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ABSTRACT 
 

In this paper, we developed an outbreak form of vector-borne infection which has direct mode of transmission 
in supplement to the vector mediated transmission. The qualitative behavior of the proposed model is analyzed with 
the help of the threshold quantity . An iterative method is used to find the numerical solution. 
KEYWORDS: vector-borne, threshold quantity, dynamical behavior.                     
 

INTRODUCTION 
 

Vector-borne disease is carried by vectors, such as mosquitoes, tick and sand-is, that are organisms that 
transmit pathogens and parasites from one infected host to another one. The period vector mentions to a medium, an 
arthropod or some other agency through which a pathogenic micro-organism is conveyed from 
a contaminated person to another uninfected individual. Bacteria, virus and protozoa are the three main living 
organisms involved in the mechanism of the transmission. Developing countries, in particular the tropic and sub 
tropic regions of Africa and Asia are the main victims of vector borne diseases. Almost half the community of the 
world is contaminated by the vector-borne infections directing to high morbidity and mortality [1]. The increment in 
traveling to and from tropical regions has helped the circulation of diseases that are constantly being discovered. 
Several vector-borne infections have emerged in recent years as diseases of considerable and widespread 
importance, among which Lyme disease and West Nile virus. 

Many controlled programs were applied globally to eradicate the vector-borne infections [3]. Most of these 
programs were thriving, but the achievement was short-lived. The components to blame for the resurgence of vector-
borne infections are complex. A number of models have been devised in the literature to study the dynamics of a 
vector-borne infection that considers a direct mode of transmission in human host community [2-8] Mathematical 
modeling has verified to play a significant role in profiting some insights into the transmission dynamics 
of contagious infections and propose control strategies [9-24]. In this work, we show that appropriate mathematical 
models of vector-borne diseases can provide a qualitative assessment for the problem. 
 
Model Formulation: 

In this section, we formulate a vector-borne epidemic model in which the total human population is divided 
into three subclasses, susceptible, infectious and recovered which are denoted by ,  and ,respectively. 
Also the vector population is subdivided in susceptible and infectious vectors, denoted by and 

,respectively. The vector population (mosquito) has no immune class, since their infective period ends with 
their death. Thus 

 
and 

 
are respectively the total human and vector population at time t	,so the model is given by the following differential 
equations. 

∝  
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                                                                             (1) 

 

 

In model (1) 
is the recruitment rate of human into the population which is assumed to be susceptible. 
is the recruitment rate in susceptible vector class. 
is the transmission rate from vector to human. 
is the probability from human to human transmission. 
is transmission rate from human to vector. 
and are death rate in human and vector classes respectively. 
is the fraction of infected people who get treatment. 
is the rate at which the infected people become susceptible. 

 
Dimension Formulation: 

From system (1), we have , . 

Now,  0, because 1. 
Therefore, 0, that is .  
Using the above, we transform system (1) and have 

1  

 

 

                                                                                                 (2) 

1  

, 

where solutions are restricted to  1 and 1. Before analyzing the normalized model (1), we 
consider the normalized model (2) by scaling and so we can study the following reduced system that describe the 
dynamics of the proportion of individual in each class. 

1  

                                                  (3) 

1 . 

Determining  from 1 and  1, respectively. The correlation between normalized and un-
normalized model is explained. Throughout this work we study the reduced system (3) in the closed positively 
invariant setΓ , , ∈ ,			0 1 , where  denotes the non-negative cone. 
 
Local stability: 
We illustrate the local stability of the disease free and the endemic equilibrium of the system (3) by the following 
theorems 1 and 2. 
Theorem 1: The Disease Free Equilibrium E₀ is locally asymptotically stable for R₀< 1, otherwise unstable. 
Proof: By linearizing the system (3) about an Endemic equilibrium   we get the Jacobian matrix: 
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–

0 1
 

 
Now, we have analyze the stability of DFE, and for this we calculate the characteristic equation of as follows. 

–
0
0

. 

 
 The characteristic equation of   is 

λI
λ
0 λ
0 λ

 

λ λ λ ρ β ρ β 1 . 
Where  

ρ β
 

A little calculation gives that all the eigenvalues are  negative  only  if for R₀< 1. Thus the Disease Free Equilibrium 
E₀ is locally asymptotically stable for R₀< 1, otherwise unstable. 
 
Endemic Equilibrium: 
To find the endemic equilibria of the system (1) where at least one of the infected components is non-zero, we need 
to take the following steps: 
Let ∗ ∗, ∗, ∗  represents endemic equilibrium of the system (3). By solving the equations of the system (1) 
at steady state, we get 

∗
γ i ∗ i ∗

i ∗ i ∗ i ∗ , ∗
γ i ∗

, 

∗

i ∗ ,											 ∗ i ∗

i ∗ 	. 

 
Let The following theorem analyzes the local stability of the endemic equilibrium when R₀> 1. 
Theorem 2:The endemic equilibria ∗ is locally asymptotically stable for 1, ∗ μ

β i ∗ β i ∗  and  μ μ ρ β . 
Proof: By linearizing the system (3) about an Endemic equilibrium ∗ we get the Jacobian matrix: 
 

∗
– ∗ ∗ ∗ ∗

∗ ∗ ∗ ∗

0 1 ∗ ∗
 

 
After some row operations, we get 

∗

– μ β i ∗ β i ∗ β s ∗ γ β s ∗

0
μ ρ γ μ β i ∗ β i ∗ γ β s ∗ μ

μ β i ∗ β i ∗

β μ s ∗

μ β i ∗ β i ∗

0 0 β i ∗ μ M

 

 

Where  M
β β μ ∗ ∗

μ ρ γ μ β ∗ β ∗ γ β ∗ μ
. 

After some calculations, we see that all the eigen values are negative if 1, ∗ μ

β i ∗ β i ∗  and  μ μ ρ β  and so the endemic equilibria is locally asymptotically stable for these 
conditions. 
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Global Dynamics 
To show that the system (3) is globally asymptotically stable, we use the Lyapunov function theory for both the 
disease-free and the endemic equilibrium. First we present the global stability of the disease-free equilibrium. 
Theorem 3: For 1 , μ ρ β ,the infected-free equilibriumE  is globally asymptotically stable in the 
interior of Γ. 
Proof: To establish the global stability of the disease free equilibrium we construct the following Lyapunov 
function. 

L t μ i β i  
Calculating the time derivative of “L”,  we have 
L t μ i β i  

μ β S i β S i μ ρ i β β 1 i i μ i  
 
Putting S 1 i , we get  

L t μ β i μ β i i μ β i μ β i μ μ ρ i β β i β β i i β μ i  

μ β i i μ β i β β i i μ μ ρ β 1
ρ β

i  

μ β i i μ β i β β i i μ μ ρ β 1 R i 	, 
where	

ρ β
 

Here the time derivative of Lyapunov function is negative if  1 and L t 0 if and only if  i i 0. 
Consequently the largest compact invariant set in  , , ∈ Γ, L t 0 when 1  is the singleton set . 
Hence   is globally asymptotically stable. 
 

Theorem 4: The endemic equilibrium ∗ is globally asymptotically stable in the interior ofΓ when μ
∗ ∗

 

andγ ρ . 
Proof: To establish the global stability of endemic equilibrium we construct the following Lyapunov function 

L t i t s t  
Calculating the time derivative of "L" 
L t i t s t  
									 β s i β s i μ ρ i μ 1 s β s i β s i γ i  
									 μ 1 s i ρ γ i  

using μ
∗ ∗

 , we get 

L t
ρ i ∗ γ i ∗

1
1 s i ρ γ i  

ρ γ i i ∗  
0 

Thus the time derivative of Lyapunov function is negative and L t 0  for   i i ∗.Hence by Lassalle’s 
invariance principal E∗ is globally asymptotically stable on Γ. 
 
Numerical Results 
In the given section, we investigate the numerical solution of the model (3) by choosing the base line for susceptible 
human Sh=800, infected human Ih=100 and infected vector Iv=100.  The parameter and their values used are given as 

0.000078, 0.004, 0.002,			 
0.002,  0.002,  0.0002, and 0.002.  

 Figure 1, shows the dynamical behavior of the model. 
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Figure 1: The dynamical behavior of the model. 
 
Conclusion 

In this work, we discussed the compartmental vector-borne disease model. As in epidemiological models, our 
model has two steady states, an uninfected steady state and endemically infected steady state. By establishing the 
stability results we found both the disease-free and the endemic equilibria. We also presented that for 0 1,R   the 

locally asymptotically stable disease-free equilibrium of the proposed model co-exists with a locally asymptotically 
stable endemic equilibrium. Then to present the global stability of both the disease-free and endemic states, we 
developed Lyapunov functions. We believe that this new analysis is helpful in study of vector-borne diseases. 
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