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[Abstract] Objective To evaluate effectiveness of prevention and control strategies for
COVID-19 in Ningbo by using an epidemic dynamic model. Methods The incidence data and
epidemic information of COVID-19 reported in Ningbo as of 9 March, 2020 were collected, and based
on the implementation of prevention and control strategies, we developed a SEIR epidemic dynamics
model. The basic and real-time reproduction numbers were calculated to evaluate effectiveness of
prevention and control. Results A total of 157 cases of COVID-19 were confirmed, without death, in
Ningbo. The proportion of severe cases was 12.1%. The mean incubation period was estimated to be
(5.7 £ 2.9) days. The mean interval from illness onset to diagnosis was (5.4 + 3.7) days. The mean
duration from diagnosis to hospital discharge was (16.6 + 6.5) days. A total of 105 339 contacts had
been under medical observation. The infection rates in contacts with home quarantine and centralized
quarantine were 0.1% and 0.3%, respectively. In the confirmed cases, those who had been under
medical observation before diagnoses accounted for 63.1% . The basic reproduction number was
estimated to be 4.8. With the strengthening of prevention and control measures, real-time reproduction
number showed a gradual downward trend, dropping to below 1.0 on 4 February, and then continued to
drop to 0.2 in mid-February. Conclusion The effectiveness of the prevention and control measures
for COVID-19 in Ningbo can be evaluated by using epidemic dynamic model to provide scientific
evidence for the development of the prevention and control strategies.

[Key words] COVID-19; Dynamic model; Basic reproduction number; Effectiveness of prevention
and control

Fund programs: Ningbo Major Science and Technology Program: Emergency Scientific
Research Project for the Prevention and Control of Coronavirus Disease 2019 (2020C50001); Ningbo
Health Branding Subject Fund (PPXK2018-10); Zhejiang Medical Key Discipline Project (07-013)

DOI:10.3760/cma.j.cn112338-20200311-00313



FPARIR AT 2475 2020 4E 10 A 4541445 101 Chin J Epidemiol, October 2020, Vol.41,No.10

-1607 -

B AU e PR B il 98 (COVID-19) 2 phy B 8 etk
o B IR 1 [ 1 — i 2 PR R A g 3R
PR LG A (e N RN AL G Bl TG 72 ) B E 1)
CRALG Y  F WAL YL i B o 77 I it 1 41
COVID-1945 %1 A 1 A 14 H &ALk BUF & T
— ZRAN G, A RGE § TR R e i, H
&, YT A R AR LU IR L AR A S
F SEIR [ 5 J&& A B¥ (susceptible, S) ; ¥ 1R 1 A Bt
(exposed, E) ; Ji& 4t & (infectious, 1) ; ¥k &= A B
(recovered,R) {& 452 Ty 87 54 7 ik i e i
ARV AR R B 454 Tt v S O, 55 PEAG B P 1 it
T S TG T R K

RS

1. Bl AR - 7 i 2020 4F COVID-19 £ 1% A4
SRR T E G TR G R RS K
OSSR A A R RGN T T T AR A R
ZE T Wk o RN BRI T T T g
HEYE,

2. 4l sl 1 AR AR T I COVID-19 %
TN GBI SRR RS R B AE R T O 20 J8e |
RN BE A ¢ YL B R T 55 S5 80
TEAL St SEIR BEAY B JLA L, B4 Ik b g 1 2 I B
(S,) ik b B i v AR HE (E,) , € 57 SEIR-QAH
[ F& & A Bf (quarantined, Q) ; JC 4iE K /& Y &
(asymptomatic infectious, A) ; f [ # (hospitalized,
H) 8 Jy2ts i), DR 1, BRI AR A1) .
dS/di= = [Bc+cq(1-B) JS(OE +1+A) +AS,,
dE/dt =Bc(1 - q)S(OE + 1 +A) - oF,
dl/dt =woE - (a+8, +y,)1,
dA/dt= (1 -w)oE -y,A,
dS,/di=(1-B)cgS(ek +1+A) -AS,,
dE,/di =BegS(OE +1 +A) =8 E,,
dH/di =8,1 +8,E, - (a +y,) H,
dR/dt =y, A +y, I +vy,H,

3. ZHAG T AR rh i 5 B 9 3 g (PR
5 B 2E LR TR LU A9 ) I 5 A 3k ) L i (5
PRyt vh B e SRR B ORI AR R e AR
(e 45 3 o (S BRPENE s AR IO A 180 A TR %
P BB o LR FEEIRIT H IR E oy 55
SR Il L PRI BB AT . S IR RRIR
H ARG (LR R, UL R TR ORI AR X
THE AR AL RERE R0 0, FE Al o, SR
R EIRYT S, , 1 B B N AR B B TR T R

(D

pe(1-q)
S(OE+ 1+ 4)

AS
q

WS B RNRE; EVBRIWIARE; 1RYH s RARENHE; S, bk
WS 14 G IR s E, - BB iV IR CHE s Q- BB AHE s A JREAR
Y H B

B 7R T COVID-19 164530 1%

IR

8, A IR IR BRI Ry, TR GL & (1 FE S %
v G SHGE L /R B 8E SRR R % (Markov Chain
Monte Carlo, MCMC) [ Metropolis-Hastings (M-H)
BRPLA BRGNS A e R 1 A
14 H o S PPAl —Zmin I Jim SR B 4248 Tt X 52 45 1Y)
S [ A S8 A5 1 H 23 B S IRl
50.2 H 4 HJR MR N 2.0, BARSHE WL
1o R A BE 0 T Al A P A 20 (Ry)
SERF A EU(R) , RATEIL AT (2)

R = [ch(l ~q) Be(1-w)(1-q)
S, +y, ta Vi

g
4, Gi it % Excel 2013 F1SPSS 21.0 %k

1 ST COVID- 19 {658 3 ) 2K 58
R R :
) R

W
£

X

B R AR R 6.93X10° MCMC Z5fhiit
¢ AR 13.0.5.0.2.0 A [ B 3 (1 MCMC
SRS
0 MW AREREE R 0.2 MCMC S5t
q PREE 0~0.012  SEFRYEEE b PR E
X G B
A fEBRRE R 1/14 ﬁg@%ﬂ%%’%ﬁ )
%
o R ARG 1 1/5.7  SEBREENRE IR
AR B
o Y AT REIRI HA 0.84 SRR
a  FRIER 0 SR
8 ARG G b 0.13 MCMC &5tk
TRYTH
5, WRIME AR HE R 0.12 MCMC Bt
BHAITR
v AR R R 0.12 MCMC Bt
v TORERIERGL A 1 A 0.31 MCMC 25kt

yn  AEBERRHH R R 0~1
TE :MCMC R PERBESERER 1%

SEFRHERS




-1608 -

FRAERATIN A 2R 2020 45 10 H 4541 4545 1080]  Chin J Epidemiol , October 2020, Vol.41,No.10

X B B A T e A A R P e RE 451 22 9 s 1)
BPT  TEE B Il I . SR
Matlab Version 2019b AR 3 BT 1Y T T 15 2K
YA AR 2, ¥ 22 SEIR-QAH BEAY . JE T3
J PRI AT SR T TR AS [R] 2 AR5 14 3
B BIPEAETT R IR, o

x5 R

L. JRATIEFRRIE B 7 4 15 i - #2020 473 J
9 H 24:00, 7 3 i BT 5 COVID-19 i 2 9 1)
157 1], B4 AN 1.8/10 J1 . FrA R Fls e
e, TCAET e o H b R e ) 19 481 L R
BRI 12.1% ., Fef s i AP 1] 51491 A Mg 4]
106 4], IR IICRERIEGL 3041, A7t gty
a1 A 16 H AT A R, b 60 6 &
HIm1 A 14 H Pt Bt 6 d(1 H 17—22 H);
A 13 d(1 H23HE2 A4 H), g 21k
g2 15 HE#E AP TR, 2 A 12 IS J0#H
Bt (1 2)

TN T 1A 23 Hgshd R AR E AT
— SRR, R T SRR T E A R A O
X)) B B — R PG . FRBE2 A 3 H Lt
& A ) PH IR B R TR B R R B R
J1o 2 7 4 B ZIACAE R m (7)) AR —HEAE
B, X TR GO B R IUR T I b 2% 23418k  F

ATAEIX AR AL

MU S o S A it it . 2 H S H L EPXT 1 H 19 H
— RS R R AN (28 Nifi2) ¥k
XPIZASPENE 1 0] PR IR N D 2 o %
JIT A B U i L R s U4 f o A i N B3 R BB
TR 5 I S A T, (AR o 5 e T B, s
) s AL I RIAE TS H AN,

2. YR HE AR RV AR 157 BRRiZ R B b, R
N — YOI R R 0.5 d, e o 11 d, Mo
0.5d,Q:01.5d. NAEIEEIFIZHIB A1 d,
K HR17d, 4 (5.4+3.7) do 15561 H Besw
M2 B B B B ] d5c ok 4 dL e o 35 dL P8
(16.6£6.5) d. 58 11| %% &% i} [] B A ()9 491 v, DA
# 2) QAR BB Tl IR ol 2 dL e ol 15 d,
S (5.7+2.9) d.

3. BE AW EE I - A E 2020453 H 9 H 24: 00,
FITEAMEL 105 339 A, BSR4 bk T %)
il A AR T R XU b X (A a2 19
$0>100 1] (1) b T ) ok /N 5L L R A ) 9 3R
RPN B U R AN B 5 . b 4R rp
BR2EILEE 15 440 N, R FRE 2 MEE 89 899 N . R
WL E TPk B2 13 99 61 (63.1%) . £EEE2E
WgEE o, HATHL IR 11 45 1), 3 19 R IR 9 0.3%
JE R B2 T AT HS IR B 54 61, 955 1) & B
FHN0.1%,

4. AGRE BN J1 5 0 B ARPE AT 22 TR (RS AR

L YL -
PR A
7, “ h”
A RIS TT
- T OUNX)
16 BEER AR
14 + h
o Z 7 5
! WHERA A 5 ° A
i
10 b
=2 I SR L)
i NARI T2 AN
i HISE MBI L P
6 AT
4 TR TR
¥
: |
) | LB LE . BLE, . |
IO I D00 0N OO N OO0 I DN Il IO OONN DO NOCDO O DD OOOCD OO OO OEOn
Sl viels ol = e e o e =S Ve N IR R e e e et o e i o e
N I I IR MR RN CEREE DG g0 8 gs s s SRR E R T T T KT T KT I
v—lv—lv—lv—lv—lv—l-—ivl—lv—iv—lv—l-—ivl—i ~~~~~~~~~ I [o' B o I e B e\ Bol e\ B o o el Mo\ B o\ B o B o |
AT AL P £ !
(ITH17H-1H22H)

(16 H i)

(1 H23H-2H4H)

2 FETH COVID-19 82l 7l 2k



PRI AT 2475 2020 4E 10 A 4541445 108 Chin ] Epidemiol, October 2020, Vol.41,No.10

1609 -

9 BRI A R IR R ) L | BRI AR
Eb ] B8 25 ) A7 A2 0 52 A 2 2 88, @ 57 SEIR-
QAH AL, 3T 1 A 23 H S 3h— 240 1 J5 By 5
8 It X SRR 118 5 T 2 M 23R ¢ 1) ] 2 R
WY BB PG 0 TR (AR SE PR B BT (51145
DL 30 B T2 A 2 ¢ B 22 13.0, & H B3
FlGEME T RE2ARI2 A 1 HAY 2561 % c M1 H 14 H
9 13.0 %31 H 23 H A9 5.0, W(EIERTE 1 H 27 HY
15 15), 2 S e R s e e N 1 H 23 HEY 5.0 %302 A
4 H¥2.0,2 7 4 HJGPEGPGE T e ARPERIRILE

PUE T I T AE AT I (St B T ) R
4.8, Bl B PEAE TG B INGE , RSB R . 45
SiGE2 H 4 HJE 8 R IBOM A2 DI Ez fil & HE2 A
o8 o S S A S A e, R R R 1.0 LR, Z R Fsst

TRERI2 AP AR 0.2(/K4) .
25 —
7N - — - RN
/ A [El5E {8 13
/ \ B AR/l
20 y \ 1 H23H 5% RS
/ \ PR o/t
/ N 2H 40 5 k92
5l SR F i
Toi 1%

1 1 1

A

1B 140 17210 1A280 27040 27110 27 180 2H 250
% A0
B3  COVID-19 154 sl 1 AR 0 = 35k v A [m) 322 fb A o
T T B G5 BRI SR B e 83 e 58

B4 T COVID-19 A A Bt A8 fb i 34

W
HRAE 77 9 T COVID-19 Ji AT il Ze FRAE 34 >k

B LJENMMERRIRZRATEE, BET1HA17H
HEAME FIHE 23 BRI S5 8,2 A5 H
PEAHRGE TR, 13 H G JCHEHs s il . LA HE
oA 3, B IRAEPE R IR T AR, =g T
EIARFEE I R A o R, 78 B 4E A B v D T A
PERETE B R A, Ak IX A 3 A Bh T4 il 1 i 1%
S5y

TE COVID-19 Fi ¥ a], i i dl e It & 17
— RINEE R, EEAE AERE TR R
CURfAE AT (/N B P AT B RO AL HEAE ) F A
Hi DX R DI fb AT S A 11 B 2 B B
Jith & A 5] 4 SRV DI PR A B A . — D T NP
W, B EISTRE YR . Ty — 7 RS B VI i
B, EOLREM G 45 T R B st
6] o ARFEAE AR (5.742.9)d, Al Majumder £l
Malldl” 31579 5.2 d A —3, SR, 157 BlEfi2HE
BN %9 B 5k 12 B R 0.5 ~ 11 d, MAX R 0.5 d.
BE A, TS M XA B P A B A ] T
COVID-19 iy 4t X & #& . A Wf 5% it 38, i 4
COVID-19 R EM:REERAAE /AT 45 5 s | B4 il
— R BEREREN KA, I 4 2602510 5 R
D R, AT Rk 5 A AR JEHGR B R
YR N A BT U B T R AR R R R T
DT TR T 7oAt (4 B 2 A i, A i R,
1 63.19% 4 B 129 151 76 K 9 Tl 2 28 5k i 25 I 2 O
FE (A 191 A gt s sl At I 2B 0 2 A R A
FEMERRMRE T . AR RE/R, H1H23H
P IR VE 5L BRI i 2 b 5 IR 322
LR S R RAIE2 A 4—5 HIFBM— 5
Bi A , 8 1 DR T R, B4 A A o

SEIR-QAH 1% #% 8l 1 #4551 7F SEIR A5 74 f1Y 3
fith b, 380 T B B AHE ARG B B R
J7H % BRI — @ 0EE Y, v DO
RO R S % . 7F COVID-19 31711, —
SESR ] SEIR MR HEA T34 TR Ak T T (0 BIF 5 45 3 B
N, HR R 2.0 ~33 20 BEIE KA WK
W45 T RS A AS 2, e sk A9 s . eRtsh
FI AR G5 Fn] 4E R 2 B8 SR VM Bl 45 5 it Y 5
o [FIEE, anfal A i P B HI 76 18R T R
SEANI B B A RIAE S M I 75 215 A 250010 T3
BB oS = N1 S ) N S R N 1 SRR TR U R &
T U TR R A A T A R BN 2R AR
W AEEAS T IE T R M 4.8, & T E AN
PEMG VIR o Bl B R Inss , RIZHT N %



-1610- FRAERATIN A 2R 5 2020 45 10 H 4541 %545 1030]  Chin J Epidemiol , October 2020, Vol.41,No.10

FI2HAHTRELOLT, ZJaHs: FrH2I2 A A
170.2, 29 H ik Bhze s T , A th BT iy
TN,

KRBT R FRYE . 158, 57 SEIR LAY 4L
it 2 Bl A EE | B A AZ B A5 LA B A it v
S R AR FE S, AR ) S BORE  aod SCRR A A
BV E At T, TN -5 S PR T REAFFE— RE 22 5
IR, BEE S B K i & IS8T, 5 B
fil A% Je P AR 25 BT RRAIG , FRARL AU T BB 2
il R T R
Rz A S e 26 mhoe

[1] Zhu N, Zhang DY, Wang WL, et al. A novel coronavirus from
patients with pneumonia in China,2019[J]. N Engl J Med, 2020,
382(8):727-733. DOI: 10.1056/NEJM0a2001017.

[2] Li Q, Guan XH, Wu P, et al. Early transmission dynamics in
Wuhan, China, of novel coronavirus-infected pneumonia[J/OL].
N Engl J Med,2020. DOI: 10.1056/NEJM0a2001316.

(3] Ay B~ 2o R eI RN 48 By 4 SR 2. B B el R 2

il 5 AT 2 RAAE A SRR A TR [T ). AR TRA TG 2 443k, 2020,
41 (2) : 139-144. DOI: 10.3760/cma.j.issn.0254-6450.2020.02.
002.
Special Expert Group for Control of the Epidemic of Novel
Coronavirus Pneumonia of the Chinese Preventive Medicine
Association. An update on the epidemiological characteristics of
novel coronavirus pneumonia (COVID-19) [J]. Chin J
Epidemiol, 2020, 41 (2) : 139-144. DOI: 10.3760/cma.j.
issn.0254-6450.2020.02.002.

[4] World Health Organization. Novel Coronavirus (2019-nCoV)

Situation Report-49 [EB/OL]. (2020-03-09) [2020-03-10].

https : //www.who.int/docs/default-source/coronaviruse/situation-

reports/20200309-sitrep—49—covid—19.pdf?sfvrsn="70dabe61 4.

PR N R [ [ R AR (R D 2s. U 3 1 9 H 24 I Al

Jek WK R B R € d OB 1% 00 [EB/OL]. (2020-03-10)

[2020-03-10].  http://www.nhc.gov.cn/xcs/yqth/202003/948a0

3ad76f54d3583a018785efd7be9.shtml.

—
W
[

National Health Commission of the People’s Republic of China.
An update of COVID-19 outbreak as of 24: 00 on 9 March[ EB/
OL].(2020-03-10) [2020-03-10]. http://www.nhc.gov.cn/xcs/
yqtb/202003/948a03ad76£54d3583a018785efd7be9.shtml.

(61 i [y i By 42 ) Lo i R S bR 5 A 48 o7 2 i o AL 1 DR A Y

PP 2R B BRI R I S AT B R AT [T ). AR AT
45,2020, 41(2) : 145-151. DOI: 10.3760/cma.j.issn.0254—
6450.2020.02.003.

Special Expert Group for Control of the Epidemic of Novel
Coronavirus Pneumonia of the Chinese Preventive Medicine
Association. The epidemiological characteristics of an outbreak
of 2019 novel coronavirus diseases (COVID-19) in China[J].
Chin J Epidemiol, 2020, 41 (2) : 145-151. DOI: 10.3760/cma.j.
issn.0254-6450.2020.02.003.

[7] Chen TM, Rui J, Wang QP, et al. A mathematical model for
simulating the phase-based transmissibility of a novel coronavirus
[J]. Infect Dis Poverty, 2020, 9 (1) : 24. DOI: 10.1186/
540249-020-00640-3.

(8] taifgae, tRik , 225, A5 ALl bR B il ¢ SR AR M2 S R 1EA)
AT L] AR AT % 2435, 2020, 41(5) £ 623-628. DOI:
10.3760/cma.j.cn112338-20200223-00153
Yang HY, Xu J, Li Y, et al. The preliminary analysis on the
characteristics of the cluster for the Corona Virus Disease [J].
Chin J Epidemiol, 2020, 41 (5) : 623-628. DOI: 10.3760/cma.j.
cn112338-20200223-00153.

[9] Majumder MS, Mandl KD. Early transmissibility assessment of a
novel coronavirus in Wuhan, China[J/OL]. SSRN Electronic J,
2020. DOI: 10.2139/ssrn.3524675.

[10] Riou J, Althaus CL. Pattern of early human-to-human
transmission of Wuhan 2019 novel coronavirus (2019-nCoV) ,
December 2019 to January 2020[J ]. Euro Surveill, 2020,25(4) :
2000058. DOI: 10.2807/1560~7917.ES.2020.25.4.2000058.

[11] Bk, i M, 5. B T UGH MY SEIR LYy 5l )

SR BLEAT T B SR T A R AT [0 ] A AR AT
25,2020, 41 (4) : 470-475. DOI: 10.3760/cma.j.cnl112338-
20200216-00106.
Wei YY,Lu ZZ,Du ZC, et al. Fitting and forecasting the trend of
COVID-19 by SEIR ““*? dynamic model[J]. Chin J Epidemiol,
2020, 41 (4) : 470-475. DOI: 10.3760/cma.j.cn112338-202002
16-00106.

[12] JE=—, H MR, 52 AT, 45 TSRy 7 il 2 92 5 TOU Ass |
B Ay 5 B A S AT [T ). TP AR AT 2 23K L 2020, 41
(4):480-484. DOI:10.3760/cma.j.cn112338-20200216-00107.
Tang SY, Xiao YN, Peng ZH, et al. Prediction modeling with
data fusion and prevention strategy analysis for the COVID-19
outbreak [J]. Chin J Epidemiol, 2020, 41 (4) : 480-484. DOI:
10.3760/cma.j.cn112338-20200216-00107.

(e H #1:2020-03-11)
(RS- 7 E57)



