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WE 24, 2EERINEREE T HE 2R ZE SRS EE (severe acute respiratory syndrome coronavirus,
SARS-CoV) . F AR LZEAMEEIRIATE (middle east respiratory syndrome coronavirus, MERS-CoV) Fl1" 8 & P FEIR 255 1E
TEEARINTE 2 (severe acute respiratory syndrome coronavirus 2, SARS-CoV-2) 3 i Bk M ek i S B EENS . X 3 e sl
S M TRE R Ll PR e e RGE BRI, I PRR IR R s e . AR 5 XU . SV R E B 2R B,
FREZRE IR FEICT . 87 = SR R B AL o BE L T A VE AL, XTI S P il R s e B
Yo AIEHE T SARS-CoV, MRES-CoV FI SARS-CoV-2 itk ALK FISZ RRFAE | 1A e N2 RIS IOy 1 S yie o7 285 2K 981 O Tk
PIRFFEERE , BRI T S EOR T R T S 1 BN A Z MM R A B, DA B R R R R R 5%

KR bRIETEE, RN, fpEdkik, 42
hEsES R373

LRI B — 22 B S N SAE N I FL
YL RE RN . SREHTT, CiRET7
PR g N 26 1y e AR5 5 (HCoV) , Hovh HCoV-
NL63. HCoV-229E. HCoV-HKU1 1 HCoV-OC43
4 B HCoV N5 | 8 38 Jk 'B A [ BRI i 3 ek e
AR RAE 20 D 60 AEAURE L B T 5 —Fh Ak
e, HEF2002~2003 4] B 2 PR LE S
fif 5 IR % ¥ (severe acute respiratory syndrome
coronavirus, SARS-CoV) AT, A KA RN 5
PRI HE ST TSR R B A SRR |- +4F
J&, Ji—MEBoRtE e R e P AR E R L, R
HZR I 25 A E e R % B8 (middle east respiratory
syndrome coronavirus, MERS-CoV) , i& A & ik
36% HYSET-H . 20194F )i, U E S MEIP IR ER Ak
5 R 95 B 2 (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) i 4k SARS-CoV Hl
MERS-CoV Z J HH B2 — s o v e R 75
P 3 BRI B N T ARBET
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Taxonomy of Viruses, ICTV) R 75 ARk —
HA5rRo, B y IS 4R R, BRI
ATE—2 0 R A BSEREREA. B, C. Do afilp
LRI T ] LR Z L s, R .
Bl ML KL EREE, v RS TR TR R T B
BIHIMZL S o BRI B A IR 23 1 A
WP R4 . HILRGMME RGTheexal" .
SARS-CoV., MERS-CoV £ SARS-CoV-2 ¥4 1y B 7
JRGTE, SARS-CoV I SARS-CoV-2 Jith £ B 1
51, 1 MERS-CoV & H 1 & 81 95 [ A 2R 1
—ANiE R C 1Y BRI T

A NINK, B A B 0F & SARS-CoV., MERS-
CoV HI SARS-CoV-2 3 i Bogim M 7 PR 25 1 T 72
fe 3, AT LAE el e g 32 S s AL
o RN FRIEIEGE ST 5B 12 S SARS-CoV
MERS-CoV W 7EH a5 &, SARS-CoV-2 [ H[H]
15 E M AR >,

2 BEmEUERFEEHNEREAMSEN

56E R BF B9 PRHE RNA L R 4 K /N2 ok 27~
32 kb, —MEAS-HIREMZREFRENZ
IR~ RNA,  H: 5% 0 F I BEHE orfTa F orf1b 2
AR AN A 23, AN EZREA
ppla Fpplab, FfiJ5#U)HIE 15 8% 16 FhAEL5 14
1 (nspl~nspl6), FEVT 3"mAYEY 1/3 A% L K 40 S i)
AFMEEMEIE. N SHIM DL K —SehiiBhEr, B
Jf— 2R A B KL N 2 mRNA  (sg mRNA) 0 H;
R RS SRR T A RIS 5 3
BN, AENE A FES SRR, ARG E
HEZS 5t sk . B, JEmE iz
FERFRIR B

SEEARIEHE LA AL, o RERIURE AP 2 A0 A
N B RRZAGCH I 8 B AR T I 5T R JEE
IF 4% A7 il € 75 11 (spike protein, S) . fX &
(membrane protein, M) . fJ & & 1 (envelope
protein, E). S MMM 5ZKEE AN FREETEA
16 F4iH. MEFUEERE R R RS . &k
HERZERE N, AR 2T e e R ORI AR
E & R R/ NS 8 1, O K 9 B 1 G 2R
H, RENSHA M RGEETE, Sk s Rk e S A
R 3k 3 g A R [F A R R,
N # H (nucleocapsid protein) -5 7R 5 B 3 A 41
RNA (ssRNA) 41 A RNA-ZE 1T (RNP) &
A4, W NEAS M & A AR N

# =

BT

3 BEREERRES NG FE G
5L

o BRI S — D IR B T TS A, X
— b P IR A R R SEE A . TR TR
S H M % 245 & 459 31 (receptor binding
domain, RBD) F# N i ST MV FEF14" T3 75 5 41 it
FEE R (1) C Wit S2 MV HE A B o s i AUA 3 3k 79 o
APV BB BEFE AL 1 a. Rl G iRAE . 4 S1
VAL 3 2 ARG G s R 1 T 4 PR R T A2 AT
5z, SEAME EMRREEAE, W
¥5 I 22 24 R 85 H 1§ 2 (transmembrane protease
serine 2, TMPRSS2) . 5 i 22 24 12 & 1 [ 4
(transmembrane protease serine 4, TMPRSS4) Flif
MAEAE (furin) SFH0E IR, SRS A7
B OS2 AELEREE, S2 WA G AR I AE P & 1 32
YRR, FEUEALS . b, WIS g A1) Bt
G TE 20 R A2 fioh e 32 AR A 5 B9 3 BURE N A
FH, ARl AR A NG RN N A2
R, 408 A LA S B8 ARG S KR S
H, fS2 AR FR Ny skl ik, JHHA
Y M SRS . S2 WP I AFAE I ISR SF L R
LR 41 HR1 FIHR2 KA R 4T &, T oS 1R
W, RS AR BRI . KRS,
MRS R i B R 4

FEH 41 RNA N BB SR 5, #5018 &
I MO AZBEAA SR TS R S T TR A orfTa A
orflb, LA 192 K& 1 ppla Fl pplab #% nsp3
(ARJNFEEHBE, PLpro) Flnsp5S (3CFEEE T,
3CLpro) VI E|IIE i 15~16 MAELE K (nspl~
nspl6) , ZHAM T E M k25
(replication and transcription complex, RTC), HAf
RNA T, . RNA &ML 445 7 Pk s 5 3 A 241
Se RN T A T I RERT T fE L 6T EE A A A
MmO EED, JiA, MW EENL (double-
membrane vesicle, DMV) 2520 i H R 1515 S IR S
THIARM 2, e 7 FE P 41 RNA FIE K P 41 mRNA
(sg mRNA) 19 & il 5 56 A & 1 Or 97 7 55 36
R R R N N A RS
(endoplasmic reticulum, ER) & B350, JE
=R KRR thoE] X% (ER golgi intermediate
compartment, ERGIC), NZ&& 88 A4 3L A
HRNA, AR TEEH, 12 A ERGIC HJf
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WG AEWRESEN . MEM . BE MG
o R, PREERLT I I A AR M AR 4 i
*%]ﬁuﬁ;'é [4, 15-16JO

4 BEFEBRFEEZMESREMER

SEERIR TR I 25 B 2 R T o i B R
ZUngPE . 3R B BRI EE T, SARS-CoV
F1 SARS-Co V-2 [ 4l i 52 14 1l 8 5 7K 2% 5% AL il 2
(angiotensin converting enzyme 2, ACE2), MERS-
CoV I 4l Bl 5Z 1y — Jik & Ik il 4 (dipeptidyl
peptidase-4, DPP4),

4.1 ACE2Z{k

ACE2 j&— P I RIS IR 1, FLA AR L JIK il
3 PO PN LA R B Ll B RAIL Y [N B svalll R
7N, ACE2FERRMEE . k. Mm%, BAGE . Bl
BEAE . M . AR . SEAURIIG AR A 4 i
H Tz 3RER T R BE R BRI
il —%, ACE2 ERIA KT s - B 2 g 18 32
WA . ACE2 B mRNA 7 LA 40 i A £T 40
i, JRE TAGESYRAIN . SR BA . Bk
24 B R XX U e A L T T ARSI B L BRI =2 A
PO M RNA TN 4347 7, ACE2 78 I Bz 41
UL B /NG L D WLARHE . AT AEANAE . I L
SRR . PR S A0 R 0 LA B ) o A 5 e Bk 25 DA
Y M SRR EE 1, Sk S M Sy e R BE AR A
MESSIAGRE . PR TR R, &
Sk SARS-CoV F1 SARS-CoV-2 #} | | ACE2 1 4 5%
A, ABRMEAFE R ARV 5T R, SARS-CoV-2 8
1 H: S % 1 RBD 5 ACE2 fU 454 3£ 1 /7 1L SARS-
CoV =49 10~20 1%, X ffif3 SARS-CoV-2 [1& 1% HE
FIRK g 2

FEh, TEHEFBEE T BRI MELH], #E SARS
FEH LIRRNER 73 P KRR A B AR IR L B AE e
BRI A S A, AR A AN . T4HML . B4
Jig AT NK 4] ', SARS-CoV Hl SARS-CoV-2 #E ]
DU 2R M (dendritic cell, DC) H1E 4
JiL, EE RS BEAE H A ] 0 i i A A R
A S A2 M A B, SARS-CoV-2 RE % YL fifi
HWE VG > BAR K 250 e MR > ik
ACE2 32/, (FL38 b X 28 40 M AZ A 19 S A57 22 K
PR, AILFCHIEESER (DC-SIGN. L-SIGN,
LSECtin) Fil Tweety X Ji& Bl 52 2 (tweety family
member 2, TTYH2) WJfig/& SARS-CoV-2 S&H 11
Bz, effInTaess A SEAIERBD £

Hofth ACE2 Stk s IR B M4 i, A vl Al it
CD147 5 S £ H 8l A BAE FH A S0 s 8 e 15 32 21
Jifg 7, {H SARS-CoV-2 Jz& 75 JEk Y bk (0 20 a1 A A
HH R (A AFF 5 5
4.2 DPP4Z{K

MERS-CoV & 2 —~ i i %€ F| F DPP4 ¥E A 15
F AN A N AR IR 7 . DPP4 J&— Fh it R 2 1,
MAEFR N CD26, 720 1 LA [l I — SRR L
A, TEAZY, DPP4T Z RIK T REEERE N
R AR K i b, AdER . EE . AN
Wk B BT DA B R A . S Ak, CD26 L
ARG A ORI B X B¢ T MERS-CoV
TERN BT 2 A3 . 2500 96 TN 22 2% B 20k 1Y) I
B, (HAREERY S, DPP4/CD26 A4 T 41 1935 1k
PRAEY, AT AR IS L PR R 5 5 Y. TEfk
(1) B 41 it A1 NK 20 Jfd [R]#¢ | CD26 i 21k . Ak
PEF B, MERS-CoV REWEEYL T 41 . B 41 g F1
NK 4L, FfiES T4 *2. 5 SARS-CoV
SARS-CoV-2 K[|, MERS-CoV 7EAN A N 5514
TREMES R AN . FRELNH . DC AT 40AEAY
He PR Y 34 B MERS-CoV 7 J L 3¢ 2 4 s
O 7 D e E N S = I IS e S =
MERS-CoV & BRI JF R 2 —.
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A=y 5 BRI [ 4328 22 Gy J 1 KA i AR
YL —IB B2, XU EERE 2 OCHEE, Wik
A B, i F A0 b a B 3Z 4K (pattern
recognition receptor, PRR) £ M AR /MK o [
K AH 5K 43 F 455 5 (pathogen-associated molecular
pattern, PAMP) B4 {45 AHC 73 78X (damage-
associated molecular patterns, DAMP), 13 % 4k ¢
AMFaA . 4T MERS-CoV., SARS-CoV I SARS-
CoV-2 % RNA %% & , Toll #£ 32 1K (Toll like
receptors, TLR) 140 8 12 ifs 5 5 A 1 A 32 1K
(retinoic acid-inducible gene I like receptors, RLR)
FEFIR RS S TR TR (IFN-1) Hii e
B g S H R AR AR

MR RO EAIME , AT R
TLR3. TLR7/TLR8 AJ 735 PL550 P 77 1A 14
dsRNA il ssRNA; 1fif RLR & i 7EMIE Y, feg A
PR F B RNA, PRRs SIS, filk— &5
WA 5 R SNy, 3 ok PO e s I 4% A - «B
(nuclear factor kB, NF-«xB) F1+ 4 Z 15 K+
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(interferon regulatory factor, IRF) 3. IRF7, %%
PR A AL FIEN (9306 TFN RN R 3l , DA
[ 43 W 5 55 4 W 1y 8 X il & TFN Jfil 8 2 A
(interferon-stimulated gene, ISG) AYFik, #F—4
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Fig.1 Highly pathogenic coronavirus infection and innate immune response
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5.1 pEEFERERIRA

TEEIR R A T 1Y 26 R SR R PR 2 Tk gkt
PRROI|U . SR i o 52 (Al g A i A ik A7 2
AMips, P EARg M A R R A R E S
Y, JAshmmEE S . Oy TR e 3 PRRIFG,
SARS-CoV HI SARS-CoV-2 ifi i nspl2. nspl3,
nspl4. nspl6 XfFE K 41 RNA Fll sgRNA ZE47 i fig il

A o, D3 ilifs 3 mRNA . Bl &0
B RNA WA, AN AT Ao ™= 25 dsRNA H ] 44
X T8 R RN S . L, AR
1, nspl5 231 FHHAZ R PO B 1 5 K PR 3
/L dsRNA YRR W0 [EiF, b 7R IEN 28 1 &
il , nsp3. nsp4. nsp6ifiF DMV BYIE L Y, A
RCHKE 95 B 52 5 PRR P B 25 K
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52 MEIFMENE

R T O 5 RNA R IESE A /&2 1, el
PRI FE AT DL B EAE T PRRAG 3l 5 . nspS il
1t 25 ISG ALAHHT ISG 15 S ) P (5, 52 988 7 ALAH Sk
5 (melanoma differentiation-associated gene 5,
MDAS) BJ#E . WF5 s, Hilh & H ORF7b
F1ORF9b ., nsp5. N HFIM & H Wk Fakn] LI+
LRARPUIEFE(S 58 H  (mitochondrial antiviral
signaling protein, MAVS) AYJ#7% “*', ORF7a,
ORF9b. nsp6. nspl3. NZE [ M & (0] LT
] 10 MAVS T {5 51 54 T D1 6E o nsp6 .
nsp13 Al ORF9b 5 TANK 4% 4 ## M 1 (tank binding
kinase 1, TBK1) %54, JfPHIEH#EMRI; MEH
I ORF7a B #% (A% TBK1 Ay 35K F ' N&
{1 i T4 TBK1 5 IRF3 Z [A] 4 5 HE,  BIL1E IRF3
A%, S0 IFN-LRY =4 B SR . nsp3 Fl
nsp5 40| IRF3 193 38 5 BH 1F IRF3 A #ERR 1L =,
ORF6. nsp5. nspl2 il M 2E 4 FH H7 IRF3 (194 %)
o7 550 nsp3 AT LLiE 1 A2 E NF-«B # il 57 [kBo >k
T NF-«B {5 5@ %

SEEIR I R 23 BELIBT IFN 5544 5. nspl4 i@ it
REARITR T 232K 1 (IFNARD) WAy F LK T
PCIFN-1{5 5455 7, WAh, nspl3 F1S & FHART]
DL 5557 2 AU SR UTE - 1 (signal transducer
and activator of transcription 1, STAT1) #HEHAEH,
LIBHWr STAT1 5 JAK (Janus kinase) FY 2% & F fii
Ja BIBERR AL 55 ' nspl. nspl0 Fl nspl4 i@ i HH
PEIIHIERR T X5 ISG MR aRih 0 BRT &
IFN W %, %5 M R (protein kinase R, PKR)
A R IS AR A Ry S — P A S8 K B g
B . TEALINE N B dsSRNA J , PKR iR 1L &
BRI G F elF2 i) o W HE (elF2a), SV
Wikl (stress granules, SGs) FYJERL, 41 i Fi
SRR, ORI, R ST
BEE SR T & 1, AFSEIED], MERS-CoV 1Y
ORF4a il o P 2 dsRNA 11 il PKR 4 #6417 38 S
I %7, SARS-CoV-2 ¥ nsp5 HI N % [ [7] K fE % 1)
il 7 SRR B R B . e A, AT R,
SARS-CoV-2 il it £k b {& DNA 11 B % cGAS-
STING {5 5165, SHAUNMIET RIFN-I=4, %
] DNA A8 2 ) cGAS-STING &4 7E RNA %
B RMYIFN-IiE R PR HEEE N . HAlC il 7
JUFf SARS-CoV-2 & 1, f1% ORF3a, ORF9b #il
nsp6, Al cGAS-STINGI &%, Hrr, nsp6 i

1Lk % B R IE STING 1 B B AR A, 1E imi /b
T IFN 7= 4, I H SRAS-CoV-2 A [f] 28 5 fk
(Alpha, Beta, Gamma Il Omicron %) ' nsp6
Y 3 > 1% 22 2 B ik 2K 5 )2 H Al SARS-CoV-2
AR SRR DR S (1 B
53 THEG®REHM
53.1 sUmEERAMIIGE

2R A M 2 5 4 X6 95 B 100 266 R G 93 7 225 1
W, AIEEVEANME . DC AR Mok NS o Bk
22 WA 22 B 22 A 2252 08 v g S 30eb R 2
S — bR R PERRAE, BN, ARDS. 4ifA T
B ZEEAE (cytokine release syndrome, CRS) #l
WREL AR E . B SR 2R AN TR SR B R
BE SN PR CHEMET, {H2 PRRs X PAMP [l
RS A i A e e S B PSR
W, WL, SRR S5 T bR A
B o

SARS-CoV W] LA ELHz /e JF A QN BAZ 41 A R
FEREAN, NS IEN =4, (B2 S EE T
7= A 25 X SARS-CoV /N FRAR I i) iff 5% 22 B
IFN-T15 515 5 0 BE 2 U T 90 RE P A 0 41 it
(AL, SR AN P Ak LR R KT
155 35 U A0 15 R S PR T 40 M N A Az
SARS-CoV JBYLid Al LA TG NLRP3 4 5E/MA, &
HE M AET 7, MERS-CoV BULH WA
3 JRE AN ML R F TNE-o F1 IL-6 B R 363k ),
JEYL SARS-CoV-2 ) hACE2 5% JL K /)N B A £H 2 B
P B IOLHE ] SR AT 4 | AR bR 2 200 R oA A
R, DL A A A s N A AR

bR T EREAM, eI BRI E M DC,
JE BT AL R FE e (COVID-19)  H 3 10 fii A1 1f.
WHHFHDC (cDC) WHAER "', IKANMREAR 5
IRYIME (pDC) & 7= A4 IFN-T () ZANM IR, A
Bl F e 3 # H SARS-CoV J&& 4e 7 | {H 2 & 4
COVID-19 i # pDC N &2 i/ & 7. 5i4h, 18
JEY SARS-CoV-2 [k F 3 A1 J& IfiL. P i W2 1) v oz
MR L, I H TR R s s ek 2
ORI > o et S R b v ) Ot B O S 7R e
(neutrophil extracellular traps, NETs) WYL, 5
PR FHAR B, NETSs F1E W5 40 i (4 38 HAE
AT LLIR B 5 B R RE G ) v Y, i A ARDS Il
MR, X D RE R AU IR AR T . RO IR KB
T 25 40 A 30 L 40 i 26 T Ak Y C RUBE AR R Z 1k
(DC-SIGN. L-SIGN %) SigaEnydfit, 7524 R
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NK 40 g 2 5 CD56™"CD16'NK F1 CD56%"
CD16'NK 4 HE, F3 501 A3 A 4 i X Ak
FEYN M A5V o NK 4[] s 308 18 15 He 4 it 7
PE 30 M 32 ARG Atk 32 44, AN HAF MHC B
PE, W IS RENS AR R R AR, A
G R . A, NK 48 AT R i i A i
() 40 A 5 7 20 B 85 4 - (antibody-dependent
cell-mediated cytotoxicity, ADCC) #1538 4L i) 41
ML, MR T . SR, TR,
LR B FR B A E I R NK A g s b, I
H 550 E RS DI G . [RlET, NK 4 -
I 4 A7 7R NKG2A =35 B % F+ &, 1 CD107a,
WORIf B, IFN-y, IL-2, TNF-o 3iksi s s,
FIANK AT REFEE ™. —TUHBIR e,
B COVID-19 H & ) TGE-p /b A K, 557 T-bet
T, HEE S NK A R A R B2, FHIE
NK 4255 I R R A, e R BURE R
R o 7 TR B i 4 R 4R SARS-CoV I
MERS-CoV fEMEIEYL NK 4, (HXFF ek 75|
2 NK 21 i D) e s i A AL A 755 B R4 AR A58 F
it
533 2T RE

UG Sl R 1 B A SR A4t i v LT - 32k ke
[ o, AR 1) [ o A AT RE R 5
i i PAMPs 5, DAMPs I8 . 4905 B 8% ) 41 it
BAFET IR B AR RERL T, X Rh N 25
SECFE RN B RIENE, BRRIELRE, 7
A 1 KT 1 A8 5 A i PR e Ak R
SARS-CoV ) ORF3a. ORF8b Fl E &K 11458 48 iF /)N
AL, SECIL-1p FIIL-18 A R A3, HET S
R PR RAE T, (HAF T E W, 7E SARS-
CoV-2 g el FE v, [T S 4 i ™ A= ) TNF-o Fll
IFN-y i] P[] 0% JAK/STAT 1/IRF1 4, 55 —%4k
1Y r= 4 I 9K 5l Caspase-8/FADD 4» 5 i3z i 1=
(PANoptosis) , #f— FERAEMMIET: . IE
BRI, IFNJRYTTE B bR 5 B YL I (] 25175
T3 Z-DNA 254 % 1 1 (Z-DNA-binding protein 1,
ZBP1) JIT 45 (1 2 E 41 M SE T F1 PANoptosis 7
ICLEAIE R A P BN P T R, S A e R e
BRI R P A S E R

6 SERMERFESEMERENE

T8 P R I R RV IR e R R 1 5 1A B
2, RENIE o 200 M G2 I 28 VAV SR8 17 285 A AR
Vi SR A . RIS, LR R AN
(antigen presenting cell, APC) il i $t Jii Ik-MHC
oy T2 AA PRI S e s T4, 1S ARy
CDA4'T 4f {fd 731k 8 DI REAS [ B S #f , A2 4& Thi .
Th2. Th17. Ty, Treg A5, 43 BIAEHURTE G
N RAEAFAE - . 15161 CD8'T 4 i 251
BE 4y 4K R 4 B B M CDS'T 4f e (cytotoxic T
lymphocyte, CTL), L4224 57 2% Yl 21 Jig ml B¢
A YOREE R AT T . B AiiEiE L T 40
el L S A S =15 S W E i N e 1
BEPUR, PRGN U, 7EmBURtE
PRI E T, RIZU SRAE R F R 5 kR
PEPIH], AT, BN ANM A S . T
FEU, TS S O AN A B, TR AR
NI EpmitRE (E2).

6.1 HKEMpEERE D

A e, B SARS-CoV, MARS-
CoV Fl1 SARS-CoV-2 [ /3 A1 J& i H Sk L 4 i
WUDRE, AT TR . B 4 M A NK 48 50 ) 2
et/ TRo82] F bR E 2  RR E 1)
R MAETRAOC ™, XHEAE COVID-19 %
7 ke 25 3 R, A R e bk 2 4 iR i
PEIR IR 20 M A S5 B SRS S T O M o itk
ELY A s D B R 22— teAh, SEUMNE
I EL A4 B A A A AE LR B

a. JEEHRIR BT IR B AR A ) B E I . BT
SARS-CoV., MERS-CoV ¥JRE W% B 2 /2% Y bk 12 20
ORI BB O 7 o S N 1] 08 S R TR & =R T |
U, SARS-CoV ) ORF7a il i B 4% T-4f Bel-2 ik
e A A7 G Bt Bel-XL () T RE K fil & 4 i 7~ 1
MERS-CoV 1] LA % #1 E Fl A 76 e R 4 201 il
(caspase) MKHITEANLIAT 842 ' H4h, 3FhE
FoR R TR S A W nspl, it HAZ R 9 U
TG PEAIOCH BHPE DI BB H 15 F- 40l 25 1 B fiag,
ORI MR RN R 1, B bk
YRR A

b. SR BEXT IR L AR B A [ VR o bk
i T BES AR R AN R T A K A G . A B
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Abstract

In the past two decades, there have been outbreaks caused by 3 types of highly pathogenic

coronaviruses severe acute respiratory syndrome coronavirus (SARS-CoV), Middle East respiratory syndrome

coronavirus (MRES-CoV) and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). These highly

pathogenic coronavirus infections are usually accompanied by immune system dysfunction, with clinical

manifestations such as lymphopenia, cytokine storm, acute respiratory distress syndrome and even death due to
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multiple organ failure. Revealing the effects of highly pathogenic coronaviruses on immune responses and the
underlying mechanisms is of great significance for preventing and controlling coronaviruses infection. The cell
receptors of these 3 highly pathogenic coronaviruses are different, which determines the differences in the types
of cells they infect. This review firstly introduces the entry mechanisms of coronavirus and receptor
characteristics as well as infected cells of SARS-CoV, MRES-CoV and SARS-CoV-2. Unlike other coronaviruses,
SARS-CoV, MRES-CoV, and SARS-CoV-2 are able to infect immune cells, including innate immune cells, T and
B lymphocytes, which lays the foundation for highly pathogenic coronaviruses to interfere with the host immune
responses. Secondly, we summarize the mechanisms by which highly pathogenic coronaviruses impair the innate
immune responses. Researches demonstrate that highly pathogenic coronaviruses can effectively evade innate
immune recognition through cap and methylation modification as well as the formation of double-membrane
vesicle (DMV). And, highly pathogenic coronaviruses can directly interfere with the pattern recognition receptor
(PRR) signaling pathway, affecting the secretion of type I interferon, blocking interferon signaling and inhibiting
the formation of stress particles. Notably, these highly pathogenic coronavirus can damage innate immune cells,
inducing the secretion of cytokines and chemokines by macrophages, and the formation of neutrophil extracellular
traps (NET) by neutrophils, which leads to cytokine storm and subsequent PANoptosis. In addition, the functions
of dendritic cells and NK cells are also damaged by highly pathogenic coronavirus infection. Thirdly, we
summarize the mechanisms by which highly pathogenic coronaviruses affect the adaptive immune response.
Studies show highly pathogenic coronaviruses cause dysregulation of adaptive immune responses by disrupting T
and B cell immune responses. Coronavirus infection can decrease the number of lymphocytes through a variety of
ways. T cells in patients with highly pathogenic coronavirus infection are in an over-activated or exhausted state,
and the specific T cell response and inflammation state will maintain for a long time. The continuous evolution of
highly pathogenic coronaviruses often leads to the failure of neutralizing antibodies. Additionally, non-
neutralizing antibodies can cause antibody-dependent enhancement (ADE) effects that triggers tissue damage.
The duration of memory B cell-mediated response induced by different highly pathogenic coronaviruses is
different, but the formation of germinal centers is often affected. Studies have highlighted the complex interaction
between highly pathogenic coronaviruses and host immune responses. Finally, we discuss the adverse effects and
treatment strategies of coronavirus disease 2019 (COVID-19) in order to provide reference for the prevention and

treatment of coronavirus infection.
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