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Application and significance of 2—parameter generalized growth model
in COVID-19

Ma Xiaoyang',Yang Zhonghao?, Jiang Zeyou’
(1. College of Medical Technology ,Chengdu University of Traditional Chinese Medicine ;
2. School of Civil Engineering,Southwest Jiaotong University ;3. Clinical Laboratory,
Affiliated Hospital of Chengdu University of TCM)
[ Abstract)Objective . To analyze the development stages and the current situation of coronavirus disease 2019 (COVID-19) in Chi-
na,ltaly and America,and to provide a forecast and reference for the development trend in each country. Methods : Based on the 2-
parameter generalized growth model,the dynamic model of COVID-19 was established,and the cumulative number of infections in
China,Ttaly and America was fitted nonlinearly in each stage. Growth patterns, infection rate and effective reproduction number(R,)
were analyzed. A short—term simulation and prediction analysis were conducted for the cumulative number of infections in China, Italy
and the United States. The fitting data for China,ltaly and the United States were obtained from the website of National Health Com—
mission of PRC and Health Commission of Hubei province,the ltalian civil protection department and Johns Hopkins University in
the United States,respectively. The statistical data in China is from 11 January to 3 March, ltaly and America is from 13 February to
25 April. Results ; According to the model, when there is human intervention, the cumulative number of COVID-19 infections shows
different growth patterns in different stages. The first stage shows the exponential growth,the second and the third stage show sub—ex—
ponential growth,and the fourth stage shows sub-linear growth. China has entered the fourth stage on 19 February (p=-1.902 2,R,=
0.970). Up to 25 April,Ttaly is in the third stage (p=0.010 0,R,=1.001) and America is still in the second stage (p=0.500 5,R,=
1.065). Predictive analysis shows that the actual number of infections in the second stage in China is significantly lower than the pre—

dicted number of infections,and the cumulative number of infections in Italy and America on 10 May will be 242 582 and 1 556 286,

YEE N LB B EEFE  Fmail ; 18408275034@163.com, respectively. Conclusion ; Up to 25 April,the epidemic in China

BFR 6 e AR AT g T has been basically contained and that in Italy has been slowed
BIEVEE 1% A Email :9279996@qq.com., down, but there is still a risk of spread. The epidemic situation
5 B : hitps://kns.cnki net/kems/detail/50.1046.R.20200704.1046.002 html in the United States is in a sustained upward stage,and there

(2020-07-06) will be no significant fall in a short term. The second stage in
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the United States will continue for a long time.

[Key words ]coronavirus disease 2019 ; nonlinear fitting ; exponential ; sub—exponential ; sub—linearity ; effective reproduction number

20194F R B K& T —Fl 187 B el R 27 (2019 novel coro—
navirus,2019-nCoV) 5| & Y RLEN , A DAL (World
Health Organization, WHO) T 2020 4F 1 A 30 H & b H 2%
BN N ERPRN S TR 2R B, 2020 4 2 H 11 HAFR
B 2019-nCoV 51 K (KB iy 24 SR B SEEAR I 75 % (coron—
avirus disease 2019, COVID-19)M, X 24k 2002 4F ™ & & M
W1 275 AT 568 1K 5 BF (severe acute respiratory syndrome coro—
navirus, SARS—CoV ) Fl 2012 4F 1t 75 0 W% 255 45 1iF 56 4R 956 77
(Middle East respiratory syndrome coronavirus, MERS —CoV)
ZJaE e 3 YO TR KR, COVID-19 i 3 21l R B
HTn KR Z ) DBURE A BEE TR R LS A
NETSAFREIR , EAE R RS0 1 A J B PR X B 4
IAE , ™ F 5 ] PR g i Sy 2 P A 25 B A MREEIE IR
Ve R AR, 3 2020 4F 4 F 25 H,COVID-19 i
BLAERHE T 280 5 NG, 20 JTABETS, REEBI AT R
SR REERRE MAERL 5 B SRR HE R 500, ey e
[ B B 56 [ 2 doe Ay SR AR e 7 A TR R, AR IS 0F
X 3 A ER R G AR TARLR RS, 2T R e A
JERIPIZR IR 1 1) & A FIB R 3R 525

1 #REFE

1.1 HIERR

P E R B R A AR N R R DA {2
23 B A fil o T A 25 51 25 ol H R Il 4R, 2 KR
Btk BRI SRS T I T AR, 98 EI R AUk B
L - S RS R A SR G R I B
Geitaflal By 2020 5 1 A 11 HE3 A 3 H, 2 KM EE
PERSEAEG R B 2020 452 A 13 HE 4 H 25 H, 3
5 SR JH R T O i — TR ~24 T £01) B B, 5 24 7y
R 45 BT IERY NBU BT H O R AL
12 %itsn

SRR AT — NSRBI, FE FA T AL 3 BBy
B TS Z BRG] JC T Hh h , Hbg R A s R P R g
Ko XA S AR T (generalized growth model, GGM) ;

C(1)=C'(0)e" (1)

KA, C(0) TR VIR NEL; C (1) 35 ¢ B 20 By R T J e
NEGr TR RN SEL, >0, B0 1,

Horpr WK - 5 R, B UIMISE Ry W A SIR AL YL
B R=1+4rly 1y Fom BRI . (1) T 2 .

dC(t) _pryy_
T_C (1)=rC(1) (2)

X, € ()17 o 2GR BT N B 2204 o

20 9 KU

PR N B i S R BB A T L AU R R 2
FRRUGI VP22l i A RO KRR X A T B e T
JE T TRz BB, BRI, i s (A4 s2 BR AT
A AR BRI , S BORAT # R R RS,
Sk R TR FR AR,

B RO K A AR5 R T R - Tl SRt
Y NI, GOM I G AR 25 B B AR KU K 5l
BT R BE R W AT I GEit27 14 £ 2
e GOM, 7E30(2) Bkl L, 5IAZSE p (p €10,1]), IR Z N
BRI TNE EES L), p TR r, ISV R AR
HER O R HEN A, 5IASH p Ja Il GOM i H]
TFRENE S EWIII R HOE K R T IR U RS RO I Sk
JE IR R, AT

C'(1)=rC(1)" (3)
T 0<p<l, 2 (3) BB AT B9 m IR LE H,
C(t)=(#z+A)"’ (4)

o m IR p=1-1/m;A=N/C(1) A BT C(1,)
EUEGOREA
EZFWiE A GO UETYIN SR

G (D=(r(1p )i T 5)

S o (D FTRUCHBON KIEL ¢ 200 B3 PRI A,
15 5B A p <1 JPHT 5], D% p=1 B, Co,,
(1) SRR 3 5 HEEOH K 5 @024 Opec] I G (1) S UCHTL
B, HL p BEE 1, C.o, () BEEIEHBON K S 3 FSILAR
B2 2 0<p<0.5, G (1) REUCHE L KB IR 2
R, HCRE R ;2 p=0.5, R BRI K C,., (1) T
TURZTE ;Y 0.5<p<] JERYL AL DR HI R T
@ p=0 1, Cup oy (1) REHEH I RRA R HHG D2 p<0
B, Cpo (DB IR K SR FAEIT 0, WS HU™ K
BB A PRI LI (R 1 R

I I
p=1 0.5¢<p<1

I N
1 s [
0<p=<0.5 p=<0 1Tel

B RRE C ()R E RSB EE



— 882 —

BERERKZFIR 2020 £5 4555 7 H5 ( Journal of Chongging Medical University 2020.Vol.45 No.7 )

SRR Ry SR WA TR AR Al R B S,
A DI FEBAT T U 15 B0 T 1 S 76 2 I N rh (AL 4
TR0, FERATRIILRL | — AT — A T B -1y et i &8
Ay VA A 0SSP A PR T Fh P B R, TR
FE M Ro<l, B T P SRR 0889 T AT IR 5 29 Ro>
1, BRI BT i ANFRUE , PUAL Yl S 4 R, {ELHE 55 25
PETE B H 1T Ry (8 BB TR E YR N5 Az
ikt AL )00 R AB R, S48 ¢ 20 AR
— B T BE IR AL, T2 IR AR I8 (P
FER 2 ) M E R i ST (SMER R ) | R, # BER [ 254k i
A, X COVID-19 %1, HE | & KA SE E R IBOR [A]3%
R Bl Pt . AR SCOR P SO A 50 R, VA 25 LRI 1145
HE B, JUHIE S IR I B 2 15 it BB 758 R, B3 1 LA
T ROKREUNT A2,

_C(g+)TA1] _ r(1-p)T, pl(1-p
R ey (o) (6

A, g R COVID-19 fEYL SR AREL, T, 7R A st 8] 8]
B, 8 e R Y BUE R P P 1] ]l

SR (5) X [ RER A A SE [ COVID-19 2
THEGE N B 8 128 RIS (6) 70 A Rl
HB A B TEARE B TR I TH B 2 AN THRIT Fiisi
FEAEREAE (ETHETE , XF rh ER S8 [ 26 2 BB, BRI 3
W B B G NBGHEA TR AN T
1.3 5

AW B R RSP G A R I BN TR i, Y
U1 AR EBUG R BN gt (b 2 3 23 BRI H
WM 3 16 HIHG L “EHR” RA 3 10 H 2 EE
BRI BRI ) o 395 2 DB e NSRBI 5 (e ) I
Horp P ETE 2 A 12 HZ 15 HEIGRIZEIN AH 8GN
B, PRI MO AR s #3425 HEEH
BRGNS s AR, 5 3 B R A T
e, HTEZE @EZ 3 4 HHGRSIHEIMGA, T E
55 4 BYBEERINEE S 3 0 3 H (K 2),
14 %itgam

AWFFE TR UG I e X (5) o R 1stOpt i,
FIHZE 2Rk ( Levenberg—Marquardt, LM) FE 4 R E
1 (universal global optimization, UGO) #EATAEZR MG, 11T
ST B COVID-19 FYFLT TR S LA A FIB By
HMSECr Fp, BIESEBOE T SHIBE bR, 1.00E-
10; F RIEAEL, 2 000 S i 4%, 500,

2.1 P E Z AR AT

P R NSRS 1 BB 2020 4F 1 H 11 H
1 [ 22 H,COVID-19 R NBHIG S50 r=0.328 p=
1.020 0,€(0)=8.167, {7~k BRI N BRI R YL R B 15 0
Ko 2By A 23 HE2 A 18 H A 2%0r=10.059,

p=0.585 6.,C(1,)=345.870, i/~ B AR IRFEHON K
RGN S T B, 3B 2 A5 HE2 H
18 H &2 r=1 342.973 p=0.099 4 .C(1,)=23 500.072, i
R BTG ANBCR AR BN, IR YOR I SR, 5 4
KrEch2 A 19 HE3 H 3 H BAESE0=91902E+ 1, p=-1.902 2,
C(t,)=74 500.000, LIRS FAHE AT G, Mook, 7T IR
H S 2 BB BRI N D T A (# 3) .
16 000
14 000
12 000
10 000

< 8000}

6000 | a2

2020-02-05 !
4000 - p
MR

2000 2020-01-23

\ I Q N
Q\/\ & o b“/\ Q’L;L
o o .

®”

H 1]
A TR F P A B

7 000 1,_5“.»:"2!

2020-03-23

6 000

5000

4000 -

NE

3000 -

2000

1000 |

0
) N

B
» A o A %
S\ e > Q"D/’L N N ¥

)
g Ng ¢ 2 A
S G S N S
H
B. AR H B sye A%

40 000 |
35000
30 000 -
25 000 |

&
<20 000

15 000

10 000 |-
Ey

5000 | 2020703716,

!
i
it Ll 1 1
e”v’(fo 0”5’\& Q’b’ﬁ'q Qb‘/\ﬂj Q“’ﬂfo
B I I I S
1
C. SE A FOBT g A%
B2 3ESAIMMEREANS
22 FBRA R R RAL DS BTN

ERH R BRI EHE 1By 2 H 13 HE 3 H



BERERKZEFIR 2020 £5 45 55 7 H ( Journal of Chongqing Medical University 2020.Vol.45 No.7 )

— 883 —

9H ,COVID-19 Rt N5 S %0 r=0.291, p=1.010 0,
€(0)=3.000, 7~ Rt NBCFUE G R BIEH0N K, 552
BBl 3 410 HE 3 H 22 H A S40r=3.253 p=0.692 6,
C(t,)=8 718.941, fi/n BT NBU R RIS U K | I e R
PR BT, 3B 3 A 23 HE 4 J] 25 H U
B BHr=3 504.430 p=0.010 0.C(1,)=62 999.201, i /X Eit
SR NECR R B YL RO IR i 22 (151 4)

o E SR AL
80 000 2020-01-11 % 2020-01-22 FFHUUR (p=1.020 0), ao oo =®
= = 2020-01-23%2020-02-04 ai
UAREAUS (p=0.585 6) o
| —"=2020-02-05%£2020-02-18 7
LU YCHS A (p=0.099 4) o/
—--2020-02-19252020-03-03 /
WA (p=1.902 2) !
- %
3 /0°
< 40000 - &
%
'
°
20 000 [ g
o)’
L4
w°9
0 WB‘"
! L L L L
N N N N D o
& NG S
& o A K o A
G S g ®” - ®” e

A TR B A 2k

2.3 E B R FEARIE AT

FE BRI ABAE LB 2 H 13 HE3 A
15 H,COVID-19 B HEge A\FHA S5 r=0.151 , p=1.075 3,
€(0)=4.000, B/~ BZ e NBCRER YR RAHUN I, 55 2B
BH3A 16 HE4 A 25 0, UESEr=47.061, p=0.500 5,
C(t)=1 999.986, &} 7~ R i1 YL \FCR EHOE K, e %
MR BB (# 5) .

120000 o s s A B
2020-01-23%2020-02-18 YKAFEAUA HLi
(p=0.585 6)

100 000
80 000

E=

260 000
40 000

20 000

9
@/\ Q’V\

N o
4 Ng Ng
q,@’ ’W,Qq’

I S

H
B. 55 2 BrBesbl & w4

3 HERTEREAKBIE HE

L o REAHFiHEY ABL
200 000 ——2020-02-13%2020-03-0945 8030l £ (p=1.010 0)
= =2020-03-10%2020-03-22KF5HHU A (p=0.692 6)
=" =2020-03-2352020-04-2SUHEHH A (p=0.010 0
o

150 000 |- fo’
5 Vi
2100 000 P
P
K4
50 000 |- P
&
o
-
0 WM
1 1 1 1 1
P b A 5 N &
b’gm Wl ’ Q’db WQ% Q/QD( Q’Qb‘
R e e ~ &
H

A BBl a g

240 000 o ol BiHRY AR
— 2020-04-11%2020-05-10 YA & T
(p=0.010 0)

220 000
F 200 000
=

180 000

160 000
\ N » P N A
Q&’\ N N § RS 13 Q/Qb( N © & N
A % 4 q < A
S I S A P

H 40
B. 5% 3 BB AUl A i g

B4 BAFRITERAKBIEHE

1 000 000 R YT YN s
2020-02-13%52020-03-15 A (p=1.0753)  p
= =2020-03-16%2020-04-25 YAEEHUA (p=0.500 5)4°
800 000 - s
J
4
600 000 n.,,"?
& g
< of
o
400 000 2
a
4
&
200 000 £
Z0
e
5
O 1 1 i 1 1 1
) ad AX o N 9
A AN S S
,LQ’L ,LQ'L ’l@ ’LQ(L ,Lg’l ’1«@/
=R ]

A. P BAU & 28

1400 000 | o e 2P A%
2020-04-11%2020-05-10 WAEEHUA Fiii
(p=0.500 5)
1200 000
1 000 000
2
800 000
600 000
A o) 5y 3] A
A > &
@Q’L ,.LQ'LQ q’@, ,LQ’LQ ,LQ’LQ ,.LQ’L
H#

B 45 2 [ B0

5 EERTERAMBIEHE



— 884 —

BERERKZFIR 2020 £5 4555 7 H5 ( Journal of Chongging Medical University 2020.Vol.45 No.7 )

24 RPETAAY
HHE COVID-19 MG R F—F-Z—T W, 201 T
SERE BT TR IR R AR B KRR YR B Bt T
2% | 95 [ R e AT AN TR (K 6)
4000 -
3000

=
22000 -

1000

0

! 1 1 1

A a2 N A % »
NS QY N v N\ g

Q
7 Q Q/ Q/ e
,LQ’LQ q’@' ,LQ’L q,@’ q’Qq' ,LQ’)»Q
ERE)
A, TG ¢ () 1]

6000
5000
524000
X
#3000

2 000

1 000

.
pe ® A §14 ®
& Q/@” BSANN W 7
B\ NG A BN B\ S

H b
B. EARAEGE ¢ ()

1 1 1 1 1

\» % X 9 > ®
W@/ . o . o . o Q/BV\ Qﬁ“ﬂ
" A S A
g ,LQ'L ,.LQ'L q’@' q/@' r@”’
H 1

C. EEBE ¢ (1)
6 SERLEEC(t)HEFEE
25 HABAHR, LAY
PR RS )] T, PRI R HL A T 25 X R 5 1 46 i
T A SO ARSI, AR COVID-19 ST B
FERGERAE AT , A B Rl B 7,=(7.5 + 3.4) d9), ARSCRHEL

T=5d, FER M 1A 11 HFFGEHE , 8EHWA3 H3H,
BEAMAEEMEM 2 A 13 HIFGHE 24 A 25 H, W
%10

F1 HESEANNEREABLEY RITEER

R s (g) gl EoN ESE
1 6.291 4.569 2.707
2 6.739 4.676 2.917
3 1.421 4.790 3.181
4 1.325 4.909 3.523
5 1.264 5.036 3.980
6 1.014 1.260 4615
7 1.012 1.233 1.136
8 1.011 1.001 1.120
9 0.968 1.001 1.107
10 0.969 1.001 1.097
11 0.970 1.001 1.088
12 / 1.001 1.081
13 / 1.001 1.075
14 / 1.001 1.070
15 / 1.001 1.065

3% it

FEGRA TR AT RS 56 50 3 AR R 2 X2 175 S e A 4 K
HE R A BN A AR TR A i B R
TR R R S RS S SR AR 2 A R B R =0, R
e AR IR A TR B AT o R L, S
SCHERATRY O P TR 2R TR A ] PR AT
I3 R Fet A M AR A B T B R TRA TG 55 & I 2R
Viboud 25T T A 0 1 & AEad 1 20 YRE KT , 22
FERAE BRI JRE DB FERL HIV RS IR S
B SORATAL G AR, REAR U HASADL A 790 A 3G AR =
BEAN, AT R A U B0 SR F SEIR TR, X s i
et A B X0,

ABIFSE A S T SR AR v [ KR 0 2 ]
COVID-19 1B NEGHATEL, 45 R R A 545 BB
AT AT RS, LA R S sl ih & s v 4, R4 2R
HiAALl COVID-19 Wk R, (sl 12977
ZARATEH-EIR) YIE 11, COVID-19 #1275 e Sl 1 i 12 4%
PRGN B S5 R e B B R S P e ARG {HL Py 4
WAL R R G i, SE G AN A B £ L R
4 CTFAZYE R COVID-19 2k, Ik 2 A 12 H 4R
LB RIS WHIE N COVID-19 RIBFISHAE, S35 2 H 12
HpTh g NECh 15 1526 (245 13 332 Bl Ri2 W) .
TR TCPASHURE N K R A IRAE , WO ik - E LA RO S
e RIS LR 5D

RPESHL p 0T S WEBUR T 00 it 12 AT A8 AR F
WM, X R SE R NG T



BERERKZEFIR 2020 £5 45 55 7 H ( Journal of Chongqing Medical University 2020.Vol.45 No.7 )

— 885 —

A SR TS EE | B p (HIYZh 1, COVID-19 &
P NEC R FERG I SRR e BRI, PR AN SZ R
il , A A = By DA RN, LR B Z e R TR 2 WF 3R
SPTEE, 56 2 BB, &1 0.5<p<1, IHIZK B COVID-19 &
POBCRREIREOS K, HER R 2 FIHEs, & b
— B B TR Sz R, BURF SR BUR L P 175 B s 15 it LA B2 AT
B R SRS B — i AR WP, 5 3 BB, h
LKA 0<p<0.5, FHZH B COVID-19 &Y AR IR
TRECE I | RSB HUI 57 S BRI IR Sl P S 3 By
BERFEE 14 d RDHEACE 4 BB, 58 4 B BIRFRR SN S A
FRENEH B 4 1 25 B BERRES 3 BB sk 34 d, 55 4
B B i AR B 52 5 2 BB A 4h

PSS 2 BB T I PR A AT, R e R
r A R R B 5 1, O AE 2 17 H b Rk
NECH 0% 10 7, 1024 H SR BT Ak 72 436 i, 1
Ah, R ESE 3 B 14 d fEBEASS 4 I BE, X — B EE
R<1 EIGSEAAF RN, X325 TIEIE B RIS LR AR |
BB, (Eh N 3 H 4 T I 5E 2 A XU
S R A PR AN T i A B A

X COVID-19 By 28, i T 79 5 [ ARG AL H
D7 AR R S5 450 T 2 H Ak A58 4 B e B B, 1 Ak
ZEZR M BT EERGR GRS PR AL
G e Z S E LA R E 2 A LA SR BUT
IRt ., B2 3 H 13 HPIBBUFE A 250 A B L0k
A, B M A I KA iRy, ME4 A 25 0, EE
COVID-19 B3Iy \EE 3596 J1 6, Fx — B AN et
WK H R =1.065, FEE AL T L8 ZERY B, AH S T rhE 2 A4
KT, 5 56 EAS ISR Bl 42 7 B8 7 RA I g B, 4k L ke
F EESDIRAE W S A 10 H B ABOT gk E
1 556 286 il , 1 H B IR Ue AHE I ERKE 2 R W7 R B 3300
i1 55 e RS LR NBUW 13 SR, I T RE (1 A3 28 11 30
ZAIE(H,

PENE TR KT, R H IR G N B E B i Isf 1) P 2R, BT
RIS TS o BEE TR BT B Ll ey 742 B AT BA )
HGIK , BRI 20T . B BTE RIS B NS
2B B 2 B BESS I R T AR 3 BB, RETE W) WL AL, R,
BN LAY T E 2 A a ke, x4 A
25 H,R=1.001, & JF B HEge ABC iz ik AF-5 1,1
PERAAEAE B XS 565 3 B BB TN A3 e W, 7 Rk
PATHSEIRTEE T T3 5 A 10 H B3R AR & 2555
242 582 ], i 75 R RIS I B it

25 TR RIS SO R BORRAS T i E R
FIFIZEE COVID-19 ZEFR A IIEA, A ] A 20
RCOVID-19 HIG AL LRI O, H AR TS A 204
R, MBS R AR R (EASIF ST A — o 1 sy PR
PR A5 S T A SR B 2 R e B TR e
PRI BB IR (IR GeE  p (BN R, T REAEAEAS
S 25 , R TRUIN 285 3 B — 2 5]

2 % X #
(] 3 A, HE, % B RRHR I S 1) 2Bk

AT BRI e [ A58 i S BOR AR, T ARIAT I 2%, 2020,
41(5):643-648.
[2] Rothan HA,Byrareddy SN. The epidemiology and pathogenesis of
coronavirus disease (COVID-19) outhreak[J]. J Autoimmun,2020,17
(3):2708-2724.
3] FERIEMREZ. B RGP 1297 77 5 GRATEE L)
[EB/OL]. (2020-03-04) [2020-03-31]. http://www.nhc.gov.cn/yzygj/
s7653p/202003/46¢9294a7dfe4cef80dc7(5912eb1989.shtml.
[4]  Viboud C,Simonsen L, Chowell G. A generalized—growth model to
characterize the early ascending phase of infectious disease outbreaks
epidemics|J]. Epidemics,2016,15.27-37.
[5] Anderson RM,May RM,Mollison D. Infectious diseases of humans:
dynamics and control[J]. Nature, 1992,358(6381):29-30.
[6] Kermack WO,McKendrick AG. Contributions to the mathematical
theory of epidemics:IV. Analysis of experimental epidemics of the virus
disease mouse ectromelial]J]. ] Hyg(Lond),1937,37(2).172-187.
[7] Chowell G, Viboud C,Simonsen L, et al. Characterizing the repro—
duction number of epidemics with early sub—exponential growth dynam—
ics[J]. J R Soc Interface,2016,13(123):20160659.
[8] Reppell M, Boehnke M, Zsllner S. The impact of accelerating faster
than exponential population growth on genetic variation[J]. Genetics,
2014,196(3):819-828.
[9] Tolle J. Can growth be faster than exponential ,and just how slow
is the logarithm?[J]. Math Gaz,2003,87(510),522-525.
[10] Hernadez—Suarez CM. A Markoy chain approach to calculate RO
in stochastic epidenic models[J]. J Theor Biol,2002,215(1).83-93.
(11 4 X0 B AR R, T K s bl S ()], A= ks
2£4%,2008,23(4) : 750-756.
[12] Roberts MG, Heesterbeek JAP. Model-consistent estimation of the
basic reproduction number from the incidence of an emerging infection
[J]. J Math Biol,2007,55(5-6) : 803-816.
[13] 5k Bk BRI S BERAL R i — ARG S5 ).
?iﬂ’ﬁj{ﬁi}&,ZOZO[Epub ahead of print]. DOI.10.12178/1001-0548.
2020037.
[14] Wallinga J, Lipsitch M. How generation intervals shape the rela—
tionship between growth rates and reproductive numbers|J]. Proc Biol Sei,
2007,274(1609) : 599-604.
[15] Li Q,Guan XH,Wu P, et al. Early transmission dynamics in
Wuhan , China, of novel coronavirus—infected pneumonia[J]. N Engl J
Med,2020,382(13):1199-1207
[16] B M XVHERG, AT 8,55 B il SR BERT S N ISR
WHOPRL S B A —— B puE gt Y —a g R
2% B RIS Is SRR )] BS54 HL, 2020(Epub ahead of print].
DOI. 10.13860/}.cnki.sltj.2020033 1-006.
(171 SKBTER, WA S8 0 57 ek fils 2 28 175 917 445 v 1) “ AR Bk st
N FEAELT. I B AR AR B, 2020,33(3) :261-267.

(AR HAL)



