEARG I 25 TR 1 2.1 £54E R Cut—off {H, ¥ RE BT S % i
55 Auso 5 Cut—off {H HLEL, = Cut—off {H A 285 5440 4 FH
P, < Cut—off {HAYZE R HHBAYE,
1.6.3 Ki%JE FEEMEIUE: PO S R
HEAT 2 A5 RIIFERE , il & AE X BOREE - 52 355 [B] B )
B ITIKFN 156% ( 0.487 5~7.8 ng * mL™" ), 125%
(0.390 6~6.25 ng* mL ™). 100% ( 0.3125~5 ng* mL™).
80% ( 0.25~4 ng*mL™") .64%(0.2~3.2 ng - mL™")
)5 ESHMEW. BAKTSH 50w
JE 6 1y, BRI AL T K 100% 1 R 51 5 2% fh i
W R A TR AL 4 B 275 S AR RO
MIGCV.,

Hh )RS 25 FE IOAIE : F% “1.6.37 H & PRI IFI Jy 1%
Hil#s 5 BES MIEI, 3 445050 5157 BIHEAS R Ktk
AR , BRI A 7 0 2 4y, BRI DA 2 S5 SR 1

JUT S (EAE (i, DAERS T KR 100% 1Y
RIS SR FAE TR AL 4 B22 5
AHXTEE I FN GCV o

1.6.4 EFRE % “1.6.3” HEMKIETT EEH % S
BRI, 3 45550 50 BIAEAS TR R a4 7
SE  BEUCR IR ST I RE 2 0y, AR LA 2 45 3 1 JLAR]
BIEAE RIS LABRIE LT BRI (E 10 X 4 (A5 2
) X A BT 4 255 T 0 A 1 X B (O AR A ) 1 L
L TR AT R AR K& R, JF 4 T SO AR XS

e :
o (AR

et = (*ﬁxﬁﬁzjﬁii@@ -
1.6.5 T HBUREE S %0 T 37 CHEM I 25,
30,35 min 52 3.5.7 min A4, Hl SRk
K 100% (0.312 5~5 ng » mL™) BRI B % IR
LA 37 CHEYF 30 min . @ £4 5 min X BRZA, 11E
KBS TIRIMEXT R T
1.7 LR

JH ST ) 7 AN 3 it T2 B HE K 22 HEEE
SE T2 SARS-CoV—-2 H 40 4K M 1 ( CHO 4
L), IR UM AE M GCV .,
1.8 HdERE K0

R FH i A {3 SoftMax Pro 7.1.1 % 4 % 45 K 4%,
Combistats 7.0 # A i#E 17 X417 2k 53 A1, GraphPad
8.0.2 BRI TR
2 H#R
2.1 il GH4 & CB6-HRP T AR

GH4 $AATE 1 000 ng - mL™ TAEWREERT, Zbiik
VERIR SR, 0T E R B2 %5 2 000 ng * mL™,
AplAn A VLB 5 32 55 FE L A T, CB6-HRP
31.25 ng - mL™ B, Ap/Ax e o AFEBTARIR A 5%
TFT Y Auso WL 1

1] x 100%

4_
3 -~ 500 ng - mL™' GH4
- 1000 ng-ml"' GH4

3 2 -+ 2000 ng* mL™' GH4

1_

0 T T 1

0 100 200 300
C/(ng-mL™")

1 TEEREAGFETH A

Fig.1 A,s at different combinations of antibody concentrations
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2.2 bRAEMZny EE T K e
221 brMEMZeryEsr  SRAIEMERIEIE, Pk
JE8 20~0.156 25 ng * mL™" % ShiF IR 1Y
JEFEIN 5~0.312 5 ng » mL™, R PE T FE R

¥=0.896 9X-0.691 1, R*=0.995 4

WA Je S BRI Ze At 5 ANREE, 2510 5.
2.5.1.25.0.625.0.312 5 ngml", L FI7E 5~0.312 5 ngml ',
222 bRfEMZrsfiE SRR IE, Pk
FER 5~0.312 5 ng - mL™ S5 I IR ME R AT, 46
PEITRER

¥=0.939 6X-0.714 9, R*=0.990 4.,

Wi Je Za bR 2t 5 ANREE, 00 5,25,
1.25.0.625.0.312 5 ng mL™", JEHIFE 5~0.312 5 ng mL™'

2.3 JriEMEIE
231 LMESHE S 1~6 ST IRE SARS-CoV-2
FEAE AN S % S0 R 23 51 1,000,
0.999 . 1.000.0.998,0.999 . 1.000, &+ 435 4 0.993 5.,
1.086 6.0.999 4.0.917 7.1.098 7. 1.011 2, HL 6 ¥Kix
B PME LA AN -

Y=1.022 8X-0.720 7, R*=0.999 8

FEFH 1.022 8,7 0.80~1.25 Z[H],
232 LlEM @K SARS-CoV-2 E 4
EHPEH B % 5 M SARS-CoV-2 T 40 & 1 1 #Y
Asso ¥ T Cut—off {H, K01 MERS 5 41 25 I REHT i
TR RS T AR E T S CHO 15 41 85 1 A
MY Auso YT Cut—off {H , A &AL, WK 2,

mm 2% (SARS-CoV-2 vaccine reference )

1.5=
BEHT ( SARS-CoV-2 vaccine )
== 75 5 A (host cell protein )
7 == /5 (adjuvant )
< MERS %75 ( MERS vaccine )
0.5= =3 Y% (influenza vaccine )
=3 SEREET (rabies vaccine )
F B (diluent )
0.0= T * T
AR AN RPA RS
FFTIFISFFTFT TS
RGN S
@/(\’%\‘\\Q’Q@ R e“ﬂésa\
.\Q@ A O ,%\ O & %@ @‘(\
@Co %/(Je \\\0@ g&yg{\@ -Q@‘r%\& &
N
P ERL e
I & T
S &7
F &0 SR
&
o
%Q
i

2 TREMEIELER

Fig. 2 Specificity verification result

233 IEEE EEMERIE. AR KCE AR
FE (LAY LA (B 5 BRI AR XT3 H 22 (A + 20% LA
P, FR ] K S B8 84 52 (86 GOV 43 A 7 1.6%~
2.4% JuEIN, BARGE R LR 1,

F )G 98 188 B0 I+ AN [) 7K SF A X 2% ) 2 A A
JUAT A 5 B A X 80O 1 22 H7E +20% LA, B
AN TR K B8 85 0700 72 {1 GCV 4345 7E 1.2%~2.6%
TR, E5 LR 2,

234 EFGEE AR IR i A X O AR
(R AFX R B A X B0 BRI, [T U Ry

AL HREL

¥=0.999 5X-0.006, R*=0.994 5

FHEH 0,999 5,1E 0.80~1.25,

TP AIXIRL T 1 I 7 (347 95% A7 IX ] L
BRI R P, B4 2K AR X 385 0 2 (L A AR i 75 43
TAE —4.04%~7.36% JLEN, W3 3,
235 MM EESH ST 37 CHRE 25,30,
35 min 5 5% 3.5.7 min A4, LA 37 CHEWZH 30 min.
55 min X B GRAF, 45 75 S A5 AR AR A FH X 3% )
S3 A TE 0.96~1.08 i [l 9, JLA[ 24 1.02, GCV H
4.2%., WK 4.
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Tab.1 Repeatability verification results
N PR AR KT 2 1
B XSRS K . . JUfa[ 548 .
( theoretical relative potency level measurement value ) /% GCV/
(theoretical relative ( geometric
1K 2K 3 4K 5 61K %o
potency level ) /% mean ) /%
(test1) (test2) (test3) (test4) (test5) (test6)
64 68 67 59 61 63 64 63.6 2.4
80 81 81 78 84 85 77 80.9 1.7
125 123 132 119 128 125 122 124.7 1.6
156 153 161 158 146 160 155 1554 1.6
F2 HEHBBEERIESLR
Tab.2 Intermediate precision verification results
BRI AT ] 1 ] 2 T 3
KT (time 1) (time2) (time 3) JUfr ¥ Cev/
( theoretical INAR NS A3 JNAR A2 AGL3 IR AGi2 ABt 3 (geometric (y
(4
relative potency  ( personnel ( personnel ( personnel ( personnel ( personnel ( personnel ( personnel ( personnel ( personnel mean ) 1%
level ) /% 1) 2) 3) 1) 2) 3) 1) 2) 3)
64 64 63 61 66 57 58 64 69 63 62.7 2.6
80 85 77 80 33 86 78 81 82 83 81.6 1.6
125 129 123 126 121 125 132 122 119 120 124.0 1.2
156 156 161 155 151 160 153 157 148 155 155.1 1.2
3 EMERIELR
Tab.3 Accuracy verification results
ARXT R DN 22 1E AFX i oy
PSR K iR ( relative effectiveness measurement value ) /% ( relative bias ) /%
( theoretical relative  ( number of HE TR 5 FBR BE TR B LR

el

experiment )
(average value )

potency level ) /% (lower confidence (

Tl

upper confidence
(‘average value )

(lower confidence ( upper confidence

limit ) limit ) limit ) limit )
64 9 62.8 60.7 65.6 -1.22 -4.04 1.59
80 9 81.7 79.4 83.9 1.67 -0.60 3.93
125 9 124.1 120.9 1274 4.11 0.86 7.36
156 9 155.1 152.0 158.2 -0.89 -3.98 221
F4 TAMRIESER
Tab.4 Robustness verification results
AT
o LA F T (in vfi rl\:lfaﬁtijei:ency ) PRGBSI
( desorption . GCV/%
time ) /min 3 min A8 5 min 1% 7 min ( geometric mean )
(color development for 3 min ) ( color development for 5min )  ( color development for 7 min )
25 0.96 0.97 1.07 1.02 42
30 1.01 1.00 1.03
35 1.04 1.08 1.02

2.4 JrERNH

34t T 25 56 3iF 4t SARS-CoV—-2 T 41 & 11 %% 1
(CHO 41 ff8 ) PR ZMFE X287 4353 4 0.98,1.00., 1.07, JL
Al ¥94E M 1.02, GCV g 4.8%., 22 L H54E T. 2wkt

SARS-CoV-2 HZHHE 1 ( CHO it ) RS MEXTS T
TE 0.81~1.23 WA, JUIIAMEN 1.04, GCV N 4.4%,
3 g

H 2019 4F JIiX & 2024 4 11 A JiK, SARS-CoV-2
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FEAEBRIT 8 A NG 700 A3 T7 AFET MY, A
TE XA MM . Hil, e i
2 SARS-CoV-2 JB YL () 47 34 F- Bt ", SARS-CoV-2
SR S R R R AR ) SRR 1, FEnT L
SESHUARLII /Y ACE 2 324K 100, #dtsr 1% S B H
JE T AR I RE X 25T ARSI A 28 % 98 1 T A
B, R OB 5 b B R B AE ST
FIT 25 e e+ P BAAIE 2% ) SARS—CoV—2 B 20 25 12
(CHO 4 it ) (S ALRR ) 2 2876 [ P4 B 258 7l 2,
R AR S AH X807 S 1 JE T 85 1) ELISA 320 £ ]
HEEER, i e i i, AP s TR S &
RBD [ SARS-CoV-2 41 8 FH % 1 ( CHO 41l fif ) 14
HNFEXE R ARG 7 . ARSI T 2 R B BA T
FEHLIAR GH4 1 CB6, H. CB6 ML & — FH [i] SARS-
CoV-2 S #[1 RBD Myl , T 2021 4F 2 H 5 SARS-
CoV-2 S #& [ 44l 71 ¢ & FH 25 4K FDA % 2 fiff 4%
AP B R 2 R ARSI RESTIR GHA FI CB6
Py ELA A v 1) R ORI P 5 2 D X A0 i AR E S ¥ T
FHIET RBD 5 ACE 2 B45 6 s A HA Y2 T ikE
ST FH R PELE S T SARS-CoV-2 RBD # 4 By A
T AFEARTERTESR KR P20 H Iz b ik iE T
A ST AT R J2 0 ELISA J5 5. GH4 Fl CB6 X 2 #4
Uik B rhAITE 1, 24 SARS-CoV-2 5 41 K 9%
B (CHO 21 ) 75 86 11 /5 R A5 0 A= 28 A B e e A
DU HR S, 2R B IX 2 BRBTIR AT A3 R I I T 2088 e
. HTT, SARS-CoV-2 L H Bl L FhAs S bk, BF il 4
XA SEARIF R Z M) 5 B B, X 2 BRBUAR AT
PN SRR B PUE, EBUH T Omicron—Delta £ A
Omicron BA.4/5-Delta ¥R T ARS8 PEA,
B3 2 MEBTAARST T e D AR Ak A8 S e () A L 2%
WM (HIX 2 BRPUAR TG IR X 20 JE AL 5 78 SR Y
PR, RS B 20 T 5 BT R R FH A X 43
RURR AR SRR P

AW 5T HE T4 G2 19 AUBT AR e 0> ELISA 32 4 57
T SARS-CoV-2 H 41 2 [ 11 ( CHO 4ii it ) /44 H
XA IR 7 3 , 1 S A AR AR e e A TR e
FEPLIAR GH4 F CB6 15l TAEMR 43512 1 000 Al
31.25 ng - mL™, HURHf L AU A A ph 2 vk JEE A
$95.2.5.1.25.0.625 } 0.312 5 ng » mL™", HXFHE 7 1
R 5 VAT T etk S L Jm ik R R R B
A FHVESIE . SUESE R EW], 7 0.312 5~5 ng - mL™
EEIN NS % RS S Ao 2 R AT I XL

AL HREL

MR FR, 6 WM 7 IR0 A o 1 22 AR AE 0.80~1.25
TEEIN, R 1> 0.99; & @tk RELs R4 m, %07k
AL R SR ARG SARS—-CoV-2 H 20 75 9% 1 ( CHO 21
Jit1), 5 MRES 54 8 A8 0 i S8 1 R
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