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b ntili AR R - U R AR BT A L & (S L192007). EXK HAARHFHEdES: 32041010, 31822055). AR 2=B w14 50 &
BB T EEAE S XDB29010102)F1 FE 5599 J5 i A= 4 % 98 26 100 H % Bh

FE 3 A TR & % (coronavirus disease 2019, COVID-19)1F 7 4 3k AR AT, 52 ¥ AT & T1E d 2 AR 8 . &
F20214F3H2H, AW EERFNHFAE TR EE R G LF2580, RHMEXERKELREG. BREFEEY. THC
BT, WERMGZYE . DNAKY .. RNAZEMREFHA, A76MEE EFNERRRNE. REHLakEm
HHHRANKEENIGT, WRRBEERERERBOE G WX L XBER, K BARMEG ETigETF K

XA E RN R R B R R ERE . R,

I s AT T At
KA 2019% A SR E &, 20193 WA R, A

HAr, 2019885 R #(2019 novel corona-
virus, 2019-nCoV; B{severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2; #¢human coronavirus
2019, HCoV-19)5| 2 137 4 7 AR5 75 il % (coronavirus
disease 2019, COVID-19) i A ERKIMAT. X —I& 1
PR A 7 B A A NS A A, S 1 SR
MEF SSIX ATt atie, WAL TEAERS
AT P08 P k. AR i tH 5 T AR 4 24 (World Health Orga-
nization, WHO) AT IELHE, #kZ220214E3 3 H, 423k
2234 E AL X R A S 115 11414010441, Horh
FET99 1512535520151 (https://www.who.int/emergencies/
diseases/novel-coronavirus-2019). J B /& H1 e % 15 P 4%
(R, BILALE 22 P B T R A i PRk it e i,

BOHT R HAT LR AT, B B4 3 3 7 % o A A AR

(EEZ TN @ LY S Lk DN S U )
RSP BRI SB35 O R 055
I HEATERIR, IR AR T el DRI B 5 1 A R At
JH.
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HCoV-229E, HCoV-NL63; J& T B-7 IR & FIHCoV-
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SARS-CoV, MERS-CoVHISARS-CoV-2fg 5| A4 /= &
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(IR, T AR 5 H 5] R I R,
SARS-CoV-2H4Fh g5 E H, RIZAK 7 HE H (nu-
cleocapsid protein, N). H|R & H(spike protein, S).
JEi 25 1 (membrane protein, M)FI%E 5 2 [ (envelope
protein, B). A FKM, SEHAMNE AR IEZ—E
ISP TR MR 25 5 4k, SARS-CoV-2E45 #4851 ()
BRI ST FE BB BEAE S 1 A B R TR S S, %0
FR4E BR324k 2 5 SARS-CoVAH [A] i IfiL 5 & ok 2 4k,
li2(angiotensin converting enzyme II, ACE2), S& [Hi#
it S1_F 1) Clhiy 52 Ak 45 & 4 (receptor  binding domain,
RBD)5ACE245417°1, RBD &t FlHi 4k 1) 45 & 4t
AU RS (1 K HRBD M 1R £ 9 T R R 1 R B
. fEREEAAR S, mEN2EREN
f§2(TMPRSS2). 42 A LA HBF A 2
U2 QARS-CoV-2-5SARS-CoV /I K 415 51—k
P 979%, SMERS-CoV 51— %tk J950%!" . %
H AT, KILH 5 SARS-CoV-23k P 2 AR AL 5% i ) 2
5 S UE SRV 1 SRR RaTG13, ML ~96%!.
SARS-CoV-25 7 111 F SR Y5 i B 1) £ DR 2 AH LA 1 3k
85.5%~92.4%"". 7F Ty e 4 Sk lig b % 5E 1A AR
RmYNO02, 5SARS-CoV-2[f3%E K41 [R5 H93%, {H
—H W ORF1ab3E X (~21285 nt) R4 97.2%. HE
ELF) &, SARS-CoV-2M1SHE SR S A 42
FR“PRRA”[IIAE AN, IXFP TRAZ I G IR AE B- e R B H
BRI, TIRmYNO2A 3N IR PAA TGN, B
UEHEHE 7R SARS-Co V-2 I T 2 Mk el IR 35 1) FH AR 5
S SARS-CoVHIMERS-CoVER S5 7 & 1)
ERAEZ (10%8135%) "7, SARS-CoV-2 S H 3 1)
I FE AR XS T HT 1T 5 AR (292%,  HR 4l WHOH it
BEit57), 1552 SARS-CoV-2[{1E & fE /1 5.

2 BV RASY T AR T 4 v A
E2Y

PR AT KBS NORE, O KIERER AR
B LSRR PR . R PE I (DNAJE
H MR ALE F) RO R TR
2.0 RKiEpEW

S A SR IR PR S IR, I
DAL, R KRG B R G R, i
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— B K R . I R T ] P A N A 4,
JH T FH XS U AL JR28 T RN RR 2 9% 1) MIDCK AT A (7L /8
FETH) . VEROYH i CHF 8 2K 53 9 988 1 AVRE R ) AN
A A Y (3 S B 7 1 R T R R R T ) S S TR
7, 2 EHER. PR Ekp-T A Ae A gy R E Y
RAEPE T A =B 3, AE e R, R e A KT
BARZG YRR P ARSI, &S mE R
NN, Aok, KGR EREE TR e, H
FI T RGN 1 2 Bl M o 7= A e N . K
T T R A T ORI A O, TR B S D
SRS, T ELYE B T4 M S F S s i 12 7 T
WA ERAR . T H R B S5 0 B R AR A
AR, WER AN BT IGE — RIVEY) %4
I 2.

FERU 98 KOG AE A BRAE ) 32, i B
JIF R % i B HE 5 24 R S 7 (GSK) THAVRIX
ELEEBRVAFIVAQTA. FEiF IF C T 8 1) AVAXIMZE,
] P 3 A R A ) (1) T AN VR — A5 AR 41 i (2 BSS)
Fr IR I TZ84MR KIEPE T (/R KAR).  F/RKAR 7 N
NAT LA IR, 76 1~8% fi FE )L 3 A 3k 47 1K) I PR
TGO B g SRR, AR IS I3 % FH 2R RA
F100%:" "™ FE R 7 FH NV il £ 245 40 il (MIRC-5) 3%
F%, U S — N AR 40 A E R 9% % T (human di-
ploid cell vaccine, HDCV)H T N\ FIHEFR %, 1%I% 1
TE 2 VR PRI 90 v G H BB AR L XU 802,

22 EEEEW

FE— 58 AT T B IR B 25 IR B B, B
E VAR EoL MNITES Sk 3 A4 NI PR =2 /S i
W 5 B Mk AE T 4 R R 2R BOTE R A S R
(bR BRI B 7R B A5 ) R 5 7 AR B e e bk, ey
£ B R B 5 € SRR R LA 1, 2P Y IRAG
[R5 A A R, B T AR 1)
KN, FIRIZEDRMBRE 9%, R o EE AR OC I 2L A7
RUGAR KA HE RS 1 B AR RO T REY. 5 RS
ANIF, PR PR EE G AR A AT DU A AR, B
SEPEAR A AEERT RS, RESDERBANARIR . &
Tof MR T A 400 B (WAL, OB 37 8 v PR
LTS 7 SR 8 T A B R R (e
IR AR, e g R R 5 2K, Bl A
Ui BRI GAT RO SRR G B R A IR B AP AE
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B K e AR A P B B AR R B 06 AT R R, 5] R
g B RO, T AR T T R IR R
N~ JLE DL SHTV 835 55 % 2 3] i N BESR U A%
7

T H 201 2260 A EAE FH 1) RS 2K 5T 4 5
PRE AL AR — PR EE I LT, R R K N A R K
R AR TTRR. B AL T IRES T B RE 15 5 B
o 7= A 4y W B 1gA(secretory  immunoglobulin A,
SIgA), LREFEMRN Tl EFrElfuy. AT 2 H
Max Theiler /& 3 ¥ 55 #4555 £ I YF V-1 7D BE Ak Il 1,
Bl — U B a] P= A v RIPUAR RN TA O B :, 3k
FEIES A2 NAERE Y, R Yol 23 28 1 [ Mt e %2
18 Pk /& Moratentf fllSchwarzAk, 19 FJ2s i ik 11 42 42
YR AT A B S A T Y, [ Pt LR R 92 TRk
BEPR, WP 191, NPH R E N RS AL R R T EH 2 TR,

2.3 MEAAALEEY

MV FRLAL PV EH P B ) AR o R R, AR e
(R EERURL, VRS R N 5 R BRI LA AR A0t i
S5 T B UK M40 0 35 P Tibk 2 40 i (cytotoxic T
lymphocyte, CTL)RiZ® ¥ 207 528 1 iy 75 1R 204 K
AT DA JEAAR o 55 . AR, @ s, Al
FEAEBURVEA R . T bRl B A 55 R I8 RS, 0
5 B B8 B BB AT M AT B BB BRIk 4l
Ak, PSRRI B fr 2 v 2R 0T, xR (44
SEEREAR OGN, et IRbE, HORE T RE
JRPE. N TSR IR, AL A R 2 R
HrEN, HEREHEAELZ, SNSEKED
PR E T, — BT oy R AR =R AR. F A, X TR
BRA AR EIEE, RERGIEFE RS ST
FE M AR R AE A= A PR, FRAR AR AR
1455 (antibody-dependent enhancement, ADE)ZM =4k
frg XU,

P T o T A5 0 S FH ) — O S R e, 1%
LW A P I R AR K 2 BB 98 9 B (hepatitis B virus,
HBV)H i S £ [ 11 35k R B 24 2] I 1 11 53] FLsh 404
farh, iR Rt R HBsAgE A %
ERE M R FE A LRILE. B8 Ln
() IR 2 E AL E 2R [ E 5247 9% B Shingrix ©/E A2 3K
ZAEF{AE BT, & T50% LA AHE, IR
BRNELINITY%, H b mii b2 A8 i i 35

ERUD AW A (0 415 IRt 95 U6l B 475 2 ¥ Zostavax BN %
A gt R B 52 28 7 B 28 1 R ARG - B
AR ARG ECap B H, HA2UALHIR, EREHE
H A R AR

24 JRERMSEH

DA 55 B0 P AR BOw P B N BUR, RS IR R
B0 1t 5 B 10 R A R B BRI B R A b, AR ALY
B REEAR N RIS BUR TER R PR S E, 3L
WP e B N, H R R AT B B . IR AR R
W B R RBIR R BRB R
AU A A BRI AR A, T B M O3
DA 58 A B 3w BR. HH T TIUAE S s S R B AR A,
HA RS EARE E T R R BRI BOR R 7. Nk
FERT AP BARE W J5 P AR AR, B T R AE A 2
B B VR BRI 2, RN A IUIRTELE, 15
UM N B T A RE LR OR, RS A
M= e G 52, DRI AT DA R A T — L83 s 75 2
AR B | R AN A T L B 1R B 2B SR DR I 5 ARUR
o4 B B AR Wk A FH LAV S 1R VR R R, DR AE
5T 0 B A2 TR S A £, 3K B R i Y A B
WP I A 9 P — 80 BV AN 2 B B S

X [E BV AR R T BAKI I 11 %8 9% B (vesicular
stomatitis virus, VSV NE A, FIXIR R EGPE H
AL R PR VS VAR A 81, 1% 1 D 201945y
AR A IR R 23 03 o R0 36 [ B 24 o B B R A
AR, FE RS M X A TECT B A 5 IR R 92 v
RABORAL W& — Mg B AR 1, LG W B8 9 3%
1, HCAEBTHEE R 77 1 L,

2.5 R

RS B A FEDNAFIMRNAZE 1. DNAJE 1 24
R ER LR IS R TR, SR AL AL AN RS BT
AprJEEEN. DNAZE BT FHULRES . EEe%E T
FEEMEINAERN, HERA LR, (H2RrER N 5l
BIECTLRIZE A I A G 0, Hodr—J7 i &
FEDNAFFEE I REPURE A, 55— 77 H A& F )i
FiA G RER PSR, DNAYEFfaE, fEikffis
a7 AR A R 3. (B2 ok 75 2L N Al A% AT
RHIFIFE S, — HREA I N A R4 A 75 R B e 1
A
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mRNAJE W7 ARSNGB A2 FImRNA 2 fIR 5 7455 40
KA ADL 2 Ji5 AR, mRINALE 173 Ak S i 2R
AR PP, AE S Y mRNASE i R 450 505
S AN (O AER X, B3 R mRN AL B 48
—BORIET IEBERNAJ 2, I S5 B 454 o 1 2
DR A 0B R R 457, mRNAJE B AN
MRz, AR E LR R R AERAE, ks
SN IEAR, HUDNASEHEE XS, mRNAFEE
P2z, s A mRNASE K, s Nt Az
R in_L5"umiiE ¥ A3 spoly  AZE 5 R IE K mRNA
FEARAAEAERIISTRL. 534k, A A AT SR A I mRNA AT A
WAV, MR AR

B 7 B UOHT e FEAH X mRNARE 1, TG
Pz v b HA il e 15 FHDNARE By, Attt ity
AP IDNAZE T S 78 e B s i, &
IRl &5 YL HS W R DN AR 1T T 201 84 FR A5 [H 25X — I
EBIET, XRIREE IR FKIDNAZ ¥ ™ i (http://
www.moa.gov.cn/gk/tzgg 1/gg/201805/t20180529
6145524 htm).

2.6 JEEAERUAL

I3 5 KRR (virus-like  particle, VLP)H1% 5 25 H
HILEETE K, A A58 85 5 — R BRI S 45
W, (EARE AR, 0 REOR b KR (B
TR IR A, B SRR N B I 5] G,
E— R TS, S15h, IR RORLAN 75 24k
7, B B B R I7 B 7 28 B AT AR S T,

NFA LIRS B (human papilloma virus, HPV)]
SER R AL LRE B R TV 8T SR AR I i3k — 28 T/ B B 4
WKL, ) IX — ¢ U T HP Vo B3 BORL I 1Y D22
BT, ALAEE 2SR S v AR R AN H Cervarix Fl1 36
B Vb 25 A2 77 1) DY 0 9% 1 Gardasils JUAT 2 T GAR-
DASIL 9. iR = Ffs v Sl ik St B A KA e S
PN 22 A, AE PR HPV 2GS FIR 5 77 THT 3 3808 R
o8-,

3 HETHUERE TR

MR AR DA A S HdE, 202148372
H, AkILAG258F s i IEAERT, HAdr76F0 kb TR IR
56 B B (https://www.who.int/publications/m/item/

240

draft-landscape-of-covid-19-candidate-vaccines). %I R
W BRIl A AR 1~23.

3.1 RKIEEH

AR ARG IR AT EBEY B
WEFLRT AL s AP ot BF S BT AR 38 v IEAE P 26 5%
M DCHEAT T I ARG, A6 5 A=W i T 78 BT H) 2K
PP AE SN SEIR AN T/ 11 I R a5 b 3 2 IRt R 4F
() 22 AP A G B L EN ) et A A1 (R TR 36 v A
PO PH26H99.52%, TRY 3 579.34% (https://world.
huanqiu.com/article/41JrcburUyV), %5 B 220204
1230 H 7€ H Py 3R 4L B 2% 14 _E 115 (https:/www.nmpa.
gov.cn/yaopin/ypjgdt/20201231193329157.html). HiX
A=W R T I B K RV AR T 20214E2 H 25 HAE 3R
[ 1 20 B 2544 L 715 (https://www.nmpa.gov.cn/yaowen/
ypigyw/20210225184306142.html). R} 245 o [ B 2}
Bt A VR A 1) K 9% 1 5 R K48 (CoronaVac) Tk
BIREAE R B /DN BRI AE N R KB W) 5 F SARS-
CoV-245 - tEh M ptiAm =4, HAE 5101 SARS-
CoV-28 bk & A58 R R 20028 v 483 VR S 8 B2
Ja, PR A BB AR AR R A AR A AR BN R B R R
PHER, HARKIMADERUN™. To/R SRR 1/
TT 3R PR RIS A S 0T RI2 18~59 S @ BRI N, 1218
ANFIHERN T (3 ngBli6 pg) FIAS [F)FAh s 1] ] B (14 K%
B8 R)BEAT 40, BRI . T PR a6 25
AR, TR SE AR (IRR 14 KRR L), 3 pg
N6 pgZH 1 LI % FH 2R 7 30l 192 % 198 % & — 5|4
Fh o8 28 K Ja (1Al FE28 R EFh4H), 3 ngZl 6 pg i I
5 FE B R B9 7% MI100% ). (H R 2 7 B K
ARRNEAERBERR, TEESHELENE. &
PESRPEANA P2 R, #8 28 SE KR AR AE - H A T I
RARLS A RURILF91.25% (https://world.huangiu.com/
article/41Fp20rJ0zv), 1% i C T20214F2 H SHAEE A
SR 2% AF E T (https://www.nmpa.gov.cn/yaowen/ypj-
gyw/20210206154636109.html). [F Py _E3R3 b K i 2 1
FE BT I AR R0 T 28 T AN RN R, R
PRI GVEHRR A B T USSR, RECIA T H
WHO %5 AH ¢ 412U 1 < e Bl 48 % B S e i
¥”(COVAX), WHO L 20214 1 H FFah x4 Rl 2% 5 [H 24
e B AT 1 i 8 1 HH SR A RL R AT 5 S T AL
. BEAh, i s A aE A 22 4 ) AT T TR 1K 2K


http://www.moa.gov.cn/gk/tzgg_1/gg/201805/t20180529_6145524.htm
http://www.moa.gov.cn/gk/tzgg_1/gg/201805/t20180529_6145524.htm
http://www.moa.gov.cn/gk/tzgg_1/gg/201805/t20180529_6145524.htm
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://world.huanqiu.com/article/41JrcburUyV
https://world.huanqiu.com/article/41JrcburUyV
https://www.nmpa.gov.cn/yaopin/ypjgdt/20201231193329157.html
https://www.nmpa.gov.cn/yaopin/ypjgdt/20201231193329157.html
https://www.nmpa.gov.cn/yaowen/ypjgyw/20210225184306142.html
https://www.nmpa.gov.cn/yaowen/ypjgyw/20210225184306142.html
https://world.huanqiu.com/article/41Fp2OrJ0zv
https://world.huanqiu.com/article/41Fp2OrJ0zv
https://www.nmpa.gov.cn/yaowen/ypjgyw/20210206154636109.html
https://www.nmpa.gov.cn/yaowen/ypjgyw/20210206154636109.html

T E R Rl

2022 F FE 52 FH 2

F 1 ARG PRI B R IV 3156 1038 el 2
Table 1 SARS-CoV-2 vaccines in clinical phase III and clinical phase IV trials
R LT HR WER I MR BERRE BRI
KAE LT JEm R JULPAT A 5 2 14K
KA P T (VeroH L) Il 245 4 [/ 2E A S T T WU S 2 21K
— KT ] (VeroZ i) | 24 SE /b 5 A= ) R S I JULPR v S5 2 21K
AP K I (BBV152) El1 ¥ Bharat Biotech LRI S 2 14K
KIEFE Wi (Vero4 i) o [ = 2R WL A 2 28K
RGP WG % o T A A 22 4 1) RUTT 90 T JULPAT A 5 2 21K
SRR 1 R A i 341 ) B £ R JULPAT A 5 152 28K
o AdSE AR B B /R BN AR E R E R VIS 1
PR AR AR 1 i \ _ .
Ad26 KX AdSERAASE T 1% HiGamaleya Research Institute JULPRE 5 2 21K
Ad26ER IS R F e WU 5 182 56K
s A K H I SARS-Co V-2 1 28 A 9N KUk 1 2% [FNovavax WL 5 2 21K
AL R % 1 (CHO4H ) LR /R E R CE BT LS 283 28K
DNASETH DNAZETH El1E# Zydus Cadila B Gt 3 28K
mRNA-1273 2 [EModerna/NIAID JULPRE S 2 28K
RNAJZ BNT162” Wi /BioNTech/H B 5 2 JLPA S 2 21K
RNAZET 18 [% CureVac JULPRE S 2 28K
a) CUYEE PR 2% A b T BT E 2 15 b) Dkt A AR A ZUWHO) 'S B8 FH YGIE 8 el 9% 1
F 2 AERPENIGER T RGP TSRS 57 el 9%
Table 2 SARS-CoV-2 vaccines in clinical phase II and clinical phase II/III trials
PET A LTk WERHLI At e L el il
RIGREH KA W (VeroZ L) R RiGEMRHA R AR LA A 1, 2803 FisE
AR Detﬁ;ggggggﬁg% B ROTRE TR RERY B 1
% %S1-RBD ZFCOVAXX WL S 2 28K
RBDI 45 G AR Instituto Finlay de Vacunas LR 2 28K
VB T FAR = TAR T ST S B (I T Jl S = /58 E GSK/% EDynavax  JULPIVESS 2 21K
FERFPEEEAN T SO ALK IARBD PU )R 4 76 B e JiIINAPER:TY 2 28K
MVC-COV1901 BV R /25 E Dynavax/NIAID — WILIAIE S 2 28K
AG0301-COVID19 H A AnGes/Takara Bio/ kK% LR 2 14K
DNAJE T
INO-4800 3% EInovio FENTESS 2 28K
RNAJETH ARCT-021 [ Arcturus WLp 5t i€ G5
o3 T R SEE DR A UKL %= KMedicago LA 2 21K

T T FTE  Bharat  BiotechBJF & [ K i 9% T Ok

I AR TTTE].

32 WEEEHE

H B ZEFFHISARS-Co V-2 E 05 % 1 i /b, Hodr g

T 5 oL 28 A0 B R I %€ ¥ 1) 56 | Codagenix 24 7

AT JEE L35 B7F 7 BT 3[RV ] 1) 960 25 375 2 11 C D X-005.
Z 0T | 8 T Codagenix A &) & I 15 F 241
X FF & (Synthetic Attenuated Virus Engineering)$4)

&, AR SRR TS T AR 850 1, PR
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F3 AEGENRK TIRIGER T /113156 K e %
Table 3 SARS-CoV-2 vaccines in clinical phase I and clinical phase I/II trials

PET A FETH A& WER AL Bel& £V €2 1]
VLA2001 #:[H Valneva VLR 2 21K
KIESEH ERUCOV-VAC Erciyes University LR S5 2 21K
KIEPET fFEAShifa Pharmed JIINAPET) 2 14K
ST BRI P A% T5(GRA) Jw K F|ReiThera/ ﬁj [ELeukocare/ LA b !
SHEH LEF B} Univercells
COVID-19/aAPC PRI e Bk BRR 70T 705 2R ) 3 14K
LV-SMENP-DCJ% i IRYNT G B R E T 7B B T AR i 1
AdSE T IR 2 [H Vaxart AR 2 28K
MVA-SARS-2-S S PN IOV 5 2 28K
PRI A 1 BT BB S T/ Themis/ TG 2% 68 K /B8R0 7R LR G 1802 28K
S Z%ZJ :f;{;i lj% * Altlmmune & m;ﬁ: 1
SARS.Co m% £ [ Aivita JULPRI i S 1
AdCLD-CoV19 i [F Cellid VLR 1
MVAZARSE T City of Hope/3 [ [H 5 Je i i 71 i LRI S 1502 28K
hAdS#E ARG SFING A 2% E Immunity Bio/NantKwest B RS R iR 1802 21Kk
rVSV-SARS-CoV-2-S§ T DL B AL A0 S Pl JULPRE S 1
JI B A BBV 154 E{JJ Bharat Biotech S P A 1
WA R EAIIASE A A A B K /AR E UM 1 24 48 43(GPO) JULPRE 2 28K
CIGB669(RBD }2 AgnHB) B TRRMAYE ARG BT 3 14RB28K
RBDJ% 1 2% [E Kentucky Bioprocessing LI S 2 21K
S 4l LA 71 FeimIE T/ [F GSK UL i 2 21K
ol i SR TR A L MUY 3 laREsK
BECOV2 Ell ¥ Biological E UL 5 2 28K
HHASHE AL Advax i 7 K F I Vaxine JIINAPET) 1
RBD¥ 1 Instituto Finlay de Vacunas LRI S 2 28K
A SHE I LR 7 Nanogen Pharmaceutical Biotechnology JIINAPEET) 2 21K
TR ESE T BEARIECSL/B -+ o W 2 2%
AR g RBDA A Adimmune te F Fs
SARS-CoV-2 HLA-DRZ Jik TR PRI FE AR R 2 B e FERVESS 1
SEE 1SRy 328 1 AS WEA: 1) PIE DN L2y NG JULPRE 4 2 28K
RBD-Fofii 4 1 s TR e WUAVER S Rl e frs
Z KPS H % HiVECTOR JULPRE S 2 21K
A ﬁﬁ g ;f%?g? ;gﬁiﬁﬁ 7 H 4= Shionogi LR G 2 21R
RS PR s w3 AR
GBPS 10(5/%5%?;%? Rl #i[E SK Bioscience JilINAFan) 2 28K
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(8:£3)
PET A PR BRI Mg BMcE BRIk
PTX-COVID19-B Jin%= KProvidence Therapeutics LR G 2 28K
mRNAJE B % EZE HR B o F IR AR 5 M L T LR G 2 14 R 528K

RNAE mRNAFE T EEED 1 -3 PN JULPRIE 5 2 21K
LNP-nCoVsaRNA A6 B0 1 T2 B JULA S 2 Gys

K G Sk £ 7B S B ‘
PRI S SR AT #MGSK WAL B 28K

bacTRL-Spike I [RDNAJZ 1 JnEE K Symvivo AR 1
L 27 FLS 2R I R DN A 1 Z&[HProvidence Health & Services B gt 2 14K
GX-19 #[E Genexine Consortium JIINAPET) 2 28K

DNAJZH GLS-5310 i [F GeneOne Life Science B AR 2 56 RE84K
Covigenix VAX-001 Jin%= K Entos Pharmaceuticals LR G 2 14K
SH A BN DNAYE 1 7 KF Takis/Rottapharm Biotech JULP: S 5 5E G5
COVIGEN Y EPNES JULPRE 5 2 28K
TR BN R AR ERTEE 3 [E Codagenix/E[ B L3 WF ¢ AT C ANk 1852 28K
995 FEAF SR A DUB R BE e 711 2 [EVBI Vaccines LRI S 2 28K
Jd FR IR I

PR RBD SARS-CoV-2 HBsAg VLP EREL ML TC A/ Accelagen/ LR S 2 28K

i [F SpyBiotech

FERNAMIBI PR, (NG IHAR S, AR RE R
G40 BUSE 22 I (B TR ORI BRI 7. 125 v R S N 4
R 77, BRVR b RE A R 5 4 G N R I
¥% (https://www.prnewswire.com/news-releases/serum-
institute-of-india-initiates-manufacturing-of-codagenixs-
intranasal-live-attenuated-covid-19-vaccine-candidate-
301135221.html). iZJkERFEZ E CEA T IRR RS,
XIS R BUIR, FeAh 7 AUDLE, S0 1 H R H]
frAT RENE.

33 WERAALLEET

V. BV B 3 A 3 T SARS-Co V-2 ) S 85 [ B H:
RBDFAAEF [, H mriE NI R M B 0 B o7 2 1k
20F. Novavax [ =Rk £ KSE AW A7 H
NVX-CoV2373 CLiE NG RII, 12 14 ff FH Matrix-
MR, TEzshPracss oh 3R B H AR 58 0 PR 0k 6E
SO IR W T AN TG AR R b, A S R f
R RE R 3 HER 15 1 A AR PR & (5 pg ks pg)
oy, TRIRB2 1V REEFI P IRE T . Rl SE 35 RN, RAK
AFEEARFELE, 5 pgdrE A e SE A HITgGK T
TR RER R R T e AT DA B

RENEE, WHEPURME, HESHEMETHE A
(type 1 helper, Th1)& . H BB} BEid A Yt 58 B 5
ZRUE RS WS 256 R A 7 & ERISE HRBD
IRAREE I 2 AT T/ 1T PR AR h R B AR
I 2 A A e SR, 2 C T 20204F AR 5 2%
) v 35 S ST I RS (http:/www.im.cas.cn/
xwzx2018/jqyw/202012/t20201222 5831846.html), H
AT E 55 22 531 5o 37 35 RN [ ) 35 © 3R 15 5 S8 4L
(http://www.im.cas.cn/xwzx2018/jqyw/202103/
20210316 _5975187.html). FEi#; JF LT E A1 1S & A
AV BT 9% 1 AlKentucky BioProcessing 2 & fff il Y RBD
WAL AL TR T/ I B, A LR E 3
TPk (0 MU B 2 i RN 1 i PR SR B B

3.4 FEEEAEN

Sputnik V2 FH AR 2 B ) e e B A A, A
FH P o8 25 3R (W Pl Ad2 6 8 AR P 1, 21K e %
FRAASEARRE ). 2P AE /1 3l AR5 RE s 3
5 272 ) AR RV 0 D S 2, T PR 8
i W) i A 2 = T 90%(https://sputnikvaccine.com/
about-vaccine/). BT 1] FEF A= R 22 B (1) B AR AR i

243


https://www.prnewswire.com/news-releases/serum-institute-of-india-initiates-manufacturing-of-codagenixs-intranasal-live-attenuated-covid-19-vaccine-candidate-301135221.html
https://www.prnewswire.com/news-releases/serum-institute-of-india-initiates-manufacturing-of-codagenixs-intranasal-live-attenuated-covid-19-vaccine-candidate-301135221.html
https://www.prnewswire.com/news-releases/serum-institute-of-india-initiates-manufacturing-of-codagenixs-intranasal-live-attenuated-covid-19-vaccine-candidate-301135221.html
https://www.prnewswire.com/news-releases/serum-institute-of-india-initiates-manufacturing-of-codagenixs-intranasal-live-attenuated-covid-19-vaccine-candidate-301135221.html
http://www.im.cas.cn/xwzx2018/jqyw/202012/t20201222_5831846.html
http://www.im.cas.cn/xwzx2018/jqyw/202012/t20201222_5831846.html
http://www.im.cas.cn/xwzx2018/jqyw/202103/t20210316_5975187.html
http://www.im.cas.cn/xwzx2018/jqyw/202103/t20210316_5975187.html
https://sputnikvaccine.com/about-vaccine/
https://sputnikvaccine.com/about-vaccine/

PR 20198 LT PR BE 2w T Ut e e e B

J95 B B T AZD 1222 1E 5 4 BRVE [l ]9 #EAT T I
PR, 182 LA B R IE 73 WAL, 7 M e ik 4
FIE(5x10" VP)ZE B 1 CEFIE(2.5%10" VP)I1IK
AFNEAET. 5 R EIR, 75K H IR AR B R SR 1
INLFR, BT R 62.1%:; 1 SR 2574 e R S i
/N, A RCR0.0%, Wi B B FiAE
70.4%". fEZHTH T/ R RIE T, 3H10774
18~55% M@ BRSNS 5 FALR: #FAZD1222
5 0 I 1 8 BR T 45 45 28 1 (Men ACW Y ) o 8 f) B 57)
iR, BERPIRCEOR A28 K)AZD 1222 1) W &
I, A ESAZDI222 EEE &R~ 4 T KE Al
ok, TR &R 14K 5k 8 & mEs .
/A RIS 45 SRR B, AZD12227E70% UL b4
NHHA TSR 22, B TE S0 B AT %
PR VEST . Re v A 5 v R 7 S R B 4 1
AdSEARTZE T GLIRID) Z RT3 1 v Je % 2% e ) f P
8 AR JRy R I ZE AR 5 24 At AR, i 212021
2 H25 HAEFR BRI 26 Err, BN E AR
4D Ji R 25 5 P 88 T RN m) B 2 B 2% 1 (http://www.can-
sinotech.com.cn/html/1///179/180/813.html). I ¥HIfi PR
IR, 1% BAAE QUL HE 55 108 44 {8 R i 4 38 8 3 it
TR, EEFAEE(.5%10" vP), di(1x10"
VP). fi&(5x10" VP33 FhFIE R, SRER, &
JEEAEH P28 K G R AP Ak B e RAE, 14K fa Rl
PR R TN & RME, HE28 RN L™ EA R F
SRAEP TG RARB I, 1% B 508 42 1k B FAF &
B N2 115 b FEAx10" VP, (KFIE
(5%10" VP)ZH. AN, BER8 KRG, WIS &
2 R ) B 2H 76 DR 3 L3 B 4% 2249 0 996 % A197 %.
WSS S 7 B R R R . R Ry TN R
FJELISPOTHE I, w771 5 2H AE 71 & 2H 50 1 6 90%
8% AL EH I T RS B, AR EH
T B AN B RESY . b ZR A AN R R
(I DeINS 196k 2 i & 474 )RBDY 1 /& H 7 WA £
HIR I B NSRBI e e, B IELE AT 11
e ARG RN T S8 3 RVA T W AL e T R 1 6 75 -
APCEAR, DU 5 1) 36 7 2 E A P i 3 2 40 i
(antigen-presenting cell, APC)ill Bk, 10 5t B 5 1 &
HE R R EE B B (http:/www.szgimi.org/showteam.
php?id=232). [RImEEEIARIl, 12 BRI 40w B K
TIEBAREE T, HATA TR R AT B

244

3.5 DNAYH

SR 2 BT O SARS®® MERS 4 2 DN A Y 1
RIEE, (HAHICEEEA AL T I RIS B B A bl
TEHEN IR AR IR IG B BB i DNAZE 1, InoviofifF il
[IINO-48007% 1 AT TL/IT WG AR I L. %28 B BEAE
PN FRIXSARS-CoV-2[{ISE [, TEBNY L, el
HRETE TR APUMAR = A, 7R/ R PR AT I B T Rk
TSR A TN A, 7 T iR R, %
[ BALE 36 [R5 52 14044 18~50% (R BE AR N 2 5k
i, HRFATHBEMPINL.0 mgEk2.0 mgHIINO-
4800051, HEAhIME NAR. MM E,
1.0 mg41A12.0 mgZH & JE & i R TR AS: Hi 2893 il
78%F184%; A HAN TE R4 JE, 1.0 mgZiA12.0 mgZi
BB H TN Z I LL5) 43 3R 74%F1100%, B
ZEFEHCDS” THHM ™ A IFN-y M TNF-0, %4 HH
TL-47K P (38 n, 22 4 PR AT 52 1 1 407, s i
TP RasE M, TR ARG, B )iz i F St
TAHFIGAE. Hoh LR AR T I8 PR 58 2 1 43 5l B H
AL EPEEATE E B, 1EEKSymvivo A H )
DNAZE f 8 AR N 8 0% s, IAE IETE
17 T I R
3.6 RNAYH

Moderna 2y &) A1l U mRNA- 127358 14 1l PR 1R 56
CRE RS . | i 1E A% sh P s 56 45 IR R 8,
mRNA-1273J% B e R4 i 21, Rk CD4" T4 B
SR R s, (EXFCDS” T ik i 2"
[ I R IREG AR W, mRNA-12730] fig 2 LL5| & FF
BT S, S A 2 S W A R C 8 A A
T ModernafE 4 I VELNELHE, AN B IR R L 3
94.1%(https://www.nature.com/articles/d41586-020-
03248-7), mRNA-1273 T3k 35 [ £ i 24 i I B 2
SRR S R BCRIBR B 2 B st 54h, SR
23 A FIBioNTech & 1EHT & IIBNT162b2 1 R1K: 58 1l e
GRS, 280, FEHA TR B — R ik 2 v
BNT162b1, [ HAIGARIREGR I, PiFhg i 51 e Pk
MNZ KR, (H2ABNT162b25] 211 R G MEAS KM
Wi, HiEHTEEN, B HEEBNT162023 N 5
SRiE ARG, R A T 2T 2020411 B 54 H A K1
BNT162b23% 1 1F i £ 50 i BUA v $1095%, BTG
o EVE Y, BNT162b2 5L F20204E12 A 361325


http://www.cansinotech.com.cn/html/1///179/180/813.html
http://www.cansinotech.com.cn/html/1///179/180/813.html
http://www.szgimi.org/showteam.php?id=232
http://www.szgimi.org/showteam.php?id=232
https://www.nature.com/articles/d41586-020-03248-7
https://www.nature.com/articles/d41586-020-03248-7

REBE: ARl 20224 52 % 2

£ 2 i I BRI R S IR, JF B T20204F
JEERAE A I WHOSRHE S Sl FH e e v, Bk g
PR PR 22, X/ RERAIE BREERS, mRNA-
1273 HIBNT162b2 ) fift iz ifil & 73 53] ]9 —20°C f1-70°C,
R 26 i 22 B LSRR B 042 AP,
3.7 JRFAERURL

Medicago 2> R K 1 RIS B H AR 1 VLP
CREN T/ R, 1252 i DA =2 38 S s K T e
I3 RIRAT R A 77 R G M Dynavax £ 7CpG 10181
H (https://www.medicago.com/en/covid-19-programs/).
HAlMedicagoCfEMME K. EEMX AR EEES
5 /I AR RS, 32— 25 g 1 1 22 PN 2L
Y. JE[E SpyBiotech 2y w) A EN ML HIF 78 v AE I
FIVLPEEE, HH C YR L 4T R (HBsA )i 7 1
Wik 2 7R SARS-CoV-2  RBD(https://www.spybiotech.
com/news/-/), %P H AT IEEBCRFIEZEAT 1711 H#1
Il AR5

4 RES5HE

Wt A EROBT R BT 9 1, AT 8 10 7 SR
MBI, L, B %A R B R R E AL
5% [ g A AR FR e 2 v e R e 8 B A R
P, BRI — BU 18] Py 45 1 HE T i A B A A PR 1
it 2 ] (R B AE I AT B A B B T L™
R TR AT RS, ORI B 2 R A
M THEBORTT R B S A WA e, HhT
£ T 3930 PR 136 v A5 368 23 B Aot B 1 HIV BB 12,
DI AEA 45 1B ul6.  H ATE I R (2 i e Ok
ANGUARTT T S AR BRI, (B0 T 4H A e

8 G LA 75 B 2 N9, ASARS-CoV NHI, EF
B FEAE S S PO T B RETE A 9 A2 7E 114E 22 A1),
KR K TR R PR FE IR L BB S K i
A2, T4 M RN 75 i 552 400 b 28 14 7 004 AR 4 2 o A 1
DR AL e N =y N = R 1D R R QA PEI L TN 4
FEFET R P2 A 2R R, X T4 i 5 2 R
RARPERAE EAR,  BA% 5 AR RE 7 T4 K -F
(0 VT A0t 90 BT e 2% T 1R R T bR v [RLAE,
COVID-19 &8 # fE M-I IE M i iE 8k, HpiEHEs
Bl b IR IR ) o 30 ™, AT O M 28 1
BT I R A N AR B RO, H AT IEE
R ARG (I, SR MR 7 UK Z ML 5,
X PR v AR A 08 S I R i R Bk R A, |
FEAE R B G0 2% 7 THT EL 3 55 . SARS-CoV-2il it
RPIRGEAR NN, IR LERFIR ANl E R A, R
ISR £ P R IR G2 34 1 11 7 X RE B LA I S S A
RS 5 P T R0 it B R STg AT P2 A, (R, By
R AR B2 b A R & 4 9% I R T R A R T
SARS-CoV-2 H R 7E A BRIEAT, 1R AT X AZ i —
BE, KWIFERE N2, BEE SARS-CoV-2[1RAT, ik
A=A S LRI ) [ g, S DR TR 8 W 0 i SR AR
B H T T AL o v o (AR . ekt DR 4k
RILT £ FISARS-CoV-2R K, H.OAHFFTIESE,
EHD614GRA [JSARS-CoV-29K FE £ L H 1 H 511
SR YL FIAE R RS 710 HEM 202045 JE 78 35 [ A1 R 4R 25 Hhy
XIMATHINSO1Y KA 5 NACE2H T ok 145 A e 71,
Pk T g, H— 28 2 BT I ) SR SRR AT A 28
XA ANERET, S ET T EAERE R TS, TS
BRONGERY, EFHE—BRRREAE, (HAEAER
EHiE ST, ANE gt KRR, A
I3 i 1) T e 0 7 11 R

S5 30k

[ N S

Immunity, 2020, 52: 971-977.e3

Zhou P, Yang X L, Wang X G, et al. A pneumonia outbreak associated with a new coronavirus of probable bat origin. Nature, 2020, 579: 270-273
Yin Y, Wunderink R G. MERS, SARS and other coronaviruses as causes of pneumonia. Respirology, 2018, 23: 130-137

Cui J, Li F, Shi Z L. Origin and evolution of pathogenic coronaviruses. Nat Rev Microbiol, 2019, 17: 181-192

Su S, Wong G, Shi W, et al. Epidemiology, genetic recombination, and pathogenesis of coronaviruses. Trends Microbiol, 2016, 24: 490-502
Ni L, Ye F, Cheng M L, et al. Detection of SARS-CoV-2-specific humoral and cellular immunity in COVID-19 convalescent individuals.

6 Le Bert N, Tan A T, Kunasegaran K, et al. SARS-CoV-2-specific T cell immunity in cases of COVID-19 and SARS, and uninfected controls.

Nature, 2020, 584: 457462

245


https://www.medicago.com/en/covid-19-programs/
https://www.spybiotech.com/news/-/
https://www.spybiotech.com/news/-/
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1111/resp.13196
https://doi.org/10.1038/s41579-018-0118-9
https://doi.org/10.1016/j.tim.2016.03.003
https://doi.org/10.1016/j.immuni.2020.04.023
https://doi.org/10.1038/s41586-020-2550-z

PR 20198 LT PR BE 2w T Ut e e e B

11
12

13

14
15

16
17

18

19

20

21

22
23

24

25
26

27

28

29

30

31
32

33

34

246

Wrapp D, Wang N, Corbett K S, et al. Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation. Science, 2020, 367: 1260—1263
Letko M, Marzi A, Munster V. Functional assessment of cell entry and receptor usage for SARS-CoV-2 and other lineage B betacoronaviruses.
Nat Microbiol, 2020, 5: 562-569

Jiang R D, Liu M Q, Chen Y, et al. Pathogenesis of SARS-CoV-2 in transgenic mice expressing human angiotensin-converting enzyme 2. Cell,
2020, 182: 50-58.e8

Shi R, Shan C, Duan X, et al. A human neutralizing antibody targets the receptor-binding site of SARS-CoV-2. Nature, 2020, 584: 120-124
Baughn L B, Sharma N, Elhaik E, et al. Targeting TMPRSS2 in SARS-CoV-2 infection. Mayo Clin Proc, 2020, 95: 1989-1999

Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is blocked by a clinically proven
protease inhibitor. Cell, 2020, 181: 271-280.e8

Lu R, Zhao X, Li J, et al. Genomic characterisation and epidemiology of 2019 novel coronavirus: implications for virus origins and receptor
binding. Lancet, 2020, 395: 565-574

Lam T TY, Jia N, Zhang Y W, et al. Identifying SARS-CoV-2-related coronaviruses in Malayan pangolins. Nature, 2020, 583: 282-285
Zhou H, Chen X, Hu T, et al. A novel bat coronavirus closely related to SARS-CoV-2 contains natural insertions at the S1/S2 cleavage site of the
spike protein. Curr Biol, 2020, 30: 2196-2203.e3

Peiris J S M, Guan Y, Yuen K Y. Severe acute respiratory syndrome. Nat Med, 2004, 10: S88-S97

Chan J F W, Yao Y, Yeung M L, et al. Treatment with lopinavir/ritonavir or interferon-f1b improves outcome of MERS-CoV infection in a
nonhuman primate model of common marmoset. J Infect Dis, 2015, 212: 1904-1913

Bai Z H, Li X R, Wang R B, et al. Review of industrialized production technology of human inactivated vaccine based on mammalian cell culture
(in Chinese). Chin J Cell Bio, 2019, 41: 1986-1993 [l J€, ZEWTR, E5K, 5. WALBIWARN A AN KIE BE B SRR BERE. P [ 48 g
HEWEREAR, 2019, 41: 1986-1993]

Jiang W P, Chen J T, Wang X, et al. Immunogenicity and safety of three consecutive lots of a new preservative-free inactivated hepatitis A
vaccine (Healive®): A double-blind, randomized and controlled trial. Vaccine, 2008, 26: 2297-2301

Fayaz A, Simani S, Janani A, et al. Antibody persistence, 32 years after post-exposure prophylaxis with human diploid cell rabies vaccine
(HDCV). Vaccine, 2011, 29: 3742-3745

Zhou X, Wu X, Cai Y, et al. Pre-marketing immunogenicity and safety of a lyophilized purified human diploid cell rabies vaccine produced from
microcarrier cultures: a randomized clinical trial. Hum Vacc Immunother, 2019, 15: 828-833

Minor P D. Live attenuated vaccines: historical successes and current challenges. Virology, 2015, 479-480: 379-392

Broadbent A J, Santos C P, Anafu A, et al. Evaluation of the attenuation, immunogenicity, and efficacy of a live virus vaccine generated by
codon-pair bias de-optimization of the 2009 pandemic HIN1 influenza virus, in ferrets. Vaccine, 2016, 34: 563-570

Barrett A D T, Teuwen D E. Yellow fever vaccine—how does it work and why do rare cases of serious adverse events take place? Curr Opin
Immunol, 2009, 21: 308-313

Bankamp B, Takeda M, Zhang Y, et al. Genetic characterization of measles vaccine strains. J Infect Dis, 2011, 204: S533-S548
Khalaj-Hedayati A, Chua C L L, Smooker P, et al. Nanoparticles in influenza subunit vaccine development: immunogenicity enhancement.
Influenza Other Respir Viruses, 2020, 14: 92-101

Tan M, Jiang X. Recent advancements in combination subunit vaccine development. Hum Vacc Immunother, 2017, 13: 180-185

Bournazos S, Gupta A, Ravetch J V. The role of IgG Fc receptors in antibody-dependent enhancement. Nat Rev Immunol, 2020, 20: 633—-643
Lal H, Cunningham A L, Godeaux O, et al. Efficacy of an adjuvanted herpes zoster subunit vaccine in older adults. N Engl J Med, 2015, 372:
2087-2096

Martelli P, Ferrari L, Morganti M, et al. One dose of a porcine circovirus 2 subunit vaccine induces humoral and cell-mediated immunity and
protects against porcine circovirus-associated disease under field conditions. Vet Microbiol, 2011, 149: 339-351

Humphreys I R, Sebastian S. Novel viral vectors in infectious diseases. Immunology, 2018, 153: 1-9

Kasereka M C, Sawatzky J, Hawkes M T. Ebola epidemic in war-torn Democratic Republic of Congo, 2018: Acceptability and patient
satisfaction of the recombinant Vesicular Stomatitis Virus—Zaire Ebolavirus Vaccine. Vaccine, 2019, 37: 2174-2178

Maki J, Guiot A L, Aubert M, et al. Oral vaccination of wildlife using a vaccinia-rabies-glycoprotein recombinant virus vaccine (RABORAL V-
RG®): a global review. Vet Res, 2017, 48: 57

Kutzler M A, Weiner D B. DNA vaccines: ready for prime time? Nat Rev Genet, 2008, 9: 776-788


https://doi.org/10.1126/science.abb2507
https://doi.org/10.1038/s41564-020-0688-y
https://doi.org/10.1016/j.cell.2020.05.027
https://doi.org/10.1038/s41586-020-2381-y
https://doi.org/10.1016/j.mayocp.2020.06.018
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1038/s41586-020-2169-0
https://doi.org/10.1016/j.cub.2020.05.023
https://doi.org/10.1038/nm1143
https://doi.org/10.1093/infdis/jiv392
https://doi.org/10.1016/j.vaccine.2007.11.008
https://doi.org/10.1016/j.vaccine.2011.03.048
https://doi.org/10.1080/21645515.2018.1549450
https://doi.org/10.1016/j.virol.2015.03.032
https://doi.org/10.1016/j.vaccine.2015.11.054
https://doi.org/10.1016/j.coi.2009.05.018
https://doi.org/10.1016/j.coi.2009.05.018
https://doi.org/10.1093/infdis/jir097
https://doi.org/10.1111/irv.12697
https://doi.org/10.1080/21645515.2016.1229719
https://doi.org/10.1038/s41577-020-00410-0
https://doi.org/10.1056/NEJMoa1501184
https://doi.org/10.1016/j.vetmic.2010.12.008
https://doi.org/10.1111/imm.12829
https://doi.org/10.1016/j.vaccine.2019.03.004
https://doi.org/10.1186/s13567-017-0459-9
https://doi.org/10.1038/nrg2432

REBE: ARl 20224 52 % 2

35
36

37

38

39

40

41
4

43

44
45

46

47

48

49

50

51

52

53

54

55

56

57

58
59

Pardi N, Hogan M J, Porter F W, et al. mRNA vaccines—a new era in vaccinology. Nat Rev Drug Discov, 2018, 17: 261-279

Guo Z R. The first approved DNA vaccine (in Chinese). Chin J Vet Sci, 2005, 25: 469 [5} &4, 55— 3R LT IDNARE . 1 E S E 25,
2005, 25: 469]

Kushnir N, Streatfield S J, Yusibov V. Virus-like particles as a highly efficient vaccine platform: diversity of targets and production systems and
advances in clinical development. Vaccine, 2012, 31: 58-83

Harper D M, Franco E L, Wheeler C, et al. Efficacy of a bivalent L1 virus-like particle vaccine in prevention of infection with human
papillomavirus types 16 and 18 in young women: a randomised controlled trial. Lancet, 2004, 364: 17571765

Harper D M, Franco E L, Wheeler C M, et al. Sustained efficacy up to 4-5 years of a bivalent L1 virus-like particle vaccine against human
papillomavirus types 16 and 18: follow-up from a randomised control trial. Lancet, 2006, 367: 1247-1255

Villa L L, Costa R L, Petta C A, et al. Prophylactic quadrivalent human papillomavirus (types 6, 11, 16, and 18) L1 virus-like particle vaccine in
young women: a randomised double-blind placebo-controlled multicentre phase II efficacy trial. Lancet Oncol, 2005, 6: 271-278

Zhai L, Tumban E. Gardasil-9: a global survey of projected efficacy. Antiviral Res, 2016, 130: 101-109

Wang H, Zhang Y, Huang B, et al. Development of an inactivated vaccine candidate, BBIBP-CorV, with potent protection against SARS-CoV-2.
Cell, 2020, 182: 713-721.e9

Xia S, Zhang Y, Wang Y, et al. Safety and immunogenicity of an inactivated SARS-CoV-2 vaccine, BBIBP-CorV: a randomised, double-blind,
placebo-controlled, phase 1/2 trial. Lancet Infect Dis, 2021, 21: 39-51

Gao Q, Bao L, Mao H, et al. Development of an inactivated vaccine candidate for SARS-CoV-2. Science, 2020, 369: 77-81

Zhang Y, Zeng G, Pan H, et al. Safety, tolerability, and immunogenicity of an inactivated SARS-CoV-2 vaccine in healthy adults aged 18-59
years: a randomised, double-blind, placebo-controlled, phase 1/2 clinical trial. Lancet Infect Dis, 2021, 21: 181-192

Guebre-Xabier M, Patel N, Tian J H, et al. NVX-CoV2373 vaccine protects cynomolgus macaque upper and lower airways against SARS-CoV-2
challenge. Vaccine, 2020, 38: 7892-7896

Keech C, Albert G, Cho I, et al. Phase 1-2 trial of a SARS-CoV-2 recombinant spike protein nanoparticle vaccine. N Engl J Med, 2020, 383:
2320-2332

Dai L, Zheng T, Xu K, et al. A universal design of betacoronavirus vaccines against COVID-19, MERS, and SARS. Cell, 2020, 182: 722-733.
ell

Logunov D Y, Dolzhikova I V, Zubkova O V, et al. Safety and immunogenicity of an rAd26 and rAdS vector-based heterologous prime-boost
COVID-19 vaccine in two formulations: two open, non-randomised phase 1/2 studies from Russia. Lancet, 2020, 396: 887-897

Voysey M, Clemens S A C, Madhi S A, et al. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: an interim
analysis of four randomised controlled trials in Brazil, South Africa, and the UK. Lancet, 2020, 397: 99-111

Folegatti P M, Ewer K J, Aley P K, et al. Safety and immunogenicity of the ChAdOx1 nCoV-19 vaccine against SARS-CoV-2: a preliminary
report of a phase 1/2, single-blind, randomised controlled trial. Lancet, 2020, 396: 467478

Ramasamy M N, Minassian A M, Ewer K J, et al. Safety and immunogenicity of ChAdOx1 nCoV-19 vaccine administered in a prime-boost
regimen in young and old adults (COV002): a single-blind, randomised, controlled, phase 2/3 trial. Lancet, 2021, 396: 1979-1993

Zhu F C, Li Y H, Guan X H, et al. Safety, tolerability, and immunogenicity of a recombinant adenovirus type-5 vectored COVID-19 vaccine: a
dose-escalation, open-label, non-randomised, first-in-human trial. Lancet, 2020, 395: 1845-1854

Zhu F C, Guan X H, Li Y H, et al. Immunogenicity and safety of a recombinant adenovirus type-5-vectored COVID-19 vaccine in healthy adults
aged 18 years or older: a randomised, double-blind, placebo-controlled, phase 2 trial. Lancet, 2020, 396: 479-488

Wang P, Zheng M, Lau S Y, et al. Generation of DeINS1 influenza viruses: a strategy for optimizing live attenuated influenza vaccines. mBio,
2019, 10: €02180-19

Martin J E, Louder M K, Holman L S A, et al. A SARS DNA vaccine induces neutralizing antibody and cellular immune responses in healthy
adults in a phase I clinical trial. Vaccine, 2008, 26: 6338-6343

Muthumani K, Falzarano D, Reuschel E L, et al. A synthetic consensus anti-spike protein DNA vaccine induces protective immunity against
Middle East respiratory syndrome coronavirus in nonhuman primates. Sci Transl Med, 2015, 7: 301ral32

Smith T R F, Patel A, Ramos S, et al. Inmunogenicity of a DNA vaccine candidate for COVID-19. Nat Commun, 2020, 11: 2601

Tebas P, Yang S P, Boyer J D, et al. Safety and immunogenicity of INO-4800 DNA vaccine against SARS-CoV-2: a preliminary report of an
open-label, phase 1 clinical trial. EClinicalMedicine, 2020, 31: 100689

247


https://doi.org/10.1038/nrd.2017.243
https://doi.org/10.1016/j.vaccine.2012.10.083
https://doi.org/10.1016/S0140-6736(04)17398-4
https://doi.org/10.1016/S0140-6736(06)68439-0
https://doi.org/10.1016/S1470-2045(05)70101-7
https://doi.org/10.1016/j.antiviral.2016.03.016
https://doi.org/10.1016/j.cell.2020.06.008
https://doi.org/10.1016/S1473-3099(20)30831-8
https://doi.org/10.1126/science.abc1932
https://doi.org/10.1016/S1473-3099(20)30843-4
https://doi.org/10.1016/j.vaccine.2020.10.064
https://doi.org/10.1056/NEJMoa2026920
https://doi.org/10.1016/j.cell.2020.06.035
https://doi.org/10.1016/S0140-6736(20)31866-3
https://doi.org/10.1016/S0140-6736(20)32661-1
https://doi.org/10.1016/S0140-6736(20)31604-4
https://doi.org/10.1016/S0140-6736(20)32466-1
https://doi.org/10.1016/S0140-6736(20)31208-3
https://doi.org/10.1016/S0140-6736(20)31605-6
https://doi.org/10.1128/mBio.02180-19
https://doi.org/10.1016/j.vaccine.2008.09.026
https://doi.org/10.1126/scitranslmed.aac7462
https://doi.org/10.1038/s41467-020-16505-0
https://doi.org/10.1016/j.eclinm.2020.100689

FEFSE: 201957 B tR 05 B 9% W 0T A gk e I e 2

60

61

62
63

64

65
66

67

Corbett K S, Flynn B, Foulds K E, et al. Evaluation of the mRNA-1273 vaccine against SARS-CoV-2 in nonhuman primates. N Engl J Med,
2020, 383: 1544-1555

Widge A T, Rouphael N G, Jackson L A, et al. Durability of responses after SARS-CoV-2 mRNA-1273 vaccination. N Engl J Med, 2020, 384:
80-82

Polack F P, Thomas S J, Kitchin N, et al. Safety and efficacy of the BNT162b2 mRNA COVID-19 vaccine. N Engl J Med, 2020, 383: 2603-2615
Ng O W, Chia A, Tan AT, et al. Memory T cell responses targeting the SARS coronavirus persist up to 11 years post-infection. Vaccine, 2016,
34: 2008-2014

Zhang N, Gong Y, Meng F, et al. Comparative study on virus shedding patterns in nasopharyngeal and fecal specimens of COVID-19 patients.
Sci China Life Sci, 2020, doi: 10.1007/s11427-020-1783-9

Li Q, Wu J, Nie J, et al. The impact of mutations in SARS-CoV-2 spike on viral infectivity and antigenicity. Cell, 2020, 182: 1284-1294.¢9
Korber B, Fischer W M, Gnanakaran S, et al. Tracking changes in SARS-CoV-2 spike: evidence that D614G increases infectivity of the COVID-
19 virus. Cell, 2020, 182: 812-827.¢19

Ding R, Wang H, Yang Y, et al. Cross-neutralizing activity of monoclonal antibodies against N501Y mutant strain of SARS-CoV-2. J Appl Virol,
2020, 9: 4145

Research progress and prospect of vaccines for the
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Coronavirus disease 2019 (COVID-19) is an ongoing global pandemic. Vaccine research and development are actively promoted. As
of March 2, 2021, a total of 258 kinds of vaccines, including inactivated vaccine, live attenuated vaccine, subunit vaccine, and viral
vector vaccine, DNA vaccine, RNA vaccine, and virus-like particles, have been studied. Seventy-six of these vaccine candidates have
been in clinical trials. The safety and effectiveness of vaccines are the two critical evaluation indexes, which will be obtained after
clinical trials, and then the safest and effective vaccines will surface. In this paper, we compare and analyze the types, construction
strategies, advantages and disadvantages, and the latest progress of vaccines in clinical trials. The design and immune strategies of the
vaccines for COVID-19 are also discussed.
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