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Abstract Due to the strong infectivity of COVID-

19, it spread all over the world in about three months

and thus has been studied from different aspects

including its source of infection, pathological charac-

teristics, diagnostic technology and treatment. Yet, the

influences of control strategies on the transmission

dynamics of COVID-19 are far from being well

understood. In order to reveal the mechanisms of

disease spread, we present dynamical models to show

the propagation of COVID-19 in Wuhan. Based on

mathematical analysis and data analysis, we system-

atically explore the effects of lockdown and medical

resources on the COVID-19 transmission in Wuhan. It

is found that the later lockdown is adopted by Wuhan,

the fewer people will be infected in Wuhan, and

nevertheless it will have an impact on other cities in

China and even the world. Moreover, the richer the

medical resources, the higher the peak of new

infection, but the smaller the final scale. These
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findings well indicate that the control measures taken

by the Chinese government are correct and timely.

Keywords COVID-19 � Transmission dynamics �
Lockdown � Medical resources

1 Introduction

COVID-19 is pneumonia caused by a novel coron-

avirus which is an emerging infectious disease and

reported early in Wuhan, China [1]. Then, Chinese

government promptly informed the World Health

Organization (WHO) of the real situation of it. In

January 20, 2020, the characteristics of human to

human transmission are publicly presented by Nan-

shan Zhong, who is the member of national high-level

expert group. After that, people took some protective

measures including restricted travel, isolation and

wearing a mask. At the same time, the novel coron-

avirus was isolated and gene sequence was published

[2–4]. In January 31, 2020, WHO announced COVID-

19 as a public health emergency of international

concern [5]. However, due to the extreme infectivity

of COVID-19, it spread all over the world in a short

time. And in March 11, 2020, WHO declared that

COVID-19 has been characterized as a pandemic [6].

As of April 4, 2020, there have been 1,051,635

confirmed cases of COVID-19 worldwide, with

56,985 deaths reported in 208 countries [7]. Conse-

quently, the study of the spread mechanisms and

prevention and control strategies of COVID-19 has

become a global problem to be solved.

COVID-19 is caused by a virus, severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2),

which is a RNA virus with single strand and has a

phylogenetic similarity to SARS-CoV [1, 8]. It can be

transmitted by three main routes including direct

transmission, contact transmission and aerosol [9].

Direct transmission refers to the close contact with the

droplets of patients by sneezing, coughing and talking;

contact transmission means that hands to mucous

membrane of mouth, nose and eyes after contacting

droplets deposited on the surface of the object;

transmission by aerosol means that droplets are mixed

in the air to form aerosols that can cause infection

when inhaled. The main source of infection is the

infected population infected by COVID-19 and the

main symptoms are fever, fatigue and dry cough [9].

Dynamical modeling is one of the useful methods to

reveal the transmission rule of diseases spread as well

as COVID-19, which is based on the internal trans-

mission mechanism and can dynamically predict the

future trend according to the current information

[10–13]. Typically, Lin et al. posed a conceptual

model for the transmission dynamics of COVID-19 in

Wuhan and explained the course of its outbreak [14].

Tang et al. presented a study on the estimation of the

transmission risk of COVID-19 and showed the

effectiveness of control strategy by intensive contact

tracing followed by quarantine and isolation [15].

Chen et al. constructed a mathematical model for

phase-based transmissibility of COVID-19 and calcu-

lated the basic reproduction number [16]. We did a

transmission analysis of COVID-19 in Shanxi Pro-

vince with imported cases by using difference equa-

tion model and found that if lockdown is adopted with

2 days delay by Shanxi Province, the expected final

scale of cases will be three times as the current number

of infections [17].

For an emerging diseases, it is important to

investigate the early stages for disease transmission

which can provide targeted control measures. From

the early timetable in Wuhan [1, 18], one can find

useful information on COVID-19. A lot of researchers

did meaningful work on the origin, epidemiological

review, pathological characteristics, diagnostic tech-

nology, treatment and so on [4, 18–21]. However, to

the best of our knowledge, there is little work focused

their attention on the influence of lockdown and

medical resources on the spread of COVID-19 in

Wuhan based on dynamical modeling and available

data.

In order to reveal the transmission dynamics of

COVID-19 in Wuhan and evaluate the effects of

lockdown and medical resources, we pose the dynam-

ical models based on ordinary differential equations

and investigate the corresponding global dynamics.

Moreover, we estimate the parameters values using

extensive Markov chain Monte Carlo (MCMC) sim-

ulations. What is more, we explore the influences of

lockdown and medical resources in detail. Finally,

some conclusion and discussion are given.
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2 Dynamical modeling of COVID-19 transmission

in Wuhan

We divide the total population as five groups:

Susceptible (S), Exposed (E), Infected (I), Confirmed

(Q) and Removed (R) (Here, removed group includes

recovered and death populations). To well present the

dynamical model of COVID-19 in Wuhan, we firstly

give two main assumptions, which are as below:

(i) Since the time span we considered is small,

natural birth and death are not considered in our

dynamical model;

(ii) Exposed populations (E) have ability to infect

the susceptible populations (S).

Based on the real situation of Wuhan, we will show

two dynamical models to describe the transmission

processes of the epidemic before and after the

lockdown of the city. For the sake of simplicity,

emigration and immigration rates are set as constants

[22, 23]. Dynamical model before January 23, 2020,

has the following form (see Fig. 1):

_S ¼ � b1SE þ b2SI
N

� ðb� aÞS;

_E ¼ b1SE þ b2SI
N

� dE � bE;

_I ¼ dE � mI � bI;

_Q ¼ mI � cQ;
_R ¼ cQ� bR;

8
>>>>>>>>><

>>>>>>>>>:

ð1Þ

where b1 and b2 are infection coefficients, b is the

emigration rate from Wuhan to other places, a is

immigration rate from other places to Wuhan, d is

transform rate from the exposed population to infected

populations, m is the confirmation rate from the

infected population to confirmed case, and c is

transform rate from the confirmed population to

removed population.

When Wuhan government adopted the measure of

lockdown, the people can hardly leave or return

Wuhan. In this case, dynamical model with lockdown

after January 23, 2020, is as follows:

_S ¼ � b
0

1SE þ b
0

2SI

N
;

_E ¼ b
0

1SE þ b
0

2SI

N
� dE;

_I ¼ dE � m1I;

_Q ¼ m1I � cQ;
_R ¼ cQ;

8
>>>>>>>>>><

>>>>>>>>>>:

ð2Þ

where b
0

1 and b
0

2 are infection coefficients under

lockdown and m1 is the confirmation rate depends on

the richness of medical resources.

For system (1), we have the following equation for

total population N:

_N ¼ aS� bðSþ E þ I þ RÞ: ð3Þ

It can found from (3) that:

(i) When a\b, the total population N tend to 0

and thus system (1) collapses;

(ii) When a ¼ b, there exists line equilibria point

ðS�; 0; 0; 0; 0Þ, S� is the arbitrary positive

constant;

(iii) When a[ b, _N ¼ aS� bðSþ E þ I þ RÞ,
then _N � aS� bN:

We notice _S ¼ ða� bÞS� b1Eþb2I
N S[ ða� bÞS�

ðb1 þ b2ÞS, that is _S[ ða� b� b1 � b2ÞS:

RS E I Q
bS bE bI bR

aS

mIE Q
1 2SE SI

N

Fig. 1 Transmission diagram of COVID-19 in Wuhan before

lockdown. S(t), E(t), I(t),Q(t) and R(t) represent the susceptible,
exposed, infected, confirmed and removed populations
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Fig. 2 The time series of the state variables in system (1). All

the variables in the system (1) tend to 0
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If a� bþ b1 þ b2, then limt!þ1SðtÞ ¼ þ1 and

limt!þ1NðtÞ ¼ þ1:

On the one hand, one has:

S

N

� �0
¼

_SN � _NS

N2

¼ 1

N2
N � ða� bÞS� b1E þ b2I

N
S

� ��

�S � ½aS� bðSþ E þ I þ RÞ�g

¼ ða� bÞ S
N
� b1

E

N

S

N
� b2

E

N

S

N

� a
S

N

� �2

þb
Sþ E þ I þ R

N

S

N

�ða� bÞ S
N
� b1

S

N
� b2

S

N
� a

S

N

� �2

þb
S

N

� �2

¼ S

N
ða� b� b1 � b2Þ � ða� bÞ S

N

� �

;

which leads to

lim
t!þ1

SðtÞ
NðtÞ �

a� b� b1 � b2
a� b

¼ 1� b1 þ b2
a� b

:

On the other hand, we obtain:

S

N

� �0
¼

_SN � _NS

N2

¼ 1

N2
N � ða� bÞS� b1E þ b2I

N
S

� ��

�S � ½aS� bðSþ E þ I þ RÞ�g

� ½ða� bÞ þ b� S
N
� a

S

N

� �2

¼ a
S

N
1� S

N

� �

;

which results in

lim
t!þ1

SðtÞ
NðtÞ � 1:

Consequently, if a� bþ b1 þ b2, then there may have

two cases for system (1):

(a) S(t) tends to þ1, and E(t), I(t), Q(t), R(t) all

tends to 0 as t ! 1;

(b) S(t), E(t), I(t), Q(t), R(t) all tends to þ1 as

t ! 1.

If b\a\bþ b1 þ b2, we assume that there exists

equilibrium of system (1) E� ¼ ðS�;E�; I�;Q�;R�Þ;
where

(A)
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(B)

0 50 100 150 200 250 300
0

1

2

3

4

5

6

7

8

9

10

t (Days)

Po
pu

la
tio

n 
nu

m
be

r

S E I Q R

Fig. 3 The time series of the state variables in system (1). a S(t) tends to S� and the other state variables tend to 0 with b1 ¼ 0:1; b all the
variables in the model tend to 0 with b1 ¼ 0:2
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S� ¼ ðbþ mÞðbþ dÞN
dða� bÞ I�;

E� ¼ ðbþ mÞ
d

I�;

Q� ¼ m

c
I�;

R� ¼ m

b
I�:

8
>>>>>>>>>><

>>>>>>>>>>:

As a result, we obtain

ða� A2Þ
ðA1 � aÞ I

� ¼ 0;

where

A1 ¼
mdb2

b2cþ bdcþ bdmþ bcmþ dcm
;

A2 ¼
bðbb1cþ bdmþ b1cmþ b2dcÞ
b2cþ bdcþ bdmþ bcmþ dcm

:

with A1\b and A2\bþ b1 þ b2.

Assume that
b1
bþd þ

db2
ðbþmÞðbþdÞ � 1, which equals to

A2\b. Then, we have a[A2, and thus
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Fig. 4 The time series of the state variables of system (1). a S(t)
tend toþ1, the other state variables tend to 0 with a ¼ 0:12 and
b1 ¼ 0:1; b the state variables (S(t), E(t), I(t), Q(t), R(t)) tend to

ðS�;E�; I�;Q�;R�Þ with a ¼ 0:12 and b1 ¼ 0:2; c All the state

variables tend to þ1 with a ¼ 0:125 and b1 ¼ 0:2; d All the

variables in the model tend to 0 with a ¼ 0:115 and b1 ¼ 0:2
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ða� A2ÞI� ¼ 0 ¼) I� ¼ 0 ¼) ðS�;E�; I�;Q�;R�Þ
¼ ð0; 0; 0; 0; 0Þ:

If
b1
bþd þ

db2
ðbþmÞðbþdÞ [ 1, then A2 [ b. In this case, we

have the following conclusions:

(a) When a ¼ A2, for arbitrarily I�, one can have

ðS�;E�; I�;Q�;R�Þ ¼ ðbþ mÞðbþ dÞN
dða� bÞ I�;

�

ðbþ mÞ
d

I�; I�;
m

c
I�;

m

b
I�
�

;

where I� [ 0 is any positive number.

(b) When a 6¼ A2, I� ¼ 0, we have

ðS�;E�; I�;Q�;R�Þ ¼ ð0; 0; 0; 0; 0Þ, all the vari-

ables in the system (1) tend to 0.

We show the stability of equilibria of the system (1) by

numerical results in three cases.

Case 1: a\b.

We choose the parameter a ¼ 0:08, b ¼ 0:1,

b1 ¼ 0:1, b2 ¼ 0:1, d ¼ 0:1, m ¼ 0:1, c ¼ 0:1, with

the initial value ðSð0Þ;Eð0Þ; Ið0Þ;Qð0Þ;Rð0ÞÞ ¼
ð10; 1; 0; 0; 0Þ and the time series of the state variables

under the case 1 is as shown in Fig. 2. In this case, all

the population will disappear as time is large enough.

Case 2: (1) a ¼ b and
b1
bþd þ

db2
ðbþmÞðbþdÞ\1; (2) a ¼

b and
b1
bþd þ

db2
ðbþmÞðbþdÞ [ 1.

Taking the parameter a ¼ 0:1, b ¼ 0:1, b2 ¼ 0:1,

d ¼ 0:1, m ¼ 0:1, c ¼ 0:1 with the initial value

ðSð0Þ;Eð0Þ; Ið0Þ;Qð0Þ;Rð0ÞÞ ¼ ð10; 1; 0; 0; 0Þ, we

show the time series of the state variables under the

case 2 in Fig. 3. In this case, the susceptible

populations tends to S� or 0 and the other populations

converge to 0.

Case 3: (1) a[ b and
b1
bþd þ

db2
ðbþmÞðbþdÞ\1; (2)

a[ b, a ¼ A2 and
b1
bþd þ

db2
ðbþmÞðbþdÞ [ 1; (3) a[ b,

a[A2 and
b1
bþd þ

db2
ðbþmÞðbþdÞ [ 1; (4) a[ b, a\A2 and

b1
bþd þ

db2
ðbþmÞðbþdÞ [ 1.

We take the parameter b ¼ 0:1, b2 ¼ 0:1, d ¼ 0:1,

m ¼ 0:1, c ¼ 0:1 with the initial value

ðSð0Þ;Eð0Þ; Ið0Þ;Qð0Þ;Rð0ÞÞ ¼ ð10; 1; 0; 0; 0Þ, and

the time series of the state variables under the case 3

is shown in Fig. 4. Four different results can be found

in this figure.

3 Estimation of epidemiological parameters

3.1 Calibration of under-reported infection data

Under-reporting of infections is a common issue in the

data collection of infectious disease. Figure 5 shows

that on February 12 the cumulative confirmed cases in

Wuhan had clear jumps with significantly large sizes.

Such sizable jumps cannot happen within one day,

rather they represent an accumulation of cases that

have not been reported in previous dates prior to

February 12. Since February 04, Huoshenshan Hospi-

tal, Leishenshan Hospital and many cabin hospitals

have been used, and the medical resources become

more reliable, so certain adjustments in data typically

occur. Using the calibration method of confirmed

cases in previous paper [24], we also assume an

exponential growth curve for the cumulative number

of confirmed cases in Wuhan from February 04 to

February 12 with the form yðtÞ ¼ aekt þ b, where

a; k; b are to be estimated. Under the boundary

conditions yðt ¼ 0Þ ¼ aþ b ¼ 6384, yðt ¼ 1Þ ¼
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Fig. 5 Under-reporting calibration of the infected cases in

Wuhan city

cFig. 6 a, c, e The histogram of MCMC chain for parameters

b1;b2 and m with 100,000 sample realizations for the first,

second and third stage, respectively. b, d, f Fitting results of

theoretical cumulative number of confirmed COVID-19 cases

with its actual reported number for the first, second and third

stage, respectively

123

1986 G.-Q. Sun et al.



(A)

0 0.05 0.1 0.15 0.2 0.25 0.3

β1,β2

0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

m

(B)

1.15 1.17 1.19 1.21 1.23
0

100

200

300

400

500

600

t (Days)

C
um

ul
at

iv
e 

co
nf

irm
ed

 c
as

es

99% CI
95% CI
90% CI
50% CI
Mean value
Actual data

(C)

0.29 0.3 0.31 0.32 0.33 0.34 0.35

β1,β2

0.1 0.15 0.2 0.25 0.3 0.35

m

(D)

1.23 1.25 1.27 1.29 1.31 2.02 2.04
0

1000

2000

3000

4000

5000

6000

7000

8000

9000

t (Days)

C
um

ul
at

iv
e 

co
nf

irm
ed

 c
as

es
99% CI
95% CI
90% CI
50% CI
Mean value
Actual data

(E)

0.058 0.06 0.062 0.064 0.066 0.068 0.07

β1,β2

0.28 0.3 0.32 0.34 0.36 0.38 0.4 0.42 0.44

m

(F)

2.04 2.14 2.24 30.5 3.15 3.25 3.30
0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5
x 104

t (Days)

C
um

ul
at

iv
e 

co
nf

irm
ed

 c
as

es

99% CI
99% CI
99% CI
99% CI
Mean value
Actual data

123

Transmission dynamics of COVID-19 in Wuhan, China 1987



aek þ b ¼ 8351 and yðt ¼ 9Þ ¼ ae9k þ b ¼ 32994,

one can obtain a ¼ 19848; b ¼ �13464; k ¼ 0:0945,

respectively. The resulting calibration curve for the

cumulative number of confirmed cases from February

04 to February 12 is also shown as the solid red curves

in Fig. 5.

3.2 Parameter estimation

On January 23, 2020, the Chinese authorities intro-

duced the implementation of the lock-down strategy in

Wuhan to shut down the movement and to control the

transmission of COVID-19. And since February 04,

Huoshenshan Hospital, Leishenshan Hospital and

many cabin hospitals have been used, the medical

resources become more reliable. Hence, the COVID-

19 epidemic in Wuhan can be divided into three

stages. The first stage is from 15 January to 23 January,

there does not exist the travel restriction and the

medical diagnostic tools may be less accurate and

reliable. The second stage is from 23 January to 04

February, when the medical resources are not reliable

and travel restriction is used. The third stage is from 04

February to 30 March, there exists the strict commu-

nity control strategy and the medical resources

become more reliable. The strict community control

strategy means that the community is closed, which is

reflected in decreasing of transmission rate. And the

reliable medical resources reflect the increasing of

laboratory diagnosis rate m and the transform rate c.
In the previous work [25], we obtained that the

mean incubation period was 4 days (95% CI, 2 to 7),

so we choose the value of d is 1
4
. For parameter c, which

depends on the actual situation of infected cases, and it

also does not influence the model simulation. By the

end of 2019, the total population of Wuhan was

14.1865 million, and the time of Spring Festival travel

rush in Wuhan lasted for 13 days starting on January

10 and ending at 10 am on January 23, in the meantime

about 5 million people had moved out Wuhan. Thus,

we can calculate the migration rate is b ¼ 5
14:1865�13

.

For the migration rate a, due to the large population

base and the small impact of the incoming population

on the epidemic in Wuhan, in order to reflect the

proportion of moving in and out of Wuhan, we assume

that a ¼ 0:0001. Here, we assume that the transmis-

sion rate b1 ¼ b2. In order to estimate the values of

parameters m, b1 and b2, we use extensive Markov

chain Monte Carlo (MCMC) simulations based on the

adaptive combination Delayed rejection and Adaptive

Metropolis (DRAM) algorithm [26, 27] for model (1)

and (2). Using 100,000 sample realizations, we can

acquire the parameter values for m, b1 and b2 with

MCMC chain histogram and the time evolution of

both infection cases and comparison with the con-

firmed of COVID-19 cases with three different stages

in Fig. 6. Then we further get the mean values, the

Table 1 Parameter

estimation with the method

of MCMC

Stage Notation Mean Standard Geweke Reproduction Number Mean Standard

First b1;b2 0.1238 0.0315 0.99748 R01 1.3469 0.4225

m 0.1009 0.0121 0.99871

Second b
0

1;b
0

2
0.3170 0.0051 0.99998 R02 2.8349 0.2085

m 0.2049 0.0220 0.99990

Third b
0

1;b
0

2
0.0631 0.0013 0.99898 R03 0.4312 0.0038

m 0.3535 0.0155 0.99664
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Fig. 7 Fitting results of theoretical cumulative number of

confirmed COVID-19 cases with its actual reported number
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standard deviation, Geweke values ofm; b1; b2 and the
mean value and standard deviation of the reproduction

number for these three different stages, which are

shown in Table 1. The mean values of reproduction

number of these three stages are 1.3469, 2.8349, and

0.4312, respectively. One can obtain that the second

stage is the most serious in Wuhan, and most of

individuals are infected, although confirmed cases are

rare.

3.3 Fitting results with three stages

With the uncertainty for estimated parameters

values, Monte Carlo simulation runs and then be

conducted to assess the performance of the model by

using the available model parameters in Table 1.

Figure 7 unveils the time evolution of both infection

cases and comparison with empirical record of cumu-

lative and daily number of confirmed COVID-19 cases
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Fig. 8 Simulation results for the number of confirmed COVID-

19 cases with different lockdown dates in Wuhan city. a, b The

cumulative and newly cases with reliable medical resources and

the strict community control strategy. c, d The cumulative and

newly cases without reliable medical resources and the strict

community control strategy. The orange, red, green, black, blue

lines indicate that the Wuhan lockdown dates are January 19,

January 21, January 23, January 25, January 27, respectively
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in Wuhan city with three stages, and which also shows

the 95% percent interval for all 10,000 passing

simulation trajectories and the median of these

10,000 simulation outputs. It is clear that the theoret-

ical prediction is nearly full agreement with real data,

which also well validates the accuracy of proposed

model.

4 Effects of lockdown and medical resources

4.1 The influence of lockdown on the spread

of COVID-19 in Wuhan

Simulation results for the number of confirmed

COVID-19 cases with different lockdown strategy

dates (January 19, January 21, January 23, January 25

and January 27) inWuhan city are shown in Fig. 8.We

will only discuss the impact of time on the epidemic
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Fig. 9 Simulation results for the number of confirmed COVID-

19 cases with different lockdown strengths in Wuhan city. a,
b The cumulative and newly cases with reliable medical

resources and the strict community control strategy. c, d The

cumulative and newly cases without reliable medical resources

and the strict community control strategy. The orange, red,

green, black and blue lines mean that the values of b (Wuhan

lockdown strength) after January 23 are 0.02, 0.01, 0.005, 0.001

and 0, respectively
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trend and the final scale. The later using the lockdown

measure in Wuhan, the lower the peak of newly

infected people in the city and the smaller the final

scale. Although the lockdown measures taken late will

reduce the scale of the city’s epidemic, the export

cases of Wuhan will increase with the delay of time,

which will cause uncontrollable impact on other

provinces and even the world.

Figure 9 shows the influence of different strengths

of lockdown after January 23, 2020. The smaller the

lockdown strategy strength of the city, the lower the

peak of the epidemic (see Fig. 9b, d), and the smaller

the final scale (see Fig. 9a, c). The conclusion is

consistent with the impact of the lockdown strategy

time. The smaller the lockdown strategy strength, the

smaller the impact on the epidemic in Wuhan.

4.2 The influence of medical resources

on the dynamics of COVID-19 in Wuhan

Since February 04, 2020, simulation results for the

number of confirmed COVID-19 cases with different

medical resources inWuhan city are shown in Fig. 10.

It can be seen that the more medical resources used in

Wuhan, the smaller epidemic time (see Fig. 10b) and

the final scale (see Fig. 10a), and the higher the peak of

newly infected people (see Fig. 10b). Reason for the

more medical resources used the higher peak of newly

infected cases is the more initial value of exposed and

infected individuals on February 04, 2020. This

phenomena can also explain that most of individuals

are infected in the second stage, although confirmed

cases are rare.

5 Conclusion and discussion

In this work, we constructed a mathematical model for

COVID-19 transmission in Wuhan. Based on mathe-

matical analysis and data fitting, we revealed the

effects of lockdown and medical resources. It was

found that the later Wuhan takes the lockdown

measures, the lower the peak value of new infections

and the smaller the final scale. Moreover, although the

late implementation of lockdown measures will

reduce the scale of the epidemic in this city, due to

the fact that Wuhan’s export disease will increase with

the delay of time, it will have an uncontrollable impact

on other provinces in China and even the world. Our

results suggest that the lockdown strategy adopted by

Chinese government is right and timely which shows

the responsibility of great power of China.

Tian et al. presented a study on the effects of control

strategies on COVID-19 transmission in Wuhan

during the first 50 days from December 31, 2019, to

February 19, 2020 [28]. They claimed that lockdown

measure makes the people outsideWuhan to cope with

the COVID-19 ahead of time. It is also announced that
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Fig. 10 Simulation results for the number of confirmed COVID-19 cases with different medical resources in Wuhan city. a The

cumulative cases. b The newly cases
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more than 700,000 people outside Wuhan may be

protected from the COVID-19 which demonstrated the

effectiveness of control measures and thus are consis-

tent with our findings in this work.

It should be noted that the situations in the

worldwide is becoming worse and worse. Here, we

want to provide some suggesting for the control of

COVID-19 spread. Firstly, from the individual level,

we need to reconstruct the transmission path, trace

back the transmission path of confirmed cases which

are infected by COVID-19, find out the key nodes of

transmission, and reveal the communication relation-

ship between different individuals. Secondly, from the

methodological aspect, it requires to integrate methods

and theories from big data, networks science, epi-

demiology, mathematical model to predict the peak

time, final size and so on. Lastly, from the control

point of view, it needs to characterize the transmission

probability between regions and the spatial-temporal

aggregation within regions, show the spatial-temporal

evolution process of COVID-19 in a visual form, and

give quantitative indicators of high-risk and potential

high-risk areas.
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