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Abstract. Major infectious diseases have exerted a serious influence on
people's lives. Through quantifying the effect of prevention and control, we
can deeply understand the transmission mechanism of infectious diseases.
This paper estimates the intensity of detection, the degree of isolation and
other indicators, and analyzes the influence mechanism of these indicators
on the scale of the epidemic, using computer programming to simulate the
extended dynamics model of infectious diseases, based on the infectious
disease in Hubei. The mortality rate and recovery rate, according to the
data of Hubei, in the model are set as time variables, and the threshold is
set at the same time. As a result, the improved analysis mechanism of the
model will get more realistic simulation prediction results. It is concluded
that isolation measures can effectively control the scale of the epidemic,
but there is a phenomenon of marginal utility degression with excessively
strict isolation measures by analysing and comparing. The increasing
detection efforts will reduce the epidemic duration of the later stage,
accelerating the arrival of the epidemic peak, although the peak will be
slightly larger. All in all, we can comprehensively consider the testing cost
and maintain a moderate detection intensity.

1 Introduction
As a recent major epidemic disease, the COVID-19 epidemic poses a threat to people’s
health in many countries. The main outbreak area of China is Hubei Province, so we can
summarize experience from the epidemic data of Hubei, and provide some reasonable
suggestions for epidemic prevention and control in other parts of the world. Whether the
measures are effective and how effective they are, they need to be evaluated by combining
actual data and rigorous theoretical models. Therefore, this paper, denoting the detection
intensity, isolation and other measures as numerical indicators, and using the actual
epidemic data to estimate the values of these indicators, constructs the mathematical model
of infectious diseases. In this way, various measures in different regions can be compared
intuitively, we can also observe the relationship between the implementation of various
measures and the effect of prevention and control, and predict the trend of epidemic in the
future, to provide references for the formulation of relevant decisions.
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2 Related work
In 1760, Bernoulli D established a model to study the effect of vaccination on smallpox
transmission [1]. Hamer W H established a discrete-time model to understand the
recurrence of measles epidemic and creatively assumed the incidence, that is, the number of
new cases per unit of time depends on the product of the number of susceptible and
diagnosed cases [2]. Ross R established a differential equation model of malaria as a host
disease and studied the transmission behavior of malaria between mosquitoes and people
[3]. Subsequently, other deterministic infectious disease models have also been proposed.
At the beginning of the 20th century, with the gradual rise of mathematical epidemiology,
the study of infectious disease models is deeper and deeper. Kermack W O et al. divided
the population in the study area into three categories by studying the Black death and the
plague, namely, Susceptible, Infective, and Recovered [4]. Then, he put forward the famous
SIR warehouse model, which is suitable for describing infectious diseases transmitted by
viruses. Subsequently, Kermack W O established the SIS warehouse model based on the
SIR warehouse model, and put forward the famous threshold theorem, but many infectious
diseases usually have a certain incubation period before onset, such as the incubation period
of AIDS is generally 2 to 12 years, the incubation period of rabies is generally 1-3 months
[5]. Thus, considering the factor of incubation period, researchers adding a new group of
infectious diseases, Exposed, put forward the SEIR model based on the SIR model. SEIR
model has been applied and studied in many fields in our country. Zhou Lingli et al.
comprehensively considered the influence of age structure on the epidemic process of
infectious diseases with exposed period, and analyzed the stability of the equilibrium point
based on the SEIR discrete model [6]. Wang Bingjie compared the effectiveness of
vaccination and treatment, based on SEIR infectious disease model, showing that
vaccination can control infectious diseases more effective than treatment in both exposed
period and infection period, and the mixing strategies are more effective when they are used
at the same time [7]. Andrew S Azman and Francisco J Luquero summarized and evaluated
China's prevention and control experience, arguing that positive interventions across China,
including city closures, active surveillance of cases, rapid investment to improve testing
capacity, isolation of cases and high-risk groups, treatment of severe cases, and mandatory
wearing of masks, may lead to a significant reduction in transmission [8]. These measures
provide a reference for other countries to design responses to COVID-19 according to their
experience. The research results of Zhang Juanjuan et al. showed that strict control
measures, movement restrictions and the improvement of population awareness may be part
of the reasons for interruption of SARS-CoV-2 transmission outside Hubei Province [9].

3 Construction of infectious disease model
This paper will take the SEIR model as the benchmark, and make improvements on this
basis. According to the study of this paper, the population within the epidemic range of
infectious diseases is divided into five types.
The susceptible: marked as St, means people who are not infected but may be infected
now. The exposed: people who are marked as Et, and indicates that they have been infected
at time t, but have not been diagnosed by testing and can infect others. The infectious:
people who are marked as It, and indicates that they have been infected with the virus at
time t, have been tested and diagnosed, and have been centrally treated, and can infect
others at the same time. The recovered: marked as Rt, indicates that people who recover at
time t and will not be infected again will no longer affect the dynamic behavior of the
system. The dead: marked as Dt, it means that the people who die of infectious diseases at
time t will no longer affect the dynamic behavior of the system.
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Assuming that the total population of the epidemic area is N, which remains unchanged,
regardless of the migration and emigration of the population, ignoring the impact of natural
birth and deaths caused by non-infectious diseases on N, that is:
N = St + Et + I t + Rt + Dt

(1)

It is assumed that the number of susceptible people transferred to exposed persons per
unit time is positively correlated with the number of the susceptible people, the exposed
people, and the infectious people. The number of transfers per unit time is:

β1 (α1S )(α 2 I ) / N + β 2 (α1S )(α1 E ) / N

(2)

Among them, β1 represents the nonlinear infection coefficient of the infectious people,
β2 represents the nonlinear infection coefficient of the exposed people, and α1 represents the
exposure degree of the susceptible and the exposed people, which is determined by the
restriction mobile contact degree of the susceptible and exposed population, and α2
represents the exposure degree of the infectious people, which is determined by the degree
of isolation treatment of the infectious people when centralized treatment. The lower the
values of α1 and α2 are, the stricter the isolation measures.
3.1 Model propagation mechanism
In the transmission mechanism, σ represents the proportion of exposed persons transformed
into infectious people per unit time, based on the reciprocal of the average incubation
period of infectious diseases, and the specific size is related to the intensity of medical
detection in different areas. To a certain extent, the greater the detection intensity is, the
bigger the σ becomes. ϒ represents the one-day recovery rate of infectious people in unit
time, hereinafter referred to as the recovery rate or cure rate. v represents the one-day
mortality rate of infectious people per unit time, hereinafter referred to as the mortality rate.
The differential dynamic equations of the SEIR model constructed in this paper are as
follows:
�dS / dt = − β1α1α 2 SI / N − β 2α12 SE / N
�
2
�dE / dt = β1α1α 2 SI / N + β 2α1 SE / N − σE
��dI / dt = σE − γI − vI
�
�dR / dt = γI
�dD / dt = vI
�
�� N = S + E + I + R + D

(3)

3.2 Parameter setting
The mortality rate and recovery rate are set as variables in the model, in order to be more in
line with the reality. Theoretically, since one patient can infect 2-3 people, it is recorded as
Cn, and Cn is taken as 2. If the incubation period is distributed averagely from 0 to 14 days,
the average incubation period is 7, and the nonlinear infection coefficient β2 of the
exposed people is estimated to be the value of Cn/7, that is, 0.286. Because the infectious
people will be concentrated, the chance of close contact with other people is much less than
that of the exposed people. In this paper, it is assumed that the chance of contact between
the infectious people and other people is 0.02 times than that of the exposed people. The
estimated value of the nonlinear transmission coefficient β1 of the infectious people is
3
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0.006. The base value of σ is set as the reciprocal of the average incubation period, that is,
0.143.

4 The influence of various factors on the predicted value of
epidemic situation
This part mainly analyzes the influence mechanism of these factors on the simulation
results: the ratio of exposed persons transformed into infectious persons (σ) per unit time,
the exposure degree of susceptible and exposed persons (α 1), the exposure degree of
infectious persons (α2), and the initial number of exposed persons (E0). σ can reflect the
intensity of medical detection of people in epidemic areas of infectious diseases, α1 can
reflect the effect of isolation measures for susceptible and exposed populations, α2 can
reflect the effect of isolation measures for centralized treatment of patients. E0 reflects the
current number of exposed persons scattered in the epidemic area.
February 6, 2020 is selected as the starting date for the analysis of the epidemic
situation in Hubei Province, and the initial values of several types of population are the
actual data on the starting date of the analysis. The resident population of Hubei Province in
2019 is 59.27 million. Let N be 59,270,000. The initial value of I (I0) is the number of
diagnosed cases, 20,677. The initial value of R (R0) is the cumulative number of
rehabilitations, 817. The initial value of D (D0) is the cumulative number of deaths, 618.
And the initial value of E (E0) can’t be obtained directly. We can estimate the value of E0
backwards according to the influence mechanism of E0 on the model and the known
relevant data. The initial value of S: S0=N-E0-I0-R0-D0.In order to facilitate the observation
of the influence mechanism of various factors, we use the control variable method, that is,
when analyzing one of the factors, the other factors take the default value. Let the default
value of σ be 0.143, the default value of α1 and α2 be 0.5 and the default value of E0 be
50,000.
4.1 The influence of σ on the epidemic situation
Using MATLAB to simulate the model, we can get the predictive values of the number of
diagnosed cases and cumulative deaths under different σ values, as shown in Figures 1 and
2.

Fig. 1. The impact of the proportion of exposed persons transformed into infectious persons per unit
of time on the number of remaining infectious cases.
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The larger the value of σ becomes, the greater the intensity of medical detection of
infectious diseases is. It can be found from Figure 1 that as σ increases from 0.08 to 0.22,
the number of diagnosed cases will peak earlier and decrease earlier, which means that
increased testing can shorten the duration of the epidemic. We also draw two more
important conclusions: for one thing, it is that the increase in testing has not played a
positive role in reducing the peak value, the scale of the epidemic, of remaining infectious
cases, and making the peak slightly larger. But the arrival time of the peak will be advanced;
for another, with the increase of σ, its marginal impact on the number of infectious cases
decreases. Therefore, considering the cost and effectiveness of testing measures, the work
on improving the intensity of testing can be maintained at a moderate level in various
regions.

Fig. 2. The impact of the proportion of exposed persons converted into infectious persons per unit of
time on the cumulative number of deaths.

It can be found from Figure 2 that with the increase of σ from 0.08 to 0.22, the
cumulative death toll will reach the convergence value earlier, and the final death toll can
be reduced at the same time. It means that increasing testing may be reflected in the
increase of the deaths in the early stage, but the final total deaths will be reduced. Similar to
the impact of remaining infectious cases, the marginal impact on the cumulative number of
deaths decreases with the increase of σ. It also shows that in the situation of limited
resources, the appropriate improvement of detection intensity can achieve better results.
4.2 Effect of α1 on epidemic situation
The predicted values of remaining infectious cases and cumulative deaths under different
α1 values are shown in Figures 3 and 4.

Fig. 3. The impact of exposure of susceptible and exposed persons on the number of remaining
infectious cases.
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The smaller the value of α1 is, that is, tighter isolation measures, the less the exposure of
the susceptible and exposed persons will be. With the stricter quarantine measures, the peak
value will decrease significantly, and the size of infectious cases will be controlled better
throughout the epidemic period. Therefore, the positive impact of isolation measures for
susceptible and exposed persons is greater than that of strengthening testing. But at the
same time, the marginal influence of isolation measures is decreasing. The size of the
remaining infectious cases number has been reduced caused by the decrease of α1 from 0.65
to 0.5, which is larger than that of influencing by the decrease of α1 from 0.5 to 0.05. Thus,
for areas where it is difficult to bear the economic losses caused by complete home
isolation, appropriate isolation measures can be taken, such as maintaining a certain social
distance, wearing masks and so on, which can play a greatly positive role in the control of
epidemic.

Fig. 4. The impact of exposure of susceptible and exposed persons on the number of deaths.

As can be seen from Figure 4, unlike the influence of σ on the deaths, the decrease of α1
will significantly reduce the death toll throughout the epidemic period, not only in the final
death toll, but also by a greater extent than σ. Considering that the marginal influence of α1
is decreasing obviously, the death toll can be greatly reduced by taking appropriate
isolation measures in the relevant areas.

5 Conclusions
5.1 The intensity of isolation measures should be properly strengthened.
It can be found that the smaller the exposure of susceptible and exposed people controlled
by α1, the better the control scales of remaining infectious cases are. However, from the
influence mechanism of isolation measures, it can also be found that due to the
phenomenon of diminishing marginal utility of isolation measures, the isolation measures
in Hubei Province are too strict, resulting in small marginal benefits. Isolation measures
need to sacrifice social and economic development, so the implementation of isolation
measures in various regions need to be appropriately strengthened, but too strict measures
is not necessary, and an appropriate level can achieve better result.
5.2 The intensity of testing should be kept at a moderate level.
In this paper, when studying the influence mechanism of the detection intensity coefficient
of epidemic situation, it is found that with the strengthening detection intensity, the peak
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value of the number of infectious cases will come ahead of schedule, and the duration of the
whole epidemic situation will be shortened correspondingly, but the detection intensity also
has the phenomenon of diminishing marginal utility. Therefore, in the prevention and
control of the epidemic, we can appropriately increase the intensity of detection in order to
control the development of the epidemic faster. Considering the high cost of testing, each
region can synthesize its own situation and maintain a moderate intensity of testing.
This work was financially supported by The Ministry of education of Humanities and Social Science
project of China (No.19YJC790189), and Education Commission Social Science Fund of Beijing,
China (No.SM202010037006).
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