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ABSTRACT: Lymphatic filariasis (LF) is one of a major 

tropical disease in Nigeria most especially in Ekiti State, it 

is highly prevalence and severe among the rural dwellers. 

The disease affects majorly people in the rural areas where 

there is an abject poverty, LF is a mosquito-borne disease 

endemic in tropical regions and caused by the parasitic 

nematode Wuchereria bancrofti in Africa, and in Southeast 

Asia. A mathematical model called SEIR (Susceptible, 

Exposed, Infectious and Recovered) is used for the analysis 

of LF. The stability analysis of the Disease-Free Equilibria 

(DFE) and Endemic Equilibria (EE) were measured to 

know the prevalence level of the disease in Ekiti State. 

Also, the equilibrium level were determined to know if the 

models were locally asymptotically stable or unstable, 

when the reproduction number is less than one (R0 < 1) or 

when is greater than one (R0 >1). Global stability of (DFE) 

and (EE) was also considered in the model, using 

Lassalle’s invariance principle of Lyapunov functions.  
KEYWORDS: Global Stability, lymphatic Filariasis, 

Mathematical modelling, epidemiological model, SEIR. 

 

1. INTRODUCTION  
One of the most prevalence and highly severe disease 

in Nigeria is lymphatic filariasis (LF) which is caused 

by parasitic filarid nematode worm. It is a major 

problem that occur in vulnerable people of all ages 

and sexes [1]. The disease is mostly the disease of the 

poor and it has a very low public health rating in 

Nigeria, but one of the highest prevalence country in 

which all the populace are at risk of being infected as 

depicted by fig. 1 which is an evidence of the 

prevalence rate of lymphatic filariasis endemicity in 

Nigeria. 

Globally, Nigeria is among the top ten ranked highest 

with LF disease. Nearly all the Nigerians are at risk 

of the disease (2011 National Lymphatic Filariasis 

Elimination Programme (NLFEP) Annual Report). 

Since, LF prevalence has been determined in 704 out 

of 774 LGAs of 36 States and FCT. Out of the 

mapped LGAs, 541 LGAs are endemic and 164 

LGAs are non-endemic. ([Bad00]) reported in 2003, 

that NLFEP started LF mapping in the country and so 

far 30 States and Federal Capital Territory (FCT) 

have completed mapping in all their LGAs using 

Immuno Chromatographic Test (ICT) cards. 

 

 
 

Ekiti State is in the south west region of Nigeria with 

16 LGA in which all the LGA are endemic. The 

endemic areas are widely distributed across the state 

and some of these areas are hard-to-reach because of 

the topography location. It is difficult to implement 

the activities of the NTD in the affected LGA, many 

of which are in the rural, hard-to-reach areas with 

narrow, unpaved roads and swamps sometimes. In 

some remote communities only foot paths exist and 

can only be accessed by motorcycles or bicycles. This 

prompted the needs to perform stability analysis of 

the Disease-Free Equilibria (DFE) and Endemic 

Equilibria (EE) to know the prevalence level of the 

disease in Ekiti State. Also, the equilibrium level 

were determined to know if the models were locally 

asymptotically stable or unstable. Global stability of 

(DFE) and (EE) were also considered in the model, 

using Lassalle’s invariance principle of Lyapunov 

functions. Mathematical modelling is used for the 

analysis of the prevalence rate of the LF disease in 

Ekiti State. 

Early detection of the LF is important for establishing 

early diagnosis because the visible manifestation of 

the disease are severe and disfiguring, it ranges from 

lymphoedema and elephantiasis of the limbs or 

genitalia, hydrocoele and scrotal pathology in man, 

recurrent infections associated with damaged 

lymphatics, lung disease, chyluria or abnormalities of 

the renal [2][3]. Early detection will enhance the 

potential for measuring treatment effects and for 

mailto:bolubadeji@unimed.edu.ng


Anale. Seria Informatică. Vol. XVIII fasc. 1 – 2020 
Annals. Computer Science Series. 18th Tome 1st Fasc. – 2020 

107 

monitoring of personalised treatment strategies. 

Quantification of these disease for research and 

clinical cares requires modelling, existing work 

shows that the modelling of LF disease typically 

involves manual method whereby the public health 

analyst visually identifies the disease and draws 

region of interest around the locality where the 

patients with the disease resides [4].  
 

The health worker move from house to house to test 

the dwellers, in order to generate data, the approach 

is cumbersome, time consuming and it requires a lot 

of human resources, since the disease is of the poor 

and it has a very low public health rating in Nigeria. 

Nowadays mathematics is being used to solve most 

of the difficult life threatening environmental 

problems.  They come up with an efficient and 

effective tools known as mathematical models to give 

insight on how to solve a particular problem, for 

example, the interaction between the human and the 

infected environment, the dynamics of the disease LF, 

how to it can be controlled to reduce transmission and 

eradicated [5].  
 

[6] define Lymphatic filariasis as a neglected globally 

disease which affects mostly the poor people 

regardless of age and race provided you are living in 

an endemic environment. They developed and 

analysed an intervention strategies, which involves 

the analysis of control of the infection by introducing 

medically applying treatment measures to the 

affected individuals and quarantine of the chronic 

infected individuals.  
 

The result of analysis of the R0 shows that treatment 

contributes to the reduction of the disease faster than 

quarantine [7]. Mathematical models was developed 

in explaining the dynamics of transmission and 

control of lymphatic filariasis (LF) disease, this 

gained momentum following the 1997 World Health 

Assembly resolution and the launching of the Global 

Programme to Eliminate Lymphatic Filariasis 

(GPELF) in 2000. Model applications could provide 

valuable inputs for making decisions while 

implementing large scale programmes. However 

these models need to be evaluated at different 

epidemiological settings for optimization and fine-

tuning with new knowledge and understanding on 

infection/disease dynamics. 
 

[8] discussed Lymphatic filariasis as a parasitic 

disease caused by filarial nematode worms and is a 

mosquito-borne disease that is a leading cause of 

death in the world at present. It affect millions of 

people both in the tropical and subtropical area such 

as Asia, Africa, the Western Pacific, and some parts 

of the Americas. This is a disease that caused chronic 

physical disability in the world, with clinical 

manifestations for infective individuals, which 

include acute fevers, chronic lymphedema, 

elephantiasis, and hydrocele.Also, it can be said that 

environmental and climatic factors influence the 

transmission of vector-borne diseases, since 

lymphatic filariasis thrives in a proper temperature 

and humidity which are of advantage for mosquito 

population to give birth and propagate. Lastly, it can 

be deduced from literatures reviewed that the 

transmission and reproduction of lymphatic filariasis 

depend majorly on seasonal behaviours. 
 

In this paper a mosquito-borne parasitic infection 

model in periodic environment is considered using 

mathematical models which is a powerful tools in 

disease control and it provide a powerful strategic 

tool for designing and planning control programs 

against infectious diseases [9]. Threshold parameter 

R0 is given by linear next infection operator, which 

determined the dynamic behaviors of system. We 

obtain that when R0<1, the disease-free periodic 

solution is globally asymptotically stable and when 

R0 >1 by Poincaré map we obtain that disease is 

uniformly persistent. Numerical simulations support 

the results and sensitivity analysis shows effects of 

parameters on R0, which provided references to seek 

optimal measures to control the transmission of 

lymphatic filariasis. 
 

A huge set of epidemiology models have been 

formulated mathematically, analyzed and applied to 

many infectious diseases. [10] used a system of 

seven-dimensional ODE’S to modeling the 

transmission of plasmodium falciparum malaria 

between humans and mosquitoes with non-linear 

forces of infection in form of saturated incidence 

rates, these incidence rates produce antibodies in 

response to the presence of parasite causing malaria 

in both human and mosquito populations. They 

investigated the stability analysis of (DFE) and 

according to their results, (DFE) was asymptotically 

stable when R0 < 1, and unstable when R0 >1. They 

also determined the existence of the unique Endemic 

Equlibrium (EE) under certain conditions, and their 

numerical simulation confirms the analytical result.  
 

SEIR(S) model was used in this paper and applied to 

detecting how mosquito transmissions infects human 

which resulted into lymphatic filariasis infection [11]. 

The aim is to investigate the stability analysis for 

disease-free equilibrium, and endemic equilibrium, 

and also to know the important parameters in that aid 

transmission of these parasitic nematodes and 

develop effective ways of controlling the disease. It 

was assumed that the recovered human individuals 

can enter into the susceptible class again since they 

reside in the same environment unless there is a 

continuous immunization monitoring. 
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2. MATHEMATICAL MODEL 

 

Model Description and Basic Reproduction 

Number 

The Population of the model is divided into four 

compartments: Susceptible (S), Exposed (E), 

Infectious (I) and Removed (R).  

Model Assumptions 

The following assumptions were made in the model: 

(i) The number of infected people increases at a rate 

proportional to both the number of infectious and the 

number of susceptible. 

(ii) Humans move from Exposed to Infectious 

compartments with progression rate 𝛼1 

(iii) The rate of removal of infectious to recovered 

compartment is proportional to the number of 

infectious. 

(iv) A human can die by natural causes. Therefore 𝜑 

is taken as natural death rate. 

(v) The recovered human individuals enter into the 

susceptible class again because they dwell in the same 

environment with the susceptible individuals. 

The model equations are given by: 
𝑑𝑆

𝑑𝑡
= ∧ − 𝛽𝑆𝐼 −  𝜑𝑆 

𝑑𝐸

𝑑𝑡 
=  𝛽𝑆𝐼 − (𝛼1 + 𝜑 + 𝛿)𝐸 

𝑑𝐼

𝑑𝑡
 = 𝛼1𝐸 − (𝛼2 + 𝜑 + 𝛿)𝐼 2.1 

𝑑𝑅

𝑑𝑡
= 𝛼2𝐼 −  𝜑𝑅 

With S > 0, E≥ 0, 𝐼 ≥ 0 𝑎𝑛𝑑 𝑅 ≥ 0 

Where, ∧ birth rate if the population, 𝛽 is the infection 

rate, 𝜑 is the natural death rate, 𝛿 is the disease 

induced death rate, 𝛼1 is developing rate of individual 

becoming infectious and 𝛼2 is the recovery rate of 

individual. 

 

Parameter  

Name 

Parameter Description 

∧  Birth rate of susceptible individual 

𝛼2 Recovery rate of individual 

𝛼1 Rate of individual becoming 

infectious 

𝛿 Induced rate 

𝜑 Natural death rate 

𝛽   Infection rate 

 

from the equation 2.1: 
𝑑𝑆

𝑑𝑡
= ∧ − 𝛽𝑆𝐼 −  𝜑𝑆  

𝑑𝐸

𝑑𝑡 
=  𝛽𝑆𝐼 − (𝛼1 + 𝜑 +)𝐸 2.2 

𝑑𝐼

𝑑𝑡
 = 𝛼1𝐸 − (𝛼2 + 𝜑 + 𝛿)𝐼 

 

Summing the three equations above 2.2, we have: 
𝑑

𝑑𝑡
(𝑆 + 𝐸 + 𝐼 + 𝑅) = (𝑆 + 𝐸 + 𝐼 + 𝑅), 

𝑑

𝑑𝑡
(𝑆 + 𝐸 + 𝐼 + 𝑅) = ∧ − 𝜑𝑁 − 𝛼2𝐼 −  𝛿𝐼 2.3 

𝑑

𝑑𝑡
(𝑆 + 𝐸 + 𝐼 + 𝑅)  ≤ ∧ − 𝜑𝑁   

 

Which follows that lim
𝑡 →∞

𝑆𝑢𝑝 (𝑆 + 𝐸 + 𝐼 + 𝑅)  ≤
∧

𝜑
 

The feasible region of the system in equation 2.2 is 

giving as follows: 

𝛤 = {(𝑆, 𝐸, 𝐼): 𝑆 + 𝐸 + 𝐼 + 𝑅 ≤  
∧

𝜑
, 𝑆 > 0, 𝐸 ≥

0, 𝐼 ≥ 0, 𝑅 ≥ 0}  

is positively invariant.  

 

Calculating the reproductive number of the system 

from equation 2.2 using matrix approach [12]. From 

equation 2.2 it can be clearly seen that the disease free 

equilibrium is: (
∧

𝜑
, 0, 0). 

Calculating the transpose, let X =(S, E, I)T, from 

equation 2.2 we have  

𝑋′ = 𝐹(𝑋) − 𝑉(𝑋), 
where  

𝐹(𝑋) = [
𝛽𝐼𝑆
0
0

] and 𝑉(𝑋) =  [

(𝛼1 + 𝜑)𝐸
−𝛼1𝐸 + (𝜎2 + 𝜑 + 𝛿)𝐼

−𝛬 + 𝛽𝑆𝐼 + 𝜑𝑆
] 

 

The Jacobian matrices of the F(y) and V(y) at the 

disease-free equilibrium, E0 

𝐷𝐹(𝐸0) =  [
0

𝛽𝛬

𝜑
0

0 0 0
0 0 0

],  

𝐷𝑉(𝐸0) 

[
 
 
 
(𝛼1 + 𝜑) 0 0

−𝛼1 (𝛼2 + 𝜑 + 𝛿) 0

0
𝛽𝛬

𝜑
𝜑
]
 
 
 

  

So let: 𝐹 = [
𝐹 0
0 0

] and 𝑉 = [
𝑉 0
𝐽1 𝐽2

] 

Where: 𝐹 = [
0

𝛽𝛬

𝜑

0 0
] and  

𝑉 = [
(𝛼1 + 𝜑 0

−𝛼1 (𝛼2 + 𝜑 + 𝛿
] 

 

The reproductive number is: 

𝑅0 = 𝐹𝑉−1

= [
0

𝛽𝛬

𝜑
0 0

]

[
 
 
 

1

(𝛼1 + 𝜑)
0

𝛼1

(𝛼1 + 𝜑)(𝛼2 + 𝜑 + 𝛿)

1

(𝛼2 + 𝜑 + 𝛿)]
 
 
 

 

 

Therefore: 𝑅0 = 
𝛼1𝛽𝛬

𝜑(𝛼1+𝜑)(𝛼2+𝜑+𝛿)
  

 

the disease-free equilibrium when E0 (
∧

𝜑
, 0, 0) of the 

system and is asymptotically stable if the R0 < 1 and 

R0 > 1. 
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3. THE MODEL ANALYSIS 

 

Linearizing the disease-free equilibrium system using 

ODE’s (2.2), by calculating the Jacobian matrix and 

obtained 

𝐽(𝑆, 𝐸, 𝐼) =

 [

−𝛽𝐼 − 𝜑 0 −𝛽𝑆
𝛽𝐼 −(𝛼1 + 𝜑) 𝛽𝑆
0 𝛼1 −(𝛼2 + 𝜑 + 𝛿)

] 3.1 

 

The local stability of the disease-free equilibrium will 

be determined from the Jacobian Matrix (3.1)   

𝐽(𝐸0 ) =

[
 
 
 
 −𝜑 0 −

𝛽𝛬

𝜑

0 −(𝛼1 + 𝜑)
𝛽𝛬

𝜑

0 𝛼1 −(𝛼2 + 𝜑 + 𝛿)]
 
 
 
 

 3.2 

 

The determinant is given by (3.2) 
|𝐽(𝐸0) − 𝜆𝐼| =

 

[
 
 
 
 −𝜑 − 𝜆 0 −

𝛽𝛬

𝜑

0 −(𝛼1 + 𝜑) − 𝜆
𝛽𝛬

𝜑

0 𝛼1 −(𝛼2 + 𝜑 + 𝛿) − 𝜆]
 
 
 
 

  3.3 

 

Lemma 1: the disease-free equilibrium 𝐸0 is locally 

asymptotically stable. 

The characteristics equation of 𝐽(𝐸0) is computed 

from eqn. 3.3 is given by 

𝜆3 + (3𝜑 + 𝛼1 + 𝛼2 + 𝛿)𝜆2 + (4𝜑3 + 2𝛼1𝜑 + 2𝛼2𝜑 +

2𝜑𝛿 + 𝛼1𝛿 + 𝛼1𝛼2 − 𝛼1
𝛽𝛬

𝜑
) 𝜆 + (𝜑3 + 𝛼1𝜑

2 + 𝛼2𝜑
2 +

𝛿𝜑2 + 𝛼1𝛿𝜑 + 𝛼1𝛼2𝜑 − 𝛼1𝛽𝛬) = 0  

 

The equation can be written as follows: 

𝜆3 + 𝑎1𝜆
2 + 𝑎2𝜆 + 𝑎3 = 0  3.4 

Where: 

𝑎1 = 3𝜑 + 𝛼1 + 𝛼2 + 𝛿 

𝑎2 = 4𝜑3 + 2𝛼1𝜑 + 2𝛼2𝜑 + 2𝜑𝛿 + 𝛼1𝛿 + 𝛼1𝛼2

− 𝛼1

𝛽𝛬

𝜑
 

𝑎3 = 𝜑3 + 𝛼1𝜑
2 + 𝛼2𝜑

2 + 𝛿𝜑2 + 𝛼1𝛿𝜑 + 𝛼1𝛼2𝜑
− 𝛼1𝛽𝛬 

Using the Routh-Hurwitz criterion [9], the 

eigenvalues of the characteristic equation have 

negative real part if and only if: 

𝑎1 > 0, 𝑎2 > 0, 𝑎3 > 0, 𝑎1𝑎2 − 𝑎3 > 0  3.5 

Lemma 2: E0 is locally asymptotically stable if and 

only if inequalities (3.5) are satisfied. 

 

Global Stability of Disease-Free Equilibrium 

To determine the global stability of E0 there is need to 

consider the Lyapunov function [10]: 

𝑉 = 𝛼1𝐸 + (𝛼1 + 𝜑)𝐼 then 

𝑑𝑣

𝑑𝑡
= 𝛼1

𝑑𝐸

𝑑𝑡
+ (𝛼1 +  𝜑)

𝑑𝐼

𝑑𝑡
= 𝛼1[𝛽𝑆𝐼 − (𝛼1 +

𝜑)𝐸] + (𝛼1 + 𝜑)[𝛼1𝐸 − (𝛼2 + 𝜑 + 𝛿)𝐼] =

[𝛼1𝛽𝑆 − (𝛼1 + 𝜑)(𝛼2 + 𝜑 + 𝛿)]𝐼 ≤ (
𝛼1𝛽𝛬

𝜑
− (𝛼1 +

𝜑)(𝛼2 + 𝜑 + 𝛿)) 𝐼 = (𝛼1 + 𝜑)(𝛼2 + 𝜑 + 𝛿)[𝑅0 −

1]1 ≤ 0, 𝑖𝑓 𝑅0 < 1.  
The maximal compact invariant set in {(S, E, I) ∈

 𝛤:
𝑑𝐼

𝑑𝑡
= 0} using Lasalle’s invariance principle [10]. 

Lemma 3: if R0 < 1, then the disease- free equilibrium 

E0 is globally asymptotically stable and the disease 

dies out, but if R0 > 1, then E0 is unstable. 
 

Global Stability of the Endemic Equilibrium 

Let us consider a situation where there is prevalence  

of the disease, let 

𝐸∗∗ = (𝑆∗, 𝐸∗, 𝐼∗) be denoted as the endemic 

equilibrium of the system (2.2). We obtained 

𝑆∗ =
(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

𝛼1𝛽
, 𝐸∗ =

𝛼1𝛽𝛬−𝜑(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

𝛼1𝛽(𝛼1+𝜑)
 𝑎𝑛𝑑 𝐼∗ =

𝛼1𝛽𝛬−𝜑(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

𝛽(𝛼1+𝜑)(𝛼2+𝜑+𝛿)
  

 

From system of ODE’s (2.2) and linearized system 

we obtained:  

𝐽(𝐸∗∗)

= [

−𝛽𝐼∗ − 𝜑 0 −𝛽𝑆∗

𝛽𝐼∗ −(𝛼1 + 𝜗) 𝛽𝑆∗

0 𝛼1 −(𝛼2 + 𝜑 + 𝛿)
] 

 
𝐽(𝐸∗) = 

[
 
 
 
 −𝛽

𝛼1𝛽𝛬−𝜑(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

𝛽(𝛼1+𝜑)(𝛼2+𝜑+𝛿)
+ 𝜑 0 −𝛽

(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

𝛼1𝛽

𝛽
𝛼1𝛽𝛬−𝜑(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

𝛽(𝛼1+𝜑)(𝛼2+𝜑+𝛿)
−(𝛼1 + 𝜑) 𝛽

(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

𝛼1𝛽

0 𝛼1 −(𝛼2 + 𝜑 + 𝛿) ]
 
 
 
 

  

 

𝐽(𝐸∗) = 

[
 
 
 
 −[

𝛼1𝛽𝛬−𝜑(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

𝛽(𝛼1+𝜑)(𝛼2+𝜑+𝛿)
] − 𝜑 0 −[

(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

𝛼1
]

𝛼1𝛽𝛬−𝜑(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

(𝛼1+𝜑)(𝛼2+𝜑+𝛿)
−(𝛼1 + 𝜑)

(𝛼1+𝜑)(𝛼2+𝜑+𝛿)

𝛼1

0 𝛼1 −(𝛼2 + 𝜑 + 𝛿) ]
 
 
 
 

  

 

The local stability was determined of positive 

equilibrium𝐸∗∗, using Lemma 

Lemma 2: Let A be a real m x m matrix. If tr (H), det 

(H) and det (𝐻[2]) are all negative, then all the 

eigenvalues of H have negative real part. 

Definition 1:  let A be a real m x m matrix. The 

second additive compound of matrix of 𝐴 = (𝑎𝑖𝑗) for 

m = 3 is defined as 

𝐴[2] = [

𝑎11 + 𝑎22 𝑎23 −𝑎13

𝑎32 𝑎11 + 𝑎33 𝑎12

−𝑎31 𝑎21 𝑎22 + 𝑎33

] 3.6 
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Theorem 3: the positive equilibrium 𝐸∗∗of the system 

(2.2) is locally asymptotically stable if R0 > 1. 

To construct a second additive compound matrix 

𝐽[2] (𝐸∗) 𝑜𝑓 𝐽(𝐸∗∗) and obtain 

 

𝐽[2] (𝐸∗∗) = 

[

−(𝛽𝐼∗ + 2𝜑 + 𝛼1) 𝛽𝑆∗ 𝛽𝑆∗

𝛼1 −(𝛽𝐼∗ + 2𝜑 + 𝛼2 + 𝛿) 𝛽𝑆
0 𝛽𝐼∗ −(2𝜑 + 𝛼1 + 𝛼2 + 𝛿)

] 

 3.7 

From the above: 

𝑡𝑟(𝐽(𝐸∗∗)) =  −(𝛽𝐼∗) + 3𝜑 + 𝛼1 + 𝛼2 + 𝛿) < 0  

= −[(3𝜑 + 𝛼1 + 𝛼2 + 𝛿) + 𝛼1𝛽𝛬 − 𝜑(𝛼1 +
𝜑)(𝛼2 + 𝜑 + 𝛿) < 0  

If (3𝜑 + 𝛼1 + 𝛼2 + 𝛿) + 𝛼1𝛽𝛬 > 𝜑(𝛼1 + 𝜑)(𝛼2 +
𝜑 + 𝛿) 

 (𝐽 (𝐸∗∗)) =  −[ 𝜑(𝛼1 + 𝜑)(𝛼2 + 𝜑 + 𝛿) −
 𝛼1𝛽𝛬] < 0  

𝜑(𝛼1 + 𝜑)(𝛼2 + 𝜑 + 𝛿) >  𝛼1𝛽𝛬  

 

Next, we calculate the determinant of (𝐽[2] (𝐸∗∗)) in 

(3.7) and obtained: 

det[ (𝐽[2] (𝐸∗∗)]   
= −[𝑎2𝑔 + 𝑎𝑔𝑒𝑑 + 𝑏2𝑔 + 𝑐𝑔𝑎 + 𝑐𝑔𝑒𝑑 + 𝑏

− 2𝑎𝑔𝑏 − 𝑏𝑔𝑒𝑑 − 𝑐𝑔𝑏 − 𝑑𝑔 − 𝑎]
< 0 

𝑖𝑓 𝑎2𝑔 + 𝑎𝑔𝑒𝑑 + 𝑏2𝑔 + 𝑐𝑔𝑎 + 𝑐𝑔𝑒𝑑 + 𝑏
> 2𝑎𝑔𝑏 + 𝑏𝑔𝑒𝑑 + 𝑐𝑔𝑏 + 𝑑𝑔 + 𝑎 

𝑤ℎ𝑒𝑟𝑒 𝑎 = 𝛼1𝛽𝛬, 𝑏 =  𝜑(𝛼1 + 𝜑)(𝛼2 + 𝜑 + 𝛿), 𝑐
= (2𝜑 + 𝛼1)(𝛼1 + 𝜑)(𝛼2 + 𝜑 + 𝛿) 

𝑑 = (𝛼1 + 𝜑)(𝛼2 + 𝜑 + 𝛿), 𝑒 = (2𝜑 + 𝛼2 + 𝛿), 𝑔
= 𝛼1 + 2𝜑 + 𝛼2 + 𝛿  

If R0 >1 then det[ (𝐽[2] (𝐸∗∗)]<0. 

 

Numerical Simulation 

To measure the disease free equilibrium Λ which is 

an individual susceptible 𝛽 is an infectious individual, 

𝛼1 is the rate of individual being exposed to 

infectious, 𝛼2 the rate of recovery of individual 

infected by the disease, 𝜑 rate of individual that died 

natural death and 𝛿 stand for individual that died of 

induced death (a deliberate termination of life.) 
 

Table 3: Parameters values of the model 

Parameter Description Value Source 
           Λ Birth rate of  

susceptible 

1.2 ([A15]) 

𝛽 Infection 

rate 

0.002 assumed 

𝛼1 Human 

exposed  

rate 

0.28 assumed 

𝛼2 Recovered 

rate 

0.003 ([NJ13]) 

𝜑 Natural rate 0.02 ([A15]) 

𝛿 Induced rate 0.072 ([A15]) 

 

𝑅0 =  
𝛼1𝛽𝛬

𝜑(𝛼1 + 𝜑)(𝛼2 + 𝜑 + 𝛿)
< 1 

1. 𝑖𝑓 𝑎𝑡 𝐷𝐹𝐸 𝑤𝑒 ℎ𝑎𝑣𝑒: ∧= 1.3, 𝛼2 =
0.0036, 𝛼1 = 0.1, 𝛿 = 0.080,𝜑 = 0.03, β =
0.001. this will produce 𝑅0 < 1  

𝑅0 =  
0.1 ∗ 0.001 ∗ 1.3

0.03(0.1 + 0.03)(0.0036 + 0.03 + 0.080)

=   
0.00013

0.03(0.13)(0.1136)
= 0.29 

But if the value of β is increased to 0.09 or more 

and the value of other variables remain the same 

then𝑅0 > 1. 

𝑅0

= 
0.1 ∗ 0.09 ∗ 1.3

0.03(0.1 + 0.03)(0.0036 + 0.03 + 0.080)
 

=
0.0117

0.00044304
= 26.4084 

2. If the value of the susceptible individual is ∧ is 

increased to 10 or more and the value of the 

other variables remain same then 𝑅0 > 1. 

𝑅0 = 
0.1 ∗ 0.001 ∗ 10

0.03(0.1 + 0.03)(0.0036 + 0.03 + 0.080)

=
0.001

0.00044304
= 2.3000 

3. The endemic equilibrium ∧= 0.06, 𝛼2 =
0.08, 𝛼1 = 0.5, 𝛿 = 0.05,𝜑 = 0.06, β =
0.006 this will produce 𝑅0 > 1 

𝑅0

= 
0.5 ∗ 0.06 ∗ 0.6

0.06(0.5 + 0.06)(0.08 + 0.06 + 0.05)

=
0.018

0.006384
= 2.8200 

4. If the value of 

 𝛼 𝑖𝑠 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒𝑑 𝑡𝑜 0.000064 𝑎𝑛𝑑 0.000696  
𝑜𝑟 𝑚𝑜𝑟𝑒 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠  𝑜𝑓 𝑜𝑡ℎ𝑒𝑟 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠  

𝑟𝑒𝑚𝑎𝑖𝑛 𝑠𝑎𝑚𝑒 𝑡ℎ𝑒𝑛 . 𝑅0 < 1 
𝑅0

=  
0.000064 ∗ 0.06 ∗ 0.6

0.06(0.000064 + 0.06)(0.000696 + 0.06 + 0.05)

=
0.0000023

0.0003989
= 0.0057 

 

4. DISCUSSION OF RESULTS 

 

In this paper, the parameter values given in table 3. 

Using these parameter values, for different initial 

conditions the dynamics of model shows that system 

has a disease-free equilibrium and it is globally 

asymptotically stable 𝑅0 < 1 = 0.29.  

𝑅0 > 1 = 26.4084 using the same parameter values, 

for different initial conditions the dynamics of the 

model shows that the system has an endemic 

equilibrium and it is globally asymptotically stable 

with different initial values. Increase in value of β 

show the high rate of the infected individual in the 

environment i.e there is an endemic outbreak, if an 

appropriate measure is taking to reduce the rate of 
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infection either through quick intervention of vaccine, 

and quarantine to separate the infected individual 

from the susceptible population. There is a possibility 

that the infection can be reduced or eventually 

eliminated. Also, if the number of the susceptible 

individual increased there is a probability of having 

high infected individual in the population, which 

means the environment is not safe if there is no timely 

intervention. The model analysis shows that if the 

reproduction number is less than one then the (DFE) 

is locally asymptotically stable, this implies that only 

susceptible is present and the other populations 

reduces to zero, and the disease dies out. But if the 

reproduction number is greater than one then (DFE) 

is unstable respectively, this implies that all the 

populations are exist i.e susceptible and majority are 

highly infected, then we would be having higher 

human exposed rate to the disease but recovery rate is 

low, since the disease must have subverted the 

environment before government intervention.  

 

CONCLUSIONS 
 

In this paper, we studied the dynamics of an SEIR 

Model and applied it to lymphatic filarisis infections, 

from the analysis it shows that if the basic 

reproductive number is less than one then the (DFE) 

is locally asymptotically stable, that means the 

environment is free but if the reproduction number is 

greater than one then the environment is unstable, that 

means the environment is endemic respectively. 

Since, this types of disease thrives in the local area 

where there are little or no effect of government 

agencies, people drinks water from the stream, 

stagnant water are everywhere, bush are also 

everywhere which harbour and allows the causative 

agent to operate freely.  
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