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Abstract 

This work is providing the SITR dynamical model based on epidemic disease viz. influenza virus. 

This study emphasizes an understanding of infectious disease in Himachal Pradesh. The result of the 

modified SIR model approaches a standard analytical and quantitative analysis of influenza.  
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Introduction 

Infectious diseases are concerned with epidemiological aspects and considerable role of bio-

mathematical modelling. The history of mathematical modelling on communicable diseases has been 

shown a great concern of human kind. Influenza is an infectious disease of birds and mammals 

caused by RNA viruses of the family the influenza viruses. The most common symptoms are chills, 

fever, runny nose, sore throat, muscle pains, headache (often severe), coughing, weakness and 

general discomfort. Although it is often confused with other influenza-like illnesses, especially the 

common cold but influenza is a more severe disease. Influenza may produce nausea and vomiting, 

particularly in children. Typically, influenza is transmitted through the air by coughs or sneezes, 

creating aerosols containing the virus. Influenza can also be transmitted by direct contact with bird 

droppings or nasal secretions, or through contact with contaminated surfaces. Airborne aerosols have 

been thought to cause most infections, although which means of transmission is most important is 

not absolutely clear. Influenza is a seasonally epidemic disease, which appears every year due to lack 

of awareness of basic knowledge of it. Epidemiology models are useful in comparing the effects of 

prevention or control procedures. Hethcote and Yorke (1984) used models to compare gonorrhea 

control procedures, such as screening, rescreening, tracing infectors, tracing infectors, post treatment, 

vaccination. These models are often the only practical approach to answering the questions about 

which prevention or control procedure are most effective [1]. Samuel Abubakar (2013) presented the 

disease free equilibrium state and analysis of communicable disease discussed for stability of disease 

in population [2]. A numerical method has been developed by W. Chinviriyasit (2007) and used for 

the study of numerical simulation and getting their solution of a mathematical dynamic model of 

disease influenza. Here, the proposed method produced numerical stable analysis for the model SIRC 

[3]. Mathematical models SEIR of epidemiological models have been used to assess the electiveness 

of various control strategies for the size of epidemic with quarantine and isolation by Zhilan Feng 

(2007) [4].           This study focuses 

on the analysis of epidemic disease (Influenza) in a city (Shimla) as we have collected data for all 

calculation of our mathematical model from Indira Gandhi Medical College, Shimla, HP (India).  

Mathematical Modelling 

This Mathematical model (SITR) is a system of differential equations which are designed for the 

susceptible to influenza (S), infected with influenza (I), Treatment for Influenza  (T),  completely 

recovered from influenza (R).  
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Figure: 1 

We consider that due to virus infection, the number of susceptible decreases and number of infected 

person increases. We assume that the transmission rate of influenza of decreases S, and transmission 

rate of influenza increase I, is the proportional to the product of the number of susceptible and the 

number of infected.  

After recovering from the influenza, the individual moves from I to T and some of them moves from 

T to R. Mathematically, 

Susceptible to influenza (Susceptible class, S), β transmission rate of influenza, 

    (1) 

Infected with influenza (Infective class, I), γ rate of selection treatment, d death rate due to influenza. 

     (2) 

Treatment for Influenza (Treatment Class, T), σ removal rate from influenza due to treatment,  

   (3) 

Completely removal from influenza (Removed class, R),  

   (4) 

Let us simplify the model which can be written as following 

 

 

 

 
       …………………………….(A*) 

Mathematical Analysis on the Model         

The Jacobian of the mathematical model (A*) of the infectious disease is given by 

J =  ……………….(5) 

The characteristics equation for the system of the governing equation is given by |J – λI|= 0 

 = 0 

  ………………. (6) 
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Case 1: , then the system is stable. 

Case 2: , then the system is stable. 

Case 3:  

If < 0, then the system is stable. 

If > 0, then the system is unstable. 

If  = 0, then the system is stable. 

Table: 2013 Influenza parameters values of the model 

Parameters Values 

β transmission rate of influenza 1.38 per year 

γ infective is selected for treatment 0.75 per year 

d death rate due to influenza 0.20 per year 

σ removal rate from the treatment 0.10 per year 

Initial Value of S0 1 

Initial Value of I0 0.01 

Initial Value of T0 0.50 

Initial Value of R0 0.20 

Numerical Analysis of Data 

We have the equation from for a fourth-order polynomial from the equation (6)  

We have ; ……………….(7) 

Where ; ; ;  

  and . 

Also, the Routh-Hurwitz matrix of the equation (7) is given by 

 
Where we have ; ; ;  but . 

Therefore the given system is locally asymptotically stable. 

 

Figure: 2 
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Conclusion 

In the mathematical epidemiology, model SITR emphasizes the present situation of the      dynamical 

model to the transmission population of influenza virus. In this model the mortality and mobility of 

the data defines the various parameter, which has used for numerical calculation. The final results 

received from the figure 2 of the model have to be verified through the Routh-Hurwitz Criterion and 

again considering the epidemic situation for the future medication.  
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