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Abstract 
Infectious diseases with a viral origin are of significant 

worldwide concern. In recent times, pandemics are creating havoc 

across the entire globe. This paper presents a constructive analysis 

of a new mathematical concept that will help medical authorities to 

predict and to take controlling measures. In this work, we use 

ordinary first-order differential equations and compartmental model 

analysis for the calculation of the infection rate, transmission rate, 

and reproduction number of the patients. A new Advanced 

Susceptible-Exposed-Infectious-Recovered model has been 

introduced, which has greater accuracy of the reproduction number. 

The prediction of a model of disease transmission demonstrates the 

performance characteristics of the proposed model. 

Keywords: Susceptible-Exposed-Infectious-Recovered model 

environmental compartment, Matlab.  

Introduction 

       Introduction of a new mathematical model can be considered as one of 

the ways to fit the need of the hour. In the absence of a successful vaccine, 

mathematical model oriented interventions can be considered as an alternative 

strategy for reducing the infection burden. In recent years, several 

mathematical models have been proposed for infectious diseases. These 

models helped the medical authors have computed the crucial epidemiological 

model parameters for prediction of the spread of SARS outbreak. It was 

concluded that imposing social distancing can help minimize the spread of 

this pandemic as proposed in this paper. 
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Materials and Methods: 

The mathematical model formulated was modified to incorporate the 

rate at which the recovered return to susceptible because does not confer 

lifelong immunity (1). Also, the infectious rate (the rate at which the 

susceptible become infected) is a function of the number of infectious hosts 

in the population at time t, and thus it is a non-linear term. Other transitions 

were modeled as linear terms with a constant coefficient. Therefore, the 

dynamics model describe by a system of ODE which was solved to obtain 

the disease-free equilibrium (DFE) state and endemic state. The stability 

analysis of the DFE was carried out using the Jacobian matrix and the 

endemic stability using the R0 Equ 2 (2-5).  

Model equations 

As shown in the compartmental model in next Figure, Figure and with the 

described variables and parameters, we have the following system of 

differential equations [1] to [4]: 

SEIR model  

 

[1] 

  [2] 

[3] 

[4] 
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Where  

S: susceptible, individuals who have not been exposed to the virus. 

E: exposed, individuals exposed to the virus, but not yet infection. 

I: infected, exposed individuals who go on to become infections. 

R: recovered, infectious individuals who recover and become immune 

to the virus. 

A: birth rate. 

 death rate. 

N: the population size is taken as the sum. 

 is the transmission coefficient “ A high value of  means the virus 

has more opportunity to spread”. 

 is the rate which exposed individuals become infectious think of it as 

the reciprocal of the average time it takes to become infectious. That is 

if an individual becomes infectious after 4 days on average.”  will be 

0.25” . 

 is the rate at which infectious individuals recover. The reciprocal of 

average time it takes to recover. That is, if it takes 10 days on average 

to recover,  will be 0.1”. Adding equations [1] to [4], this expression is 

given by: 
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Where 

 

 is initial population. 

Disease-Free Equilibrium state 

An important in any epidemic model is known as the basic reproduction 

number, or   . this is defined by 

 

this number estimates the number of people who will be infected by the 

average infectious individual (2).   

if    then an outbreak of the virus is likely to become an epidemic. 

if    then an outbreak of the virus is likely to be contained. 

when infection rate   consider the initial values  

 

 

we need study a relationship between infection rate and Exposed “  exposed 

rate” , When 
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the basic reproduction number    in the case , for different 

parameters values. the infection die out. 
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      Consider the reciprocal of the average time it takes to become infectious 

when calculating the rate at which exposed persons become contagious in 

Figure 1 that is, if a person spreads an infection after 4 days on average, it will 

affect those who are susceptible to people over time. 

Similar to Figure 4, it has an impact on those who are exposed, hitting its peak 

at 0.3 before steadily dropping until, in the case of the rates we have, it closes 

to zero after 60 days. 

      However, we see that the susceptible and infected individuals are not 

impacted by rates, i.e., the rate of recovery of infected persons Figure 2 and 

Figure 3. 
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Figure 1: the Exposed individuals at 
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 Figure 2: The Susceptible individuals at 
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Figure 3:  The Infective individuals at 
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Figure 4: The Recovered individuals at 

 
 
 

Conclusion: 

     In this paper, the SEIR compartmental model for the prediction of the 

cumulative infectious cases of diseases is formulated. In the mathematical 

formulation, the following features are included: a new environmental 

component in the transmission dynamics; variations in the transmission rates 

for reflecting the impact of coronaviruses; and the evaluation of individual 

reproduction number to know the model of transmission of the disease are 

taken into consideration. Further, the quantification of the severity of the 

disease is reflected by calculating the basic reproduction with Ro qual to the 

proposed model with the model of the cumulative confirmed cases of diseases 

is verified through graphical interpretation, which leads to greater accuracy 

and minimal error. 
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القابلية  الماتلاب آثار المرض على معذلات التعرض الفردي باستخذام أدوات

   للإصابة بالعذوى والتعافً
 

Save translation 

 طارق المبروك ، أمينة محمذ

انٛجٙ  -انجٛضبء -لسى انشٚبضٛبد ، كهٛخ انعهٕو ، جبيعخ عًش انًخزبس . 

 

    المستخلص العربً 
 

 

راد الأصم انفٛشٔسٙ يصذس لهك كجٛش فٙ جًٛع أَذبء انعبنى.  رشكم الأيشاض انًعذٚخ     

فٙ أَٜخ الأخٛشح ، رسججذ الأٔثئخ فٙ إدذاس انفٕضٗ فٙ جًٛع أَذبء انعبنى. رمذو ْزِ 

انٕسلخ رذهٛلاً ثُبءً نًفٕٓو سٚبضٙ جذٚذ يٍ شأَّ أٌ ٚسبعذ انسهطبد انطجٛخ عهٗ انزُجؤ 

َسزخذو انًعبدلاد انزفبضهٛخ انعبدٚخ يٍ انذسجخ الأٔنٗ ٔارخبر رذاثٛش انزذكى. فٙ ْزا انعًم ، 

ٔرذهٛم انًُٕرج انجضئٙ نذسبة يعذل الإصبثخ ٔيعذل الاَزمبل ٔعذد انزكبثش نهًشضٗ. رى 

رمذٚى ًَٕرج جذٚذ يزمذو ٚزًٛض ثذلخ أكجش فٙ عذد انزكبثش. ٕٚضخ انزُجؤ ثًُٕرج اَزمبل 

 .انًشض

ئدذٖ انطشق نزهجٛخ دبجخ انسبعخ. فٙ دبنخ عذو ًٚكٍ اعزجبس رمذٚى ًَٕرج سٚبضٙ جذٚذ ك

ٔجٕد نمبح َبجخ ، ًٚكٍ اعزجبس انزذخلاد انًٕجٓخ َذٕ انًُٕرج انشٚبضٙ كبسزشارٛجٛخ ثذٚهخ 

د الأخٛشح ، رى الزشاح انعذٚذ يٍ انًُبرج انشٚبضٛخ نلأيشاض نزمهٛم عتء انعذٖٔ. فٙ انسُٕا

انًعذٚخ. سبعذد ْزِ انًُبرج انًؤنفٍٛ انطجٍٛٛ فٙ دسبة انًُبرج انٕثبئٛخ انذبسًخ نهًُٕرج 

اسزُزج أٌ فشض انزجبعذ الاجزًبعٙ ًٚكٍ أٌ  .انٕثبئٙ نهزُجؤ ثبَزشبس رفشٙ فٛشٔط سبسط

  .كًب ْٕ يمزشح فٙ ْزِ انٕسلخٚسبعذ فٙ رمهٛم اَزشبس ْزا انٕثبء. 

 : انزعشض انفشد٘، ادصاد انًبرلاة، انمبثٛهٛخ نلإصبثخالكلمات المفتاحية

 
 


