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ABSTRACT 

 
In this paper, we examine a disease transmission SEIR (susceptible, exposed, infectious, and 

recovered) model that includes treatment. Treatment is essential in battling overpowering illnesses. We 
consider r as the parameter that depicts the social energy to fight the infection. Generally, nonlinear problems 
have some difficulties, and their solutions are difficult to obtain.  We investigate the logical arrangement of the 
model using the Homotopy perturbation technique to solve the nonlinear issue. Using this method, we solve 
the problem analytically. We also explain the numerical simulation and their results. 
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INTRODUCTION 
 

When analyzing the spread and control of infectious diseases mathematical displaying turns like huge 
devices For examining the spread of infectious diseases,  much effort   has been directed into creating sensible 
numerical models [1-28]. 
 

Normally, epidemic modelling includes susceptible, infectious, and recovered populations. However, 
in the real world, before the hosts become infectious, many diseases have a period of incubation inside the 
hosts [1, 2]. If we include the incubation period of the hosts, the model becomes  an SEIR (susceptible, 
exposed, infectious, and recovered) model [15]. Treatment plays a critical role in controlling or reducing 
various infectious diseases, including measles,and tuberculosis. [10, 11, 12, 17]. 
 

In our most recent work, we address the impact of cures on disease dynamics(13&16). In traditional 
pandemic models, the treatment rate is believed to be relative to the wide assortment of infective, while the 
limit of cure is not come to.Here, the treatment rate is thought to be relative to the quantity of infective 
persons, whereas the limit of treatment is not come to and takes the maximal limit [8, 14]. 
Consider the treatment function of a disease. 
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Where k is a positive constant and I is the number of infected individuals [3]. 

 
Most by far of the natural issues as disease models are intrinsically nonlinear. In this way it's 

troublesome as well as constantly difficult to find the exact solutions for these non-straight biological 
problems [5, 6]. 
 

Thus, researchers aim to discover numerical techniques or perturbation methods that exactly solve 
these non-linear problems [7, 8, 9]. Here, we apply a HPM approach to find analytical numerical solutions. This 
method yields solutions in convergent series forms with successfully process able terms [10, 11, 12, 13 , 14]. 
We found that this technique is advantageous and can be applied to wide range of scenarios. It should be 
noted that the methods presented in this paper can be stretched out for finding the expository arrangement of 
the nonlinear differential conditions [15, 16, 17]. 
 

MATERIAL AND METHODS 
 

In the current SEIR model with treatment,(S(t), E(t), I(t), and R(t) represent the susceptible, exposed, 
infectious, and recovered populations  respectively. At this point, we accept steady recruitment of individuals 
into the susceptible population by birth or migration [18, 19, 20]. The exposed individuals are those that have 
come into contact with at least one infectious person. After a latency period, the infective person is either 
immune or recovered.Treatment is included in all the epidemic models [21, 22, 23].   
 
In this model we consider  A is the recruitment rate  
 

(i) βSI with β > zero, as an effective infection rate is the range of infected humans that increases  and 
proportional to the wide variety of infectious  

(ii) exposed class individuals will transfer to infectious class with a rate   

(iii) the removal rate    is the number of infectious individuals  transfer to recovered section  (iv)  μ is 

taken as natural. 
 

Demise charge and t as disease associated death rate (v) r is considered as treatment rate which 

proportional to the number of infective individuals. 

dx
A xy x

dt
 = − −  
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HOMOTOPY PERTURBATION METHOD 

               
Consider the non-linear differential equation (2) which can be solved by homotopy perturbation 

method [14,15]. (u) (v), vg =   with boundary condition    

, 0 , v .
u

K u
t

 
=  

 
 

 
The operator H contains  two parts H1 and H2.  

 

H1(u)+ H2(u)=g(v),vΩ. 
 
 He  constructed a homotopy   which satisfies   

 
M(w, p) = (1 – p)[ H1 (w) – H1 (u0)] + p[H(u) – g(v)] = 0, 

 

 Where p[0,1] is an inserting factor, and u is an initial approximate value .we have  
 

H1(w, 0) = H1 (v) – H1 (u0) = 0, M(w, 1) = H(u) – g(v)= 0. 
 
Then by using HPM, the solution can be expressed as a series in p in the form  

 
2 3

0 1 2 3 ... .w w pw p w p w= + + + + +  

 
When p→1, the approximate solution 
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u w w w w w
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= = + + + + +  

 
HOMOTOPY PERTURBATION METHOD TO A MODEL FOR SEIR MODEL 

          
In this area, we apply the homotopy perturbation method to the above equation (1).  

 
As indicated by homotopy perturbation [13-16], we determine  

0
dx
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To obtain the solution of the above system of equation we first calculate a homotopy    
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Let we consider 
2
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Consider the coefficient of p0    we get 
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(5)  implies 
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The approximate analytical solutions of the above systems 
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RESULTS AND DISCUSSION 

 
We numerically solve the SEIR model show by utilizing HPM and the outcomes as plots offered for 

justification purpose [24, 25, 26, 27, 28]. To determine the theoretical results gained in this paper, we will 
provide some numerical simulations.  

 
For the following parameter values as 

 

4;S = 1;E = 1;I = 1;R = A=3; =0.5; =0.7; =0.012; =0.1,t r=0.8; =0.5.  

 
The solution of the model is obtainable in the form of plots. Our analytical solution gives that for non-

linear ODEs just a few iterations of HPM with good results. In our simulations, we  suggested that epidemic  
treatment may indeed be an effective way of preventing an epidemic. It is important to also estimate the 
number of treatments required. In this numerical simulation, Fig.1 represents the analytical solutions of SEIR 
model by using HPM,  Fig.2 represents the solutions is obtained from reducing  the infection rate  by 0.2 and 
also increase the treatment rate by 0.1, Fig.3 shows the solutions is obtained from reducing  the infection rate 
by 0.1 and also increase the treatment rate by 0.1 and Fig.4 represents the solutions is obtained from reducing  
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the infection rate  by 0.1 and also increase the treatment rate by 0.1. From Figure 1 to 4,  we conclude 
increasing the treatment rate(which results in decreasing the infection rate)  reduces the infected population. 
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Figure-1 represents the analytical solutions of SEIR model by using HPM. 
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Figure-2 represents the solutions is obtained from reducing  the infection rate  by 0.2 and also increase the 
treatment rate by 0.1 
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Figure-3 shows the solutions is obtained from reducing  the infection rate by 0.1 and also increase the 
treatment rate by 0.1 
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Figure-4 represents the solutions is obtained from reducing  the infection rate  by 0.1 and also increase the 
treatment rate by 0.1. 
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CONCLUSIONS 
 

In this paper, we used homotopy technique for finding the course of action of nonlinear differential  
condition structures of SEIR model. We favor the accuracy and feasibility of these techniques by strategies for 
settling differential condition systems. we attained the answer of zeroth and first order. It is simple and 
extremely gainful device for our system of non-linear ODEs just a few iterations of HPM give a good results. 
Methods to persisting with epidemic disease that have been proposed recently include  treatment of 
susceptible individuals, treatment throughout an epidemic of exposed individuals recognized by contact 
tracing, and treatment during an epidemic  reduces the number of  infective individuals . 
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