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Abstract

The paper analyses the behavior of a mathematical epidemic model. The particular interest is the criteria for
obtaining the basic reproduction number of the modified model with the local and global stabilities of the
model. The numerical results show the effect of sociological and physiological parameters on the model by
using Runge kutta of order 4, and that saturation term which analyses the behavior, has appreciable effects on
the mathematical model.
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Introduction

Mojeeb et al. (2017) studied simple mathematical model for malaria transmission with a bilinear incidence
rate. Kolawole and Olayiwola (2016) investigated the numerical simulation of Saturation term on SEIRS
epidemic model with the bahavioural analysis and it was concluded that saturation term plays vital role in
SEIRS epidemic model. Nita and Guptta (2013) investigated SEIR model and simulation for vector borne
diseases. (Adebimpe et al., 2013 and Sarah, 2012) studied SEIR epidemic model with saturated incidence
rate and limited resources for treatment. They concluded that, saturation terms which are the parameter that
describe the physiological and sociological effects play vital role in disease eradication. De la sean et al.
(2012) studied and analyzed an SEIR epidemic model with a general feedback vaccination law. They
concluded that vaccination plays vital role in the epidemic model.

The Basic Mathematical Model
In this paper, a model was adopted and modified by incorporating an incidence rate which include saturation
term mto investigate its behavior on the model.

Existing model of Mojeeb (2017)
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Disease Free Equilibrium (DFE)
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At disease free equilibrium,I =0,E =0,
From equation (2), we have;
/551
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Hence the disease-free equilibrium gives,
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Endemic Equilibrium

To obtain an endemic equilibrium, | =0
From equation (2), to get E~
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Basic Reproduction Number Ro
It is derived using next generation matrix method, that is;
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The equation with the dominant eigen value becomes,
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Local Stability of Disease-Free Equilibrium
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The system of equation (2) was linearized by setting
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It follows that the characteristic equation becomes
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We can write the characteristics equation above as:
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Where,
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Using the Routh-Hurwitz criterion, it can be seen that all the eigen values of the characteristics equation
above have negative real part if and only if:

a, >0,a,>0,a,>0,aa,—a,>0 20

it is locally asymptotically stable if and only if inequalities above are satisfied.
240

Therefore,



Islamic University Multidisciplinary JournalI'UM], vol. 6 (5), 2019

Global Stability of Disease-Free Equilibrium
We consider the Lyapunov function,
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Hence the disease-free equilibrium is globally asymptotically stable.

Existence of Endemic Equilibrium

By Linearizing (2), we have
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The linearized equations are as follows;
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Using the Routh-Hurwitz criterion, it can be seen that all the eigen values of the characteristics equation

above have negative real part if and only if:
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Hence, it is locally asymptotically stable if and only if inequalities above are satisfied
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Results and Discussion
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Conclusions

From figures 1-2, the simulation result of the saturation terms shows that the lower the saturation term the
lower the susceptible compartment. Also, the higher the saturation terms the higher the susceptible
compartment. Therefore, saturation terms play a vital role in disease eradication.
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