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AL, EEREY], PRI AR R RIS, TER XX HS M SE LR Bl AT
Kot el iERe, DA B Y 57 1 Bl e L X DR et i A ) 1% 7 25 R E .

KiEE  HALEIRIE TS, BUEEA, EATARE R SRS
MR(2000) &4 93D20; 70K99; 34A99
hE4E 021; 022; 029; R-1

1 5|8

H 20 2 DISRH D7 A% Pl RAT AR 80 2 AL 825 1Ry, AT, B
i R K IAT R W KR B R RO B 5 R R BRKIAT.  Bre i R phy P 3 S M PR 25
BB #E 2(SARS-CoV-2) G, XFik e B Fatm#rl, &5 HEamEsE
LRA BRI B (SARS-CoV) [AIR =5 SR & HE SARS-CoV KA K AR IFIR 25 &
FESREARIE B (MERS-CoV, YD BT LA 3% Bt b i) — Pl i, (B /R S 1B YL sh AFIAEBE B
WRK). Bl gl it 28 s A N5 AN Z &4 O Bl &+ 2019 42K
2 E A B A AL AL IR DU R B, FEAE LA A P AR 4 E [ ) H A T
A4 00, e s gl N RBER I AR 2 R B i e, il T RERASL LA RS,
HFEPEERBUHE, KEZ X EUR

SARS-CoV-2 [#] H #1832 W] e Wi 54010 T A dwitie (%48 B N B, BSR4
TE PR F SR E F R4, MARERE U201 B R A AR I S 5 R
Bl AR, k. MR R RIS, (ER T s E 1 & B R I I
SR S SR, FE R I D20 BT RO BE 2 BOAYT R T S B R
FEF, WAEEEAERIHIR DU B AT B RR. [ BEAR I R S AN B B 0 A 5
0 Y KA R E AL TEZ A DS TReg Rk 10 EE ORIk
JEMIETT, B 2020 45 1 A 23 HEMSEHEABRE, WIS A I BHEEE
ASIHI0 B2 () 4% [15]. L AI WG TCEE 3B il 4 1 1 T 1 8 58 A Ry i BTl
A ] SBORF A2 B DU HE L T WA B I Bt 1T R BE OB IR N, S IR P BT 4 48 SN B S
AN FHRRIL. ZEOREIRFET: & AL R DURN LA HAab IR, $idb4g LASh X A 150
AR, A B BURFRT A AR U 285 i 8 ) [ P A &, DA 20204 3 A 18 HY
fl, 24 H BB BIL 34 B, E PN B EAB RIS, mEAMYERE S B
% RWTOELREB RN, FFEH MM K AT TAETmUER () [1-4,7-8,
10, 20-27)). # 1k 2020 4 3 A 18 H, &BRFEIBHISHHBIECH 191,127 (W, [28]), M 78T
B 124,527, H A §iER 117,712 6] (95%), BAE S HEAEN 6,815 4 (5%). L5 HURARA
W 94,712 45, Horlr 85,745 ) (91%) HEE ShiBE, 8,967 Bl (9%) FET: H718.29-81

B, —YRATIRE RO (W [13, 26, 33-34]) fhv+ T Hra il 2 49 2R A%,
N T WATHIRI ARG . 451 BoR X SARS, Fomiifi 4 i) A A JOT e 3
RIF B FARIBIRE (— O] A B 18] -5 A0 A i (R  TEDRR ) 0, XANER S
BORTR M S AE R R B L B R R S BN E EBRERE2RE
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etk AR A TORER AR BRSO R B, LA SCRER HH Ay A 58, 8000 T B 72 6 e
B Gk SARS BEFRY 2003 FEAHLL, LTRGBS BN PR AR S, XA TR
TR 5 ) PROE A f. BCDURT 3 ) ) 2 2 W, 3 T A 2 4 95 < D 0% 95 ) 32
TR — P R E. XX 2 KRR @R AT RAT I LT . R, ¥
FHAEA P {E ] SEIR S84 FrBHAR AL 1A T T 576 i 48 A5 [ Py o _ % 498 11
B MATASY, WRAIES], IS AERDZ SN A FZ s, I+ H3
IR A I A S BE G 1 #) 14 K.

ZATHARFIT 192634 fy &, ASCHATE T —MEEBAL, ZB T powN mE R
BE (RRAE ML) DAKOA [ B9 e iR s 2k 1, FRILE BDUHTE il 2 R AW Bl ROR il 11
SR, BWAEZBALR W] .

2 HEFOHE
2.1 fRBIEHE

10000

=]
8
I

3]

5 B REEISRE (1 0g10)
8
1

—y
o

I |\|||!HH
—-A

—A =R

B 1 2019 4 12 A 22 HZE 2020 4£ 3 A 15 H R4 H FHew 51
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FRPIBCEE SR B WA IR, 2020 4F 1 A 18 H LLRTHY SRR B 284 [ 3 T4 B°
g HOFHOE & BERE (ETER BB B ). ZRBEEIRR S0 TR, A H BN A
BRI 14 RECHFRISETE. 2020 4 1 A 18 HLASHE H Hi s i2im6l ke sk 5 EH
RIBERPHRE O EEWHEIREHE 201945 12 A 22 HE 2020453 A 15 HiY
BEHWZSERE (WK 1). Bk 2020 48 1 A 096 H #2078 808 K B (8,9,35],
LG 2020 4E 1 A X—BB A %R, FFERR TGS 2 A 11 HEA. REEi
AT R R A e ] 0 R E B R DR CGHEiti Ri2ITHem Y . 2020
42 A 12 HZETHR B SE g =526, 1 2020 4 2 A 12 H Z 50— BRI A,
Il PR 12 W7 T BB ABCA B 2 B B B 18], SRR PR IOA R B T K RS =21
W, WS 2 A 12 HFH 2 ABORR]—4> mig
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2.2 ZRIHRIETE

FTF % HH SEIR(Susceptible-Exposed-Infectious-Recovered) i f7iR E =ML, 3 A7
P —ANECHERAL, XA T REZEAARRES, A5 NRAES) HAE A g (4155230 i2oE
RIS B R SAEAR XS SEPA R BREE T RR B, Horh—#R o Sk REAE, MiTgBa%
I TR G REZ P B8 PR S . ORI — SR 5 LRSS B T RS R S #0180
TREE MK (BAE 5 B S5 R SERUR 1) 005405, X 20PN 1 15 75 A1 1]
FEAE T B, A AR RN S R R R BB R PR A AU B (3236737,
Bt ZIEAND N 2R 5REE St), Zigd Et), RERE A®), BRIERZE L.(1),
BERHE L(t), SR A B H, (), BFR e i BAE S Ho(t) FIREE R(t). Hitt
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S = —\(1)S,
E = )\(t)S — (0’1 + o9 + Ug)E,
AI = 0'1E — TlA,

I, =02E — (12 + ¢+ 0) 1,
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I Bl A+ agly + a3l + agHy + a5 Hs)S T - W E .
](\)] —ocFE + 1A
F— 0 Y= —oo B+ gl
0 —o3E — 01, + q31,
0 —¢Im +qaHp,
0 | —wls —YHp +qsHs |

XE qg=01+02+0s3, =72 +¢+0, s3=T3+w+01, 04 =714+, g5 =75+ 02. #£T0
T S Eo AT F ATV i 5 R RS E

[0 Bar Baz PBas Bas Pas | [ @0 0 0]
O 0 0 0 0 0 o T 0 0
O 0 0 0 0 0 - 0 0 0
F— ﬂV: 02 q2
O 0 0 0 0 0 —05 0 -0 g 0 0
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HEHE 5
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Qé_Tl
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Pyl = By i 0
= 02 T 4203 0 q;l 0 0
414293 4243
02 ) -1
72 0 0 0
419294 4244 1
wbqa02 + WG2qs03 + PYPg302 0 wlqs + ¢Ygz P .
L 414243045 42439495 B qugs ]

TTHEEY (1) I ZEARFELHN Ro = p(FV™') = Ra+ Ry, + Ri, + Rau,, + Rau., Fi

Ra— ﬁa1017 Ri. = 504202, Ri = Baz(foz + 03 + ¢2)
T141 q1492 4149293
_ Paggos _ Bas(wqa(Bos + 03g2) + Phoaqs)
RHm — 5 7?J‘IS — 5
419244 4192934495

Horh p R RIS, Ro WTEREN: 2050 B 5 FCAERIR T, A7 AEAR RS EORFRE B Y
N, A B AE e sl b 8 ) R G e Y e, B Ra, Rr = R, +R1,, Ra = Ry, +Ru..
MRAE [40], LT (1) B9 To P08 R R vk, BATH LT 4R,
EIE 3.1 IR Ro <1, MR (1) B9 Tohm V85 L mfno i e, )Z Ro > 1, NI
AEEE.
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3.2 HENIE

FAT3E L Pearson BRI AR /N TR ZIMHE A R G014 592 Xt (19, 42-43]
SRR BIE ST TG, Bl H,, A1 H, G 2Rl E i 2. EBUER A, FF 2020
£ 1 ARyt 4w it R AREHE TG AL BAVREF G T SEhr R i FE
Jiti 5 9 ) B RARELHE (DL 3). PR b, 31X 20 il B ] 77 5] (g 0L 2 ke S 0L R ARE
BTSN, BARXEEMG TN, (HEAG XA W% [45]. FA12ET PR E
G BB BIEEE, 554 2020 4E 1 ARIEE IR ERK, IR, B mtEs,
BHMEH T RFREASERRNKR. AREER, BB R G & Lk s
M RBFRBOT I . B 3 R, M 2020 4E 1 ARYET 10 RFESG 10 K R RF it
FIRENROT B BRI LS 45 R Won MBS, 2020 4F 1 A A, 4R ERH—
Wegh. WATMELEREM, 1E 2020 48 1 AR+ RMFIE R, Bt e 25
IR . 1 AEEIMRIGE ) R, XEME ERR, 1 3 e 2EvT e
FERRMEENA R TN, R 2450 T HTFUSHEANSEE, Ko N0) =1100 77
[44,46] * §(0) = 0.95 x N(0) (0, [44]).

& 2 HA (1) FESEERE

A H BE (8 ) AL R
8 0.745 (0.25-0.82) @R  [44]

a1 0.1 (0.1-0.3) - ik
as 1(0-1) - B
as 1(0-1) - i
o 0.3 (0-1) - @i
as 0.1 (0-1) — B

o1 0.0425 (0.05-0.275) @R [25,41]
o2 0.166 (0.05-0.3) R [25]
o3 0.0415 (0.04-0.5) &R [25]
0.045 (0.01-0.6) BR  EBE
0.1259 (0.09-0.51) &R  [41]
0.13266 (0.001-0.5) &GR [41]
b 0.0341 (0.001-0.5) ®WX  Bi&
51 0.0275 (0.01-0.05) ®WX B

S

€

52 0.03 (0.01-0.05) BR BE
o 0.13978 (0-1) BR (4]
T2 0.133 (0-1) BR EBE
T3 0.134 (0-1) BRr R
T 0.11624 (0-1) BR (4]
5 0.155 (0-1) R [41]

3.3 REFEMIT
15 R SR R 5 491 25 4k DA ] — o S0 A AR AL T SRR e BB R e (200, e
A (1), BRI BIECEN N F (01 + 00 +03) - E-dt, BIFRBEANTE E 1y 201E
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Hdt=1X. Ht, fHF2FHSE, 1AITHEIOH, 1 ALLHE20HMLA

21 H & 31 H ARG KR A5H 2%, 5% H 50% L L, X862k RAARRE & bR B
HoA BB FE 45 5 17,

3000 800
® observed ® observed
2500 _|—— fitted — fitted
600 —
2000 =
E %
24 1500 — = 400 —
. p
1000
200
~ M/ITIT |||
0 T |||I| T 0 T ] IIIIIl

1E1E 1ANE A28 1838 1818 1AMAB A28 1831E
2020 2020
3 HTHA (1), BIE 2020 48 1 ARIUATHE N R BBURG ABOEAR,
WA RS R IR, BRI S R
AP (ZK); & HFrgmiwns (H1E)

3.4 EXBELBUEMEST

MR ) — B SR A BRI, 3 —EEAN SR, RIEH Ro (AGTHE
4 2.80. AT HEIEREH T A AL R ZEA AR TR, ATIHA T TOAER G
1. REEE A IERRGE W, R s R s AR R E 2 HH Ra = 0.1 (5 Ro
B 3.57%), Rr = 2.30 (5 Ro 1Y 82.14%) f1 Ry = 0.41 ({§ Ro A 14.64%). X4k 5
Wu Hl McGoogan FRF 7845 FAHAF 191, fih A7 % 30 TLAE AR Mg N B o B 61 ) T 4 L A
3.8% (1716: 44672). FATEH Ra + R BHE/NT Ro B 20%, T R fnk WE SR E
AR R EBEN IR, S W B IR s B RGN, BRI I 3 AR R A
REMENE S RXT PR YIRS 2808, A IR AT B s B B (4% 100 7T 3 80w = 1 d %
. (i, fEJCRERIIR], W] IAE e fin s 07 T A ¥EA T 2 1E . R, FATge
VN 3t ™A% A A — L X i e A ) B et il A A %, 497 2o T B B A RE RO ] L B
AFn IR, UAEERFHOE, EENATA, W R &5 ORI

4 BIESHR

4.1 SEHEABEHIRM

Bl 4 JBmR T EABRER R XTR 1 PRERIYRFSRIFHLE. B 4(a)-(f) FH
ZH08,0,¢6,w M ¢ REHHEM R EHOERESI. K 4(a) BR T EARFE R M
RRER 0 MEHE 0 (1, B L) BB INTIRI. £ 4(b) 1, 60 ¢ BIHEINEE Ro 3
. AR 4(c) . B A w B INGHE Ro B9 IN. LM, FEE A(d) ., B Y B
MEIE Ro BIHEHN. WIE 4(e) A1 (£) PR, 0 A1« BN, 2055 ¢ M w B3I &
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3 Ro By

4.2 BURMEDR

TEFATIR BT T, A AR Ro BOA N Rtk E BN RE 5 785 KU AE 48 1 ¢
BERATINFESE Ro BYBURAE A7 W] LS BY TR LA S 800 W 7 AH OC R 8K (Partial
Rank Correlation Coefficient, PRCC) 18], LA 4R 2 ¥ il £ Jeii ik B 8 56 7% 18 S UK
TATIH A ZEC (UL 43, 49-55]). BRI HEAFAER Ro FIEERRE (attack rate) T HLA
SRR RBONE 5 R, BURHES PR, MW TEAFER R KU, 0 (FER
) Mo (FEAEMRRGEF (0 BRAE &) AR P e UK 24, TR TR B 3okyd, B
R SHOE 6 (RFERE) M S0) (BB IHEUL).

08 12 0.6 L Ro
0.7 e 35 | 35
0.6 e 3.0 05 g 3.0
0.5 - i 25 04+ 25
04 ! 20 %55 | 2.0
0.3 | 1.5 ' i 1.5
0.2 10 024 o 1.0
0.1 - 05 g1 4 | 0.5
02 04 06 08 10 02 04 06 08 10
B B
0.6 1= Ro 0.8 4 Ro
| 35 0.7 35
05 3.0 0.6 3.0
0.4 25 05 - i ‘ 25
03 20 o4 2.0
' 15 034 15
0.2 1.0 0.2 - . 1.0
0.1 - 05 g1 - i 05
02 04 06 08 10 02 04 06 08 10
B B
R f R
& 250 O .
245 05 I 2.62
2.40
235 30-4 — 2.60
— 230 03 —+ 2.58
— 1+ 2.25 1
— 0.2
— 220 — 2.56
1 T 1 —+ 215 0.1 T T T 1
05 07 0.1 02 03 04 05 06
) 0

4 BEAFAEH Ro SRAXRSH A RE
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5(0) - S(0) -~
I T T 1 I T T 1
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
HABER EEx

5 HAFEHMREBRICTRESHMAMERRLE. £250% 2 Fim

5 it

H 2019 48 12 ALK, BiBUERm 25 oy B AT 2 BRm B E 1 A St TAE R P9,
B R 2 W BCRAR B, A T A 4141F 2020 45 3 A 11 H BEARKERK RN
EERRRAT, XHEH 1900 G LR E K i W 8 SRR BBRCRFATRN. EAXH,
(I SR AR AR R 7R B e R AL R A9 B S A4 AE. 4R B, FERBU™ M5 it < AT,
Bl 9 EARRR A, KRR B ASOR BE AR B 2 ] L K 2 Dl fih 3 OGP

ARSCAG H A AR Ro {HO 2.80. Z NBERY S AR (2 e LR Y580, ER{H
FAE 0.97 B 3.24 Z WS, WEAFARTETE, TERBRE (Ra), AERR
Qe (R) MGG B R RS (Ru) Wl AR AR R XRK Rl > Ry > Ra.
XEWE R M Ry EFENMRALRETEE B REEWMEM. o, ROTHWER ST
(A AT ST AR AR D . SR EO™ A% B B 42 15 ft X i S i g aE — P IR AR R O B
(Z: 0L 33, 56]). FEUAH GBI R BCRRAR (0 9 1 220 7 1501, A6 I g B s A AE X
T2 $e B AR A, JCHORAE Bl 5 09 B AT BEIX, ORI 34 i 143 i 210
PR S AR, BUEREBINERY, 280 6,0, 6,0 Ml ¢ RIZMHehh R &1 C 2
B BuAh, BATEIBUBAE TR, BT ARG, JUHIR AR B AR B R Ge A
kG, FHE K, LA R E R B R i . RN [ B T Bk L & 3
A5 PP Bl 12480 M By SRR A T TR — 28 AR O
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Abstract The coronavirus disease 2019 (COVID-19) outbreak started in Wuhan, Hubei
province, China in the end of 2019 and swiftly spread to the whole country and overseas,
and became the first pandemic caused by a coronavirus in human history. By March,
2020, the outbreak in China has largely been under control with tremendous efforts and
losses, while other regions, e.g., Europe and Middle East, are in extreme difficulty. The
lesson learnt in Wuhan, Hubei shall be very valuable for battles in other regions. In this
paper we propose a compartmental model to study the transmission dynamics of COVID-
19. Our model incorporates different isolation strategies for mild and severe cases and is
fitted to the cumulative number of confirmed cases in Wuhan from January 1 to 31, 2020,
for COVID-19 epidemic to estimate some parameters. We find that the COVID-19 could
have increased exponentially if strict measures were not properly implemented. We estimate
the basic reproduction number to be 2.80, which could vary from 0.97 to 3.24 depending on
human host susceptibility and transmissibility. Numerical simulations indicate that reducing
transmission rate is the key factor for effective use simple word control of the outbreak. These
results suggest that timely hospitalization/isolation of suspected and confirmed cases as well
as quarantine of people who had close contact with infected cases in epidemic areas are vital
to mitigate the spread of COVID-19.
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