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Abstract

Novel coronavirus pneumonia is an infectious disease caused by the new severe acute respiratory
syndrome coronavirus type 2. The disease not only causes respiratory symptoms, but also affects
the nervous system, and will still have a long-term impact on patients after recovery. This article
introduces the basic characteristics and clinical symptoms of COVID-19 infection and discusses the
corresponding pathogenesis, it is expected to provide help for the treatment of COVID-19 infection
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and the study of its pathogenesis.
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1. 518

2019 4 12 F, BB a0 B i 4 (FRRBT e i ) BE i 1k, I et SE AL 3%, iR T B
KEMSMAEFER K. ZmE AR IESE RNA i, ERRgGoRXEnaltERNasn
SARS-CoV-2 [1], 5 SARS Hil MERS A 1R & [FEE, 40509 79%H1 50% [2], H. SARS-CoV-2 #{ 1
A HFE A2, RIS S5k REEHBE(ACE) [3]. HEZR KPR ARG, RIS R 0PI L A
Fhh, BFRRH ZWL PR SRS, HILAE YRR B T SARS Il MERS [4], 45 e il 4 B VA T
(P R ONIE T

2. FEAR AR AR

WOR TG4 TP RN 4 K, HHALAERS N 47 B[5]. Fr il 4 YL RIREIR AT AE AR H R e T
Ko, BB PTREIER ™ E, EERIOVEM. ok, PPIREME. Z . BEARS, S0 mE e sE I
SIE . Jivh SHORIETE SRR . £ 5.000) 88 AT ICU, 2.3%1) B H B2 SINUGEE < [5]. il % 1
F R PR RO R R AE R T 5, B AR I, AR L. 19 2 DUR ABERI S S Mk, SET-%N 0
£ 0.1%, 1M 75 % 84 % ABFIIFET-H A 4.3%~10.5%. 85 % sl L NFERI RS e, JET- %N 10.4%~27.3%
[4]o B ARRIGe Tt T el AR 3] 2020 45 3 H 17 HESET-Z0N 7.2% [6], A I E S vk (1SS0 T30 2.3%
[7], XFPZERATRES N OG5 OREREREH £ B2 5NEZ MR R A XK. H H SARS-CoV-2 f£ 4Lt
SARS Fl MERS 5, ff SARS B4 mlé i o 17 k%) 8000 B, & MERS J&k#4e /5 #iHk 5 7 2519 5155 51
[4], T#KZE 2020 £ 2 A 25 H, 4kt Zic3t 1 81,109 f1lH7 el k2 AL i2 % Bl [5]

3. SARS-CoV-2 B FHE RG MlaRER

HRLfi 28 v] ST S A A RGUREIR, WEF[B]RINLAIA 36.4% M EFHHMAERFRI, HAAa ks
ZRGRINEFT 24.8%, SMAMAERGERIN L 8.9%, HHIBGNEHE AN 10.7%. AL R
GBI B E T, W ILREIRA Sk #(16.8%) SkJF(13.1%) . B 3R (8%) MK ML 11 (3%), H™H
YL B H P2 R G RO W, . G SNEAE RGUEIR I B T, SH WK AL vk 5 65 (5.6%)
IS B A5 (5. 1%) o o3 o AL B 0 1 R TR A A, K 22 B 28 R 0 SR I LR JULCE 0 1 S S (b A e [y 1~2
K)o 12%H)F P 7 (36 L) KAE TR EHAH R (&G SARS-CoV-2 J5, FEIEFIHIARSEAS fE
PRE TN WL[9] . 37y il 28 95 155 7™ B B 1 48 R Gushi IR AR (19 i 2E 2R B i [8]

3.1. MRBEFIRR IR

WL AR S SR B A AR BT il % 0 2 ZOER 2 —, SARS-CoV-2 - S IR 58 s B A JUAMRHIE,
ERIARERIR, FREM AR, EZEEO N RERDL, IR BT, Wb, WRut D) e RS T fE
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FEME—PEIR, HPRGE R A M S FE BRI, FFEREOR 2 2 FA[10]. M 0K S 1t 48 ML B A 1Y) O
Wit SARS WATH 2 FARK, SARS MATHS, MLk E IR D, (EFE R g LS T4
B B[] I H 2 WU 78 7R 28 VG U7 B 5K 2 (A B A7 AR R 2200, R [ (1 — Tt 7 [8] Hh 2 1 ik it
BERS RIIIEL 5 [3 F5 F B 2240 51 N 5,696 5.19%, {H Butowt w45 1 7 4 BRI FE P9 37 7k Bl 48 5355 fR WAL Bl
TN 44.1%, WRGEERIE KA 43.3% [12], 1XFhEHE I 25 S B T R 4 DA A9 2 92 17 IV G F°D B 0 ML B
MR ARG E T E I EAAR AL, B EEE Frnd. HAMO R BIRE T a7 B R RS 2
(R [11], BT MBLCPRE AR R HEASRE MR N 1 22 [Al (0 25 5 . Butowt A NIX il 25 53 ] B 1595 25 11028 5
B E T HIB A 22 R OR[12] . A UEHE R I N L H R RN ) SR 2 7] ACE2 B [RIf77E % R [13]
HRNHEAT e AT A A ) ACE2 S50 R AT [14], [RI, 38 ek fili 28 5 38 AR RER AN 45 SR T BE S R 22 5%
KTNSO WAERERG RIS, 2 F 3 TAR IR, A NN AH il 58 525 1R fk
B e 2 A5 T S TRk b 7 2B 32 31 T SARS-Cov2 J&%4[15], SARS-Cov2 il it 5 & Al 1 fi b
W) ACE2 S54, il A 5 ML R i 1R B 0 52 A4 4 M (1) T RE[16], (H LD A2 2R 28 T A0 T ) R B8 46k
THELKY) 8~10 RAMIN 5 K HILF B FEARFRI[17], 17 57yt i 28 (107 MRS 9 52 Bk [ ie o AN — J&, 9 HL sl
(RN 22 T ARAE S 2 7K Rk N E 11 ACE2 Al TMPRSS2 [18], 3 i Ik 35 MR 3t i 48 T8 AN 2 7 75 e
VIR EBER HbR. JakEEETTRIL, SARS-COV-2 ¥ £ £ i YL o i e Ar T S0 H 40 i 7 S B st
R K FUBIR A AN SCRE SR ML )2 A R [12], TR SRR A 493 S T AR T T L R SRR 52 25 42 G
PR, BT LUK A A BRI B RSB R BT, 45 1, SARS-CoV-2 SEU FRAH I B4 A vt b Rz (K
TSR AY, A f 5| T RR 2 LB s 1 85 P RE I ATL A o

3.2. RIMER

55 R A e AR T ROV B, FEARRIE 1 UM SR AU i, 907 e Al 28 47 5 o IXURUBS: 38 A 5 [19] . 1
Li S AW Fe b, 221 258 d il 8 G i 13 A S AAIESEIIN LS O E g, K2 BUB 3 HH /N ah ik
AR BBk SR 0 E 26 [20] - £ MAO S5 AN 214 44587 e il 28 588 RORITFE e, 5 44 583 j A BRI b X,
1 B B P I, LK 2 RO I R B A T S R R I SR, (B R RPN &
RGUEIR, AERRGUER[8]. A, BRI A XURT RS IR B A T RS IR I 5 A 7 R B [16]
INAH A M REIRAG A os,  rP I B30 T e 5 B il ¢ PR 2 R B ¢, X SR At A B LR
B B S0 A2 IR I 4505 — B [21] . IR RS R (PET) R B A tB B, A KT TR
REZE AL AR 3 RS shik > [22] -

3.3. FI/RIKBRRTS

UEAh, BT BT ZR S BRI A TE R MAH R KOG T 10 SARS-CoV-2 [EU, T PA, K
A, BT AR R SRR B K SARS-CoV-2 IR T mi[23], JF FLAEBCUY i il JR 7 o BRI A5 3 T g
D] 41 246 o 25 7 B 2 3o 2 e DR A 8 O 5 N R S R P BRI 7 N L 15 o BT DL T SRS O R e B R R
SARS-CoV-2 JG & JJi /A R &5 i (F 2 A0 T) M ml GetEsb N, 16 BB« 27 TUAE MU LA ST ZRBERIHEH T
Bk S
34. AEMERG

TGS WP R HME . TEVES SLEAT A, BOME DA R RPN, o] RS20 2 B T8 e it 28 51 S (R ks
LRI 254 1E(GBS) [16]. Gutierrez-Ortiz k¥ T W4 B3, X4 BE 2 f54 Miller Fisher L& fEAI 2
RN AL S [24] 0 ABATHIER CIEIRGE RS . JVE . [T RERS . L5 I L A% 18] 4 AR AL BRI o 14k 5h
ARAR 2 BRI, EUOT e S e Bk R 1 YR 97 S B LU IR G [24] -
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3.5. BREESE

s b L 8, ACE2 & &RARm[25]. HAHR S 1 & 5] LA 5 9 1) SARS-CoV-2 &4y 1 7526],
MREI N Z I3 K B, SR E, ST AR 2] SARS-CoV-2 RNA, {H 2 72 I35 i - Al
B 795 DNA, BUFHRRBAHR TR B R EUREE A . (0 Mao 55 N IR FE[8] AR I, KR 434 BE ki
JERE ER A BRI T RS GE LR S, T AR AR P RE AR AR S 1 P B 2 1T A 0 B P 4% 3907 e il 98 A
KME RGAR AT REA T SR I ERAR T, MR 7 )G e s 7 Ui s .

3.6. SARS-CoV-2 RE B E 1 8 FrIs i

BRI 98 B3 MK S B TR BRE R V2 N SCTE I A, KB e il 4% S5 B E S — B R AR (12 1 I
IREREAE, BEE T SARS-CoV-2 4L, HKA TN COVID-19 HREE[27]. EXEERFARIMHE R
GuiG BT, B R H IR RT R 2 RS A B AS SE A, HAHERERE ). e B EL
PR FE AT DR Z 40 . AE— T oe[28] kB, LA 1680 A (62.3%)# 5 1K HAHT it il ¢ 5 & Ak (112
PEREAR, B WAREIR A 9855, BB Ak PRI A AE . ULPRR . BEARFEAG . X0, A ENRRAS . R
JAIR e R . JF HActE . G TP PRSI R . A 1ICU 25K 3 5 A RIBE AT W5 400G, X T RESE
71N P B P ) T e T A A A U e i 9% £ A 4L I XU DR 25 [28] [29] o K 22 (130 7 il 8 S5 3 2
PUX PG I FF LR, AR NEIRERS . 102 0K Oshid #9555 [301FARIREAS [31] 55 . 7E— Xt
384 4 B B FL[32]H, 530 & I i RRLERF IR N A, 69%I1) BF &I 57 . J1— Tk} 478 44 i3
IRTFC[33]H, 244 4 B Fon /04 —FERAE COVID-19 Z FIANEAE, 1% B ARG LT, 21%M)
BF WA INARER G T34 2R, FERRIZ ARG 2 J5 1 6 AN H , & BUR #0112 81 % 33.62%,
5 HARRFIGE B B FH AL, BRIE & RCE G IERRS AR - ERIZREAESL, Hioet il 98 T3 10 B A 4 22 RS ol
BRI W R 35 B e, TERAERIRIT IR, A SRS 2T m . 785 — UM AR
SEYNNT 1,284,437 4 B 1 [ EA SRR 2 2007 [35] P B, PRAEMIBE UT4E et , A NBErs . S S
o A D B0 BT A AR R ATD SR B N 75 LB Hp, 17 28 BRUER R (1) AR A 38 o, R EEOA
Wide PHEe. PR AR I XURS BE o DA R SR B R SRR 1 R0 R AE E A N B RN B3 L B
W e kI, 7R s AR R I 5, W2 W o el i 8 1) S SRR R L I 8 RS DL A
PREE PR E AR AN MG 1) AR 3, A RS, R BOAR TR, ANad, PRI B8 5 AR 0 T AU, DR K BRI
ALY TS IBRE 0 KU, BT AR A IRV At 53 bR AR [35]

J& YL SARS-CoV-2 [\ E AT LR PN EMEMIZ RGP, A LK N (1RG5 I RE, XAl
REST A B 5] B PR 2R AT ME U BRI A JE 0 B R e A TE BR R UM [27], fE—TiEET MRI (1) 3 AN H 1B
I IT[36] H A HIL, B ek il ¢ KR 5T AR o SRR S A0 A 0 DR 2 B oA I A RRUR ik 2 A ) S
W, IR X 1) 5 T B2 45 B R I A AR R A I S T et i 9% ) A0 Bl R AR T DL
F—RAVA N SRR, A2 SR E DR FRiF[37] . (H2IX 2 B B 5 rT e HIidiz )
ZOVEESAERREL, BT, I RIKY SARS-CoV-2 J& X LE 5] 81, 7] g 75 B 2 p S REEAT A R
ke, BEATAE LI RE S IR DL A A e
4. mRBENMHERGEHH

KT e m s g 2 R IHLH] H AR e 2|, areefpLE HE LU JLFR: (1) SARS-CoV-2
FARIRPANE RS (2) SARS-CoV-2 5l KA RS H & e s (3) HUARRTE BE I G988 S B 2K 1)

AT BT RIS TS RGN (4) DPUREREGTIR RS, S BURSAIMLE, M
TR ARZE 2R S8 7 AL ST (B) B ek 95 TR SR AL IR PA) B2 8 S AR L A8 v AR 24 B0 I A3 A 2 2 48
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AL AT e R AR, (BE A I R R 2 ML A
4.1. SARS-CoV-2 EiERimZ R

DIfE LA ACE2 2 SARS-CoV-2 [1324K[3], ACE2 fF/E T NMAZ AT, BIEME RS A
L[38]. XA A REFE/RFRATT SARS-CoV-2 A] LLid i B #z 8k Al HE IpLE 5] i 4 Rguhitk . 76 48 5 1) — I
JRAR A [39] R KB, 7F 40 L2 A K ERE T, A 21 42(53%) B 14 2 A k61 31 SARS-CoV-2RNA
BEAT, PR BRITES TR EEANEME RS, HIZFRIEKI, SARS-CoV-2 MIFIEE MR
T A 7 B AR R TG G o — A DR T L R A 10050 it 8 R K 7 i P A ML 53 R i A5 [40] 4 H T
T BE AT BE B0 B R R AT Re P, (ELE S FLAth MR B i 63 PR AL AR G O S b I, i
HA A IR RS, B0 T e R R R T I 5B B o 78 55 — TR 18 44 et il ¢ SR AE T R
(i b A 2L 230005 B 2 B [41] 7R, ORI R A A O, A I 2% 55 0 EE A O0 B AR e R R, AR
AR TR R g, BRFE 5 2B M)A AR BT (i 5 o 78— TIUBCHURT e il 48 SR
(Bl s [42] s FORTE U iR 3R B/ B 5 7 o BT LUR B LT IR A 2 BN R I S 5] 2 pP 4 R GUE
AR AHBE, F BB VBRI ZH AR AU 48 2 B, X Bh 22 2R 58 1N 1) B 28 005 P JRE S S i M %8
PREE RGUREIR 1) E ZLOK SR FK[43] . SRT, 24 RO ARG W0 1) /0 B B, AR w1 e P e = J) 6l 1)
RYEANMIAR, XTI SARS-CoV-2 1E X AL RGE A7 E I A2 51 & HL 7L (993 B 4k i 48 [43]

Wenzel [44183d 5256 I T 8 e il 98 S8 B oA VR 2 BRI, RIS B2 40 B BB T2 5 1 B 40 1T 5 0k
By, HBEE YL IGAE TIX— k. HHABE LI, SARS-CoV-2 i[RI 4 4wt ity —Fh B il AE 2L AR 1
FE A F(NF)-«B % T FHFTYI(NEMO), NEMO 2 51735 Ak £ 35k [R5 S 1045 5 B ON, B HE B 55
I A B 0 A S g% 36 (R [45] . R 15 40 MO A7 B A 40 AR IR T RISR BB [46] . Ath o\ A W 5% 45 SR 3K A
SARS-CoV2 ] it i 2 K AR AL Y — > B8 B3R 4% /& SARS-CoV-2 3l it 5ot Py e 40 B i Mol , 5 S0t & 451473
T S5 M 100 P o e e B PR AN B VR . (RE— TN T 18 LB I PR FE [21] R R I, 9 BB 1
RESLIRAG B R BLSIR SIS 5, RIUABUNE B MeF 48 A RIBIR, 76 8 {1 M3 i a4 J 1) B A 4R 3T
PR 2 L A i R CD3+F0 CD8 + T 4 M, 13 451 i 55 AT WL I ) FRLSs /N AR R 4 . e 40 Pz v
FRE K BT R AN, IX AT e 2 S B0 1 R A

g b, MAUEHEERY, SARS-CoV-2 EHRIKGLINLE 2 4 IF A T BOH et il 2 SR 1) F 2L .

4.2. SARS-CoV-2 5| A ARG B ERER N

HRL A 2 T RN RGN 55— AL @ T B S . BRI S A T RE R AE S B G
(0 B BUAR (A7) S8 253 1S T 40 B 38 5 B 2 MO g sk B AR B 5 4120 G W 7 s BEE R IL-2R.
IL-6. 1L-8. IL-10 FIMIEIRFEN F-a KV FAEERE R 5 [48]. B 4iffl. HARNGANA T 4085 2
E B, RERAERERYE, HWEE T 408052 2005 m b A sE i 8. thah, S ST PE ki B SR
FE B G2 S SLSIHE T A0HANE T T 835 (1 Treg) 40 M 75 FE COVID-19 e 3 i RN B E 1R
BE[48]. TE—TI S 172 2 HTet il 2 (3 B B B T b, R T BB R 1 /iR S5 402028, 4
AR A AL G A A RGEAE N 1 & Fh 8% B R Z B0 B J PUR[49]. 55— T 7 R B, 168 i
RBFHPRIE] T AR A SPuk. B, JoZdiik. BIEPEY. bt g2 BEE A 1 ABTOBE R PiR[50],
TR R T A 6 RR I A A TR A1 SR A

4.3, HUFRBENRERNAERERET. BUET. REARFELTHRERGRE

WP G HE ] AL VE 2 RAE DA 1 AR DR NI P B A IR RGEAE, SEMA R LhRE . 5 Hf
TERFEIA 1 1L-6 A IL-1 FR 3 57 26 SRR AR A X%, S50 A i 1k it iy 22 4 B S o ) URSz 9 51«
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HEEHF BT SARS-CoV-2 R AL/ ERAREAL, 1 J8 /N BRI R 4t i B 7 EE, SARS-CoV-2 &L
WPIGE G T T — P e IO, 5 B0 E AR PR 7 A IR LB R o R DX 50N o A i
FreeThm[52], WS kA 2. T E AR R AR 7 adE CCL1L (BRI K E A1), X
Je— P SRS DG LR T, CCLLL AT jd i 15 5 /0N i o 40 M Hh v 14 U (ROS) A 72 A Sk i S 48 T4l
JEE A FH [53] 0 /)N B 250 58 I I S SRR G et it 8 Jim , CCLAL FE IR Y J5 7 K22 7 JA N 7E CSF R /K 38 [52],
LS 5 A KB e T 98 5 A AR I R RESE A RTER A P CCLLL /K AH B A DU HERE R 1 £
Ei[52]. EE I AR A [39) R, EVRANA. CD8 + T itk 40 i 7e ML ) Bl [X Sk, /NI TR i) i
OSBRI, 6 53%IH) 38 R I 52 FE 2 FER K I REAR, 72T B rh & nT LA BIAS [RIRE FE 1) 2 %
BT ARG A, SRR T REAFAE R0, WRUD B G AT et 5 WRLBR IV B TR IR 0T 4 G 22 9 A K

4.4. Fi7E o5 B SRR A B S TE AN I AR A IR 785 S B B e s & R4

0 i 9 AT F R (1 AL S AR I T FRE SE B4 BB 5 3 T, 2 P PR I3 B AR L 7 v
RER FECX LA R [54] . A UEH R BB il 2 B IR = RS XU N [55] . £ — TS A5y
Frep R, fE 108,571 AWl o B b, SO MU BRI R A2 508 1.4%, f5H WG PRI Stk
BRI T (87.4%), HLK9 iRt If1(11.6%) [56]. HA L 532 BV SCA B Sl R I AR AMAARAE - i
M AE W AT REAAE TS, — T FES 13 B3 H PR AE AN B Ji BT PR 45 418 (14 (B 35T T MIRI AR
KB 8 ) B NI BTG 5%, T 11 3% 52 eV AR A S8 UM B R X, 2 BTk i 4%
A 1IN R 2SR LA TR [37]0 BTEL, S e il 28 R AT R AN B0 IR X T B R
M2 DNRERIN, XL B F e i 2 VR 25 P RE 2 A AR N RIBR G S5 J5 JBORE o 7 XTI A S e S R, Bt i
OB PO S I P S TR ML /INARORI RS £ 2 2 3 S e O A 2 B Rt AR TR 1, H T ek - ik
TR, SEWUA S TR AR R, IRECE MU A LA 2 28 52 [51], H D- AR T EE
e il 28 IR A ol EEAE A [51]. H™HE G B E 1) D- R AK T i TR G E [8], X AT RE
e B T B B S T SR I A

45. AmRERRITRFES, SRREME, AMXNMERGE~ESEFR

AR 5| AL AR R RG2S B A MIA R IR o« B0 55 53 a8 il 4% 1 £ 58 1 K v A A I P e A AR A
[57]. 5 EHF: 22 K20 5t B [42]48 F 4% SARS-CoV-2 HIAE AR R KKk, Biftl 7 NS0
AR, A5 RRoR, BRGSO 1 S0 4 A7 IR I SRE SRS DA R BN R A . BT
F2 SR 4 (A, HAR R T R A T AN R R AR AR T, IR T RN o BIF TR R R S 6 AL Eh
SR T R I, RS R AE B R T I AR S I R I T R B A s, X AT AR L R ISE T
JEIR o AR, B &G sh e mT 72 R Hh (1 i S P AN B R 2 IS TR B AE 95% LA R, F KM
e/ MUHE R 2 T, KIS AR EUILE T R R A & e D AE T R R . [RIRE, ik 7 A1 AL AE I
ENERBDEIRE, BT RLATIA A s A LR BT I % AR R G A B  . BEOCEE 2,
X LGS AW AR B TP R GUREIR, X $R s G iR 4 T AR BT e i 48 A O AT LR B L

5| S T8 T 2% RO ATL ) BT RESE ELHESR 5 51 S A 2R AT MU . R S R B R SE AT R [27] TR
JEII2 99 7 EHTOS [58] %, H AT MR e A . B SRR COVID HINZ I AR 2 DA S0 R i 48 if
BREAT FEUEIE TR TR, BRI RIER K, AT 5N 75 e il 28 (109 R AR B 2% EAT S IR
NIIT AR, A BeTF A H B IE SR T7 B F B, R A BRom et i 98 B8 IR v o
5. B4

WS ER, HANRLIR RS, xRN E RS, SHR SRR ER . SRS,
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MLBEIWRE Pk AL . D BRRRIG SRR, JUHOR P Y R . AR SRR E T, R
W] RE DU SR N RIS SR AL . H RIRT R R B SR 2 R GUEIR OB, W] RE R I B,
SRR E B RN AR T RIS RS ARAE . MR ERIRE . (RSP SER 2 &R
G E . W BT AR RHUE I KA, N RGUER, P BAT T EAT 4 RGN
BB TERENY . ASCEIL VRN 2 1 m RR IR, DU RER Bl RS 2 U182 16 5

SE

[1] (2020) The Species Severe Acute Respiratory Syndrome-Related Coronavirus: Classifying 2019-NCoV and Naming It
SARS-CoV-2. Nature Microbiology, 5, 536-544. https://doi.org/10.1038/s41564-020-0695-z

[2] Niu, P.H., Yang, B., Wu, H.L., et al. (2020) Genomiccharacterisation and Epidemiology of 2019 Novel Coronavirus:
Implications for Virus Origins and Receptor Binding. The Lancet (London, England), 395, 565-574.
https://doi.org/10.1016/S0140-6736(20)30251-8

[3] Peng, Z., Lou, X.Y., Guang, X.W., et al. (2020) A Pneumonia Outbreak Associated with a New Coronavirus of Proba-
ble Bat Origin. Nature, 579, 270-273. https://doi.org/10.1038/s41586-020-2012-7

[4] Atzrodt, C.L., Maknojia, I., Mccarthy, R.D.P., et al. (2020) A Guide to COVID-19: A Global Pandemic Caused by the
Novel Coronavirus SARS-CoV-2. The FEBS Journal, 287, 3633-3650. https://doi.org/10.1111/febs.15375

[5] Guan, W.J., Ni, Z.Y., Hu, Y., et al. (2020) Clinical Characteristics of Coronavirus Disease 2019 in China. The New
England Journal of Medicine, 382, 1708-1720.

[6] Onder, G., Rezza, G. and Brusaferro, S. (2020) Case-Fatality Rate and Characteristics of Patients Dying in Relation to
COVID-19 in ltaly. JAMA, 323, 1775-1776. https://doi.org/10.1001/jama.2020.4683

[71 Epidemiology Working Group for NCIP Epidemic Response (2020) The Epidemiological Characteristics of an Out-
break of 2019 Novel Coronavirus Diseases (COVID-19) in China. Chinese Journal of Epidemiology, 41, 145-151.
https://doi.org/10.46234/ccdcw?2020.032

[8] Mao, L., Jin, H., Wang, M., et al. (2020) Neurologic Manifestations of Hospitalized Patients with Coronavirus Disease
2019 in Wuhan, China. JAMA Neurology, 77, 683-690. https://doi.org/10.1001/jamaneurol.2020.1127

[9]1 (2021) Global Prevalence and Burden of Depressive and Anxiety Disorders in 204 Countries and Territories in 2020
Due to the COVID-19 Pandemic. The Lancet (London, England), 398, 1700-1712.

[10] Lechien, J.R., Chiesa-Estomba, C.M., Hans, S., Barillari, M.R., Jouffe, L. and Saussez, S. (2020) Loss of Smell and
Taste in 2013 European Patients with Mild to Moderate COVID-19. Annals of Internal Medicine, 173, 672-675.
https://doi.org/10.7326/M20-2428

[11] (2020) Prevalence of Chemosensory Dysfunction in COVID-19 Patients: A Systematic Review and Meta-Analysis
Reveals Significant Ethnic Differences. ACS Chemical Neuroscience, 11, 2944-2961.

[12] Butowt, R. and Von Bartheld, C.S. (2020) Anosmia in COVID-19: Underlying Mechanisms and Assessment of an Ol-
factory Route to Brain Infection. The Neuroscientist: A Review Journal Bringing Neurobiology, Neurology and Psy-
chiatry, 27, 582-603. https://doi.org/10.1177/1073858420956905

[13] Benetti, E., Tita, R., Spiga, O., Ciolfi, A., Birolo, G., Bruselles, A., et al. (2020) ACE2 Gene Variants May Underlie
Interindividual Variability and Susceptibility to COVID-19 in the Italian Population. European Journal of Human Ge-
netics: EJHG, 28, 1602-1614. https://doi.org/10.1038/s41431-020-0691-z

[14] Cao, Y.N,, Li, L., Feng, Z.M., Wan, S.Q., Huang, P.D., Sun, X.H., et al. (2020) Comparative Genetic Analysis of the
Novel Coronavirus (2019-NCoV/SARS-CoV-2) Receptor ACE2 in Different Populations. Cell Discovery, 6, Article
No. 11. https://doi.org/10.1038/s41421-020-0147-1

[15] Lechien, J.R., Chiesa-Estomba, C.M., De Siati, D.R., Horoi, M., Le Bon, S.D., Rodriguez, A., et al. (2020) Olfactory
and Gustatory Dysfunctions as a Clinical Presentation of Mild-to-Moderate Forms of the Coronavirus Disease
(COVID-19): A Multicenter European Study. European Archives of Oto-Rhino-Laryngology, 277, 2251-2261.

[16] Fotuhi, M., Mian, A., Meysami, S. and Raji, C.A. (2020) Neurobiology of COVID-19. Journal of Alzheimer’s Disease:
JAD, 76, 3-19. https://doi.org/10.3233/JAD-200581

[17] Brann, J.H. and Firestein, S.J. (2014) A Lifetime of Neurogenesis in the Olfactory System. Frontiers in Neuroscience,
8, Article No. 182. https://doi.org/10.3389/fnins.2014.00182

[18] Bilinska, K., Jakubowska, P., VVon Bartheld, C.S. and Butowt, R. (2020) Expression of the SARS-CoV-2 Entry Pro-
teins, ACE2 and TMPRSS2, in Cells of the Olfactory Epithelium: Identification of Cell Types and Trends with Age.
ACS Chemical Neuroscience, 11, 1555-1562. https://doi.org/10.1021/acschemneuro.0c00210

[19] Merkler, A.E., Parikh, N.S., Mir, S., Gupta, A., Kamel, H., Lin, E., et al. (2020) Risk of Ischemic Stroke in Patients

DOI: 10.12677/md.2024.141002 17 L2212 W


https://doi.org/10.12677/md.2024.141002
https://doi.org/10.1038/s41564-020-0695-z
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1111/febs.15375
https://doi.org/10.1001/jama.2020.4683
https://doi.org/10.46234/ccdcw2020.032
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.7326/M20-2428
https://doi.org/10.1177/1073858420956905
https://doi.org/10.1038/s41431-020-0691-z
https://doi.org/10.1038/s41421-020-0147-1
https://doi.org/10.3233/JAD-200581
https://doi.org/10.3389/fnins.2014.00182
https://doi.org/10.1021/acschemneuro.0c00210

GRS

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

[36]

[37]

(38]

[39]

with Coronavirus Disease 2019 (COVID-19) vs Patients with Influenza. JAMA Neurology, 77, 1366-1372.
https://doi.org/10.1001/jamaneurol.2020.2730

Li, Y.N., Li, M., Wang, M.D., Zhou, Y.F., Chang, J., Xian, Y., et al. (2020) Acute Cerebrovascular Disease Following
COVID-19: A Single Center, Retrospective, Observational Study. Stroke and Vascular Neurology, 5, 279-284.

Lee, M.-H., Perl, D.P., Nair, G., Li, W.X., Maric, D., Murray, H., et al. (2020) Microvascular Injury in the Brains of
Patients with Covid-19. The New England Journal of Medicine, 384, 481-483.

Hosp, J.A., Dressing, A., Blazhenets, G., Bormann, T., Rau, A., Schwabenland, M., et al. (2021) Cognitive Impairment
and Altered Cerebral Glucose Metabolism in the Subacute Stage of COVID-19. Brain: A Journal of Neurology, 144,
1263-1276. https://doi.org/10.1093/brain/awab009

Brown, E.E., Kumar, S., Rajji, K.T., et al. (2020) Anticipating and Mitigating the Impact of the COVID-19 Pandemic
on Alzheimer’s Disease and Related Dementias. The American Journal of Geriatric Psychiatry, 28, 712-721.
https://doi.org/10.1016/j.jagp.2020.04.010

Gutiérrez-Ortiz, C., Méndez-Guerrero, A., Rodrigo-Rey, S., San Pedro-Murillo, E., Bermejo-Guerrero, L., Gor-
do-Mafias, R., et al. (2020) Miller Fisher Syndrome and Polyneuritis Cranialis in COVID-19. Neurology, 95,
€601-e605. https://doi.org/10.1212/WNL.0000000000009619

Li, M.-Y., Li, L., Zhang, Y. and Wang, X.-S. (2020) Expression of the SARS-CoV-2 Cell Receptor Gene ACE2 in a
Wide Variety of Human Tissues. Infectious Diseases of Poverty, 9, Article No. 45.
https://doi.org/10.1186/s40249-020-00662-x

Moriguchi, T., Harii, N., Goto, J., et al. (2020) A First Case of Meningitis/Encephalitis Associated with
SARS-Coronavirus-2. International Journal of Infectious Diseases, 94, 55-58.
https://doi.org/10.1016/j.ijid.2020.03.062

Mannan, A.B. (2021) Chronic Long-COVID Syndrome: A Protracted COVID-19 IlIness with Neurological Dysfunc-
tions. CNS Neuroscience & Therapeutics, 27, 1433-1436. https://doi.org/10.1111/cns.13737

Asadi-Pooya, A.A., Akbari, A., Emami, A, et al. (2022) Long COVID Syndrome-Associated Brain Fog. Journal of
Medical Virology, 94, 979-984. https://doi.org/10.1002/jmv.27404

Peghin, M., Palese, A., Venturini, M., et al. (2021) Post-COVID-19 Symptoms 6 Months after Acute Infection among
Hospitalized and Non-Hospitalized Patients. Clinical Microbiology and Infection, 27, 1507-1513.
https://doi.org/10.1016/j.cmi.2021.05.033

Baig, M.A. (2020) Chronic COVID Syndrome: Need for an Appropriate Medical Terminology for Long-COVID and
COVID Long-Haulers. Journal of Medical Virology, 93, 2555-2556. https://doi.org/10.1002/jmv.26624

Hampshire, A., Chatfield, D.A., MPhil, A.M., Jolly, A., Trender, W., Hellyer, P.J., et al. (2022) Multivariate Profile
and Acute-Phase Correlates of Cognitive Deficits in a COVID-19 Hospitalised Cohort. EClinicalMedicine, 47, Article
1D: 101417. https://doi.org/10.1016/j.eclinm.2022.101417

Mandal, S., Barnett, J., Brill, S.E., et al. (2021) “Long-COVID”: A Cross-Sectional Study of Persisting Symptoms,
Biomarker and Imaging Abnormalities Following Hospitalisation for COVID-19. Thorax, 76, 396-398.
https://doi.org/10.1136/thoraxjnl-2020-215818

Morin, L., Savale, L., et al. (2021) Four-Month Clinical Status of a Cohort of Patients after Hospitalization for
COVID-19. JAMA: The Journal of the American Medical Association, 325, 1525-1534.
https://doi.org/10.1001/jama.2021.3331

Taquet, M., Geddes, J.R., Husain, M., Luciano, S. and Harrison, P.J. (2021) 6-Month Neurological and Psychiatric
Outcomes in 236 379 Survivors of COVID-19: A Retrospective Cohort Study Using Electronic Health Records. The
Lancet Psychiatry, 8, 416-427. https://doi.org/10.1016/S2215-0366(21)00084-5

Taquet, M., Sillett, R., Zhu, L., et al. (2022) Neurological and Psychiatric Risk Trajectories after SARS-CoV-2 Infec-
tion: An Analysis of 2-Year Retrospective Cohort Studies Including 1284437 Patients. The Lancet Psychiatry, 9,
815-827. https://doi.org/10.1016/S2215-0366(22)00260-7

Lu, Y., Li, X., Geng, D., et al. (2020) Cerebral Micro-Structural Changes in COVID-19 Patients—An MRI-Based
3-Month Follow-Up Study. EClinicalMedicine, 25, Article 1D: 100484. https://doi.org/10.1016/j.eclinm.2020.100484

Helms, J., Kremer, S., Merdji, H., Clere-Jehl, R., Schenck, M., Kummerlen, C., et al. (2020) Neurologic Features in
Severe SARS-CoV-2 Infection. The New England Journal of Medicine, 382, 2268-2270.
https://doi.org/10.1056/NEJMc2008597

Hamming, 1., Timens, W., Bulthuis, M.L.C., Lely, A.T., Navis, G.J. and Van Goor, H. (2004) Tissue Distribution of
ACE2 Protein, the Functional Receptor for SARS Coronavirus. A First Step in Understanding SARS Pathogenesis. The
Journal of Pathology, 203, 631-637. https://doi.org/10.1002/path.1570

Matschke, J., Litgehetmann, M., Hagel, C., Sperhake, J.P., Schroder, A.S., Edler, C., et al. (2020) Neuropathology of
Patients with COVID-19 in Germany: A Post-Mortem Case Series. The Lancet Neurology, 19, 919-929.

DOI: 10.12677/md.2024.141002 18 L2212 W


https://doi.org/10.12677/md.2024.141002
https://doi.org/10.1001/jamaneurol.2020.2730
https://doi.org/10.1093/brain/awab009
https://doi.org/10.1016/j.jagp.2020.04.010
https://doi.org/10.1212/WNL.0000000000009619
https://doi.org/10.1186/s40249-020-00662-x
https://doi.org/10.1016/j.ijid.2020.03.062
https://doi.org/10.1111/cns.13737
https://doi.org/10.1002/jmv.27404
https://doi.org/10.1016/j.cmi.2021.05.033
https://doi.org/10.1002/jmv.26624
https://doi.org/10.1016/j.eclinm.2022.101417
https://doi.org/10.1136/thoraxjnl-2020-215818
https://doi.org/10.1001/jama.2021.3331
https://doi.org/10.1016/S2215-0366(21)00084-5
https://doi.org/10.1016/S2215-0366(22)00260-7
https://doi.org/10.1016/j.eclinm.2020.100484
https://doi.org/10.1056/NEJMc2008597
https://doi.org/10.1002/path.1570

[P S

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

https://doi.org/10.1016/S1474-4422(20)30308-2

Politi, S.L., Salsano, E. and Grimaldi, M. (2020) Magnetic Resonance Imaging Alteration of the Brain in a Patient with
Coronavirus Disease 2019 (COVID-19) and Anosmia. JAMA Neurology, 77, 1028-1029.
https://doi.org/10.1001/jamaneurol.2020.2125

Solomon, 1.H., Normandin, E., Bhattacharyya, S., Mukerji, S.S., Keller, K., Ali, A.S., et al. (2020) Neuropathological
Features of Covid-19. The New England Journal of Medicine, 383, 989-992. https://doi.org/10.1056/NEJMc2019373

Rutkai, 1., Mayer, M.G., Hellmers, L.M., Ning, B., Huang, Z., Monjure, C.J., et al. (2022) Neuropathology and Virus
in Brain of SARS-CoV-2 Infected Non-Human Primates. Nature Communications, 13, Article No. 1745.
https://doi.org/10.1038/s41467-022-29440-z

Spudich, S. and Nath, A. (2022) Nervous System Consequences of COVID-19. Science (New York, N.Y.), 375,
267-269. https://doi.org/10.1126/science.abm2052

Wenzel, J., Lampe, J., Muller-Fielitz, H., Schuster, R., Zille, M., Miiller, K., et al. (2021) The SARS-CoV-2 Main Pro-
tease Mpro Causes Microvascular Brain Pathology by Cleaving NEMO in Brain Endothelial Cells. Nature Neuros-
cience, 24, 1522-1533. https://doi.org/10.1038/s41593-021-00926-1

Wu, J. and Chen, J.Z. (2014) Innate Immune Sensing and Signaling of Cytosolic Nucleic Acids. Annual Review of
Immunology, 32, 461-488. https://doi.org/10.1146/annurev-immunol-032713-120156

Kondylis, V., Kumari, S., Vlantis, K. and Pasparakis, M. (2017) The Interplay of IKK, NF-xB and RIPK1 Signaling in
the Regulation of Cell Death, Tissue Homeostasis and Inflammation. Immunological Reviews, 277, 113-127.
https://doi.org/10.1111/imr.12550

Zhao, Z. (1999) Molecular Mimicry by Herpes Simplex Virus-Type 1: Autoimmune Disease after Viral Infection.
Science, 279, 1344-1347. https://doi.org/10.1126/science.279.5355.1344

Qin, C, Zhou, L.Q., Hu, Z.W., Zhang, S.Q., Yang, S., Tao, Y., et al. (2020) Dysregulation of Immune Response in Pa-
tients with Coronavirus 2019 (COVID-19) in Wuhan, China. Clinical Infectious Diseases, 71, 762-768.
https://doi.org/10.1093/cid/ciaa248

Wang, E.Y., Mao, T.Y., Klein, J,, et al. (2021) Diverse Functional Autoantibodies in Patients with COVID-19. Nature,
595, 283-288.

Vlachoyiannopoulos, P.G., Magira, E., Alexopoulos, H., Jahaj, E., Theophilopoulou, K., Kotanidou, A., et al. (2020)
Autoantibodies Related to Systemic Autoimmune Rheumatic Diseases in Severely 11l Patients with COVID-19. Annals
of the Rheumatic Diseases, 79, 1661-1663. https://doi.org/10.1136/annrheumdis-2020-218009

Jose, R.J. (2020) COVID-19 Cytokine Storm: The Interplay between Inflammation and Coagulation. The Lancet Res-
piratory Medicine, 8, E46-E47. https://doi.org/10.1016/S2213-2600(20)30216-2

Fernandez-Castafieda, A., Lu, P.W., Geraghty, A.C., Song, E., Lee, M.-H., Wood, J., et al. (2022) Mild Respiratory
COVID Can Cause Multi-Lineage Neural Cell and Myelin Dysregulation. Cell, 185, 2452-2468.
https://doi.org/10.1016/j.cell.2022.06.008

Nazarinia, D., Behzadifard, M., Gholampour, J., Karimi, R. and Gholampour, M. (2022) Eotaxin-1 (CCL11) in Neu-
roinflammatory Disorders and Possible Role in COVID-19 Neurologic Complications. Actaneurologica Belgica, 122,
865-869. https://doi.org/10.1007/s13760-022-01984-3

McAlpine, L.S., Zubair, A.S., Maran, ., Chojecka, P., Lleva, P., Jasne, A.S., et al. (2021) Ischemic Stroke, Inflamma-
tion, and Endotheliopathy in COVID-19 Patients. Stroke, 52, €233-e238.
https://doi.org/10.1161/STROKEAHA.120.031971

Spiezia, L., Boscolo, A., Poletto, F., Cerruti, L., Tiberio, I., Campello, E., et al. (2020) COVID-19-Related Severe
Hypercoagulability in Patients Admitted to Intensive Care Unit for Acute Respiratory Failure. Thrombosis and Hae-
mostasis, 120, 998-1000. https://doi.org/10.1055/s-0040-1710018

Nannoni, S., de Groot, R., Bell, S., et al. (2021) Stroke in COVID-19: A Systematic Review and Meta-Analysis. In-
ternational Journal of Stroke: Official Journal of the International Stroke Society, 16, 137-149.
https://doi.ora/10.1177/1747493020972922

Thakur, K.T., Miller, E.H., Glendinning, M.D., Al-Dalahmah, O., Banu, M.A., Boehme, A.K, et al. (2021) COVID-19
Neuropathology at Columbia University Irving Medical Center/New York Presbyterian Hospital. Brain: A Journal of
Neurology, 144, 2696-2708. https://doi.org/10.1093/brain/awab148

Monje, M. and lwasaki, A. (2022) The Neurobiology of Long COVID. Neuron, 110, 3484-3496.
https://doi.org/10.1016/j.neuron.2022.10.006

DOI: 10.12677/md.2024.141002 19 L2212 W


https://doi.org/10.12677/md.2024.141002
https://doi.org/10.1016/S1474-4422(20)30308-2
https://doi.org/10.1001/jamaneurol.2020.2125
https://doi.org/10.1056/NEJMc2019373
https://doi.org/10.1038/s41467-022-29440-z
https://doi.org/10.1126/science.abm2052
https://doi.org/10.1038/s41593-021-00926-1
https://doi.org/10.1146/annurev-immunol-032713-120156
https://doi.org/10.1111/imr.12550
https://doi.org/10.1126/science.279.5355.1344
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1136/annrheumdis-2020-218009
https://doi.org/10.1016/S2213-2600(20)30216-2
https://doi.org/10.1016/j.cell.2022.06.008
https://doi.org/10.1007/s13760-022-01984-3
https://doi.org/10.1161/STROKEAHA.120.031971
https://doi.org/10.1055/s-0040-1710018
https://doi.org/10.1177/1747493020972922
https://doi.org/10.1093/brain/awab148
https://doi.org/10.1016/j.neuron.2022.10.006

	新冠病毒感染对神经系统的影响
	摘  要
	关键词
	The Effect of COVID-19 Infection on Nervous System
	Abstract
	Keywords
	1. 引言
	2. 新冠肺炎的基本特点
	3. SARS-CoV-2感染后神经系统的临床症状
	3.1. 嗅觉和味觉减退
	3.2. 脑血管病
	3.3. 阿尔茨海默病
	3.4. 周围神经系统
	3.5. 脑膜炎
	3.6. SARS-CoV-2感染患者恢复后的影响

	4. 病毒影响神经系统的机制
	4.1. SARS-CoV-2直接感染神经系统
	4.2. SARS-CoV-2引发神经系统的自身免疫反应
	4.3. 机体对病毒的免疫反应产生的细胞因子、趋化因子、免疫细胞等诱发了神经系统炎症
	4.4. 新冠病毒感染时内皮炎症和血液高凝状态导致脑血管疾病发生率增加
	4.5. 因病毒感染呼吸系统，导致低氧血症，从而对神经系统产生负面影响

	5. 总结
	参考文献

