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Abstract	

By	establishing	the	SI	model,	the	SIR	model	analyzes	infectious	disease	events	in	health	
emergencies,	and	obtains	 the	basic	reproduction	number	(𝑹𝟎).	Discuss	 the	SI	and	SIR	
models	to	select	the	appropriate	communication	model	for	emergencies,	and	use	them	
to	analyze	the	actual	meaning	and	effects	of	manual	intervention.	
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1. Introduction	

The spread of infectious diseases derived from organisms is one of the public health 
emergencies. For example, the new type of coronavirus pneumonia is an acute infectious 
pneumonia, and its pathogen is a new type of coronavirus that has not been seen in humans 
before. Based on the results of existing epidemiological investigations, the incubation period is 
1-14 days, with less than 3-7 days. The incubation period is infectious, and asymptomatic 
infections may also become the source of infection, and the population is generally susceptible. 
Spread through respiratory droplets and close contact is the main route of transmission. [1] 
However, in the twentieth century, computer technology was developed and can be used for 
modeling analysis. 

2. Problem	Analysis	

Traditional infectious disease models include SI model and SIR model. [1] The SI model divides 
the population into two types, one is the susceptible, that is, the healthy population, and S is the 
number of people. The other is the infected person, denoted by I, the total number of people in 
the area is N=S+I. The state of a person can only be one of the susceptible and the infected. In 
the SIR model, S is used to represent susceptible persons. In the model, the population within 
the epidemic range of infectious diseases is divided into three categories: Type S, Susceptible, 
which refers to those who are not infected but lack immune ability and are easily infected after 
contact with infected people; Type I, (Infective) refers to people who have contracted infectious 
diseases, which can be transmitted to members of class S; Class R, Removal, refers to people 
who are quarantined or who are immune due to illness. In other public health emergencies, the 
analysis often uses one of these two models. However, in the 20th century, advanced technology 
has led to a substantial increase in manual intervention. A simple model is not enough to 
describe the number of transmission and basic reproduction 𝑅 . Therefore, model selection is 
particularly important for modern public health emergencies and analysis. The following uses 
SI and SIR models to calculate the basic reproduction number (𝑅 ) of the virus in Hubei and the 
whole country to analyze the stability of the virus balance point between Hubei and the whole 
country, and use artificial neural networks to model and analyze the virus spread, predict the 
trend of the epidemic, and analyze Affect the key points of the epidemic. 
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3. Data	Selection	

The data used for model establishment and analysis is the 2020 new crown epidemic data, and 
the selected regions are Hubei and Wuhan. 
Data source: Data released by the Chinese Center for Disease Control and Prevention (CDC: 
Chinese Center for Disease Control and Prevention) and the National Health Commission of 
China, selected from the beginning of the epidemic in China to basic control of COVID-19 (the 
number of new confirmed cases in Hubei for several consecutive days is 0) The data during this 
period is the data released from January 16, 2020 to March 23, 2020. 

4. Model	Construction	

4.1. Model	Premise	Assumptions	
1. It is assumed that all infected persons after the incubation period can be diagnosed. 
2. Assume that the incubation period is 14 days. 
3. Before the lockdown of Wuhan, human intervention can be ignored. The population can be 
divided into two categories, susceptible population and infected population. 
4. In the early stage of the outbreak of the new crown virus, the government and the public did 
not pay enough attention to it. When the number of infections increased significantly, the 
government began to take various measures to control the further spread of the virus. 
Therefore, the spread of the virus was divided into two stages: 
(1) Before the closure of the city: a mode of transmission close to natural transmission 
(2) After the closure of the city: the mode of transmission after the intervention of human 
factors 

4.2. SI	Model	Construction	
Assuming that I infected person encounters r people every day, the β probability will transmit 
the disease. The proportion of healthy people is S/N. All infected persons after the incubation 
period can be diagnosed. Before the lockdown of Wuhan, human intervention was negligible, 
and the spread of the virus was approximately in line with the SI model [4]. 
Let 𝑖 𝑡  be the total number of currently infected people, 𝑖 𝑡  be the number of people who 
have been infected, that is, the cumulative number of confirmed diagnoses 𝛽 is the transmission 
constant, which is the same as the definition of the SI model, 𝛼 is the incubation period, which 
is 14 days, and S is the population of Wuhan, which is 11 million people. 
 

𝑖′ 𝑡 𝛽𝑆𝑖 𝑡                                                                       (1) 
 

𝑖 𝑡 𝑖 𝑡 𝛼                                                                     (2) 
 
The formula is an ordinary differential equation. According to the solving steps of the ordinary 
differential equation, we can make 

𝑖 𝑡 𝑎𝑒 𝐶 
 
Substitute 𝑖 𝑡 𝑎𝑒 𝐶 into the formula (2), and simplify to obtain 𝑖 𝑡 𝑎𝑒 𝐶, use 
the data of the previous 10 days, use python to perform regression analysis, and analyze the 
result 

𝑎 4911, 𝑏 0.308 
𝐶 0.9 
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Which is 𝑖 𝑡 4911𝑒 . 0.9 
As a result, the growth function 𝑖 𝑡 𝑎𝑒 𝐶 of the infected person was calculated based on 
the data of the previous 10 days. Substitute this formula into formula (1) to get 

𝑎𝑒 𝐶 ′ 𝛽𝑆 𝑎𝑒 𝐶  
𝛽 2.8 ∗ 10  

4.3. SIR	Model	Construction	
Before and after the lockdown, 𝛽 will gradually decrease to another stable value. After the 
closure of the city, because the artificial control effect can no longer be ignored, the patient 
began to be cured, so the SIR model was switched to. 
Let 𝑖 𝑡  be the current number of infected persons, 𝑟′ 𝑡  be the cure rate, 𝛽 be the infection 
coefficient, and   be the removal coefficient 

 
𝑖′ 𝑡 𝛽𝑆𝑖 𝑡 𝜆𝑖 𝑡                                                                  (3) 

 
𝑟′ 𝑡 𝜆𝑖 𝑡                                                                          (4) 

 
In order to express 𝑖 𝑡  with the existing data, let 𝑖 𝑡  be the cumulative diagnosis, 𝐷 𝑡  the 
cumulative cure, 𝐷 𝑡  the cumulative death, and 𝐷 𝑡  the actual number of records 
𝑖 𝑡 𝐷 𝑡 𝛼 ,  

𝑖 𝑡 𝑖 𝑡 𝐷 𝑡 𝐷 𝑡  
𝑖 𝑡 𝐷 𝑡 𝛼 𝐷 𝑡 𝐷 𝑡  

5. Solving	the	Average	Basic	Reproduction	Number	

The basic reproduction number𝑅  is the average number of patients that each infected person 
can infect until they are removed. In a stable model, 𝑅  is generally a constant. But in reality, 
under the analysis of the modeling method, because the parameters of the model change at any 
time, 𝑅  will also change. Therefore, the basic reproduction number can be denoted as 𝑅 𝑡 . 
To analyze 𝑅 𝑡 , another symbol is introduced: the effective reproduction number 𝑅 𝑡  will be 
relatively simple. Represents the number of people infected by a person in the unit, which is 
the growth coefficient of cumulative infections [5]. It is easy to know 𝑖 ′ 𝑡 𝑅 𝑡 𝑖 𝑡  and easy 
to know 𝑅 𝑡 𝑅 𝑡 𝑑𝑡. The solution step is to first calculate the function of 𝑅 𝑡 , and 
then calculate 𝑅 𝑡  by integrating 𝑅 𝑡 . 

5.1. Average	Basic	Reproduction	Number	(Wuhan)	
In the early stage of the closure, the SI model was used, and the SIR model was used in the later 
stage. Parameters of the SI model 𝛽 2.8 ∗ 10 . The parameter values of the SIR model are 
not fixed. You can only know that 𝛽 is decreasing and 𝜆 is increasing. 
The theoretical basic reproduction number in the early stage can be expressed by the 
parameters of the SI model 

𝑅 𝛼β𝑆 4.312 
But in reality, the real early stage is only a short period of time, so the specific basic regeneration 
number can be calculated by data. 
The effective reproduction number is 𝑅 𝑡 , which means how many people are infected by the 
average infected person at t time. 
According to the definition 

𝑅 𝑡 𝑖 ′ 𝑡 /𝑖 𝑡 , 
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After substitution 
𝑅 𝑡 𝐷 ′ 𝑡 𝛼 /𝑖 𝑡  

 
And 𝑅 𝑡  can be seen as how many people can be infected by the people who are infected at 
time t, that is 

𝑅 𝑡 𝑅 𝑡 𝑑𝑡 

After calculation, the daily 𝑅 𝑡  and 𝑅 𝑡  are roughly calculated as shown in Figures 1 and 2. 
The average basic reproduction number 𝑅 3.1 before the closure of the city can be obtained 
 

 
Figure	1. 𝑅 𝑡  image 

 
Figure	2. 𝑅 𝑡  image 

5.2. Average	Basic	Reproduction	Number	(National)	
Because the national data is too high to repeat with Wuhan, simulating the early situation of the 
national epidemic can be approximately regarded as free transmission, in line with the SI model, 
and similar to the situation before Wuhan is not closed, so the SI model can be used directly to 
construct the average Basic reproduction number. 
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I.e. 𝑅 𝛼𝛽𝑆 4.312 

6. Analysis	of	the	Influence	of	SI	SIR	on	Manual	Intervention	

The fitting equation 𝑖 𝑡 𝑎𝑒 𝐶 obtained by the SI model is compared with the actual data 
curve, as shown in Figure 3. 

 
Figure	3. 𝑖 𝑡 𝑎𝑒 𝐶 image 

 
From the simulation results of the equation curve, 𝑖 𝑡  is applicable before the closure of the 
city on January 23, and the previous infection can be diagnosed after the incubation period. 
Therefore, by adding the current date to the cumulative number of confirmed diagnoses on the 
day after the incubation period, 𝑖 𝑡  can be verified, as shown in Figure 4. 

 
Figure	4.	𝑖 𝑡  image 

 
The actual data curve (blue line) is shifted forward by 𝛼. At the same time, close to the date of 
closure of the city, the actual infected persons showed a downward trend. That period was one 
of the first stages of the country's prevention and control of the epidemic. The residents of 
Wuhan began to develop awareness of isolation, and 𝛽 began to decrease. 
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It is worth noting that the data on February 12th, because the diagnostic criteria were changed 
that day, resulting in a large number of patients being diagnosed, and there was a gap in the 
data. In this model, changing the diagnostic criteria is equivalent to enabling some patients who 
are still in the original incubation period to be diagnosed in advance, which is equivalent to 
shortening the incubation period  . Record the incubation period after February 12 as 𝛼 . 
 

 
Figure	5.	i(t) image 

 
From Figure 5, in the case of taking a different 𝛼 , the image of i(t) is drawn. As can be seen: 
When 𝛼  takes a value of about 11, the curve is smoother. At this time, i(t) reached its peak 
about 23 days from January 16, that is, around February 8, and then began to decline. The rate 
of increase in the data began to slow down around February 3. The reason is that the 
Huoshenshan Hospital was completed on February 1. After that, a large number of patients 
were quarantined, and the rate of infection shrank sharply. 
In the SIR model, 𝛽 and 𝜆 are generally constants, but in reality, due to factors such as increased 
awareness of anti-epidemic and the wearing of masks, the parameters will keep changing. 𝛽 is 
constantly decreasing. With the in-depth understanding of the disease, the completion of the 
Vulcan Mountain Hospital has accelerated the speed of admissions, and most directly reduced 
the infection of infected patients, resulting in the continuous decrease of 𝜆. However, measures 
such as isolation measures, improvement of admission and treatment capabilities, and 
improvement of medical standards have all improved 𝜆. With the unremitting efforts of the 
masses, 𝛽 has become 𝛽 𝑡  and   has become 𝜆 𝑡 . 
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7. Conclusion	

The SI model and SIR model are common propagation models, but in modern health 
emergencies, a single algorithm model is often unable to truly and effectively describe the 
propagation situation. Health emergencies often occur in one place, and if not controlled in time, 
they will spread across the country. In this case, the place where the epidemic first appears will 
often directly affect the trend of the spread of the epidemic across the country. In the case of 
manual intervention, the treatment capacity is improved, the source of infection is reduced, and 
the transmission rate is greatly reduced. As a result, the SI model is not completely suitable for 
emergencies. However, when there is no manual intervention in the early stage and the degree 
of manual intervention is small, the sudden spread often conforms to the SI model. When the 
degree of manual intervention reaches a certain level, the SIR model should be used. The 
combination of the two can better describe the spread of modern public health emergencies 
(bursts). In the same way, the basic reproduction number of a sudden place should be 
represented by the average value of the basic reproduction number obtained by the SI and SIR 
models. In the case of the whole country, the overall transmission rate greatly depends on the 
situation of the sudden place. In terms of data, the repetition is too high and it is difficult to 
eliminate, but in a large-scale environment, the influence of the sudden place spread becomes 
scattered. , So that the entire propagation process is more in line with the SI model. 
From the perspective of the transmission model, in the face of health emergencies, manual 
interventions often play a decisive role, and effective intervention measures include: home 
isolation, establishment of shelter hospitals, and wearing masks. 
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