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Abstract 

 COVID-19 pandemic is now increasing concern to authorities and public health officials. The study 

is aimed to investigate the impact of vaccination in the absence of media induced fear. In this research, 

analysis and simulation of a mathematical model of COVID-19 incorporated with media induced fear and 

vaccination was made, the total population is divided into 5 sub-population classes; Susceptible, Exposed, 

Infected, Quarantine and Recovery. The disease free and the endemic equilibrium of the model were 

carried out and the basic reproduction number was obtained using the next generation matrix. The 

stability analysis of the model was done and it was ascertained that the disease free equilibrium of the 

biological model is stable. Due to its efficiency and accuracy in handling nonlinear coupled ordinary 

differential equations, the homotopy perturbation method is applied to obtain the approximate solution of 

the mathematical model and the obtained results was simulated using the computation software Maple 18 

to study the impact of vaccination in each compartment of the model when the media induced fear. The 

outcome of the simulation process were presented graphically and interpreted accordingly and it was 

discovered that in eradicating the spread of COVID-19 in a society where there is no fear, vaccination is 

an alternative and better measure. 

Keywords: COVID-19, Vaccination, Disease free equilibrium, Endemic equilibrium, Homotopy, 

Perturbation method 

 

Introduction 

 Mathematical modeling has been regarded as an optimal control measure to curb the spread of 

infectious diseases such as COVID-19. Authors such as [1] conducted a research on mathematical model 

for an effective management of HIV infection. [2] Researched on the numerical simulation of SEIRS 

epidemic model with saturated incidence rate considering the saturation term for susceptible individuals. 

In their research, they establish the disease free and endemic equilibrium points derive the basic 

reproduction number using the next generation matrix, establish the local stability, global stability of both 

the disease free and endemic equilibrium respectively. Furthering in the area of disease control strategy, 

computer simulations are often applied by researchers after obtaining the approximate solutions of these 

mathematical models. Several methods such as the one introduced by [3,4] has been used by researchers 

such [5-7], to conduct investigations on different mathematical models.[8,9], applied a numerical method 

introduced by [10], to carry out simulation in their model. It is no news that COVID-19 pandemic has 

been a major threat to the existing population of the globe since it outbreaks in Wuhan China (2019), [11-

19]. Disease prevention is influenced by media coverage, since the spread of communicable diseases is 

subject to the information and spreading potentials of the diseases [15]. 

In this research a control strategy on the curb of the virus based on vaccination is studied. A 5 

compartmental time-based epidemic model of COVID-19 virus adopted from [11] is modified by 

incorporating vaccination parameter   into the susceptible and recovered class to examine the effect of 

vaccination rate. 

 

 

 

 



Trends Sci. 2023; 20(4): 4600   2 of 14 

Materials and methods 

Model equations 

The total population is divided into 5 sub-population classes; )(S  Susceptible, )(E Exposed, )(I

Infected, )(Q Quarantine and )(R Recovery. 
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Equilibrium state 

At equilibrium state; 
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such that Eqs. (1) - (5) gives; 
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)9()(0 QI  +−=            (9) 

 

)10(0 SRQId l  +−+=                   (10) 

 

Disease-free equilibrium 

The fixed state of the system (6) - (10) above satisfies the disease-free equilibrium (at Disease Free 

State) E = I = 0. Solving the system Eq. (6) - (10) simultaneously, thus obtained (11) as disease free 

equilibrium; 
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Basic reproduction number 

The infected compartments of the epidemic model are )()(),( tQandtItE . Extracting the 

compartments off the model; 
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The next generation matrix is applied to obtain the basic reproduction number.  

 

Thus, )14(1−= FVG                    (15) 

 

The secondary infection; 
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and; 
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computing for ,1−V  
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since
1−= FVG , therefore; 
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computing for the Eigenvalues of G, 0=− IG   therefore; 
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 The spectral radius of the matrix G is the largest Eigenvalue, therefore; 
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Endemic equilibrium 

In this section, the endemic equilibrium of the model is obtained by solving the system of Eqs. (1) - 

(5) concurrently when; 
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for brevity, the following parameters are denoted; 
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and the endemic equilibrium of the model is given as; 

 

2

0

2

045*

)1(

)1()(

IR

IrRddS
S





+

++−
=  

 

5

4

2

02* ])1([

Scd

SdIrRd
E

−+
=


 

 

5

4

2

0* ])1([

Scd

sdIrR
I

−+
=


 

 

51

4

2

0* ])1([

dSd

SdIrR
E

−+
=


 

 



 ***
* SQId

E l ++
=  

 

Stability analysis 

The local stability of the disease-free equilibrium is carried out in this section. The Jacobian of the 

system of Eqs. (1) - (5) is constructed and evaluated at the disease-free equilibrium;  
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evaluating J at disease free equilibrium; 
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applying previously defined notations; 
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 The Eigen values of J is calculated, so that if 0=− IJ  ; 
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It is obvious that .0321   Therefore, 54  and must be real and negative for the disease-

free equilibrium to be stable. 

Therefore 06 d  for  5\4\  and  to be real and If so, 05\  . Also, if 032 + dd then

04\   and the equilibrium is locally stable. Otherwise, it is unstable. 

 

 Numerical solution and simulation 

Homotopy perturbation method 

Here, the approximate solution of the model will be obtain to conduct the simulation process of the 

impact of vaccination rate in the model, the homotopy perturbation method is employed to solve the 

coupled differential equation. The basic idea of homotopy perturbation method presented by [3] is 

illustrated by considering a non-linear differential equation of the form; 
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 The function )(xA can be expressed as )()( xNxL TT +  where )(xLT
represent the linear terms 

and )(xNT
 represent the non-linear terms such that Eq. (26) becomes; 
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according to He [3], an homotopy can be constructed for (28) such that; 
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0)()()0,( 0 =−= xLyLyH                      (30) 

 

and at p = 1 the following equation is obtained as follows;  

 

]1,0[0)()()1,( =−= pzByAyH . 

 

The approximate solution to the problem is figured as a power series embedding a parameter p 

expressible as; 
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so that the best approximate solution is obtained for (26) when;  
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Application of the homotopy perturbation method 

In this section, the approximate analytical method illustrated from Eqs. (26) - (31) is extended to 

obtain the solution of (6) - (10). To begin with, the series solution of the system of Eq. (6) - (10) is 

assumed to be;   
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next is constructing a homotopy for the system such that;  
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I
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+
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1

1
. In the absence of fear, 0=  and there is no reduction in the disease transmission 

rate. The assumed series solutions in (22) were substituted appropriately into their respective functions in 

(23), and equal powers of p are compared to obtain; 
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Eq. (34) is solved and the following solutions are obtained as initial approximations. 
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and similarly solving the system of equations above, the 1st approximate solutions presented in Eq. (36); 
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such that the solution to the system of Eq. (35) as well yields;  
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With the aid of computation software Maple 18, the process is repeated up to the 4th iteration and 

the approximate solutions of each of the compartments is represented as;  
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Such that evaluation of the obtained results using the following values for their respective 

parameters, the obtained series solutions are obtained as; 

 

Table 1 Parameters, description, values and reference. 

Parameter Description Value Reference 

c  Infection rate from exposed 0.1818 [12] 

d  Disease-induced death 0.0097 [13] 

  Natural death rate 0.001 [14] 

R Recruitment rate 0.0005812 [14] 

  Disease transmission rate 0.05 Estimated 


 

Effect of fear through media 10   [15] 

  Fear factor 1 Estimated 

  Isolation Rate of infected people. 0.0802 [14] 

  Recuperation rate from isolated 0.000487 [13] 

ld  Recovery rate of infected individual 0.027 [14] 

0s  Initial susceptible population 30 Assumed 
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Parameter Description Value Reference 

0e  Initial exposed population 22 Assumed 

0i  Initial infected population 10 Assumed 

0q  Initial isolated population 17 Assumed 

0r  Initial recovered population 15 Assumed 
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Results and discussion 

In this section the outcome of computer simulation process carried out using the computation 

software Maple 18 are presented. The influence of the incorporated vaccination parameter   is 

examined on the susceptible, exposed and recovered class on the interval 10   . The Graphs are 

discussed accordingly to give a clear interpretation of the influence of vaccination rate in the model. 
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discussed accordingly to give a clear interpretation of the influence of vaccination rate in the model. 
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Figure 1 Showing the influence of vaccination rate on the susceptible class. 

 

 

Figure 2 Showing the influence of vaccination rate on the exposed class. 

 

 

Figure 3 Showing the influence of vaccination rate on the recovered class. 
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Figure 4 Influence of vaccination rate on the E_I_R at 0= . 

 

 

Figure 5 Influence of vaccination rate on the E_I_R at 3.0= . 

 

 

Figure 6 Influence of vaccination rate on the E_I_R at 6.0= . 
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Figure 7 Influence of vaccination rate on the E_I_R at 9.0= .
 

 

As seen in Figure 1, if vaccination is implemented in the compartments at a rate which progresses 

from 0 to 0.9, more people tend to be susceptible to the disease and fewer people will get exposed. 

Likewise in the exposed class, the increment in vaccination rate was studied and as seen in Figure 2, the 

rate of the inhabitants which are exposed reduces drastically as vaccination rate increases. Since proper 

and quality vaccination against infectious diseases leads to recovery of patients from it sting, Figure 3 

reveal the influence of high vaccination rate in the recovered class. As seen from the graph, more people 

tend to get recovered in the class as there is increment in vaccination. Figures 4 - 7 shows the overall 

impact of vaccination in the 3 classes (Exposed, Infected and Recovered) considered. As seen from the 

figures, the exposed and recovered inhabitants’ increases as the rate by which vaccination are 

implemented increases. 

 

Conclusions 

In this work, a mathematical model of COVID-19 incorporated with media-induced fear and 

vaccination was analysed and simulated. We are able to deduce analytically that the stability of the system 

basically depends on the Basic reproduction number 0R . In Figures 1 - 3 the effect of vaccination on the 

susceptible, exposed and recovered class of the model was presented by simulation of the approximate 

results obtained numerically using the homotopy perturbation method. When there is no fear in the 

compartment, the inhabitants of the classes tend to get exposed and infected with the disease as there is 

constant contact between the members of each class of the medium. This can easily lead to increment in 

the disease transmission coefficient and thus leads to instability of the system. As an alternative measure 

to curb the spread of the disease for the system to remain stable, another strategy such as vaccination 

which increases the herd immunity of the inhabitants can be employed. 
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