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Abstract

Using the parameterized susceptible‐exposed‐infectious‐recovered model, we simulated

the spread dynamics of coronavirus disease 2019 (COVID‐19) outbreak and impact of

different control measures, conducted the sensitivity analysis to identify the key factor,

plotted the trend curve of effective reproductive number (R), and performed data fitting

after the simulation. By simulation and data fitting, the model showed the peak existing

confirmed cases of 59769 arriving on 15 February 2020, with the coefficient of de-

termination close to 1 and the fitting bias 3.02%, suggesting high precision of the data‐
fitting results. More rigorous government control policies were associated with a slower

increase in the infected population. Isolation and protective procedures would be less

effective as more cases accrue, so the optimization of the treatment plan and the de-

velopment of specific drugs would be of more importance. There was an upward trend of

R in the beginning, followed by a downward trend, a temporary rebound, and another

continuous decline. The feature of high infectiousness for severe acute respiratory syn-

drome coronavirus 2(SARS‐CoV‐2) led to an upward trend, and government measures

contributed to the temporary rebound and declines. The declines of R could be exploited

as strong evidence for the effectiveness of the interventions. Evidence from the four‐
phase stringent measures showed that it was significant to ensure early detection, early

isolation, early treatment, adequate medical supplies, patients’ being admitted to desig-

nated hospitals, and comprehensive therapeutic strategy. Collaborative efforts are re-

quired to combat the novel coronavirus, focusing on both persistent strict domestic

interventions and vigilance against exogenous imported cases.

K E YWORD S

basic reproductive number, COVID‐19, data fitting, data simulation, effective reproductive

number, effectiveness, intervention, SARS‐CoV‐2, SEIR, sensitivity analysis, transmission

1 | BACKGROUND

On 30 January 2020, the epidemic of coronavirus disease 2019

(COVID‐19) was declared as a Public Health Emergency of Interna-

tional Concern, the highest level in the World Health Organization's

(WHO) emergency response for infectious diseases. The number of

cases was accelerating in China and subsequently all over the world;

however, the publications of the COVID‐19's potential transmission

and effectiveness of government interventions were limited. It is

urgent to provide more scientific information for a better under-

standing of the novel coronavirus and further containment of the

outbreak.
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2 | INTRODUCTION

An unknown virus was suspected to have emerged into the human

population in Wuhan in late December 2019 through a report of

several pneumonia cases by a local hospital.1 Chinese health autho-

rities took actions immediately and had detected a new virus relevant

to the outbreak of disease, which was known as novel coronavirus

(nCoV) infected pneumonia by 8 January 20202 and later be desig-

nated as COVID‐19 by WHO.3 The virus was named as the 2019‐
nCoV temporarily on 12 January 20201 and officially named as

severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) on
11 February 20203 by WHO.

Coronaviruses, getting their name from the viruses' vague

resemblance to monarchical crowns when imaged using an

electron microscope, are a large family of viruses that cause

disease in mammals and birds. Coronaviruses can cause illnesses

that range from the common cold to much more severe illnesses

like SARS, Middle East respiratory syndrome, and COVID‐19.2

The outbreak of COVID‐19 originated from the four admitted

patients with pneumonia who had been working in Wuhan Hua-

nan seafood wholesale market, doing business in live poultry,

aquatic products, and some wild animals. The now‐closed market

being a common factor in infections encouraged the belief that

the infection may be linked with certain animals. The species that

harbored the SARS‐CoV‐2 was probably bat, containing 96%

identical at the whole‐genome level.4 The COVID‐19 may include

signs of fever, cough, shortness of breath and general breathing

difficulties, organ failures or even death, posing a severe threat

to the whole society. The WHO declared the coronavirus

outbreak a global health emergency on 30 January 2020.5 The

global epidemic seemed to be spreading at an alarming rate,

causing 79 824 accumulative laboratory‐confirmed infections

with 2870 deaths as of 29 February 2020 in China6 and 6009

outside China,7 so it deserved priority attention and intensive

research. Chinese health authorities stated that it was likely to

transmit from person to person even before any actual signs

appeared, which made it especially difficult to prevent and

control.8

However, Chinese government have attached extremely great

importance and taken a range of prompt public health measures in

response to the epidemic, starting by the strict exit screening mea-

sures in Wuhan on 23 January and followed by extensive medical

support in Wuhan, individual going out under protective equipment

(masks), school postponement, cancellation of mass gatherings,

spontaneous isolated population, and so on.

Meanwhile, researchers all around the world have been scram-

bling to ascertain how the virus spreads and find out the effective

ways to put this outbreak quickly under control. Compared to the R0

of H1N1 (1.25)9 and that of SARS (2.2‐3.6),10 the reproduction

number of COVID‐19 indicates awful potential transmission. The R0

was estimated as 2.2,8 3.8,11 and 2.6812 by different research all

round the world. The WHO published an estimated R0 of 1.4 to 2.5.13

R0, the basic reproductive number, is defined as the expected number

of additional cases that one case will generate, on average without

external intervention. R0 value is usually applied to reflect the po-

tential and severity of infectious diseases. The larger R0 is, the

stronger the transmission power will be. If R0 is less than 1, it means

that the disease will gradually die out.14 Despite all of the results of

the nCoV, the epidemic kept in a constant state of change, especially

after the rigorous measures have been taken by Chinese govern-

ment, so it calls for more comprehensive research such as updated R0

estimates, more appropriate index under the circumstances of in-

tervention such as effective reproductive number (R), methodological

improvements, and effect evaluation of control measures to reflect

the dynamic and progress of it. In this study, we provided the latest

distributions of COVID‐19 in Wuhan, China, and the whole world.

Besides, we adopted the model of susceptible‐exposed‐infectious‐
recovered (SEIR) to estimate the dynamics and the potential spread

based on the current data of cases, to calculate the R0 and R under

different scenarios of the epidemic, and to draw preliminary con-

clusions about the effectiveness of government measures.

3 | METHODS

3.1 | Data

The data of COVID‐19 in the study were mainly obtained

from National Health Commission of the People's Republic of

China, Chinese Center for Disease Control and Prevention,

WHO, and various websites of Chinese government agencies,

official media, as well as some previous studies as of

29 February 2020.

3.2 | Mathematical model

One of the mathematical models in epidemic dynamics, known as

the “warehouse” model, has been widely applied for a long time

since it was forwarded by Kermack and McKendrick in 1927. It

includes several basic and improved models, such as SIR, SIS, SEIR,

and so on, among which SEIR is a typical example that takes the

incubation period into account.15 The SEIR, an extensively used

epidemic model, can reflect the flows of people between

four states: susceptible (S), exposed (E), infectious (I), and re-

covered (R).
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In this study, equations for the population change of each

warehouse were established as follows15
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where β β= k0 , β denoted the coefficient of infection rate, β0

denoted the probability of infection per exposure, k denoted the fre-

quency of exposure; ω = /T1 e, ω denoted the coefficient of migration

rate of latency, Te denoted the average latency; and γ = /T1 i , γ denoted

the coefficient of migration rate, Ti denoted the average recovery time.

The incidence in the original model was bilinear, because the

model assumed that the frequency of exposure U was directly pro-

portional to the total population N in the environment, however the

actual exposure frequency of patients was limited, that was to say, if

the exposure frequency was a constant K, then

β= −
dS
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the equations were as follows
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and the actual incidence was standard incidence.

Referring to the design approach of Lipsitch et al,10 this study was

modeled in a population (N) of 1 000 000 individuals, consistent with

the size of Wuhan city, which was approximately 9 060 000 by the end

of 2019. The model simulation was based on the hypotheses: (a) the

whole population was susceptible; (b) unprotected contact between

the susceptible and the infectious would lead to infection; (c) the sus-

ceptible and the infectious were homogenous in the population; (d) the

epidemic originated from one single case; (e) no intervention was taken

in the early stage of COVID‐19 epidemic; (f) the patient would be

quarantined in the hospital once confirmed; and (g) deterministic

dynamic model was employed. In this way, past or future dynamics of

disease progression and transmission could be simulated.

3.3 | Sensitivity analysis

Sensitivity analysis is one of the commonly used methods to analyze

uncertainty in the assessment. The sensitivity factors which had an

important influence on the results were identified one by one from a

number of uncertainty factors, and their influence degree and sensitivity

degree on the overall results were analyzed and measured. The para-

meter whose slight variation could lead to a large change in the result

was regarded as a sensitivity factor; otherwise, a nonsensitivity factor.16

To explore the various influences of different parameters on the

amount of infected people, sensitivity analysis was conducted.

The equation of sensitivity coefficient (E) was as follows

=
Δ

Δ
E

A
F

,

where ΔF denoted the percentage of uncertainty change, where the

percentage of different parameters change was selected. ΔA denoted

the percentage of index change, where the percentage of the peak

value change of S was selected.

3.4 | Dynamic trend of effective reproductive
number (R)

The basic reproductive number R0 determines the potential of an epi-

demic, the extent of transmission in the absence of control measures, and

the ability of control measures to decrease spread. In contrast to R0, the

effective reproductive number R measures the number of secondary

cases generated by an infectious case once an epidemic is underway.

R=R0x, where x is the proportion of the population susceptible,10 which

can be regarded as a constant if the whole population is susceptible.

When control measures are implemented, R may decline due to the

depletion of the susceptible or the containment of measures on the

epidemic. In this modeling study, we calculated the R0 of COVID‐19 on

the basis of reported cases from 21 January 2020 to 29 February 2020

and drew a trending chart of R.

The calculation formula of R0
17 based on the SEIR model was
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where Tg denoted the generation period, approximate to serial interval;

and ρ denoted the ratio of incubation period to generation time.

We took the value of each parameter reasonably according to

the above formula

λ =
( )lnY t

t
,

where Y(t) was the number of infections with symptoms by time t.

We assumed the number of confirmed cases was i, the number of

suspected cases was s, and the ratio of suspected cases to confirmed

cases was k, then
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( ) =Y t iks,

where the data of confirmed cases and suspected cases were from

National Health Commission, the value of k was calculated to be

0.695 (41/59) according to the result of Huang et al18, which showed

41 confirmed cases of the 59 suspected cases. t1 was the date

of the first confirmed case of the nCoV infection, which was

8 December 2019.19 In this study, the value of Tg (mean 8.4 days) was

assumed to be the same as Lipsitch findings10 and the value for ρ

(0.61) was derived from the average ρ of the result of Chan et al.20

3.5 | Data fitting

Data fitting is the process of fitting models to data and analyzing the

accuracy of the curve,21 which was performed by Python in this

study. Parameters were initially set according to the released cases

of COVID‐19, theoretical values of t up to the current date were

extracted for curve fitting, and then quadratic fitting was performed

based on the actual number of potential diagnoses (Y(t)). A gradient

equation was constructed based on the residual sum of squares of

the quadratic fitting results to obtain the optimal parameters, which

would be helpful in the analysis of the epidemic trend. The coefficient

of determination (R2) and fitting bias were adopted to evaluate the

goodness of fitting results.

4 | RESULTS

4.1 | The distribution of confirmed COVID‐19 cases

The geographical distributions of existing confirmed cases as of 29

February 2020 in Hubei Province, China, and worldwide is shown in

Figure 1. The epidemic was spreading rapidly, with 27 700 existing

confirmed cases in Wuhan city, 33 565 in Hubei province, 35 566 in

China, and 40 903 in the whole world (Table S1).

Figure 2 shows the trend of existing confirmed cases home

and abroad, which indicates the peak number on 17 February

2020 in China and an obvious rise from 25 to 29 February 2020

overseas.

4.2 | Model simulation

On the basis of the previous study,10 the case data released

by Chinese authorities and official media,22,23 the assumptions

of the parameters were established, and the theoretical

dynamics of COVID‐19 based on the SEIR model were simulated

(Figure 3).

=N 10000000,

β = 0.1,0

=k 10,

=T 7,e

=T 10.25.i

In the face of the outbreak, four‐phase stringent measures were

taken by the Chinese government (Table 1). To simulate the impact

of different government control measures on the number of the in-

fected I and the susceptible S, we assumed varied frequency of ex-

posure (k) (Table 1) with the other parameters staying still on the

four stages.

The S value curve of the susceptible population and I value

curve of the infected population could be simulated as follows

(Figures 4 and 5).

It could be clearly seen that the greater the government control

policy, the smaller the k value, the slower the S value reduction slope

of the susceptible population, and the lower the I value distribution

peak of the infected population.

F IGURE 1 The distribution of existing confirmed COVID‐19 cases in Hubei, China, and worldwide. COVID‐19, coronavirus disease 2019
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The data of Figure 6 showed that there was a substantial number

of new confirmed cases on 12 February and a subsequent rapid fall

from 12 to 14 February, due to the addition of new diagnosis method—

clinically diagnosis in Hubei province in the fourth stage of government

control measures. The daily number of new recovered cases exceeded

new confirmed cases in China for 12 straight days (18‐29 February

2020), indicating that positive results had been achieved with the

rigorous measures, so there was a subsequent downgrading of public

health emergency response from the highest level to level 2 or 3

by several provinces (Gansu, Liaoning, Guizhou, Shanxi, Yunnan,

Guangdong, etc) from 21 February onwards.24

4.3 | Sensitivity analysis

Sensitivity analysis of different parameters was performed to explore

the influence degree of different parameters on S value of infected

people (Figure 7).

F IGURE 2 The trend of existing confirmed cases in China and overseas

F IGURE 3 Dynamics of COVID‐19 based on the SEIR model. COVID‐19, coronavirus disease 2019; SEIR, susceptible‐exposed‐infectious‐
recovered
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It could be learnt from the Figure 7 that the change of Ti value

had the greatest impact on I value. The sensitivity coefficient of each

parameter was E − k = 0.4162, E − β0= 0.4266, and E − Ti = 0.8003.

Isolation and quarantine procedures would be less effective as more

cases accrue, so the optimization of treatment plan and the devel-

opment of specific drugs would be of more importance than isolation

and protection measures.

4.4 | Dynamic trend of effective reproductive
number (R)

The R values in Figure 8 were calculated on the basis of case in-

formation available from 20 January to 29 February 2020. To show

a more intuitive and clear picture of R, Figure 9 was drawn to vi-

sualize the trend of R values overtime, which indicated that there

was an upward trend of R from 20 January to 30 January, a

downward trend from 31 January to 11 February, a short rebound

on 12 February and another continuous decline from 13 to

29 February. Time‐series analysis was adopted to verify the decline

statistically and the result by Dickey‐Fuller Test was shown in

Figure 10, which proved to be nonstationary data (P > .05, and the

data were decomposed into time series, as shown in Figure 11,

whose result (No. 01 trend of Figure 11) was consistent with that of

Figure 9. The feature of high infectiousness for SARS‐COV‐2 led to

the upward trend, and No. 3 and No. 4 government measures

contributed to the downward trend, the short rebound, and the

subsequent decline.

4.5 | Data fitting

Data fitting (Figure 12) was conducted by polyregression using the

following fitting equation

= − + + −

( )

( )

( )

=

y x x x

R

4344.6538 1693.3292 130.7814 3.7881 ,

Mean Absolute Error MAE : 2416.700019131622,

Mean Square Error MSE : 8068138.399370178,

Mean Absolute Deviation MAD : 2491.175807186635,

.9825472319879797.

2 3

2

Then, the parameters of SEIR were adjusted by means of grid

search. The results of grid search No. 1 were as follows

β= ( ) = ( )

= ( )

k Trange 0, 10, 0.1 , range 0, 1, 0.01 ,

range 5, 20, 0.1 .

i0

Minimum MSE occurred when =k 7.1, β = 0.090 , and =T 17.9i

(Figure 13).

The top five parameters were identified in turn (Figure 14).

Subsequently, grid search No. 2 was conducted following the

process

=k 7.1, 0.9, 2.0, 4.0, 8.0,

β = 0.09, 0.71, 0.32, 0.16, 0.08,0

= ( )T range 17.8, 18.0, 0.01 .i

F IGURE 4 S value simulation curve of susceptible population
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The final parameter was determined as

=k 7.1,

β = 0.09,0

=T 17.8,i

whose trend was consistent with the predict linear (Figure 15)

MAE: 2627.85462448844337,

MSE: 8800640.290697332,

MAD: 2584.4329466202796,

=R .9809627046850399.2

When data fitting was introduced, the SEIR model simulation of

COVID‐19 was presented in Figure 16, with the peak existing con-

firmed cases of 59 769 arriving on 15 February 2020, close to the

actual number of 58 016 on 17 February 2020.25 The fitting bias was

3.02%, less than 5%.

5 | DISCUSSION

This study was mainly a data‐driven analysis, with the data coming

from epidemiological results of published studies (preprint included)

and current case information, programed, simulated, and fitted by

Python based on the SEIR model. The SEIR differs from the SIR model

in the addition of a latency period and can provide a tool for pre-

dicting the size and duration of both unconstrained and managed

outbreaks—the latter in the context of interventions such as case

detection, quarantine, and treatment.26

R2, the coefficient of determination, is used to measure the

fitting degree of the regression line to the observation value and

it ranges from 0 to 1. The closer the value of R2 is to 1, the better

the fitting degree of the regression line is to the observed

value. The SEIR model simulation of COVID‐19 after data fitting

showed the peak existing confirmed cases of 59 769 arriving

on 15 February 2020. The conclusion was drawn with a good

coefficient of determination (R2), which was very close to 1,

and the fitting bias was 3.02% (less than 5%), suggesting high

precision of the data‐fitting results.

TABLE 1 Different government control
measures and corresponding k values

No. Date Government Measures k

1 29 December 2019 to 22

January 2020

Early detection of the SARS‐CoV‐2 k = 2.0

Preliminary control

2 23 January‐29
January 2020

(1) Public health level 1 response of 31 provinces k = 1.5

(2) Strict exit screening

(3) Medical support from other regions of China

(4) Cancellation of mass gatherings

(5) Methodological improvement on the diagnosis

and treatment strategy

3 30 January‐11
February 2020

(1) Public health level 1 response of 31 provinces k = 1.0

(2) Strict exit screening

(3) Domestic and international medical support

(4) The larger scale of cancellation of mass

gatherings

(5) Further methodological improvement on the

diagnosis and treatment strategy

(6) Spontaneous household quarantine by citizens

(7) Two newly built hospitals’ put into use

(8) A clinical trial of perspective medicines

4 12 February‐20
February 2020

(1) Public health level 1 response of 31 provinces k = 0.5

(2) Strict exit screening

(3) Further medical support from home and abroad

(4) Massive online teaching in a postponed

semester

(5) Orderly resumption of back to work

(6) Addition of new diagnosis method—clinically

diagnosis in Hubei province

(7) Interagency mechanism

(8) Further exploration of effective therapeutic

strategy

Abbreviation: SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2.
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Faced with the rapidity of the growth of cases, the Chinese

Health Authorities have implemented appropriate and prompt re-

sponse measures, such as retrospective investigations, identifying the

characteristics of the pathogen, public health level 1 response, strict

exit screening, medical support (infectious disease specialists, public

health professionals, physicians, nurses, surgical masks, protective

suits, nucleic acid tests, etc), all round environmental sanitation and

disinfection, cancellation of mass gatherings especially on the occa-

sion of the Spring festival when it was traditional customs for people

to pay new year visits, methodological improvement on the diagnosis,

health communication for the public, technical guidance, clinical trial

of perspective antiviral medicine like Remdesivir,27 self‐protection
measures, and spontaneous household quarantine by citizens. With

the presence of substantial and rigorous control measures that have

F IGURE 6 Daily number of new recovered cases and new confirmed cases in China

F IGURE 5 I value the simulation curve of the infected population
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been immediately carried out, we simulated the impact of different

government control measures on the number of the infected I and

the susceptible S by adjusting the frequency of exposure (k). The

result showed that decreased frequency of exposure (K) was asso-

ciated with slower rate of decline in susceptible population and

slower rate of increase in infected population, indicating the possible

effectiveness of intervention measures.

The parameters that could have impact on the model result

contained frequency of exposure (k), probability of infection per ex-

posure (β0), and average recovery time (Ti). Frequency of exposure (k)

could be controlled by isolation; infection per exposure (β0) could be

adjusted by wearing protective suit and average recovery time (Ti)

could be shortened by the treatment strategy. To specify the most

sensitive factors in intervention, we also conducted sensitivity ana-

lysis, proving that the change of Ti had stronger impact on the in-

fected population than quarantine and protective measures, so it was

urgent to explore effective treatment options. After the epidemic

outbreak, Chinese scientists invested a lot of energy to carry out

research to screen out clinical drugs and develop vaccines. The

treatment plan at this stage focused on antiviral therapy, anti-

bacterial therapy, glucocorticoid therapy, symptomatic treatment of

fever or dyspnea, nutrition support treatment, and so on.28‐30 There

was no specific antiviral strategies available, though Remdesivir, a

promising drug that has been proved to be effective in fighting

against Ebola virus, has been in the step of clinical trial in China.27

Introduction of specific drug would be of great benefit to the con-

tainment of the outbreak.

It should be noted that estimation of R0 during the pre‐epidemic

stage could be plagued by data uncertainty and variability,31 so we

introduced the effective reproductive number (R), whose equation

was R = R0x, where x stood for the proportion of the susceptible.

Since there was no vaccine at present, we assumed that everyone

was susceptible. The number of infected people (including those who

have been cured and quarantined) in the total population was very

small, so the proportion of susceptible people could be approximately

considered as constant. In this way, we established the link between

R and R0 according to the reported case data and analyzed the trend

by Dickey‐Fuller Test, which showed a rise from 20 to 30 January,

a decline from 31 January to 11 February, a short rebound on

12 February and another continuous decline from 13 to 29 February.

The rise was partly due to the onset after incubation period. The

rebound was caused by inducing clinical diagnosis in the fourth

phase of government measures. The number of new confirmed

cases in Hubei province on 12 February was 148 40 (of which

13 332 were clinically diagnosed), which was an extraordinary

large increase compared to an average of 2391 cases from 1 to

11 February (Table S2). That accounted for the temporary rebound

of R. The government interventions (wearing masks, timely quar-

antine, improved therapeutic strategy, etc) reduced probability of

infection per exposure (β0), decreased frequency of exposure (k),

and shortened the average recovery time (Te), thus contributing to

the decline of R. The declines of R could be exploited as strong

evidence for the effectiveness of the interventions.

According to the data of China National Health Commission, as

of 29 February, the accumulative number of cured cases was more

than 41 625 nationwide, and there was a consecutive decrease of

confirmed cases for 12 days. Data on 26 February showed that, for

the first time, the number of new cases outside China had exceeded

that of China. South Korea, Japan, Iran, and Italy were facing a surge

increase in number of new confirmed cases.32 Centers for disease

F IGURE 7 Sensitivity analysis of different parameters
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control and prevention of United States had confirmed an instance of

community spread of COVID‐19 in California, without any relevant

travel history or exposure to another known patient with COVID‐19.33

Given the potential of pandemic, governments worldwide are scram-

bling to prevent the spread of the new coronavirus. Under a strict

mechanism of massive prevention and control, China has seen a rapid

decrease in new cases of coronavirus. The unique measures China has

taken may be referential and enlightening to other countries with

rapid spread of the virus.

Evidence from the four‐phase stringent measures showed that it

was foremost to ensure early detection, early isolation, and early

treatment, cutting off the spread from the upstream. This could be

achieved by the public health emergency response and interagency

mechanism. China's public health emergency response is categorized

into four levels, with level I being the highest. Level 1 means the

provincial disease control headquarters, in the event of a particularly

serious public health emergency, will conduct emergency response

work under the decisions and command of the State Council. In-

itiating public health emergency response and establishing a na-

tionwide interagency mechanism was beneficial for monitoring the

implementation of the early detection, early isolation, and early

treatment. Another critical factor in enhancing early detection was

the improvement of diagnosis method. Nucleic acid tests accounted

for a big proportion of the initial pathogenic diagnosis techniques

because of the convenience and rapidity, nevertheless, nucleic acid

tests had returned false‐negative results for people infected with the

nCoV, with a 30% to 50% positive rate. Those patients with pneu-

monia symptoms and virus infection by the lung image but negative

result by nucleic acid test were called "false‐negative." Caution

should be taken against "false‐negative" because its harm was self‐
evident. It would not only delay the timely treatment of infected

patients, but also cause some patients with less symptoms to

F IGURE 8 R values from 20 January to 29 February 2020
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circulate in the society because they thought they were not infected

so as to increase the probability of other people's infection. There-

fore, it was of great importance to introduce the clinical diagnosis in

addition to nucleic acid tests in the fourth phase of government

measures. The Chinese health authorities issued the fifth version of

diagnosis and treatment plan for COVID‐19.34 According to the up-

dated criteria, suspected cases with imaging characteristics of

pneumonia could be clinically diagnosed as COVID‐19 in Hubei

province. In this way, patients could receive standardized treatment

as soon as possible, aiming to further improve the success rate of

treatment and contain the spread of the epidemic. Second, patients

F IGURE 9 The trend of R values overtime

F IGURE 10 Results of Dickey‐Fuller test

F IGURE 11 Data decomposed into time series
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should be admitted to designated hospitals and comprehensive

treatment strategy including antiviral therapy, respiratory support,

circulatory support, and immunity enhancement should be adopted

for those who were critically ill. The initial surge of cases in Wuhan

made it difficult for the hospital capacity to meet the demand;

therefore, beside the current designated medical institutions, Wuhan

learned from Beijing's successful experience during the fight against

SARS in 2003 and built two new temporary hospitals—Huoshenshan

Hospital and Leishenshan Hospital, which were designed to have a

capacity of 1000 beds and 1500 beds, respectively. Third, adequate

medical supplies, such as health professionals, masks, protective

suits, and coronavirus test kits, should be guaranteed, otherwise

F IGURE 12 Data fitting by polyregression

F IGURE 13 Result of grid search No. 1
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insufficient medical resources may resulted in the sharp rise of the

COVID‐19 patients.

Faced with the massive public health crisis, the authorities and

the public are both required to join the fight against the nCoV.

Continuous interventions and increased vigilance are needed to

prevent the ongoing spread of the nCoV. More domestic and global

collaborative efforts are required in the way to fight against the

COVID‐19 to reduce the threat of the outbreak.

6 | STRENGTH

Though there were several studies concentrating on the R0 and

spread of the epidemic, to the best of our knowledge, there was a

little evidence about the dynamic R trend and the effectiveness of

government control measures. Also, this study reflected the latest

updates about the epidemic up to 29 February 2020. In contrast to a

single R0, we attempted to take into account the dynamic changes of

R values on different scenarios of the epidemic. This study also

established the link between R values and the effect of government

measures. Besides, we adopted sensitivity analysis to identify the

most effective factor in containing the epidemic. In addition, the

estimate of transmission dynamics of the COVID‐19 was calculated

by simulation followed by data fitting, which could be helpful in en-

hancing the accuracy and precision of the prediction. Finally, given

the situation of pandemic potential, the four‐phase stringent mea-

sures by Chinese government could be referential and enlightening

to the other countries suffering from COVID‐19.

7 | LIMITATION

We were still in the stage of much uncertainty about the COVID‐19,
both in the actual virus host and the possible outbreak scale, so the

accuracy and precision of our estimate were subjected to a lot of

factors; therefore, it would be beneficial for further studies to offer

more valuable and precise information about the novel virus. The

actual number of infected patients was not exactly the same as the

F IGURE 14 The top five parameters. MSE,

mean square error

F IGURE 15 Predict linear
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number of reported cases on that day, and there may be some

missing reports and undetected cases. Since the actual number of

infected and suspected patients was not observable, there must be

some unavoidable discrepancy between the confirmed patients and

actual number of infection, which lead to the inevitable deviation of

the estimation. Though we adopted the model in the addition of

latency, it did not account for the infectiousness during incubation

period, so it may reduce the accuracy as a consequence. The travel of

people flow between different regions was not well considered,

especially the migration after the Spring Festival—back to work and

back to school. Sensitivity analysis suggested that effective drug

therapy could have great influence on the intervention result, it

would have been more comprehensive if the study could have in-

cluded the effect of antiviral treatment. Finally, our research was a

data‐driven analysis, with data coming from heterogeneous sources,

which would definitely introduce inevitable bias, therefore care

should be taken in the interpretation of the results.

8 | CONCLUSION

By simulation and data fitting, the model showed the peak existing

confirmed cases of 59 769 arriving on 15 February 2020, with suf-

ficient goodness of fit. The optimization of therapeutic strategy and

the development of specific drugs would be of more importance than

quarantine and protective procedures as more cases accrue. The

declines in the dynamic trend of effective reproductive number (R)

indicated the effectiveness of four‐phase stringent government

measures. It is an unprecedented outbreak of coronavirus in the 20th

century, which is not exactly the epidemic of a single country, more a

public concern of the whole world; therefore, more international

cooperation are required to combat the nCoV, focusing on both

persistent strict domestic interventions and vigilance against exo-

genous imported cases.
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