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Abstract

     In this paper we presented an Ebola Virus Disease fractional order model in the Caputo sense with eighteen compartments. 
This model considered vaccination, condom use, quarantine, use of treatment drugs and isolation as control measures combined 
together. We showed that the model has non-negative solution. The stability of the equilibria was discussed and Laplace Adomian 
Decomposition Method is used to obtain the analytic or approximate solution of the system of non-linear fractional differential 
equation. It was observed or shown that with the Laplace Adomian Decomposition Method an approximate solution of a frac-
tional order Ebola Virus Disease Model as large as eighteen compartments can be obtained and the result is close to the exact 
solution.

Keywords: Laplace Adomian Decomposition Method; Ebola Virus Disease; Fractional Order Model; Analytic solutions; Approx-
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Introduction

     Ebola Virus Disease (EVD) also referred to as Ebola hemorrhagic fever is actually a disease that is deadly in nature and was discov-
ered in the year 1976 near the Ebola River in Democratic Republic of Congo [14]. This deadly disease can affect or infect both human 
non - human pirates. Five of its species have been identified as Zaire Ebola Virus, Reston Ebola Virus, Sudan Ebola Virus, Bundibugyo 
Ebola Virus and Tai Forest Ebola Virus [20]. Since the disease discovery there has been so many outbreaks of the disease in Africa of 
which the 2014 Ebola outbreak in West Africa was termed the largest in the history of the disease with multiple countries affected. 
Research shows that arthropods, rodents and bats could be the host of the Ebola Virus and direct transmission from reservoirs or 
secondary infected animals may occur [17]. Human beings can get infected with Ebola Virus through direct contact with blood or body 
fluids of an Ebola Virus sick or infectious person, dead person and infected object and surfaces. Symptoms from the disease may ap-
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pear anywhere between two to twenty-one days after infection [14, 24]. Some treatment drugs and vaccine drugs for the disease have 
been put to use against the virus and those that recover from the disease are far more than those that die from the virus. Vaccine drugs 
such as rVSV- EBOV is 70% to 100% effective to protect against the virus [18, 19]. Some flare up cases has been detected assuming 
sexual transmission because of persistent residual virus in the sperm of the disease recovered men [15, 16].

    Fractional Calculus has so many applications in applied sciences hence in applied mathematics such as mathematical modelling. 
Some studies before now have shown that fractional calculus can describe rules and develop process of some natural science phenom-
ena [1, 25]. It has also been found that differential systems in fractional-order have the advantage of clear parameter meaning, sample 
modelling and accurate description of some materials and processes with memory and genetic characteristics [3]. These days, there is 
a high growing interest within the circle of researchers to look into the role of fractional calculus in the area of modelling real- world 
problems such as Ebola Virus Disease outbreaks especially in Africa. In this research paper, a fractional - order Ebola Virus Disease ep-
idemic model that incorporates vaccine, use of condom, quarantine, treatment drugs and isolation is proposed and analyzed. So many 
mathematical models have been proposed before now to explain, predict and quantify how effective different Ebola Virus Disease 
intervention since the inception of the disease and so many Ebola outbreaks in Africa [4-13]. All these studies we have looked into via 
this study have in so many ways produced good result and improved the disease existence but is limited in that in most of the studies 
the authors involved were making use of only the integer - order models. Those that based their own upon fractional calculus did not 
consider these resent interventions of control measures included in the fractional - order model used herein in this study [2, 11-13]. 
The fractional - order Ebola Virus Disease presented in this work is solved analytically using the Laplace Adomian decomposition 
Method. The Laplace Adomian decomposition Method is a wonderful combination of the Adomian Decomposition Method and the 
Laplace Transforms. The Adomian decomposition Method was introduced by Adomian and has been applied in solving so many prob-
lems in sciences and applied sciences since then. This method can be used for a system of Linear and Nonlinear ordinary and partial 
differential equations of classical order as well as the fractional order. The method provides the solution in a rapid convergent series 
with computable terms. In this method, perturbation or linearization is not required. It has no need of pre-defined step size and does 
not depend on parameter like needed for Homotopy Perturbation Method (HPM) and Homotopy Analysis Method (HAM).

Methods 
Fractional order EVD model

The classical EVD model used to develop the fractional EVD model used here is given in [25, 1]. The developed fractional order EVD 
model in the Caputo sense is as follows;
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With initial conditions as;

     Where 𝑆(𝑡) represents the susceptible human population, 𝑆v(𝑡) is the vaccinated human population, 𝑆u(𝑡) is the unvaccinated human
population, 𝑆vc(𝑡) is the vaccinated condom using population, 𝑆vn(𝑡) is the vaccinated non using condom population, 𝑆uc(𝑡) is the un-
vaccinated condom using population, 𝑆un(𝑡) is the unvaccinated non using condom population, 𝐸(𝑡) is the exposed human population,
𝐸Q(𝑡) is the exposed quarantined human population, 𝐸T(𝑡) is the exposed treated human population, 𝐼T(𝑡) is the infectious treated
human population, 𝐼i(𝑡) is the infectious isolated human population, 𝐼N(𝑡) is the infectious not treated human population, 𝑅(𝑡) is the
recovered human population, 𝐷u(𝑡) is the dead unburied human population, 𝑆r(𝑡) is the susceptible animal population, 𝐸r(𝑡) is the
exposed animal population and 𝐼r(𝑡) is the infectious animal population.

Equilibrium points and Stability of the Model

Here, we analyzed the dynamic system (1) qualitatively for feasibility at disease free and endemic equilibrium point.

At equilibrium;

 

The disease free equilibrium (𝑈e):

 

Where;
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With effective reproduction number (𝑅Q) represented as follows; [21, 22, 23].

 

Thus, 𝑈e is locally asymptotically stable when 𝑅Q < 1 and unstable if otherwise. While, 𝑈c is locally asymptotically stable when 𝑅Q > 1 
and unstable if otherwise. 

Theorem 1

There is a unique solution for the initial value problem given in system (1)  and the solution remains in 𝑅18, 𝑥 ≥ 0.

Proof

We need to show that the domain 𝑅18, 𝑥 ≥ 0 is positively invariant.

Since,
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We then conclude that the solution of the system (1) lies in the feasible domain. 

Therefore, the uniqueness and solution of the system (1) exists.

Approximate Solution of the Model Using LADM

In this section, we apply the Laplace Adomian Decomposition Method (LADM) technique to the fractional order EVD model (1).

Applying Laplace transform to both sides of (1) gives;

Applying the initial conditions (2)  to (5)  and dividing by 𝑆α gives the following;

 
Assuming that the solutions of S(t), Sv(t), Su(t), Svc(t), Svn(t), Suc(t), Sun(t), E(t), EQ(t), ET(t), IT(t), Ii(t), IN(t), R(t), Du(t), Sr(t), Er(t), Ir(t) are 
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in the form of infinite series given by;

We then decompose the nonlinear terms of the model before we proceed as follows;

Where the above Adomian polynomials are defined as follows;
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From the above definitions when 𝑛 = 0 we have the following;

Similarly, when n = 1 we have the following;

 

Considering the above equations we have the following;
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Evaluating the Laplace transforms on the right hand side of (13), (14) and (15) we have the following;
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Taking the Laplace inverse transform of (15), (16) and (17) and applying the initial conditions (2) we have;
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We can calculate the other terms in the same way.

Finally, we get the EVD fractional solution in the form of infinite series (7)  as follows;
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Results and Discussion

In this section, we shall consider the numerical solution of the large compartmental EVD model.

Using Maple Soft and the values in Table 1 we obtained the solution of equations (22)  - (39)  as follows;

 

We plot (40) using Maple Soft and obtained Figure 1, Figure 2, Figure 3, Figure 4, Figure 5 and Figure 6.
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     Figure 1 is the graph of LADM solution of 𝑆(𝑡) , 𝑆v(𝑡) 𝑎𝑛 𝑑 𝑆u(𝑡) , Figure 2 is the graph of LADM solution of 𝑆vc(𝑡) , 𝑆vn(𝑡) , 𝑆uc(𝑡) 𝑎𝑛 𝑑 𝑆un(𝑡) ,
Figure 3 is the graph of LADM solution of 𝐸(𝑡) , 𝐸Q(𝑡) 𝑎𝑛 𝑑 𝐸T(𝑡) , Figure 4 is the graph of LADM solution of 𝐼T(𝑡) , 𝐼i(𝑡) 𝑎𝑛 𝑑 𝐼N(𝑡) , Figure 5
is the graph of LADM solution of 𝑅(𝑡) 𝑎𝑛 𝑑 𝐷u(𝑡) and Figure 6 is the graph of LADM solution of 𝑆r(𝑡) , 𝐸r(𝑡) 𝑎𝑛 𝑑 𝐼r(𝑡) .

     Figures 1- 6 shows that for each compartment of the model the LADM solution is approximate to the exact solution of the EVD model.

Conclusions

     In this paper, we looked into a large eighteen compartmental fractional order EVD epidemic model with control measures; we ap-
plied the Laplace Adomian Decomposition Method (LADM) in solving the large fractional order EVD model and obtained the solution 
of zeroth, first and second order. The simulation of the LADM solution of each compartment gives a very good result which is approxi-
mate to the exact solution. We have been able to show that LADM can solve large compartmental fractional EVD disease model and ob-
tain an approximate result. We therefore conclude that LADM is valid for solving a large number of parameters and equations models.
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List of Abbreviations

EVD - Ebola Virus Disease. 
LADM - Laplace Adomian Decomposition Method. 
HPM - Homotopy Perturbation Method. 
HAM - Homotopy Analysis Method.
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