


A study on SEIRS epidemic model

Abstract -   The first epidemic model is written by Kermack and McKendrick in 1927 which was the divided into three compartments. Susceptible compartment (S) means the population which is capable to get the disease after the contact with the infectious population (I), infectious population means which can give the disease to the susceptible population and recovered population (R) means the population which is removed from the system after getting immunity. Here we have discussed a model which is divided into four compartments in which exposed is added in SIR model. Here we have also discussed disease – free equilibrium (DFE) analysis and its stability analysis. 
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Introduction – Infectious diseases arise from harmful microorganisms, including bacteria and viruses, and can be transmitted either directly or indirectly among humans or from animals (such as birds) to people. These illnesses contribute substantially to global death rates, as seen in outbreaks like COVID-19. One of the most widely used approaches in mathematical epidemiology is the SIR model, originally developed by Kermack and McKendrick [1], which considers a closed population with no demographic changes. When assuming that birth and death rates are equal and consistent across the susceptible (S), infected (I), and recovered (R) groups, the model’s stability can be examined more easily [2, 3]. However, incorporating changing population sizes makes the analysis more complicated. Over time, mathematical modeling has become a key method for studying how infectious diseases spread, leading to the development of many epidemic models by researchers [4, 5, 6]. Certain diseases, such as tuberculosis, exhibit relapse due to the reactivation of latent infections, enabling recovered individuals to become infectious again [7, 8, 9].
The equation is -
  
 
 
 
DFE analysis -  
At DFE  and  
The SEIRS with latent term
  
 
 
 
At DFE: 
   
 
 
 

Equilibria of the model:
DFE is 
 is defined by,

DFE is asymptotic stable if and asymptotic unstable if.

Theorem -  	

The given model has endemic equilibrium () if.

Proof – For this we take – 
	, 
The first equation equivalent to,
 
      	To determine, define the function
	
	
	Now, let  be arbitrary, then  
`	there exist  such that  for 
	 for 
	 
	Since  was arbitrary, so, by (e) we have,
	
	On the other hand     
  Gives, 
 
There exist unique 
Such that  and 
   
Thus,   exists and unique.

Conclusion – 
This study examines the dynamics of an SEIRS epidemic model. The finding indicates that the , is a key factor in shaping the progression of the disease. When  the DFE,  is globally asymptotically stable, implying that the infection will gradually disappear from the population. In contrast, if, a single EE arises and remains globally asymptotically stable, meaning the disease persists over time. At the critical point where, the disease exists at a threshold level; under suitable conditions, the number infections may rise, increasing the likelihood of an outbreak.
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