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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-

imate Solutions

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;

(1IDe§(t) = P— (u+r + K,X)5 +7R
(DTS, (1) =5 — (p+ 2 + KD,

(BID75,(t) = KyXS— (u+ 0 + K35,

(4D Syelt) = A5, = [Suc + 5 (MalySec + MalrSec + Mal,Sye + My DSy
(5)DSy(8) = KaZS, — [uSun + 5 ((alySin + il Sy + sl Som + 14 DuS0) |
(6095, (8) = S, = [1S,c + 2 ((elySuc + ealrSic + 2], Suc + 40,5,
(TIDSn(£) = K3 Y8, — [, + 5 ((adSin + talr Sy + Ll Sm + £, 5]

(B)DUE(E) = % [MafuSuc + MalzSoc + MalySyc + My Spe +
Tty Iy Son + MalrSen + Ml Sy + 140,500 + 811080 + €209, + €30, 5y + 24D, 5, + 1]
tilySyn + talpSyn + EalpSyn + Dy Syn] — ( + @y + @)E
(DDEL() = ayF — (1 + 0,)Fq
(AODEL(E) = ark — (u+ 8 + p)Er
(11D (t) = CyEp + CpEy = (dy + f2)Ir
(2)D%(8) = C.Ey + CoEy — (dz + 1))y
(3D (1) = CoEq + €y — dyly
(A4)DR(t) = ful; + Jaly + pEr — TR
(15)D°Dy(6) = daly + doly+dyir
(16)DUS, (t) = A— .S,
(17)DE(t) = wS, — wE,
(18)D™(t) = QE, — dyl;
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With initial conditions as;

Sunl0) = g7, E(0) = gg, Eg(0) = go, Er(0) = g1, Ir(0) = g1, (0} = gia,

$(0) = g1, 5,(0) = g2, 5,(0) = g3 55 (0) = g4, $:n(0) = g5, 50 (0) = G ]
(2x
1y(0) = gy3, R(0) = gy4,D,,(0) = gy5,5.(0) = gy, E(0) = gy7 and 1.(0) = gyp.

Where S(t) represents the susceptible human population, S (t) is the vaccinated human population, S (¢) is the unvaccinated human
population, S (t) is the vaccinated condom using population, S (t) is the vaccinated non using condom population, S, (t) is the un-
vaccinated condom using population, S (t) is the unvaccinated non using condom population, E(t) is the exposed human population,
E(t) is the exposed quarantined human population, E,(t) is the exposed treated human population, I(t) is the infectious treated
human population, I (t) is the infectious isolated human population, I,(t) is the infectious not treated human population, R(t) is the
recovered human population, D (t) is the dead unburied human population, S (t) is the susceptible animal population, E (t) is the

exposed animal population and / (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;

DUS:=D'S; = DS, = DIS,, =Dy, = DI, = DS, = D'B = D"By= D"By
Dl = D, = D®ly = DR = DD, = DS, = D“E, = D°I, = 0

Je

The disease free equilibrium (U?):

= vy y - > e e oge ge e i P P
(5,55 St Sier Soms Stter St By B 17 17 Iy R, D, 57, B, 17} e e TS v
K XP Arp K. 2rP ak,XP
(utr+ K, X)(pra+K,7 ) (par+ K 0 (p+d+0G 2 (u4 ) (par+ 8 X (ped+ i, 2 (p+ 020" (par+8 X (pta+ i ¥(p+ )
KxY K X A
,0,0,0,0,0,0,0,0,=,0,0}.
(ptr+ K X (p+a+ K3 Y M p+ ) M, d

The endemic equilibrium (U€) = {8, 55, 8¢, 88, 85, 55 . S5 ES, ES, 15, 15,15, R°, D, 85, EE, IE} #
{0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}

Where;
v P+ tR® c = r(P+ TR%) €= K X(P+ TR%) c - Ar(P+ TR%)
ptr+ X TV (K X0 (e A+ Z) T (ur K X (ke K YTV (e K X (AR 2 ) (aB)
5 = Ko Zr(P+ TR%) B gk X(P+TRY) g = Ky YK X(P+ TR®)
VI (K O (A KD (4 B2) TN (par K ) (pt o+ KV Ba) U (e i X) (b a K Y ) (pd Ba)’
FC= Pt R® [r1Ba1 Al +B2)+ BrKaZ (ptfs)] Kuxlﬂdﬂﬂm‘ﬁq)i‘ﬁa!ﬁY(uﬂh]I]
(n+ g+ a)(uar+ K O L (e B e B (e A4K32) (4B )(pt Ba)(nba+Ks¥)
B3 @, (P4 TRE) [r]ﬂal(n+ﬁ;}+I?;Kaz(;ﬂﬁ:l] KiX[fsa(psBal+faka¥ (p+3)]]
Q@ () ayt ag)(prr R X) L) (e ) (ur 4K 2) (+Ba)(p* B pra+ksy)  1°
ES= a(P+ TRC) [rlB1A(p+B2)+ faKaZ(ptfa)] | KiX[faa(ptfad+BaksY (p+fa)]
T (B +p) i+ g+ @) e+ K, X0 | (p ) (nt B (n+ A+ K2 2) (u+fiy )+ u+a+K,Y)
€ g (P+TR%) ["‘lﬁl-l(l“‘ﬁa}*' faKaZ(p+f)] Klxlﬁ:{"{u"‘34}*‘{;4"']"'[&‘*3.13]][ Cyay
T (dy+J3)(p+ ay+ aa)(per+K, X) () (s M ped+KaZ) () (nefa)p+a+K3¥) | (u+8y)
Cailly
(pedy+p)l|
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It (P+ TR%) ["lﬁl“l—l"‘ﬁz]"‘ PakzZ(p+f4)] o Ky X[Bag{p+Fa)+FaKa¥ (p+fa)]] [ Caary
¢ T @ttt @)+ KD | U et ) (ut B (kAR Z) (u+Ba)(utBa)pra+key) | Lgursy)
4z ]
(utdz+p)l |
. (P+TRS) [rl.l'hifu*-ﬁ:)*' fzKaZ(p+fis)] i Ky X[fao(p+fa)+faKsY (n+f3)]] [ Coay Cgtra ]
N (it @yt e (T Ky X0 | L (kB ) (uk o) (nd A+ K22) Bt ras k) ) Lur8y T Gietstp)
RE = whiar [ I [ Eama Callz
a-wy WhETe W [ (o4 f2) (b a3+ @) (pbr+ky X) L e6y) + (p+Ba4p).
IF [ Caa Carz | pus 1[rBsAlu+Ez)+ ﬂJKEZ{I-H'Bl)l

(dy+2)nt art az)(pbr ek ) Lin6y) © (uadare)] 7 (ua@arp)lnt ant axdubr+ K X L (ot Bt Badlus A4 22)
Ky X[Bya(p+fy )+ K Y (+65)]]
(u+Ba(utBa)uta+ksy) I

[ P

= =
S B s

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

RY = Libef+cdg) + K(bel+cdm)  H(befknt + behinu + cdgknt+ behkly + cdhjnu + cdhkmv)
- aceh acen acehknw

MaSpct NaSpn 4028, 04 138 my Syt NAS»N+ Spet 015, My Syt naswl-i' Syet 145,
where: L = 2Suct baSun pr — e1Suctifun |y = ve £4Syet baSun

N

(u+a,+a;)b= —azc=(pu+6,),d=—a,,e= (p+92+p)f_—£'l,g_ —Cz,h_
(dy+ ) k=(dy+ 1)i=—Cyj= —Col=-Com= —Cop=—]1,q= —Jo,n=ds,r =
—ps=tnt=-dyu= —dpv=-dyz=dpw=qx=H.y =20

a=

Thus, U¢ is locally asymptotically stable when R? < 1 and unstable if otherwise. While, U¢ is locally asymptotically stable when R? > 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 R, x = 0.

Proof
We need to show that the domain R, x = 0 is positively invariant.

Since,

DUS(t) s = P+TR 2 0
D5y ()l5=0 =152 0
D5y (5,20 =Ki1XS 20
DSy (s, 0 = 45,20
DSy ()5, =0 = K225, 2 0
D78, (g, =0 = 05, =0
DSy (t)]s, =0 = Ka¥5, = 0
DTE(t)|p=p = %[m,INSM + mipleS, + myl S, + myD, 5, +
Ny I Sen + MalrSen + NalpSon + M Dy Son + e9lySue + €258y + €3l Sye + €Dy Sy +
tulSun + talrSun + talrSun + taDySyn] = 0 ”
DE(®)], .o = WE 20 ®
DUEr(D)lgp=0 @zE 2 0
D (D)lip=n = CiEg + CoEr 20
DEl(e)ljm0 = C3Eq+ Cifr =0
Dly(t) =0 = CsEg + CeEr =0
DUR(E)g=n = fali + Jaly + pEr 2 0
DDy ()| p,=0 = daly + dali +dyfr 20
DS ()ls,=0 =A20
DYE () gm0 = @S, = 0
DU ()0 = ¢E. = 0
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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;

SEL{S}—5°718(0) = L{P- (n +T + KX)S + TR}
SOL[S, ) —S%18.(0) = L{rS- (n+A+K2)5,}
SAL{S,} = §7715,(0) = L{K,XS- (u+ o+ K3¥)S,}

SO LSyl = S*5,e(@) = LS, — [uS,c + %(m. IySec + MalrSye + M Soe +muD,S,0)||
S E{Sm) = 5150 (0) = £{K125, = [WSin + 3 (alSon + RS + shSem + D)
SOLLSuch ~ 545, (0) = £o8, ~ [Suen+ %(c,rﬂsw +ealrSuc + ealSue +eaDuSu)|
SCL{S )} =578, (0)= L {x,vsu - [|.LS,,,, + %(:JNS“ F+ bl S + G5 S0 + :,‘D,‘Su,,)H

S“L{E) = §"'E(0) = L [%lmlfu-&‘.r + MalrSoc + mal Soc +MyDLSee + Nyl S +
MalySpn + NalySun + MeDySyn + € uSuc + €2l Sy + ealpSuc + €30y Sye + tylySyn + (3)
LalpSyn + tal Sun + 840,5,,] — (0 + ay + o) E}
STL{E,} = ST EG(0) = L{ayE - (u+0,)E}
SCL{Er}— 5“'Er(0) = L{azE- (u+ 8, + p)Er}
SEL{IE} = STMH(0) = L{CiEy + CEr- (dy + 1,00}
SEL{I;} = §*'1(0) = L CsEq + C4Er- (dz +1,)1}
SEL{I} = ST G (0) = L] CoBg + CoFr-dsly}
SL{R} = S*'R(0) = L{},1; + |}t + pEr — R}
STL{D} — STUDL(0) = L{ daly + dal + dylg)
SOE(S,}— §715,.(0) = L{A- ps,}
SOL{E,} - §9E,(0) = L{wS, - uE}
SOL{L} - S9U(0) = L G, - dyl}

Applying the initial conditions (2) to (5) and dividing by S* gives the following;
s} = %+,‘,—t| £P- (u +1 +K,X)S + R)]

LlS:) = 5';—’+sl€,| LLrS- (n+ 2+ K251

£fs,} = %+ ;—,u{x,xs- (146 +K;1)8,}

4 1 1
LSec) T+ 57 (L0, — [Sue + 7 (M IS + MalySuc + Ml Sy + 1D Se)])]

N T e . .
LiSin) = 4 s ILUES, = [WSan + 3 (1aluSem + MalrSm 4 il S + a0, 5o )]

g

s
1 1

L8} = % + oz [LBYS, — [uSun + F(talySun + talrSun + Lyl Sun + 64Dy 53]

1 1
LiSul ==+ S__.Ii{ﬂ“l'k = [1Suc # lertuSuc + exlrSue + ealiSuc + e4DuSulll

4 1 1
LIE} = ?s-'- S—"if,{ F[m.f,\u.f“ + mplySe + malp Sy + maDy S, +
Ny lySpm + MalySen + Nal o Son + 00,0050 + 0000y + 020p Sy + eale Sy + ey D5 +
Byl Sun + taleSun + 8l Sun + G0 Syal — (0 + oy + 0 E]]
1

L!EU}=%+ST|£{“lE' (1 +8.)EQ]] ()]
Hao

1
LiEr} =+ Ll agE - (n+8; + p)Er}]

a 1 G L
L) =+ 5 £ GEg + Gafir— (dy +1)Ml)

1
1) = %8+ 12 Gy + Gir - (ds D))
3, 1
Lityh = B2+ [ CsEq + CaErdlly)]

Jua 1 .
LR} = ==+ 5 [LlIik + Jabr + pEr = TRY]

5 1
00, = Zob (L0 ok ol + )
Hin
5
7 |
£EY =T+ o (LS, - k)

£45,) = Lo e (£ A= S )

£ty = 20 Zpagm, - aa

Assuming that the solutions of S(t), S (t), S,(t), S,.(t), S,,,(t), S, (), S, (£), E(8), E,(8), E, (1), 1,(8), (1), I (t), R(t), D, (1), S.(1), E.(t), I (t) are
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in the form of infinite series given by;

5(t) = EnesSn
5.0t = Ef=a S,
5 (8) = By S,
Suelt) = ERanSuc,

Sen(t) = X5y S
Suelt) = o Sue,
Sun(t) = EfeoSun,

E(t) = %‘”:n Eq
Eg(t) = Enuo By,
Er() = BB, [
()= X5 :r,,

3t =Exo ke,

In(t) = Efzo v,

R(t) = Eio Rn
Dy (t) = Zimo Dy,
5,(t) = Eitwa Sr,
E,(£) = Znmo Er,
5(t) = Equs

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

Iy()5,:(e) = Efoo As
()8, () = Eieo By
1(8)5::(0) = Bl Fa
Dy (E)Spe() = K3y Gy
Iy(£)5pn () = Eio Hy
108, (1) = By Ly
1 ()5 (t) = B0 Qu
Dy ()5 (t) = Eio T
IS, () = Erlo Uy
Ir(£)8,:(t) = E-o by
’r(‘}Sm(U = E::"-D wn
Dy ()5, () = Eimo Xy
Iy () 5yn(t) = Exan¥n
1r(0)8, (8) = o Zn
B(8)Sun(t) = Xalo Ny
Dy (£)Sun () = Eiua Mn

(8)

Where the above Adomian polynomials are defined as follows;

"
Ay =m’,—,\5ﬂzz 02 13 (6) ER20 Sy (O lla=o

By =

Gy =

Hy =

(a0 Ak () B0 A Sk (O 30
|Z~ R (9] L (3} | PR
{zr- 02 Dyg (1) ERao 2 Surke (0} 0
e (T AT (1) ERao St (0100

r[m—nul
rtm:]rﬂ"
Finlh!J."

Fin+1) dan

Ly = I_.(M“;;'."{ng‘!”n(!} Ehco A" Sene () as0
Q. ~,——UL.,;‘£":{£: o AT (6) Eiao A4Skt 20

TI!
Ve = nmnna"
W=
W, =
Xn =

¥,

e (B0 A Duselt) i Sy (120
= (Do A T (1) L0 A% Sues (20
A (0 A () TE e A5,k E) 100
m‘un {ERmo A T lt) ERmo A*Suck ()} 220

{Exznl*Duk(!)E o0 A4 Suc (Y100

r[nnnu"

r{nﬂ] nj"

Fim+ rime1) an

= s e (80 A k) TR0 2 Sk (D)0

Zy= ﬁ%{zz A4 15 0) Eeo A SO im0

N,

M, =

{Ek-aik l’“)zx-njz unk (11 =0
A (B AXDy () B A8 e () 2o

oy r(mnd.u‘

r(m T

(%)

18
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From the above definitions when n = 0 we have the following;

Similarly, when n =1 we have the following;

o= ﬁ%lli"fmlu"sw = hoSwo
F(l] MJ {I'tn’ﬂl I [,1“5.“0]} = IroSen
Fo= mml[l"-’m! [%Sucl} = IreSuce
,mmml [4%Sucol} = DuaSoco
FEI} ,,1.‘ llﬂnfuo] [A%5,.6]} = InoSens
L= mmlli"fml [1Smo]} = IrgSume
Q= mma Pt (LN [P LN g

A {12Duol 281} = DuoSemo

B, =

Go = 4{1).-1

Hy =

o mw"
Uy = r‘tii “n (Ao ) [°Sucol) = InoSuco
{[ﬂnfrnlll"S.m;l} = lraSua
{|A°ITU]|,1°5m!} = loSuco
Xp= ,;U :; (128D, [4S 0} = DyoSe
Yo= mm (A%l [A%Sunal} = InoSuno
A o l[2 o]} = IroSuns
A rol[A°Sunol} = lraSuno

Mg ﬁmm”%o][i“sﬁ" B = DSt

(10p

Vo=

ri [\) dar

Wo=

J(l]ﬂ"

= I(r]:.u"

No = rma.(ﬂu

Considering the above equations we have the following;

Lisy =2

A= rm - il + Ay ][Sucn + A5 Hiaco = InSees + S
h=rra 2 ({10 + Ara][Suca + Aoc Maso = FroSocr + IraSocn
F=rs (Ul Ay v + ASoci Mo = hoSuc +IriSica
G, = F&;nf[om + A0 |[Suco + ASucalHano = PuoSicr + DusSico
Hy= rm;{”-"“ + Ayl Fimo + ASmaHazo = InnSen + IirFimo
= ,—:Tl%f"rn + Alrs S0 + ASmalllieo = freSuma + fr1umo
&= T"R_]EE{[I’“ + Apy][Sona + ASensHazo = froSems + FraSema
= J't?Jﬂ L {1Du0 + A, [1Sem + ASemalHico = DuoSuns + DuaSin i
Lt =l + Ay llSuco + Aucr D=0 = InSucr + I Suco
V= ;['1];“,[[1':11 b [Sue + ASucaltiso = trefuc + friSuen
1 rtz]nu.“r"" + AU llSue + ASucalHazo = FroSuc + Ir1Suco
X, —;'[‘;*‘;;”D...+iﬂmi|sm + 5. Wazo = DuoSue + Do Sue
h=1G M{["nn + Ay lSun + Aymillliso = fvoFun + IyiSuno
Iy = s v + A im0 +2Sun Waso = IroSun + IraSun
N = ”zmiiunui”ils‘,, + 45 Waso = loSun + haSuna
My = rmu{w o+ AD IS + ASmi]Haso = DeoSuny + DuySin
L L{S ) = 2, L{Su} = 2, LiSuco} = L{S.mn} =%,
L{Suco} =2, L{Sumo} = “i L(Eg} =7 %, £{Bqe) = &, L{Ere} =218,
Lilg} = 22 -Effm}= %45{30}_ 5{-'3 o} = 28,

Lilre} =,

LiS} = 8, L{Eye) = 22, L{l0} =
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LS} =2 LP- (u +1 4 K;X)Sy + tRo}]
L{Su1} = = [ £{rSo - (u+ A+ KaZ)S,0}]
L{Su) = 5 LIK XS - (u+ 0+ KY)S,o)

L0Suer} = 2 £{AS0 = [WSueo + 5 (myAg +myBy + msFy + myGo)l}]
LSums} = % [£{KeZS = [WSumo + & (1 Ho + oLy + 13Q, + e To)]}]
LiSue = = 1£{050 — 1Suco + 1 (e1l1y + 22V, + eW, + e, X011
S, = SIE{KaYS,0 — (S0 + 2 (6¥0 + a7 + Ny + £ M)
HE )= %lﬁ{;l[m.dg + myBy + maFg + mgly +
ttgHy + vyl + nyQy + 1y Ty + &gy + €2V + e3Wy + o4 +
B Yo+ 52 4 6Ny + M) — (1 + oy 4 03) Egl]

HEor} = = [ arFa = (u+0))Eqo}]

L{Enl = #[ L{ 0By - (u+ 8, + p)Egp}]
inl= ’%[L{Ciﬁuo + Cybrg = (dy +1,) 1w}
£{1y} = 5 1£{ CoFqo + CuBro— (2 +1,)lo}]

L} = £ 1£{ CsEqo + oo - talwo]

LR} = ,lalf'{ Jilio + Ikvo + pErg — TRo}]
£D,4} = %lff dylyg + dylig + dylpy}]

LS} =2 1A~ S}l
LEn} = 9.L 1£f w8y - 1. Eq}l

£llp} = F 169 - dyla))

(13)

LS =2 [LP - (n +7 +K, XISy + TR))]
L{Si2} = [ L0151 - (n+ X+ KeD)Sun]
L{S.2) = ZLLKXS - (1 + 0+ K, V)5, )

LiSuce) = [ £{MSu1— [8Spcs + + (Mudy + myBy +mFy +myG)] ]
LiSu) = o [£{KaZS0 — WSy + S0y +myly +13Qy + naTy)] )
LfSuca) = o 1£{05u1 — [WSuer + 1 (ealls + 2V + esWy + e¥0)]]]
L{Sunz} = S [£{KsYSuy = [0Suns + 5 (0a¥s + 822y + 5Ny + ,M)]]
£{Es} = = [L{5 [mad, +muBy + myFy + myGy +

Ny + oy + 0@ + Ty e Uy + eV + W) +eXy +
LYy + 2 + Ny + M) = (p+ ay + @) Ey}]

L{Eqz) = 55 [£{ @y - (u+ 8)EQ])
L{Er) = sia[r'{ azEy - (n+ 8 + p)En )]
Lilp,} = %[L{C:Bm + CoBpy = (dy 4 )2)In}]
Lilp) = %H[ CzEqy + CyBpy - (dz + )1}
E{lnz} = 57 [£{ CsEqu + CaEry - dalny}]
L{Rz} = ;T,[L{llhl + Jzlry + pEry = TR
L{Dys} = _%m[f'[ dalyy + dyly + dylpy}]
{872} = =LA eSr)]

LE) = 5 £ 08y - 1E)]

L{ly} = = [ L $E,; - il })

(4
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LiSurt) = [LP- (u +1 + KX, + TR
£fSuman} = [LErS, = U+ A+ K280 )]

£fSupneny} = 3 [LIKXSn = (1 + 0 + K3¥)Sun}
LSuenin} =l L{ASy, = (S0, + =My + MaBy + M, + muG]]
LSminen)) = = [£{KoZSy, — [WSymy + 204 Hy + Mol + 1500 + 1, T
LS ey} = ,.L.f IL{K:ZS\-“ = [WSpn, + %(ﬂiﬁn + Naly + 120, + “4%]]}]

HSucrsts} = 0 [ {050, = (1Sucy + $(esUs + eV + W, + X))

LfSuntnen} = 32 E{KsYS0, = WSy + 5 (Ca¥ + taZn + sl Ny + EM]}]

1 1
L{E ey} = oo [L6; [MaAn + MaBy + maFy + MGy +
mHy + nply + 130, + 0, Ty + ey + el + oW + e X, +
ty ¥y + oy + taNy + t My ] — (L4 0y + 0g) By}

L{Eqmen) = SL.. [L{asEn - (u+0,)Equ]]
HEraen} =55 [ Ll aE, - (0 + 82+ p)Ery )]
Etrineny} = [ £{ CiEgn + Cara = (dy +12)ln})
Llignrn} = 521£{ C2Bqn + G4y -~ (dy + T }]
Livgman} = _%.,15{ CsEqn + CoErn = dalyn}]
LRy} = ﬁ[q Jilin + Jabpg + pEpq — TR}
£{Dugnen} = s 1L dalyn + dalin + dbey}]
E{Sr(n+1j} = ﬁ[ﬁ[ A- I-h—sm}l
LlErmin) = o [L{ 08 = nery}]
Lilgan} = _,Laht{ $E - dyl, )]

21

(15)

Evaluating the Laplace transforms on the right hand side of (13), (14) and (15) we have the following;

LS} = {P- (n +r +KX)Sp + Ro}=
LiSut} = {1So~ (w+ A+ KoD)Suo) =
L{Su1) = (KiXSg - (u+ 0 + K3V)Sup)
LSuer) = [8Su0 — [1Suco + 3+ (mydg + mBy + myFy + myGy)]} =
L{Sumt} = {KaZSuo = [Sumo + = (4 Ho + 1Ly + 1aQ0 + 1, To)]}
LSt} = {0500 = [WSuco + 3 (erlo + sV + exWy + X0l =
EfSuns) = {Ky¥Su0 — [WSumo + 5 (&Y + 62, + tal, No + t,Mo)]}

1

7

L™

L{E,} = {i[‘m.Aﬂ 4+ myBy + maFy + myGy 4+
yHy 4+ Nalo + naQo + nyTy + ey Us + €2V + eaWp + 24Xy +
Gy + LaZp + taNp + LMo] — (0 + @1 + a) En}f—T-r
L{Eqi} = {caEo - (n+01)Eqo}

L{Er} = {o:Eq - (u+0; + p)Epo} =
L{l1} = { CiEqo + CoBro - (dy +Jo)lro} v
L{ly} = { CoEqe + CyEro - (4 +1)ko) =
L{ly} = { CsEqo + Cebro ~dalyo} =
L{R} = {J1lio + lolyo + pEqo — IRH}#
L{Dyy} = { dalyg + dalip + dl"rols%;
£(8,2) = {A- wSod
L{E } = { @Sy - Ir‘rEm}_.‘%

Lt} = [ pEq - dalrnls%l

(16)
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. 1
L{S}={P-(p +r +KX)8; + rRl}F

£(5,2) = (58 - (0 42+ K2 =
1

gt

L{S,p} = {K XSy - (u + 0 + K3¥)8,, }
1 1

LSyl = li\Svl = [WSwr + 5 (midy + maBy +msFy + mdal}]]F
i 1

L{Sema) = {K;ZS‘_, = [WSym1 + E("IHJ +maly +maQ + “-!TI}I]F

1 1
L{Syel = }ﬂsm = [1Su ;[*1”: gV o+ egWy "'lxl’]Js@T

1 1
LiSaa} = EK3Y5u1 = WSt +  (0a¥1 + 82y + 3Ny + HM)]IF
1
LHE} = {E["”Al 4+ maBy 4+ maFy + G, +
npHy + nply + n3Q, + mTy + eyl + 22V + e3W) + 00Xy +
1
LYy + Gy + Ny + M) = (n+ o +a,)£n}sﬁ

r (17)
51501} =l {“lﬁn -+ 01)%1]#

1
L{En) = {aky - (u+ 02 + P)En]gﬁ
1
Lzt = { CyEgy + Cobipy - (i 4 I:l]l'l'l}_\-«u

£t} = {Coki + €k - (4 41,1} =

) = (6 + G-t}
£fRa = [l + Tk + pfry “""'}s%
LD} = { dilyy + daly + d,[r.}S%
s, ={A- u,S.J%
L{E ) = {wS,y - urEri}gﬂ%

£l = (864 - diba) =y
LSusrd = {P- (u #1 + K X)S, + Ry}
L{Symen ) =115, - (n+ 2+ Kz?-.}%n}_cn;.u
£fSugmen) = (K XSy - (0 + 0.+ K VDS b 7
EfSuepmin) = {asgn = WSy EOM A+ B+ F, m‘ﬂm}l]ﬁ
EfSuniuany} = {KaZ8,, ~ [Sn, + 00l maLy + 100, + T
EfSucinsn) = {05, = [1Suc, + 2(e0, + 0¥, + W, +0,X,)]} ==
S} = (K2YS,, = WS, + 2007, + 0.2, + 6N, + 61|
B l)}{ilml Ap + 0By + maFy + maGy +
m#, +mpl, + gl T, e Uy eV, W, ek, +
E¥a by bl + LML= Gty + o) Bl
Eguent = {mE, - 0+ Ul)Eun}jﬁ
LErpmeny) = {agEy - (04 82 4 plEr} =7
Litrwan) = { G + Cofra- (dy + I‘]l'l'n}y;.;
Ly} = { CoEgu + CoEra - (dz + |;)[|n},..+|
e} = CBgn + €y - iy} ==
ERmiik = {1l + Llra + pFry = tRe} =
£{Dyen} = {dylyy + ol + dilg )=
HSruent ={4- “esl'"}#
e} = {0Sm - wFal=r

L) = (98 - dild 2=

b (18)

Taking the Laplace inverse transform of (15), (16) and (17) and applying the initial conditions (2) we have;

So = 1500 = 9250 = 93 Sve0 = Gu
Sunn = G50 Suen = Ger Sumn = G700 = G Egn = G
Erg = 810.170(0) = 811, io = 12,50 = 912, Ro = G1a,
Dyy = g1s, S0 = e Eyg=g17and Iy = g1

(19)
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Si={P-(n 41 +K, g, + @} —

r[a FyY)
Sp={rg, - (n+1+ K;Jg,]r( = |3
Sa={KXg, - (n+a+ K:‘f}gs}m
Sper = [U [mgs + —('“194912 + MeGafyy + Mafafan + “‘4949’15)]],("4‘ 5
Semt —[ 229z — |ugs + —(mgsgu + N205 011 + Nagsfae + n.gsgls)llm
Suet = I“‘h [1ge —lﬁ&'wn F ezgafin + €xfisin + fa.‘!ﬁ&'ﬁ}]}m
Suna = [Kz\’r-'; = [vay + E(J‘:Q?\'h: + byt + Gr 0y + I‘.ﬂ?slsll}m

1
Ey = (5 1Mi04g13 + Mgayy + Miafin + Magalys +
Mygsgrz + 2@sdn + NaPsthe + Ragsges + el + e20691 + exgelin +

t
€404015 + 1109013 + (2GrGss + Lafefsa + Lallnfas] = G+ + ) B ey
20
-{EJQE-(M‘BJ‘Jq]m (20)
_ { ok
Ery={uagy- (n+ 82+ Pwm}m

[5
Irs = {Cigy + Cagyy- (d, + Lw“}m

fin ={Cally + Caflyg— fd1+h)3m}r{a+j)
e
Iy = {Csgy + Celyy 'd;.Qu}m

={hg, + 128, + P9y~ 19,4}”“ 5

pot
Duy = dagyy + dagyy + dlgulm
o £

Sa={A-wdlioTs

e
En={ug, - l!.gn}m

= {"gn "lﬂlk}r[a+ W]
Sy ={P- (u 4+r +K,X)5 + 1Ry}

Sua = {151 - (4 A+ K205, ) ——
Suz = {K: X8y - (n+ 0 + Ks¥)5,,}——

.l(.n]]
ar ﬂ;

rlrnij
Secr = {ASy0 = (S, + 2 0MyAy +myBy + moFy + MG} =

Sk ={x TSu1 — [WSemy + 3 (maHy + 2Ly + 10y 4 mml}

Sy = {"\nl e h'qur; + ("\” + eV + e Wy + e X l”}

nml;
rmu]

Fimt1)

Sunz = {Ks¥Sus = [1Sun, + (01 + L2y + 6N, + M)

Ez = (5 [mdy + maBy +maFy + myGy + oty +noly +
n, @, +n, T +e Uy + eV, e W +e X + 0¥, + 62+

taNy + GMy] — (e + ey + EP)E’}n"rwﬂ]

Hgr = {wF, - (n+ H,Jr.pl,m @n
Ery = [aaE) - (n+ 8, + Fﬂhn}r[mn
fra = { CiEqy + Cabiry - (dy + Jo)in

I = { Caiqy + iy = (dy + 1)} =—

.l(m 1}

Fiers1)

Iyy = {CeEqy + CeBry-dy lhlif{"_”

Ry ={hly+ lzln + pEry — 1 ‘}mnn

Dy = [ dylygy + dalyy + dy I1-,]m

Spp = [A- S t——

Jram
Epp = {wSp - pp rl}m

. [
Iy = { gy - dﬂn}m

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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S()= Se+S5:1+5:+

i
=g+ [P (T +KX)g, + T 91.}m @2)

+HP-(p +1 +K,X)5, + 1Rl}m
Splt) = Spp + S + S +
=gz t{rg, - (WtAi Kgl‘.)gz}

Mat+1)p (23)

+HrS;- (n+i+ K2Z}S“]—rfa+ 5

Su(t) = Suo+ 5 + S +

I

= g.+{KXg, - (u+5+KM§(}m @n

e

HE XS - (p+o+Ks Y)Sul}m
Sue(t) = Speo + Sper + Spcz + -
1 e

=84t [?\gz = [ugs + 5 (M1gag13 + Magagrn +M3gag1s + m-a.?-;&s)l]m (25)

{280 = 150 + 5 s + By +maFy + a6} i

Sin(t) = Spno + Somt + 5o +

i

1
=gs+ {Kzz.gz = [ngs + Etnlgs-\gli + 1305011 + Nagsdis + n‘tgsgis”]m (26)

P

1
+{KeZ801 = [Sim + 3 Ouy + 1yl + 73Q, + m'ﬂ)]}m '

Suc(c) - sucn + sucl +5uc2 + .

=Us {093 = [ngs + - (915"5913 + 206011+ €30sbha + 3435915)]]

a

Ta+n '

et} @27
+Iﬂsu1 = [WSyer + E(E‘IUI + eV +esWy +94X1)|}

T.ll'l(t) - Sunb - SIIFI - Sunz +.

I

=g.+ [Ks‘fg,« = |ng, + (ng?yn + 16,0700 + 1387010 + r4gygls)l}m T1b (28)

#fa¥Su1— WS + T+ 020+ 5Ny 4 MO

B = By + B+ B 4 -
1
=gst {ﬁlml.@tgu + Magagin + M3faGis + Magag1s + MPsfry + N2gsfiy + N3G +
Nygsfis + 186013 + €206811 + €206t + 196015 + L7013 + 1207001 + 3068018 + LlsOhs] —
ll‘ﬁ
(H +a;+ az) gs}‘—'— + {ﬁimlﬂl + ngl + m3F1 + m‘l;l + anl + nle +

Mla+1)
n3Qy +n,Ty + ey Uy +exVy +e3Wy +egXy +6,Y) + 1,2, +

(29)

[
3Ny + My ] — (e + ay + @) El}‘m"‘
Eo(t) = EQQ+EQ, -

5 30
:g')"'{aiga (H+9)99] +[“1£|—(U+91)EQI}ﬁ+ } 30

e +1)

Ex(£) = Erg + By + Erz + ..
(31)

=91n+{ﬂ2§s- (P+92+P)910} +{aEy - (n +BZ+pJET‘}F_((Tl)

‘ﬂ
Ma+1)
Ix(t) = fru +0py kI 4

£ 32
=gy +{ Cigq + Cag,, - (4, +Jz}§u}m+{c 1Eqq + CaEry = (dy +]2)|‘f|}ﬂ“_+1]'+"'] G2

24
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L) = ho+Iy +1p+ .

=gzt {C299+ C4g, - (dz + 11)912}

"

Fa+ 1)y (33)

a

t
+{ C2Eqs + C4Epy - (dp + lx)ln}m'*

I(t) = JI!«ru +lyy + e +-

34
=013+ (G0, + Cu8io- 001} r s +U+[C5Eqr+ ':oEn—da'Nl]m"' } oY

R(t)= Ry+ Ry + R+ ..
=01+ (012 + 1oy + 0930 = Grad s + (i + Bl + pBry — TR} s+ } 35)
D,(t) = D, l]+D,,1+DL,2+...
! (36)
=g +{ dag,, + dg,, + d19,.]r{ = 1)1-{ dylyy + dalyy + dllT']r(a+ 1}+ }
S.(t) = sﬂ,+s,1+srz =
=gi+{A- u,ym}ﬂ +1)+{A "'S”}W" } (37)
Et)= Eqg+Ery+ Ea+ ...
= 0+ {00, - WG}y + (08 = W) e ]‘333

L(t) = .lm+J'”+!r2+
e 39
= gig +{g,,- d@,s}r( +1)+{¢'Er1 ddfd}m‘*'“ (9

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;

S(t) = 4396521 — 4119316038 10%¢ + 1.930306565 106t% 4 -
S.(t) = 1758608 + 1.63754582610°t + 8.887274825 105¢2 + -
S.(t) = 2637913 4 2.127107168 10°¢ + 1.200524546 10%¢2 + -
Sp(t) = 527582 + 31633.85672t + 23929.87758t% +
5,.(t) = 1231026 — 5491785064t + 22195.26974t% + ---
Sue(t) = 1582748 — 6.06783399 10°t + 2.261567366t% +
Sun(t) = 1055165 — 2.675265248 105t + 59916.42590¢* +
E(t) = 1.252122938 10%1 + 6.602270550 105t% +
Eo(t) = 74 — 69.06716¢ + 5.974857650 105¢* +
Er(t) = 2.56686559 10°t* +
Ip(t) = 500 — 2269290777t + 46.10402364¢% + -
1;(t) = 800 — 3769046626t + 80.00712360t% + .
Iy(t) = 400 — 127.0771285¢ + 17.03932643¢2 + ---
R(t) = 649.8800t + 173.5553478t% +
Dy, (t) = 24 + 139.7318904¢ + 56.97545005¢% + -
5.(t) = 6000 + 1760.00t — 35.20000000t% + ---
E.(1) = 100 + 4796.00t + 608.0800000¢2 + --
1,(t) = 80.0t + 1889.960000¢> +

(40)

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(¢), S, (t) and S (t), Figure 2 is the graph of LADM solution of S (t), S, (1), S, .(t) and S (t),
Figure 3 is the graph of LADM solution of E(t), E (t) and E(t) , Figure 4 is the graph of LADM solution of 1,(¢), I (t) and I (t), Figure 5
is the graph of LADM solution of R(t) and D (t) and Figure 6 is the graph of LADM solution of S (t), E (t) and I (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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