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Abstract: Objective To establish a universal detection method for receptor binding domain (RBD) antigen content of Coronavirus
Disease 2019 (COVID - 19) vaccine. Methods With the recombinant antibody of COVID - 19 spike protein (S protein) RBD
as the standard, the protein in the vaccine was first resolved and attached, and the content of RBD protein in the vaccine was
detected by the enzyme - linked immunosorbent assay, and the linearity, lower limit of quantification, accuracy, precision and
dilution reliability of the method were verified. Meanwhile,some of the COVID — 19 vaccines on the market were tested. Results The
coefficient of determination (R?) values of the standard curves for the three tests were 0.996 6,0.995 8,and 0.997 5 (n = 6),
respectively. The lower limit of quantification was 7.81 pg / mL. The mean values of in — batch and inter — batch accuracy were
in the range of 91.98% - 110.16% (precision test) and 93.68% - 101.01% (dilution reliability test) of the quality control
value. The recovery rates of COVID - 19 vaccines from companies X,Y,and Z were 86.81%,82.97%,and 105.41%,respectively,
and the coefficient of variation of the measured values was less than 10%. The RBD protein content in COVID - 19 vaccine of
companies X,Y and Z were 302.96 pg / mL,1 010.80 pg / mL,and 42.92 pg/ mL,respectively. Conclusion The methodological
validation indicators of this method can meet the relevant requirements of the guiding principle general rule 9012 of the Chinese
Pharmacopoeia (2020 Edition, Volume IV ) , which can be used to detect the RBD antigen content of COVID - 19 vaccine
developed by various technical routes.
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1.1 {¢z8

Multiskan Sky Z§H7{% (3E[E Thermo Scientific 2 F])
1.2 X%

B K IERE T (Vero 41, X AR Y 2145 104HL) 5
ek i 2H B % T (CHO 20 M, Z /A W) 5 4E) ; SARS -
CoV - 2(2019 - nCoV) Spike RBD it It #7925 % [ 156
(ELISA)Kiti®7£:(Sino Biological,Cat 5 ) KIT40592 , It'5
435 CW150C2701, CW16MA 1401, CW16JU1402) , Bt
AW E A SARS — CoV - 2(2019 — nCoV) Spike
RBD (1 bR , BAR L A AL (HRP) AR i 1Y SARS -
CoV - 2(2019 - nCoV) Spike RBD ¥ I # 44 ( 5t 1 v &
h 0.2 mg/ mL),SARS = CoV = 2(2019 = nCoV) Spike
RBD 4 85 F pr e i (B & W54 30 ng / mL) , 20 £ 15
VIR (B3I 25 mL) , 20 f5 48 BRIV (B9 8 mL) , b i s
B (2 mL) 5 AW A(Cat 54 5120 - 0048) , i (.7 B
(Cat5 > 5120 - 0037) , 4 [ 35 [E Sera Care N7 o
2 FHik
2.1 BREHE

PRI Al K8 20135 DR 15 R R 20 175

ZE kR ;) 3 i 2B A K TR AR R 55 mL, H 2li4k
JKHFBEZ 1 000 mL, #5547, BN75,

s B < FHAlAR K 20 1357 BRURFR BE 20 4% -

FRIFE VAR AR ME SRRV | mL, B AR Al U
b, Vi, BIASBHEHRE 2 30 000 pg / mL AOBRVE G T 4%
V5 P RV L A e 2 I i R B 4903y 250,125,
62.5,31.25,15.62,7. 81 pg/ mL A R FIARMAE LA -

P A TR < BOXC 2 TR S A o R XA R A )

P 1: VIR A) SIS 1 h, 20 min JR 3% 1R 2T, G B
WA A%, BIAS A ol V3 T X o BROY 2wl it B A
FIVY i BEsR 4% 10 LIRS, 28 I 25 (%340 180 1/ min)
b, PR BRI RE 1A%, BIAS At 5 U Y L B Z 28w
i R A R Z R BRI 4 1 1327, 37 C/K I 30 min,
10 L, B 990 WL B 1A s B 10 L, B 990 wL
TR IR AT BU100 WL, & 1. 9 mL A B IR 5T,
RS HE A Z
2.2 Ak

R 53 < SIS, K G N AT 4 R A
AR B 2 F R R S REIURE R S X R
(Ff B ) ¥ 1541 100 w23 B A ARl , 3 AL, =
T E 2 h, PR UR I 3 KL 40T s 4% A3FL 100 L i A
TAEWR BRI PUAR , EIRIEE 1 h, PRI VES 3K, 1
T3 FE AL 50 wL AT M BT A F B, SO E
20 min, FEFLINA 50 WL 2 -7 5 min P EEEL 450 nm 3
KA RO G REE .

THEET5 ¥ B o R M it W' B DA 2 5 1
R ' BEAEL , 45 21 W2 ' BE A IE AL o LA 7 i J5T o vk 3
(X) Ry i AR A A 9 it WO B2 A TE AR (Y) S AR AR 22 1)
PRAEMIZ Y = a X + b, 2 RE(R?) > 0. 99 MR i h £k
TR S BT v B, 3R LURE il A AR A 25, BV
RBDH 5 % o
2.3 FiEFERE

AR AT EEAE = TR HL2. 130T RIVRAE
VW, 5 2. 20T I AE il bR el 2 TR R, OF
WSEARL IERRFE IS RS A Bk B, 85 3R R 31K
BRI PR o R 09 R2 4391 R 0. 996 6,0. 995 8,0. 997 5
(1) 5 Lh 64> o Wk B I 1 IE AR AR I [R1 33045 9 19 o
W EEITE £ 15% W, 776 2020 4F i € Hh [ 25 3 (g
HB ) ) 38 W) 9012 AH O¢ SR i Uy ik 2 i R BR
7.81 pg/ mL,

R FEHZMAFEREEXRES (n=6)

Tab.1 Standard curve fitting equation and its correlation coeffi-

cient (n = 6)

IR H LM T2 R
1 Y=0.0056X -0.001 4 0.996 6
2 Y=0.0053X +0. 027 0.9958
3 Y =0.0058X+0.009 1 0.9975

9 P 2. 1 T B ot Y £ W, P R TR
A RE 2 VR 430 R 200, 150,60, 7. 81 pg / mL,
F5 2. 230 N TR IE R IEWR BE | B0 o Wk B AE ] — b
M b FE A R 6 YK 5 sl 3 4L (4154351 CW150C2701
CWI16MA1401, CW16JU1402) FRifE &, #2 2. 1 T F )7 %
il bR SR, Fe 2. 20 F AT 3 d IE B R A
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x2 BEERBRER(n=6)
Tab.2 Results of the precision test (n = 6)
Hd SD(%) CV(%) ¥yl E i # K E (pg / mL) ¥y A (%)
PREAE PLRCEAME WNERE BEEME BAVEME ILNEMJE MACEAE RERE
7.81 pg/ mL 0.44 0.30 5.31 3.46 8.28 8.55 106. 12 109. 43
60 pg / mL 0. 03 3.01 5.69 6.17 66. 09 55.19 110. 16 91.98
150 pg / mL 9.15 4.73 5.70 3.01 160. 39 156.93 106. 93 104. 62
200 pg / mL 7.09 4.51 3.38 2.15 209. 56 209. 97 104. 78 104. 98
*3 BEAUSEHRRER(n=6)
Tab.3 Results of the diluted stability test (n = 6)
- SD(%) V(%) 3 2 E K JE (pg / mL) 3 A (%)
BPVEAE O WEERE  BAEME REERE R B PEEME WACEAEL BLEAEAE
150 pg / mL 7.70 3.10 5.08 2.09 151.52 148. 17 101. 01 98.78
75 pg / mL 3.04 1.57 4.17 2.11 72.93 74.57 97.24 99.42
37.5 pg/ mL 2.92 3.35 8. 15 9.54 35.87 35.13 95.24 93.68

A B A 6 W AR IE Mk B BR LIAR /S R E
THEAE AR ) A 2, ERAEE (%) = DNAR(EL / ELSEE %
1009 , 355 (B A AR A2 (8 57 3800 SR
7N T 1 A AR A R ) (R R A B AR s (H

FIRE ALK 1AL BRI A RE S Y RUAR I U 5 v
JEE 8200 pg / mL) SEARFRIR AT B Z 28 BIFE S IR 3 Ak
PR BYRE S Z R0 S V8 R (S BV B4 125 pg / mLL)
GRBURA] 2.2 W Ny kilE , AR 3R H5 R

(1) = 15% P9, 75 5 RBONTE + 10% 19, 754 20204 ) W3R 4.
Criv T2 00 DO 38 ) )3 0 9012 AT G B ), 1 (L 7 R4 AR ELTERE M ELERARER (%)

W R TR 2,
i T P P < I 2. 1 T AR A R, A

Tab.4 Results of the recovery test for COVID - 19 vaccines
developed by different companies (%)

e BB RIS AN 1507557, S pe/mL, o —— oo
12, 20T Iy INE , A5 HE T IR 1 d Y E S 6 I XAd 8675 9131 8236  86.81 516
5% 3 d NEE I 6 YR 45 5 7 1% 7 1k itk P9 R 1a] YAZ  81.32  87.20  80.38  82.97  4.46
HEAR FE S I TE B bR R B + 15% I, 28 5 R 40 723 101.43  104.81  109.99  105.41  4.09

TE + 10% W, BI4546 2020 4 i i [ 24 3 (P ) )i )
9012 AHOCELR ), SRR BT Sk R AT TR 3,
TEE DR S6  BUX, Y, Z A RIARE & $52 2. 100 R Oy
AL R X mRE A TR 2 Ak B S B RE S XORTRR I
R (B R B2 M 100 pg / mL) ZE A BUR AT ¥ Y 244
RBD#[1% i / pg-mL~!

RBD #[1% i / pg-mL~

2.4 HmEBENE

WX, Y, Z 2 EA 104 104t S HERES, , 235l 2. 1
T 7 a3 4% 2. 200 J ik e , 25 338 5
5124 302. 96 pg/ mL.1 010. 80 pg/ mL.42. 92 g/ mL.
TEILE 1,

! RBDE M & & / pg-mL !

500 60 —

400 el 123674 50 45.80
B 1183. 66 = :
2.6 41 336.81 205,61 1200 12,48 42.46

3004 A 2200 o0 L9568 T g 228 [ 116072 40 '-—’_4:.43_\0/
2393 282,63 )0y g 29441 ) y 40.45

2001 800 - 899,35 844.10 0

100 = 600 + 20

0 P T T S SR T SR T N 12/ ¢ 400 IR IS T NS R TR S R | ¢ 10 1 L L | #tk
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5
A B C
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Fig.1 Determination results of RBD protein content of COVID - 19 recombinant vaccine
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nCoV) Spike RBD, A L #2 I (4., o5 F3- I A WA — i .
FH HRP B30 09 —$0 AT {4k S50 20 3R, 40 52 3 A R], DA
T 42 1R A B R0 o AR T 1k AT A Ry o e 988 P AR A 3K 1T
MFE.

R K RE A FOE R R & BN b
F14) 397 56 T IV AL 8 1 FE T RBD 28 R e 3 A o
VEPE S R 19 RBD A 0 37 56 I 1 B BT IR 4 A )
XF G2 o 7 e i 2SIV A7 5 1 R P AAR P 288 2 g 4
PSR R K Rk 22 S 8 SRS ok, HL R
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P AT
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T ME— PR E PR R a2 A 7 H PR A RS, &
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