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Y56 IR FE(2019 novel coronavirus, 2019-nCoV)”, &
1 L PR B P M 28 S 4 B PR B A < e IR 0 B 5
2019(coronavirus disease 2019, COVID-19y"!". B Ji5, #r
RS R0 7 1E Uk A 44 <™ B 2k PR 25 S AE T IR
JpiBE2(severe acute respiratory syndrome coronavirus
2)”, BPSARS-CoV-2.

6 IR I% 7% (coronaviruses, CoVs) N HLI% IEHERNA
e, BTENWFH. BRWERL o E R
KR, GFEX 3 RANE: - RIs g, B-reb R 2,
YRS AR E. SARS-CoV-2J8 T-B-id Ik
TR, WA S AR R 1) B ARE T, R R
A PSR 2 B R g N BRI, ARSI, mEiks)
W), X ERBF A TR R AT SR R 4
W RG M2 RG5!, BT, C%E 7R A
FRIEEE: HCoV-229E, HCoV-HKUI1, HCoV-OC43,
HCoV-NL63, SARS-CoV, M1 ZRWFI £5 A AIE jef 1R s 7
(Middle East respiratory syndrome CoV, MERS-CoV)
FSARS-CoV-2(&1)"). SARS-CoV-24596.2%!H1 5 H [
H1 5 s gt 76 R FERaTG 134 [F], 5 SARS-CoVHI
MERS-CoV AR 43 51 79.5% 140%™, JEAL I
S #T i R, RaTG13/&SARS-CoV-2(fifisE, 5HAh
SARSHE TR B (SARS-related coronaviruses, SARSr-
CoVs)JE i — M URe i .
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SARS-CoV-23EKIHECK, F29891MHlAE, Hihd
9860 MR FENR, H A5 il 5 HAb R AR A 5'-
ARG M. /010 HE(open reading framework,
ORF)H13"-poly-AJE"™". 45— A iEHELL(ORF1a/b) /2
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Figure 1 Phylogenetic tree of human coronaviruses (CoV). The
phylogenetic tree showing the relationship of SARS-CoV-2 (denoted
as red) to other human coronavirus is based on nucleotide sequences of
the full length genome. Human coronaviruses are grouped into two
genera: Alpha-CoV (grass green), Beta-CoV (pink). Subgroup clusters
is labeled as A, B, and C for the Beta-CoV

proteins, NSPs), fUFFRNAMKH FIRNA K A B (RNA-de-
pendent RNA polymerase, RdRp). AJIFEEE H B (pa-
pain-like protease, PLpro). %)% HEF(3CLpro)Lh
N5 B 2 HI AR R AR S % R G AH K 1) D) e iR
(%Y HABORFAL T-5E3E3 A 1/3 IFEH A4y, 4
4445 ¥ 8 H (structural  proteins, SPs)F1SAN 442
H, SifEEaE3NRIEE MM REERNE
FIN(E2A)™Y, RIHEE A2 38R E ES. BED
MHIELE 8 HE(J2B).

SARS-CoV-2Ji #HL T 2 F/IE, HL4£60~140 nm'”,
A0, JIE R THR R AR A ST B — MOMURE ) el IR 25 0, KR
H9~12nm. FIREHSE S TEEAMN 1 BEEA,
KJEN 123N ESERR, a2 N SUmS2 . ¥
PR R PSR SE F 3D, RILE 5 HAD
R R A m AR, JU R 5 SARS-CoVIS2
BT S1IF AT ) 32 44 45 44 8 (receptor binding do-
main, RBD)515 40244 BARH, BEZ S2W7 %
SrH)-GAKE E X 1(heptad repeatl, HR1)E AR =%
1, PR S5HR2EBY 6-12 i 5 (6-helix bundle, 6-HB),
X AL G AR A0 A By T3 25 R0 24 IS5 P Al i AR
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Bl 2 SARS-CoV-2FH: [RIZH AR R BRI L 1. A: SARS-
CoV-2 K ER A BIR T ML M E B (NSP, Hfh), 45
HJEF(SP)S. Ev M. NAIPHJ& & F (K ) I 1 HE 1a
A1b; B: SARS-CoV-21 5 4 Fh 4544 8 1 spike(S)Z [f il &
(B ), BEM)E A G), ZAKGEN)E F (L) M RE(E) &
H(R )

Figure 2 Genome and structure of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). A: An illustration of the full-length
genome of SARS-CoV-2 showing the location of open reading frames
la and 1b encoding the non-structural proteins, NSP (blue), structural
proteins, SP (S, E, M, N), and accessory proteins (gray); B: there are
four structural proteins as follows: spike (S) surface glycoprotein
(green); membrane (M) protein (purple); nucleocapsid (N) protein (red);
and envelope (E) protein (light blue)

A, JFE kg N T SR, S
SARS-CoV-2Ji B MU R 1 £ 0 40 MR R B H, H =
B E—EHEERE THERM, M2n ), &
2 [ A A190°, LUE Sk Z A 5 T ¥ g ™. i,
2197% KIS =AM A T E HM R, BRI R
il SR S E S e ke E . S R AIIRBD
SRR, HEEER T VIR T4MAtk, 5524k
¥15 40 71} SARS-CoVI10~20£5"", 7 )i, RBDZ &
B2 5 I A5 AL T 1 5 SARS-Co V-2 (4L #& 1. Fr s e
PRI B S2300 BT FRTHR TRITHR 2 [X 2 A A5 57 114,
I, S20V BRI R T AN B 25 4 ) B AR BE AR,
SRS, ARTE X SE B S M N DR 5t
FESARS-CoV-2MF 7 [ #4 £

HENANAE IS, 9 TR RNA EL 20 B 31410 B A2 b A B
PFHINZREA, FE93CLprofPLpro/K fif N 4514 &
AR & . PLproz 24k 15 LT 2 H T3
(interferon regulatory factor, 3IRF3), TR IRGIE N
. JRAEFSARS-CoV-25SARS-CoV{IPLprof 83%
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(07 BUARABL Y B AR R RS PR AL A, (BRI AR 5
JU -7 7% T PLproff B AN ). K1k, PLprodtAEHis
2GR ELAEHE 45

3CLproy ~5RARGE M, A BLARER S A NA it 1)
AL AT C K I 4. SARS-CoV-25SARS-CoVH
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7 5 Al Be AN 2 B 35 LA 1 71 5 3C Lprodd PE A7 2111
gh4 B, BefHISARS-CoV 3CLproff) /Ny T 2504
S [FREAE A T-SARS-CoV-2 3CLpro'°.

RARp ARNAZE A HEAL | — NN 5, X 752k
HEEH EREHE, SARS-CoV-2f{JRdRp/F ¥ 5
SARS-CoVIJRARp/FHIH 96% M — &, It H —Hb%
AR I B AL 5. HIk, SARS-CoV RdRp
()41 79/ 71T %t %6 SARS-Co V-2 [FIRdRp [FIRE A 3.

SARS-CoV-25 HACoV—FE, HJE. KT
JEEEHE A S S FREH . GERE G
588, FEI73EEABURL [ 26 i J A R B R .
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12COVID-19%51514 145, b 745993 % ™ 2, 1513812,
B HE I 1HICOVID-195E -7 B, Chane A2
RIE T ML TR KRR ER G, X E—N
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993 181 SR SR AL T A e R AT — A S S5 A

20204E1 H20H, BN AE 164452 55 N g i 12 B e
SARS-CoV-2, 1X 5# ZUHE 781208 B 4716 N B A 76 A1 = Bt
P,
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W HAS #rmdgf. shE. BE. AR, nE
K. EE. EE. EE. IR R AT REA K E
1E N 11202 A4S B 5 il 4 R LCOVID- 1995 1. 5.1 5
WL, SARS-CoV-2s2211H & HHLH 51 & 5 K15 126
=FCoV, HALIEEHE L ITSARS-CoVIiMER-
CoV. [, EHRE TIHBZE17L M )LERHF74
1 fE L E R R 3 D T A, X 5 SARSERMER
(B LA, R — AMEAFER NI FT I 7] .

2H 4y, HECOVID-19#4i25m g g n, +2H
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A W, COVID-192 4k20154F F1 B 35 P Z& R Im 88 K
WATZ 5, NIRE BN N ™ B 1A% 4990, IRz
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FRAE SR A0 3% B 23 7 4% i A I SARS-CoV I
MERS-CoV HIH B 45 32, F HL g g 4 1 e S 3 79 o
B ERTE . MR, WA HEI 9 SARS-CoV-211]
4875 3. ZhouZe N4 i SARS-CoV-27F BN JE R 41
K b 5 i R BERaTG 13 96 2% AR, 1%
F Wi IE £ SARS-CoV-2 EE ) F 4R E 3. 4R, 1A
T8 EILH i E.

SARS-Co V-2 A Brfk #% 32 I v+t X AV 5
R FEEMERE., BB IRG A N R F]. ZhouZs
NYVT 7461 £ B B 6 4 S B Y E W W (bronch-
oalveolar lavage fluid, BALF)F154} K i FhrAs Fh a6
M HSARS-CoV-2# 8. #HSARS-CoV-2iliid Y €
ARSI BNESE, N B FTminE ., iR E
it B HH PR R R T Sy A ) A2 N B A% R ) B AL AR
Ji 5.

i SARS-CoV-275 JL i) A th 2 5 BB G,
SARS-CoV-27E 4} FR IR v (1) Hi 1t A RS € 1 A B 9T
fiRiE. SARS-CoV-27£4°C N A AFIH A 1], (HE70°C
I, {755 min, J6H YRR A R T HAAE"L
COVID-19E 3 1 FE{F HH 1] 73 85 tHSARS-CoV-2, 7EIH

B H P RERE I B, $E/RSARS-CoV-21] HEMIH
WIE R TEN T FE TSR o TSR AT A
b RGeS e, I AR Y
SARS-CoV-2T] RT3 Mg L4,

RIBIRAARIEE B h 2 W, 5 R T — ST
PRUERT, WARERRE . MUMoE SRR, oSSR
FEE T R I 10 L 1.8 m ),

FESARS-CoV-2/8 4L 17 1 NH in iy [F] i, 0
W7 e A )L, O LE R B iE 1 A IR
R 2 PHPE A U, A AR, XKE
R o] I % 29 4| B 23 e T A ) L PR R B K 22 250 2 [
PR, R DB, BEfE, 5 — Tt AiRkiE, 6
A B GLSARS-Co V-2, HAEK, il #r
A LM HE 7 A1 BEFLAE A H SARS-Co V-2 R IR 160 14 K
AR, B PR I R S 5 12594 SARS-CoV-2
RGP 43 1 265 4 3G 7= 22 LA, AR 12 h N BRI
1 S P ) LA 644(2.3%) 2. B, WEBFR %
1E— 2 YL SARS-Co V-2 1 P21 (1) = K AR 4% 2H 21 o
For i 21955 B3 B FNS £ B [, IR AL 28 92,
FHEENE AP RIE, ZA% LA RN
RERE . 2 E RN A P2, H3 R JE 1% 2 LIE
WEATHIED. W0, T SARS-CoV-2 1 RF AL 1% 12
LR TG 7 EK I . KREEAR. 290
B A T 70K ] B

A H AT, A L TR AL 7 s, B
DU B MAE T, i 2 B 37 P R B BV 2 — A e ik
RHEM B, #S A A 2 4 |
L ESARS-CoV-2(1 XY, % T HATCOVID-194:
BRRWAT, BB SARS-CoV-2%1 Ay Iy 1 i 07 25 1)
s A, AR, F8 B I R AT AT G RIS A7 AE
BN T TSI L B, —T520204 1~4 H 1 18] X6}
B RN A S =30 338 144 44 ik 1 52 1)
SARS-CoV-29T A7 2 & B, IR I 52 0038 BH 14 %A
2.29%, FH1550.029%, £ 5 H90.0074%). thak,
ANTE FERE B Y18 3 Wi 2 5 A7 AESARS-CoV-2, ik
BRAT N AR T BE AR HE A P T 07 18 A B 440 4 e =

H AT B0 SRR A R B, NS 25 5 B g
SARS-CoV-2, Rl 2 AR 24 N (505 UL ),
v L BOHE R, AT RE R N E IFI COVID-1977
B3 MBERE. M2 R, JLEFBBIEDEZ, s
QLS CEA
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Zhou % N3, SARS-CoV-2/ER#MIT 53k | A
K. WEiE. RTEAE 4N IRACE2 2R g5 A, (HANRE
TR AR FIAACE2FI A, H HANRE 5 e PR 25 1 oAt
AR, I IKEEN (aminopeptidase N, APN)AT - Jik
Ak Bg4(dipeptidyl peptidase-4, DPP4)454. i H.,
ACE25SARS-Co V-2 1145 & #7522 54 2 2 1 I
TMPRSS2(Hh[EE F**". SARS-CoV-2A~RE & YL B
AN, {HSARS-CoV-2A[ /& 4 A\ JHACE2(hACE2)
BERLIR/INER, BN BRHE I SR ey ) B P Ml 6 DA e S
COVID-19 & ML B e 48 P51 jh sk, SARS-
CoV-2{11SH& [ 7E iy I F 4 i v S hACE2 3 & £ 2%,
[At, 5SARS-CoVEMLL, ACE2H/£SARS-CoV-2/)T)
RE T 521,

Chens NPOVR I, 83%3 35 ACE2 (1148 g A fiti
¥ 11 Y I ¥ (alveolar type 2, AT2)40E. 1XLEAT240 i
AMUKIEACE2, 1 HibRIEVFZ 59 85 & i AL 7R 5%
PIAR S RE R Y. AT240 16l T-45 51 3& 5 SARS-Co V-2
3T B AL RS L, AT24H M A T R R 0 i
SARS-Co V-2 Jx [ FAH B AR

ACE2FIACER '’ & - & % 5K & & St (renin-an-
giotensin system, RAS)H B G A [F TR R R &4). ACE
RN BIKE T (Ang) A L E K5k & 11 (Angll),
MACE2 K3 Angll, /£ NRAS &4 1) Gl A1, BB
TR LIE RS AR AR T, JEfEdE
IR R AR ER P Y. SARS-CoV FiHACE2,
FEAnglIFF &1, FEEE H R Bk R 18 1524k
(AnglI type 1 receptor ATIR), S8 ffi 7K i 45455,

SARS-CoV-2/& 4L J5, Bt sk, ACE27ELiE. £
WL OBNE. BEBORIE R KA T, ) S
e f5 24 B nA %, T H S0 RNAM 733 A 30,
ACE27E L[ 3 W g A 2T B 4 g h e ik £ 5 Y, i
XGRS T S AR, 5B B B AL iR A 3L
AR, X ANVRZR A B RS 7R 7R, SARS-CoV-2A1 &
B R A\ i s A A R e T gk
ECOVID-19FFH B # . + 48 E gl b g
F b FENR [ e AR, DL AFHE R, SARS-
CoV-2J8k e N\ V40 18 41 Mo FF AT S Hll, &0 ke 1
COVID-1953% H I L iER (1) 5 . Zhang’s AP
TESARS-Co V-2 /3 JL 1 1 28 BRI K i S B HhoRs il 21
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TR W R R R G B ORL, WP R R
T COVID-19 835 H BIA 2 I ACRE 9 BE 22 AL

REZHE M fEEUCOVID-19EFH = K&
(14 LAE 78 4 i DS 1 AR A PR 4 R R, 03 Y
Z (interleukin-1B, IL-1B). IL-6. IFN-yi% 5 4 (IFN-
y-inducible protein, IP-10). FIZ40 LA 11
(macrophage inflammatory protein-1a, MCP-1). Fi4f
5 7% ¥ AT~ (granulocyte-colony stimulating factor,
G-CSF). E W40 75 14 (macrophage inflammatory pro-
tein-la, protein-1o)FI & A FEA-F-a(tumor necrosis
factor-o, TNF-o)) %, F HbHEM, 3o B SR 40 a1 5]
A5 B B4 B VB IR AL 25 G 1iE (alveolar  capillary
leak-like syndrome, ACLLS), F£45) V2 [ fili i ps 22,
(ORI LN G R b a2t R ST SN i DR a T N oL
M Y 453 0 (325 35S T ) 60 o Bt R o ek g 14041,
AT RESR TR O IR RIGATE IE, 5 BUS gLk
AL A E B (3) O IL-6 2 5] R AN TR
Z MR A T, 52 K EAECOVID-19 & 4 Tl
JE AT SR AR, IL-652 AR A TSR, FERR
(Tocilizumab) AJ LABH Kr COVID-19 i 2 i 4 i K] -1 X
g,

SARS-Co V-2 1 75 5 RA% I R IR G5 RONE S N
AN R By VA Lk R A Ak AL X5 GRS E T T
HAE R IR E s b, T, B4, HR
ZA5i 40 i (natural killer cells, NK)¥r& 2R, diik
LA T8N, vh AL 20 A Ik L 4 B AR T,
BOWEINE, IR AN, T R R S

BB IR R DS 2 A A g AR 2 o Y H R,
COVID-19(1° FHIFE T % 42.3% ™,

Rl JEGe L 2% B A2 2045 AT B 200 B 1
AR RIS BT, i Jek g v e 30 ) 2 4 1T e 50 B 5
S R TR T ARSI, SR T B R
e, JFEA RS E B MERRR R R  R R Y)

LEES

6 Il RER A

SARS-CoV-2/E LI AR L1 A3~T KT s i
FIARAAN G R FL R, 58.1%~73%MH 3 =& B i,
IR NAT~568, 23%~51%) B B0H —AME
BE RS PESIR, WoBE PRI . r LS < O I I A
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Figure 3 Pathogenesis of COVID-19 caused by SARS-CoV-2 infection (color online)

A8 A AE! T R N R B T, I
W PR 5 AL 1727 Il R e % o A A
R 5~8 R AT 17%~29%11 % LT &
PRI 38 47 A {iE (acute respiratory distress syndrome,
ARDS)! AT T A e LA I B A1 4,
AR BN TR B ARET.

I L L/ LT 35%~70% B s 02 i/
WD WL T-36% 010 583517 5894 [y i 355 vk if g 55 B (1]
FEKMT XSG & FH 5 EMERSBUSARS % Ul
B AR ER, 75%~100%H)
COVID-19 52 WU it 2 RU2147 gz s il i
RN AR 22 5 /N Je 15 B X3 sie A, A EERE o 451
F1A) L 75 2 B0 g SN 5 3 g 52 R T 1 B X 4 sy, 3 HL
X e AR 22 A7 T B .

HAFF BN, 2140% &8 BT B miEaek,
R, B, MRHAIEVEY B Bk A, M2
RERNWIFADI, BFERIE. kw. BRZHM. 6
LA R O P R PR R PR i 1R 55 A T e Dk
AN AEIREY. WhyteZs A RF 7 KB, COVID-
19 5835 IR I A% T2 il A2 Mili 72 2E (pulmonary - embolism,
PE)1I L5 5.4%, TPER] 5350 38 K e R AE, BN
I 1 TR AR AR A AN i L R T 5 A R I il A .

COVID-19E 2 HILFIR vl . Sk O BEH AT «
LM ANAR 2 P IR G5 1 RORE RS 35 v, AT %
ARIR15% 1% 4.3%F11.36% "7,

M2 R, W JLECOVID-193 6134 % I,
T HLEAMG AT 4 & X —454F 5MERSH
SARSAHRL. I — T J2 17144 e ) L 4R 15 B,
W14 )LEIET:™. 58, WMAIZEECOVID-19)L
B ) 1 OB R LA A FR0E 51 2 B 5, X e A
ROUNRING BBI5. IK3E. Bs. Sifs . koK
B EEPYS) E RG M SRR E, HAIEhl
FIMESRNIRIT.

Kk, COVID-19/IRRIM L Tl ZHE, FHEHAT
AT 20 5 2 AN A TH 43 BT (4.

7 LREKA

71 ZREEEE R

F e [ M (polymerase chain reaction, PCR)ifi
BT POE IR A A2 I SARS-CoV-2J& 4. Half, &%t
SARS-CoV-2 ORFla/b. S. N. EFRIRARPZE:[X {75
PCRAGIR A & CLAE 2Bk 2 A PO iR 7. 9%
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A novel coronavirus—from basic research to clinic

LUO Dan'’, WANG Ting', TAN ZhongYuan', GUO Shan’, YU Zhi’, LIU Yan', ZHANG Yuan',
WANG BaoXiangz, GAO Yuan’, WANG HanZhongl, MEI Hong2 & ZHENG ZhenHua'

1 CAS Key Laboratory of Special Pathogens and Biosafety, Center for Emerging Infectious Diseases, Wuhan Institute of Virology,
Chinese Academy of Sciences, Wuhan 430071, China;
2 Gastroenterology Department, Wuhan Children’s Hospital, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan 430015, China

The pandemic of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is now sweeping the globe like the toppling
Dominoes, and has become an alarming public health issue worldwide. To date, there have been more than 76 million confirmed cases
and more than 1,690,000 deaths worldwide. SARS-CoV-2 might originate from bats and is usually transmitted through respiratory
droplets and contact. The SARS-CoV-2 genome is about 30 kilobases in length, encoding 16 non-structural proteins and 4 structural
proteins. The receptor-binding domain (RBD) in the S1 subunit of the spike (S) protein of SARS-CoV-2 interacts with the entry
receptor angiotensin-converting enzyme 2 (ACE2) on host alveolar type II epithelial cells. The interaction causes structural changes
in the S2 subunit leading to virus-host cell fusion. RNA-dependent RNA polymerase (RdRp) is vital to replication of the viral
genome. ACE2 may be downregulated after infection, leading to lung edema and injury. Common symptoms of SARS-CoV-2
infection include fever, dry cough, dyspnea, fatigue, and myalgia, that is, a pneumonia that has been termed coronavirus disease-2019
(COVID-19) by the World Health Organization. COVID-19 can be fatal. The imaging findings of the lung are mostly multiple ground
glass shadows and subsegmental consolidation near the pleura. SARS-CoV-2 can be detected by nucleic acid and antibody tests, virus
isolation, and electron microscopy. The pathological features of COVID-19 are diffuse alveolar injury, fibrous myxoid exudate,
interstitial inflammation, alveolar epithelial cell proliferation and shedding, and hyaline membrane formation. At present, antivirals
are non-specific and mainly include lopinavir/ritonavir, remdesivir, and umifenovir. EK1 peptide and SARS-CoV-2-HR2P may be
novel antiviral agents that can prevent infection. Convalescent plasma is generally a valid option. Although no vaccine is officially
available, there are inactivated vaccines, vectored vaccines and nucleic acid-based vaccines in clinical trials. Prompt and strong
measures have been taken to prevent the transmission of SARS-CoV-2 in China.

SARS-CoV-2, COVID-19, molecular characteristics, pathogenic mechanism, antiviral agents
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