5404555 2 1) BN RN === FGERAS B )
20204F2 H Journal of Nanjing Medical University (Natural Sciences ) - 151 -

- H A AR A AT -
TR B ST S B R 2010 FAIB IR B T 2 R

RO, F TR

B RN A B A e S e R R R TR R R B U ORI R VL
JE BERBEMFIL S fE EAE R AR, VIR BIaU 210029

MR 2111665t EERRH S —

(3 E] 2019 H el IRIR AL YeEsR , 16 FRE K AL R, T A R B B . SR MR A i 5 8 | BTG YL Ve 5
FERRIE TR . SC3 45 T 2002 4F SARS TEIRIR 75 A1 2012 4F MERS SR J56 7728 1 K 16 2 1 L 7 B 38 1 I DNA 2 B BFSE
EJR . G5 AR EEEE I ST 2P0 1 0 7 B 238 L K 2019 7 B SR 25 (0 5, R B T 2019 35 B SeE AR B398 1 F 2% 11
Al RERTR

[R4IA] 2019 H BRI RE 5 JIGBER ; WAAALBEHT s DNABET
[FEHEES] R563.14 [>xaktrEag] A
doi: 10.7655/NYDXBNS20200201

[XEHS] 1007-4368(2020)02-151-05

Research and development of coronavirus vaccine and prospect of 2019 novel
coronavirus vaccines

ZHANG Mingshun'*, JI Ningfei’

'Department of Immunology ,’Key Laboratory of Antibody Techniques , National Health Commission , Nanjing Medical
University , Nanjing 211166 Department of Respiratory and Critical Care Medicine ,the First Affiliated Hospital of
Nanjing Medical University , Nanjing 210029 , China

[Abstract |

effective way to protect the susceptible from the spread of infectious diseases. The purpose of this essay is to review the inactivated

The emergence and outbreak of 2019 novel coronavirus (2019-nCoV) have posed a great challenge. Vaccination is an

vaccine, subunit vaccine and DNA vaccine research progress of 2002 severe acute respiratory syndrome (SARS) coronavirus and 2012
middle east respiratory syndrome (MERS ) coronavirus. Combined with the coronavirus vaccine progress , the history of vaccinia vaccine,
and the characteristics of coronaviruses , we provide some potential approachesof vaccine development for 2019-nCoV.
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IR FR A 2019 764K 9% B9 (coronavirus disease 2019,
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TEAR G 75 2 BA TE A% RNA QU 2, | 12 AEE T
HAR G, AR 5 4N 229K, 0C43 . NL63 Fil
HKU1 &5 — f§ 51 i 4% v 3 A 0P I3 JR e i R
2002 4, e 2RI 25 A 1IE (severe acute respira-
tory syndrome, SARS) 7R 5 5 (SARS-CoV ) 7E [E N
JEAZT, WHO Al 71 SARS #12 8098 4] , 5L.1- 774 1],
AR 109%™, 201248, 2R PRI 25 A4 (middle
east respiratory syndrome, MERS) 5 Ik %% 22 (MERS -
CoV ) TEVMHFA5 MR K ', WHO /1 MERS 512 1879
], BET 659 19 , i FE A 1534 35% ', A [Al T SARS
1 MERS i IR LY | 2019-nCoV B YL J5 3 70 R Y &
TCAEAR , TCRE AR IEEGL 520 T XF 2019-nCoV L3
FIAR TR . 7E 1099 Bl =602 B, 6T 15 1
JIEH1.4% " LT SARS 5 # MERS.

A8 e 5 1) 7 4 — D DU 4 o A% G Y5 BT
LRGBS 5 B . PEW IR 5 B BH
& Y PRI 154 1A AT B, PE T I & e R g
BRAR S Y B BRRRAE o DARE TV A9 4L R T A SR B
X3, PEWIH ZFP A AL G RE T CRIGRET 8
TERETT) VBT RE T | L ARAARE T  DNA BE T LA
J RNAFEW S5, AR SC B AE B SARS-CoV Fll MERS-
CoV fEGRETH HL07 B 1T A DNA & H W5 b g
I LU EE 2019-nCoV SE T IST

1 REEHE

2002 4 11 1 ,SARS## % ;2003 4E 4 H |, 535515
FI| SARS-CoV IR FEE 2o 200449 A , B K244
TH AR DRI RE T HEFR Balb/e /N, 175 5 11 = TR
J&# SARS-CoV Hif&"™ , 2005 4E5 7 , v EFRF# Bk
DU BE T IE L I FH A R AR 1 SARS-CoV %
BRI, T DL A A 5 p AL, (H
it PRI /2 , SARS-CoV M B G BT AUFE AR AN LAY | 52
35 AT RE % Il 285 KNG RE B = A A R R
2007 -2 A, dbstrh H AU PR GRS , B-PI BEERR N g
K% 1 SARS-CoV #2 fi M 2 108 5, W5 5
AR RBERN T, 5SRO B B 5T A B K
N, &L SARS-CoV J5 , HHR HH BLE #4435 e Al
M 45 SARS HLAUIE R . 752550 IR Y el tRops B A 7Y
o AR R S MR TG BE W 1T A5 H SARS-CoV Fiiik,
JE T $2 R o ) %) HE 5 0o E) 45 46 1 )8, 5 SARS-
CoV FEBFFT DI FEZEML, 2012 4F MERS J8 % , 2016 4F
MERS-CoV K iEFE fHEA /INER T, BRI P8 1 I
s T R (R KT RE BT R /N ER,

I U 4 0 s O A5 405 , B KR S T REAS 2
A4 MERS U ERE 1 . 202041 H 24 H , #riL
AP PO B 5] 2019-nCoV IR REMR . R 7
PR3 B8 ), 25 A5 S B (O RE 1 ok 75005 28 1)
Atk T,

AR H T 2019-nCoV 1) G5 & s AL il i AS
i, (A3 EA SARS KIS MM A £ E 4%, 7F
5325t 2019-nCoV R BERR I FE Al L, FRATTN 2221
2019-nCoV KGR 7 %8, 46 : (D B HE 21
2019-nCoV 5 B BRI T 56 56538 (A9 TR ARVE M 9%
B 5 (2) HEST I BE M R RS 77 S KE 585 (3) 1
92 A2 ) A T FH S )N BRUSE Bl 40 S 9 A 9k 22 4 Pk
G JFPE . 2019-nCoV I P 1 & 5 REIS 2 A 3L
(5 e NS, i e I R S A TP

2 FEfrfEes

KIGPER LI 2%, & A R R 2 R4 f &
ARS8 1 o 7B 1 2 BT B, — e
A — M JUMRTEE 1, AT ZR R R R 5 K
T A2 AR R . CRUF 2993 (hepatitis
B virus, HBV ) MV FRLAv 3 1 38 2o J 4 1 2 11 S R
%ﬁﬁ%@ﬁ?ﬁﬁ(hepdtitis B surface antigen, HBsAg)
AT HRRIPTIAR, HBs Ag M7 P78 B 42 A 5 ST T
HBV 7E 1 [ RAERE I T AL i 0 S OR

e 7 T A R R R H (spike, S) , 5
o REIEA By B B DIAR G, HEAE N 3 i) S1 2 REZ
¥4 38k 5 A 2 1k 45 A X (veceptor binding domain,
RBD) , 5 4 i R T 1) 10 487 55 45 22 7% {L 1 2 (angioten-
sin-converting enzyme 2, ACE2) 54, il 1 1 C ¥ 19
S2 VI RELH IS AN M IRl &, S R E A
L5 SARS-CoV [ #5 , 2019-nCoV (4 S 2K 4 Jt H 2
RBD A7 4 DA LR RAL A SE AT 5 ACE2 A
WG s RIMHMISE SRR, ACE2 /& 2019-nCoV
AR AR Ve URr BIILEE A B, 2019-nCoV HY S
B UM X 2544 5 SARS-CoV & BRI, /5 2019-
nCoV I S H 1 5 ACE2 925 & J1 B &, iX Al R /2
2019-nCoV mfE PP RN Z — . BRI, SARS-
CoV IR S230 SEAREA R4 & 2019-nCoV 1Y
SH M, /R f#HT 2019-nCoV 1 S 2 4 HRIF AT
R S B 928 B R B

SARS-CoV F %4 S 1 . i 4 11 (membrane,
M) AZAGEHE [ (nuclear, N) R LK 3a 25 1155 45 44
HEP MR 3a 8 H WAl LGS o Rst A, N
HE AT DUl A AR 5 CD8 T 40l G L, e
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RN W E N HA 2 EY #0068, 0 3atk
FIAT LA 9 T 28U IFN 8 g R Ao 28 S e ™ is 1k
RRAE/IMAIE TR JSRE I o ARPEEE NP5 E
2019-nCoV A HEALFE ST MEH NEH EHEH
DA 1ab/3/7/8/9/10b/13/14 %5 12 Fhas k0 E 1, 4T
XT3k Be 2514 3 1 D RE 5 S I kit — 20 o i A
BT 2019-nCoV W PR HETH OB

3 DNAEHE

AT BN S5 P, DNAJE | 16 1R N 6 1806 7
PR, BT R AR T AR R RS,
AT DL G b PR R 25 8 1 I RARMI R 3R 57 . DNA
REFTETE EAME T FREM R 1, °T LAigs AR
A 114) 240 L G 938 IO 28 AR VR S E N 25 . AR R PE T T
B R S K R B URE , IV B E 1 ) T A
atifk H A, 1 DNA B R A5 2 4 5 A b ot
R 3 1 2 35 TR, il 25 T2 f B, LT SARS-
CoV KT RETH (2004 49 H )™, 2004 4 4 H £ B
FEARIA , ZifiS SARS-CoVS 25 11 DNA FE 1 7 /N B
DA ] i S A0 G O B A R AR Y R
&, 7E SARS-CoV B 5L g0 v, F2Fh DNA FE 11 /N RUA
P SARS-CoV JEA B 58 4 1 B L /R DNA % i 2L
HIRRIRROR . 20084F 11 H ,SARS-CoVS
DNA S 1 75 T R SC 50 g5 5 R OR 4 A it A %z
PRI IR . SARS-CoV LS/, IIN &
R M 2R 55, 78 DNA S i P i A i ™ . A
BRI, M 2R (A BE HE S B A S s 3 b A 4
FIGN M S N 2% . MERS-CoVS 25 1 DNA S B 2 B
AHEA T IR B9 MERS B8 14 , 758 25 5L /R HAE
ZIN B8 B8 VR Hh ELAT AT 1) S SR A il
TR Th BB (R RN 52 MERS 95 5 /L 1
S, T WG PRSI0 25 B W , Ko 2 i g
i A T S22 VT 175 P AR VR G928 R 400 S e 8 B I, AN
R e HH BRE

il % 2019-nCoV DNA %& 1 75 A W T ZE A2
W — R NAUE S, U L P gt )y
G 5 5 R B I AE W 2 R R Y A BIL TR o
2019-nCoV Jp5 B M4 A5 P22 Rk R s &g AL 1) )
W1, A B T4 Sk 28 VR 3l 5 19 DNA B2
U, B 209-nCoV Y A5 W~ FEAE R A& AL
T 5T IR, [A] BF 2 % SARS-CoV fil MERS-CoV
RETH RF I 2856, FRATTnT LA Se k£ S 2 A A (al)
M N8 AR A B s 20 DNABER . H
HI B3 19 2019-nCoV A [R5 75 bk 1Y JE R 20 7 471

B B TR AT R R B T EOR R R
KA IR R ek , 2019-nCoV J2&: 15 45 & A2 A8
HE T AR ST R Y S % PR 7 275 HIV-1 DNA %%
HFFR A, AT DA% AE 2019-nCoV DNA 21 1
FLHE A TR RERRAY S B F Zn 1y 510 DT B -3
i A IR NS

4 M2019FEBRFSEEARNBEERE

4.1 FEAPAe Rk

X RE T HERh S MR R PHAR , 1 ok A TR AR
B o KIRREM  FER R, AT RS0 i R HAAE 5 i
BEVGRE T, FERE PR N I, TT BB AE S e DI R
MRS EE R 78 Tl RSE s, R R
F ] LA 5% SARS-CoV K RETE ", $/R e bR 75
RIGPEW 241 . 2019-nCoV 5 SARS-CoV 3E%%
KR, BME AL, 783545 2019-nCoV K IE B 1 2 42
A R BRI 2 T A0 2P PR RE
FELERSNRIE AL R B 1, AR TR
FIAE) SR ZRA 5 HL BRSPS e Sk LU 35 55 o
XF T DNA B 1 % e R, ok B THATRE
MU A BME B3R b 3E 30419 DNA o
B2 T4 UE W T DNA B2 1 N BB Rl 0 22 21k .
DNA S AE AR G B ROR LU 55 , >R FH DNA 28
BRI R G g8 B 1A T 328 ¥ N S 8 4 e B SR, ]
DI B3G50 DNA P B 1 a2 80R > . DNA ST 5
SIS B IR A 1, B A 2019-nCoV S T (1)
R I Z—,

2019-nCoV £ 14 1ML ¥ T 2 A7 e BH W 75 B e
() PRI 5 B A 0 RR 2 I 2R BB S P AR 2019
-nCoV BB , A MG ARAER o (02, %
BN 5 | ) G I 25t 2 ) 8], Bt A4 B v
G55 BE S B IBTA BEALHE , BT RESS & Fe 2142
HHRTEIERYY , 11 SARS-CoV 1 S 8 1 BA e R iR T 2
L I 2 L J > 5 A8 A e P IR 58 0 5 (feline in-
fectious peritonitis virus, FIPV, J# iR 55 ) S 25 H 1)
BT REPUIAR AT RE AL IR B AN ARG s MERS-
CoV I I Y2 T 75 5 B I 7 e s it 17 Bl
F X 2019-nCoV BURHLE 1 — 20 T, A B T
TEE T 2 A SR8 T R R
42 FyE R T A BT 2019 #7 R K 9B A 95 G 6

D3 s b fe S A RE R AR T TR TN TER
TERRTE AL o AR 1 I A B e 4 1 R AE s
B, A MBI FREHIE T SR e
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N2, 52K E AT HEYT R AL I 5 B 1 S OR 4
To FESh B SRR, W FIPV | L5
P 10 86 2 % 2 (hemagglutinating encephalomyelitis
virus, HEV, JE7EEARIA B ) A Yt S A48 2 B2 (in-
fectious bronchitis virus, IBV, & & w 5 ) LA A /N R
B 2% 9% 5 (mouse hepatitis virus, MHV, & 5 IR
). XEEHMYTERF IR AMERERM. AR
W EEIAE T T4  FIPV/HEV 1% 2t B/ 5
G A 7 S OCHEY & FIPV/HEV & & i) g4
V38 UM ORI 25 E I Bl et R BRI B T
ELZ7E & POl A5 31 T 500 T, 33 B e bR A 7
BRI A BT X BHIBT 2019-nCoV £ 4% 7 ik L[]
EAR M — LT,
43 2019-nCoV J& 47T Bt o]

158 2019-nCoV i A A Bl ARG KA T, (2
S HARRE M O i T SARS-CoV., 20044E 2
J& , SARS XUA H7 g iy 52 56 % JB YL iR 3B >, SARS
THARTT L ERT T I RS2 55 Y SARS-CoV K i
P AR 25 7 I s il . %57 2019-nCoV 5
SARS-CoV ZEZ KR , A2 H T A SARS-CoV K i
PET 215 T LA S AT 2019-nCoV 19238 XA BEIR
PRA FEE—2 5T . WA B3 ] SARS-CoV K
TR EVE S T 55 2019-nCoV , TR 2 2 B B A ] Al R
I FHAE R e REERY . 7500, DA SARS AT MERS %17 1)
WHFE JT 53k, 2019-nCoV £ 1 WAZ0 i 25 sh i) 52 3
FNI R SESS , AN AT RE—BE M. M 2002 4F SARS 44
KA 20403k, v E W RHIFRE ) AR B R KR AH
fHIEATFRIE TAE & BB B A 4 2019-nCoV
PER , NFATERE 2019-nCoV ALHEHR LB MG 10 s

(5% 30k ]

[1] ZHUN, ZHANGD, WANGW, et al. A novel coronavirus
from patients with pneumonia in China, 2019 [JI.N Engl
J Med,2020,382(8) :727-733

[2] SMITHN, FRASERM. Straining the system:novel corona-
virus (covid-19) and preparedness for concomitant disas-
ters[J]. Am J Public Health, 2020:el-e2, doi: 10.2105/
AJPH.2020.305618

[3] ZHANGH, KANGZj, GONGHY,, et al. The digestive sys-

tem is a potential route of 2019-nCov infection: a bioinfor-

matics analysis based on single -cell transcriptomes. [J].
BioRxiv,2020,doi: 10.1101/2020.01.30.927806

[4] GORBALENYAAE, BAKERSC, BARICR S, et al. Severe
acute respiratory syndrome-related coronavirus: The spe-
cies and its viruses -a statement of the Coronavirus Study

GrouplJ]. BioRxiv,2020,doi:10.1101/2020.02.07.937862

[5] JIANGSB,SHIZL,SHUYL,et al. A distinct name is need-
ed for the new coronavirus [J]. Lancet, 2020, doi:
10.1016/S0140-6736(20)30419-0

[6] FIELDINGBC. Human coronavirus NL63: a clinically im-
portant virus?[J ]. Future Microbiol ,2011,6(2) :153-159

[7] PEIRISJS, GUANY, YUENKY. Severe acute respiratory
syndrome[ﬂ. Nat Med,2004, 10(12 Suppl) : S88-S97

[8] ROPERRL,REHMKE. SARS vaccines : where are we?[ ] ].
Expert Rev Vaccines, 2009, 8(7):887-898

[9] ZAKIAM, VAN BOHEEMENS, BESTEBROERTM, et al.
Isolation of a novel coronavirus from a man with pneumo-
nia in Saudi ArabialJ]. N Engl J Med, 2012,367(19) :
1814-1820

[10] ARABIYM, BALKHYHH, HAYDENFG, et al. Middle
east respiratory syndrome [J].N Engl J Med, 2017, 376
(6):584-594

[11] GUANW, NIZ, HUY, et al. Clinical characteristics of

2019 novel coronavirus infection in China[J]. MedRxiv,

2020, doi:10.1101/2020.02.06.20020974

KSIAZEKTG, ERDMAND, GOLDSMITHCS, et al. A nov-

el coronavirus associated with severe acute respiratory

syndrome[]] N Engl ] Med,2003, 348(20) :1953-1966

[13] XIONGS, WANGY, ZHANGM, et al. Immunogenicity of
SARS inactivated vaccine in BALB/c mice [J]. Immunol
Lett,2004,95(2) : 139-143

[14] ZHOUJ,WANGW,ZHONGQ, et al. Inmunogenicity, safe-

ty, and protective efficacy of an inactivated SARS-associ-

[12

[

ated coronavirus vaccine in rhesus monkeys[J]. Vaccine,
2005,23(24) :3202-3209

[15] LINJ, ZHANG]J, SUN, et al. Safety and immunogenicity
from a phase [ trial of inactivated severe acute respiratory
syndrome coronavirus vaccine [J]. Antivir Ther, 2007, 12
(7):1107-1113

[16] DARNELLME, PLANTEP, WATANABEH, et al. Severe
acute respiratory syndrome coronavirus infection in vacci-
nated ferrets[ J |. J Infect Dis,2007,196(9) :1329-1338

[17] AGRAWALAS, TAOX, ALGAISSIA, et al. Immunization
with inactivated middle east respiratory syndrome corona-
virus vaccine leads to lung immunopathology on challenge
with live virus [J]. Hum Vaccin Immunother, 2016, 12
(9):2351-2356

[18] WANY, SHANGJ, GRAHAMR, et al. Receptor recogni-
tion by novel coronavirus from Wuhan: An analysis based
on decade -long structural studies of SARS [J]. J Virol,
2020, doi: 10.1128/JVI.00127-20

[19] ZHOUP,YANGX, WANGX, et al. A pneumonia outbhreak
associated with a new coronavirus of probable bat origin
[J]. Nature,2020, doi : 10.1038/541586-020-2012—7

(F#% 159 1)



F40EF 2 W
202042 A

g PE PRI, SRR G 2 M 98 AP A R X R[] ],
B BRI R A (B SRR ) , 2020,40(2) : 155-159

+ 159 -

[22]

[23]

mation [J]. BioRxiv, 2020, doi: https : //doi.org/10.1101/
2020.02.11.944462

ZHOU P, YANG X, WANG X, et al. Discovery of a novel
coronavirus associated with the recent pneumonia out-
break in humans and its potential bat origin (J11J].
BBioRxiv, 2020, doi: https://doi.org/10.1101/2020.01.22.
914952

ZHANG X, QI X, ZHANG Q, et al. Human 4F5 single-

chain Fv antibody recognizing a conserved HA1 epitope

[24]

has broad neutralizing potency against HSN1 influenza A
viruses of different clades [J]. Antiviral Res, 2013, 99
(2):91-99

ZHANG X,ZHANG C, LIU Y, et al. Construction of scFv
phage display library with hapten-specific repertories and
characterization of anti-ivermectin fragment isolated from
the library [J]. Eur Food Res Technol, 2010, 231 (3) :
423-430

[WF5HHEI] 2020-02-18

B S S B L s e A A a e e e o B a S S o

(EEH1547)

[20]

[21]

[22]

(23]

[24]

[25]

[26]

WRAPPD, WANGN, CORBETTK S, et al. Cryo-EM struc-
ture of the 2019-nCoV spike in the prefusion conformation
[J]. Science, 2020, doi: 10.1126/science.abb2507
ENjUANESL, DEDIEGOML, ALVAREZE, et al. Vaccines
to prevent severe acute respiratory syndrome coronavirus-
induced disease[J ]. Virus Res,2008,133(1):45-62
MINAKSHIR,PADHANK, RANIM, et al. The SARS coro-
navirus 3a protein causes endoplasmic reticulum stress
and induces ligand - independent downregulation of the
type 1 interferon receptor [J]. PLoS One, 2009,4(12) :
e8342

LUR, ZHAO X, LIJ, et al. Genomic characterisation and
epidemiology of 2019 novel coronavirus: implications for
virus origins and receptor binding. [T]. Lancet, 2020, doi:
10.1016/S0140-6736(20)30251-8

YANGZY, KONGWP, HUANGY, et al. A DNA vaccine
induces SARS coronavirus neutralization and protective
immunity in micel ] |. Nature, 2004 ,428(6982) : 561-564
MARTINJE, LOUDERMK, HOLMAN LA, et al. A SARS
DNA vaccine induces neutralizing antibody and cellular
immune responses in healthy adults in a phase I clinical
trial[ J]. Vaccine,2008,26(50) : 6338-6343
MUTHUMANIK, FALZARANOD, REUSCHELEL, et al.
A synthetic consensus anti-spike protein DNA vaccine in-

duces protective immunity against Middle East respirato-

[27]

(28]

[29]

[30]

[31]

[32]

ry syndrome coronavirus in nonhuman primates [J]. Sci
Transl Med,2015,7(301):301ral32

MODjARRADK, ROBERTSCC, MILLSKT, et al. Safety
and immunogenicity of an anti - Middle East respiratory
syndrome coronavirus DNA vaccine: a phase 1, open-la-
bel, single - arm, dose - escalation trial [J]. Lancet Infect
Dis,2019,19(9):1013-1022

FYNANEF, LUS, ROBINSONHL, et al. One group’s his-
torical reflections on dna vaccine development [J]. Hum
Gene Ther,2018,29(9) :966-970

YIPMS, LEUNGNH, CHEUNGCY , et al. Antibody-depen-
dent infection of human macrophages by severe acute re-
spiratory syndrome coronavirus [J]. Virol J,2014,11(1):
82

OLSEN CW, NGICHABE CK, BAINES JD, et al. Mono-
clonal antibodies to the spike protein of feline infectious
peritonitis virus mediate antibody - dependent enhance-
ment of infection of feline macrophages [J]. JVirol, 1992,
66(2):956-965

HOLMESKV. SARS coronavirus: a new challenge for pre-
vention and therapy [J]. J Clin Invest, 2003, 111 (11) :
1605-1609

LimPL, KURUPA, GOPALAKRISHNAG, et al. Laboratory
-acquired severe acute respiratory syndrome[J]. N Engl J
Med,2004,350(17) : 1740-1745

(s HEA]  2020-02-20



