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ABSTRACT: Infectious diseases have always been the public enemy of mankind, and the spread of some 

malignant diseases even poses a serious threat to national security. Therefore, the prevention and control of 

infectious diseases have become a major issue related to human health, national economy and people's 

livelihood. Infectious disease dynamics is an important method to theoretically and quantitatively study the 

epidemic law of infectious diseases, Mathematicians have done a lot of research work in this area. The basic 

mathematical model of infectious diseases, to study the transmission speed, spatial range, transmission route, 

dynamic mechanism and other issues of infectious diseases, so as to guide the effective prevention and control 

of infectious diseases. In this paper, we mainly study the SIR model of infectious diseases. The SIR model is 

applied to the epidemic caused by the new coronavirus in Wuhan in 2020, to carry out numerical simulation and 

prediction of the epidemic, analyze the development trend of the epidemic, and provide some help in epidemic 

prevention and anti-epidemic. 
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I. INTRODUCTION 
1.1 RESEARCH BACKGROUND 

Since epidemiological mathematics is not only a branch of medical mathematics, but also a branch with 

more applied mathematics knowledge, in order to establish a more accurate model for describing infectious 

diseases and then popularize the infectious disease dynamic model, that is, epidemic disease mathematical 

model. Infectious diseases have the characteristics of epidemic, seasonality and locality
 [1]

. Common infectious 

disease models are divided into SI
[2]

, SIR
[3]

, SIRS
[4]

, SEIR
[5]

 models according to the types of infectious 

diseases, etc. , according to the propagation mechanism, it is divided into different types based on ordinary 

differential equations, partial differential equations, and network dynamics. With the in-depth study of 

infectious disease models, it is found that the problems involved cover many disciplines such as medicine and 

biology, so it has a strong application background and practical significance. 

 

1.2 RESEARCH STATUS AT HOME AND ABROAD  

In 1760, Daniel Bernouilli established the first mathematical model to study the vaccination of healthy 

people against vaccinia to prevent smallpox, which is also the earliest known infectious disease and epidemic 

model so far. But the earliest model is still due to the research work of En'Ko from 1873 to 1894, and the real 

developed and confirmed model was in the early 20th century, W. h. Hamer et al in J. A series of studies with 

the help of Brownlee. By 1906, Hamer had developed a discrete model for studying measles, which for the first 

time assumed that the incidence was derived from multiplying the number of susceptible and sick. In 1911, a 

model for the study of continuous differential equations for malaria was established by Ross, for which he also 

won the second Nobel Prize in Medicine. By 1927, the work of Kermack and Mekendrick laid the foundations 

for infectious disease models. They divided the total population of a certain area into three categories: 

Susceptible (S), Infected (I), and Removed (R), and then established a SIR infectious disease model based on 

the dynamic research method, and analyzed the spread of The laws and epidemic trends were studied, and the 

threshold theory was proposed: if the number of susceptible individuals in the population is above the threshold, 

the infectious disease will maintain; below the threshold, the infectious disease will tend to become extinct 
[6]

. 

Most of these models are suitable for the study of general laws of various infectious diseases.                                                                                                                                                                                                                                       
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During the SARS epidemic that occurred in 2003, researchers at home and abroad established many 

dynamic models, that is, infectious disease dynamic models. Infectious disease dynamics
 [7]

 is an important 

method for theoretical quantitative research. Through this method, we can study the transmission characteristics 

and trends of this disease, and study the effect of various preventive measures on the control of this disease. 

Decision-making departments provide a reference. Most of the relevant SARS transmission studies have 

adopted the infectious disease SIR model. The spread of SARS disease has the following characteristics: hyper-

transmissibility, isolation stops further spread and cured individuals are not reinfected
 [8]

. 

Until the pneumonia virus that broke out from Wuhan in recent years 
[9]

, it spread to the whole country 

and even the world in a short time. Its spread is fast. This virus is an unknown new type of coronavirus 

(COVID-19), which has the characteristics of a pandemic. It has the characteristics of complex transmission 

routes and rapid transmission. Since the beginning of the outbreak, there have been many This kind of mutation 

has greatly increased the difficulty of preventing and fighting the epidemic. Therefore, researchers from many 

countries across the country and even the world have begun to join in the research on this virus, and proposed 

and designed many infectious disease models, and analyzed them through the models to provide the greatest 

help in the fight against the epidemic. 

 

1.3 SIGNIFICANCE OF RESEARCH 

The study of infectious diseases is a very complex issue. In recent years, with the outbreak of the new 

coronavirus, which has seriously affected the economic and social development and exchanges in various 

countries and regions, the issue of infectious diseases has become a very important research topic. The 

mathematical model is established through a large amount of actual data and based on the existing mathematical 

knowledge, which can well reflect the data changes. Therefore, it is very important to establish a mathematical 

model of infectious diseases. He can analyze the existing situation based on the existing infection data, so that 

he can draw lessons from it and take a series of effective measures for the control of future infectious diseases, 

thereby reducing the number of infected people. In addition, the use of infectious disease mathematical models 

can also predict future epidemics, and then take precautions to better control the epidemic. 

The infectious disease model is based on the characteristics of population growth, the occurrence of 

disease, the law of spread and development within the population, and the social factors related to it, to establish 

a mathematical model that can reflect the dynamic characteristics of infectious diseases. Through the qualitative, 

quantitative analysis and numerical simulation of the dynamic behavior of the model, we can analyze the 

development process of the disease, reveal the epidemic law, predict the changing trend, and analyze the cause 

and key of the disease epidemic. 

 

II. MODELS AND METHODS  
 The SIR model (in the dynamics of infectious diseases, the classic SIR infectious disease model established by 

Kermack and McKendrick in 1927 with the method of dynamics 
[10]

) is the most classic model, as follows: 
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  (1) 

 Among them, S  represents the susceptible population, I  represents the infected population, R  represents the 

removed population (including those who have been cured and died),   represents the infection rate,        

represents the removal rate, and there are: 

 ( ) ( ) ( )S t I t R t N     (2) 

N represents the total number of people, and the total number of people does not change. 

 The numerical simulation method used in this paper is the least squares method. The least squares 

method is to simulate the numerical value, and to find the optimal parameter value in the data by finding the 

sum of the smallest error, that is, to find the difference between the estimated value and the actual value. The 

sum of squares is the smallest. 
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III. DISCRETIZATION AND NUMERICAL SIMULATION OF MODELS                                                                                                          
3.1 DISCRETIZATION OF SIR MODELS FOR INFECTIOUS DISEASES 

The model (1) is discretized (written in difference format) as: 
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  (3) 

Therefore 
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Making ( 1) 1t t t      , we have  
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  (5) 

 

3.2 NUMERICAL SIMULATION OF THE WUHAN EPIDEMIC 

3.2.1 Numerical Simulation 

Check relevant information online (http://www.sy72.com/covid/list.asp?id=433&s1=0&s2=2022-4-18), we 

obtained some epidemic data in Wuhan in January and February 2020, which are compiled in the form of a table 

below: 

 
Figure 1: 1.14-2.18 Wuhan Epidemic Data 

http://www.sy72.com/covid/list.asp?id=433&s1=0&s2=2022-4-18
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We calculate the obtained data separately ( )S t , ( )I t  , ( )R t , namely: 

Susceptible number = total number - cumulative number of confirmed cases 

The number of infected = the current number of confirmed cases 

Removed = healed + dead 

So, we get the required data: 

 
Figure 2: Epidemic data after 1.14-2.18 

 Plot the obtained data to obtain the image trends of three categories: ( )S t , ( )I t , and ( )R t : 
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Figure 3: 2020.1.14-2.18 ( )S t  trend chart of susceptible population 

 

 
Figure 4: 2020.1.14-2.18 Infected population ( )I t  trend chart 

 
Figure 5: 2020.1.14-2.18 Removal Crowd ( )R t  Trend Chart 

 

 We put the data in Figure 2 into the objective function of the least squares method: 

  
2
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1 1

T
L S t S t
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  (6) 

and 

  
2

( ) ( )
2 1

T
L R t R t

t
 


  (7) 
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 Among them, ( )S t  represents the actual value of the number of susceptible people, that is, the 

observed value, ( )S t  represents the estimated value of the number of susceptible people, that is, the predicted 

value, then 
1

L  represents the error between the observed value of the susceptible population and the predicted 

value. Similarly, ( )R t  represents the observed value of the number of people removed, ( )R t   represents the 

predicted value of the number of people removed, and 
2

L  represents the error between the observed value and 

the predicted value of the number of people removed. 

 Because the SIR model after discretization is shown in (5), we need to reorganize the table in Figure 2, 

as shown in Figure 6: 

 

 
Figure 6: Epidemic data reorganized from 1.14-2.18 

 

 From formula (5), we can get: 

  ( 1) ( ) ( ) ( )

( 1) ( ) ( )

S t S t S t I t

R t R t I t





  

  
  (8) 

where ( )S t , ( )I t  and ( )R t  represent the actual data (i.e. observations). 

 Therefore, it can be seen from Figure 6 that the number of susceptible people ( )S t  and ( ) ( )S t I t  ( 

( )S t  and ( )I t  in the table are the actual data of the susceptible population, namely ( )S t  and ( )I t ) data in two 

columns. Therefore, by substituting the number of susceptible people ( )S t  for each day into the first formula 

in Equation (8), the predicted value of the number of susceptible people on the next day can be obtained (that is,  

( )S t  in Equation (5)). Take time 0,1, 2,...,17t   ( 0t   means January 14th, 1t    means January 15th, and 

so on), when 0t  , substitute (0)S  into the first formula in formula (8), the predicted value (1)S  on January 

15 can be obtained, and all the data are substituted in turn, that is: 

    
2 2

( ) ( ) ( ) ( ( 1) ( 1) ( 1))
1 1 1

T T
L S t S t S t S t S t I t

t t
        

 
  (9) 
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Find the partial derivative with respect to  , that is: 

 
2 21 [ ( ) 2 ( ) ( 1) 2 ( ) ( 1) ( 1) ( 1)

1

2 2 2
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  (10) 

 Similarly, it can be seen from Figure 6 that the number of people removed ( )R t  and the number of 

infected people ( )I t  ( ( )R t  in the table is also the observed value of the number of people removed, i.e. ( )R t  in 

formula (5)) are two columns data. Therefore, by substituting the number of people removed ( )R t  for each day 

into the second equation in equation (8), the predicted value of the number of susceptible people on the next day 

(that is, ( )R t  in equation (5) can be obtained ). Take the time 0,1, 2,...,17t   ( 0t   means January 14th, 1t   

means January 15th, and so on), when 0t  , set (0)R  substitute into the first formula in formula (8), the 

predicted value (1)R  on January 15 can be obtained, and all the data are substituted in sequence, namely: 

    
2 2

( ) ( ) ( ) ( ( 1) ( 1))
2 1 1

T T
L R t R t R t R t I t

t t
       

 
  (11) 

Find the partial derivative with respect to  , that is: 
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  (12) 

Put ( )S t  in Figure 6 (that is, ( )S t  in the formula), ( )I t  (that is, ( )I t  in the formula), and ( )R t  (that is, the 

( )R t ) and ( ) ( )S t I t  (that is, ( ) ( )S t I t  in the formula) data are substituted into formula (10) and formula (12) 

respectively. And data fitting is realized through Python programming (see the appendix for the code), so the 

parameters   and   are obtained, and the parameter values from January 15th to February 18th are obtained: 

 

94.43 10

0.021





  



(Retain 3 digits after the decimal point)  (13) 

Then bring the obtained parameters into (5) for calculation, that is, to obtain the predicted value, we will 

compare the observed value (actual value) with the predicted value, as shown in Figure 6: 

 

 
Figure 6: 2020.1.15-2.18 Susceptible population ( )S t  comparison chart 
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Figure 7: 2020.1.15-2.18 Infected population ( )I t  comparison chart 

 

 
Figure 8: 2020.1.15-2.18 Removal Crowd ( )R t  Comparison Chart 

 

First of all, it can be seen from the comparison chart of the susceptible population ( )S t  (Figure 6) that 

the actual susceptible population is very close to the predicted susceptible population, and the predicted results 

from February 11 to February 13 appeared slightly There is a large error, but the overall forecast basically 

achieves the expected results. From the comparison chart of the infected population ( )I t  (Figure 7), it can also 

be seen that the actual number of infections is very close to the predicted number of infections, and the 

prediction results from February 11th to February 13th have a slightly larger error. The overall forecast is good. 

The prediction of the comparison chart (Figure 8) of removing the population ( )R t  also basically achieved the 

expected results, and the place with a large error also appeared in the prediction from February 11 to February 

13. 

 

3.2.2 Error Analysis 

In order to understand the reason for the large error from February 11 to February 13, we checked the 

relevant information and learned the reason (https://new.qq.com/rain/a/20200213A0C8WM00). The reason for 

the sharp increase in the number of infections from February 11 to February 12 was that after the 11th, the 

clinically diagnosed cases were also included in the confirmed cases, that is, "false negatives" were also counted 

among the confirmed cases. The number of confirmed cases has soared, as has the number of deaths. Among 

them, clinical cases refer to patients who meet the two conditions of "fever, fever or respiratory symptoms", "the 

number of leukocytes and lymphocytes in the early stage of illness is reduced", and the symptoms of pneumonia 

are detected by CT. 

The above is the comparison and error analysis of the actual and predicted values of Wuhan epidemic data from 

January 15 to February 18, 2020. 
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3.2.3 Epidemic Forecast 

Next, we will predict and simulate the future development of the epidemic based on the parameter values 

obtained from January 15, 2020 to February 18, 2020, and draw and compare the obtained data, as follows: 

 

 
Figure 9: Prediction of ( )S t  for the susceptible population in 2020.2.19-3.14 

 

 
Figure 10: Prediction of the infected population ( )I t  in 2020.2.19-3.14 
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Figure 11: 2020.2.19-3.14 Prediction of removal of crowd ( )R t  

 

From Figure 9, we can see that the predicted value of the number of susceptible people is close to the actual 

number of susceptible people. From Figure 10, it can be seen that the predicted value of the number of infected 

people is close to the actual number of infected people. From Figure 11, it can be seen that the predicted value 

of the number of people removed is close to Actual removals. 

Below is a data table of actual and predicted values: 
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Figure 12: Data for observed and predicted values of ( )S t , ( )I t  and ( )R t , respectively) 

So, we can get: that  average error between the actual value of ( ) and the predicted valueS t  

.
actual value redictive value
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l
0

ue

 

 

total total p
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Similarly，we can get(Reserved to three decimal places) that 

the average error between the actual value of  ( ) and the predicted val 0.0u 31;e 2I t 

the mean error between the actual value of  ( ) and the predicted va 0 3lue .0 0.R t   

 

3.2.4 Result Analysis 

 From the predicted results of the susceptible population, we can see that the number of susceptible 

people is decreasing, and the number of susceptible people began to level off around February 19, 2020, which 

means that the number of infected people gradually peaked. Therefore, correspondingly, we can see from the 

predicted number of infections in Figure 10 that the predicted peak of the number of infections is also around 
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the 19th, after which the number of infections gradually decreases, while the number of cures and deaths 

gradually increases, and the number of infections will gradually tend to 0. Furthermore, we can see from Figure 

11 that the number of cured and dead people is increasing, and when the number of infected people gradually 

tends to 0, the number of cured and dead people will also gradually stabilize. 

 

IV. CONCLUSION 

The infectious disease SIR model used in this paper is the most classic model among infectious disease 

models, but this model also has certain limitations. It is suitable for numerical simulation and prediction of 

infectious diseases in a closed area. and variables are also limited. However, this model is relatively applicable 

to the research and prediction after the Wuhan epidemic is closed in 2020. It provides a reference for measures 

such as isolation intensity and treatment to control and reduce the spread of the new coronavirus. The 

development and treatment of sick patients has provided assistance for better control of the epidemic. 
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APPENDIX: RELATED OPERATION CODES 

from sklearn import linear_model 

import numpy as np 

import pandas 

data = pandas.read_excel('D:/pycharm/PyCharm Community Edition 2021.3.2/2020.xlsx', sheet_name='Sheet1', 

header=0) 

data2=data['R(t+1)-R(t)'] 

data3=data['I(t)'] 

y=data2.values 

x=data3.values 

x=x.reshape(30,1) 

reg = linear_model.LinearRegression() 

reg.fit(x,y) 

print('Intercept',reg.intercept_) 

print('Regression parameters',reg.coef_) 

res = reg.predict([[22282]]) 

print('Forecast result',res) 

 


