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Abstract: Ebola Virus Disease is a disease (EVD) that is endemic for a long time now as we keep getting information
continually of its recent activities in some parts of the world. The 2014 Ebola outbreak brought about the interest of
researchers in the area of the disease. This present research presents a large eighteen compartments dynamic equation of
Ebola Virus Disease with control measures. We applied the Homotopy Perturbation Method (HPM) technique to
determine an approximate (analytic) solution of the model. HPM produced a solution that is close (converges) to the exact
value. This work has been able to show that a large eighteen compartmental EVD model equation can be solved using

HPM which has not been shown before in literature.
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1. INTRODUCTION

Homotopy perturbation method (HPM) was designed by
scientists and engineers to help in solving non-linear
ordinary differential equation problems. This is because
the Homotopy Perturbation method actually transforms a
difficult non-linear problem that is hard to obtain its
solution into a less difficult problem that can be solved.
The HPM was first used by He in the year 1999, He (1999)
and was improved in the year 2000 and 2006 respectively
by He, He (2000a); He (2006). The HPM helps us to obtain
an approximate analytic solution of a non-linear dynamic
system. So many researchers have succeeded in obtaining
analytical solution for different physical problems over the
past years. Mathematical modelling of dynamic systems in
infectious disease modelling using non-linear system of

differential equations has drawn the attention of so many
people over the years™™, Epidemic model is simply a way
of explaining the transmission dynamics of a
communicable disease. Ebola virus disease (EVD) is a
communicable infectious disease that mathematical model
can be used to study. The disease stormed West Africa and
did a lot of havoc during the Ebola outbreak in
2014(Ahman et al.; 2020). So many control measures such
as contact tracing, quarantine, isolation and vaccine are
now in use in the case of another outbreak (Ahman et al.,
2021). So many researchers in recent times have applied
HPM in obtaining approximate solutions to infectious
disease compartmental model dynamic system of
equations. Omale D. and Gochhait S. (2018) applied HPM
in obtaining the analytical solution of a HIV/AIDS

International Research Journal of Applied Sciences, Engineering and Technology
An official Publication of Center for International Research Development
Double Blind Peer and Editorial Review International Referred Journal; Globally index
Available www.cirdjournal.com/index.php/irjaset/index: E-mail: journals@cird.online

pg. 29



compartmental model with a dynamic system of equation
that is nine compartments. Atindiga et al., (2020) applied
HPM in obtaining the approximate solution of a non-linear
system of differential equation of a disease model that is
seven compartments. Didigwu et al., (2020) applied HPM
in solving an Ebola model dynamic system of equations
with seven compartments and they all obtained an
2. The Ebola Virus Disease Model Equation
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approximate solution without much difficulty. Many other
researchers applied HPM in obtaining approximate
solutions 121 14 B3I 101 181 hyt none have applied HPM in
solving a system of EVD model equation that is eighteen
compartments.

Considering the following EVD model equation with control measures by Ahman et al., (2021);

W =
@5 =
O
OF
ORE

dSyc

dSun _
N=F=

M- (p+r+KX)S+ R
r1S- (L+A+K,Z)S,
KiXS- (p+ 0+ K3Y)S,
ASy — (H+ B1)Svc
K2ZSy = (1 + B2)Svn
), = oSy — (K + B3)Suc
K3YSy — (1 + B4)Sun
(8) 50 = BiSvc+ B2Sun + BaSuc+ BaSun— (M + a1+ ap)E

922 = oE - (u+ 6,)Eq o
(10) 2 = oE — (u+ 8, +p)Ey |
Ansr = C1Eq + CoEr— (d; +J2)ly

12 = C3Eq + Cafr — (dp +JDI;

(13)2r = CsEq + CeBr — dsly

145 = Jili + Jzlr + pEr-TR

(15) 22 = dsly + dl; + dyl — gDy,

16)%r = A= 1S,

a7 % = wS; — uE;

(18)5r = ®E, — d,I,

with the initial conditions; S(0) = S, S,(0) = S,0,5,(0) = Sy0,Svc(0) = S0, Spn(0) = Syno» Suc(0) =
Sucor Sun(0) = Syno, E(0) = EO»EQ(O) = EQOtET(O) = Ero,I7(0) = I, 1;(0) = Ijp, Iy(0) = Iyo,R(0) =
R, Dy (0) = Dyg, Sr(0) = Spg, Er(0) = Erg and 1,.(0) = L.
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welet; By = (u+ 71+ K X),B; = (u+ 1+ K;2),Bs = (u+0+K3Y),By = (u+p1),Bs = (u+f;).Bg =

(u+B3)B; = (u+ Bs)Bg = (u+ ay + az),Byg = (u+6;),Big = (u+ 6, +p), By =(dy +J2),Biz =(dz +]1)
So that after substitutions equation (2.1) becomes;

ds 3
(1)52 M-B;S+ 1R
ds,
(D)= =rS—ByS,
das,
(3) E = K]_XS - B3Su
dSyc
(4) dt = ASy —BySyc
dSyn
(5) dt = K3ZS;, — B5Syn
as.
(6)—,~ = 05y — BeSuc
ds
(7)—~ = K3YSu = B7Sun

dE
(8)— = BuSvc + B2Sum + BaSuc + BaSun — BoE
dE,
D7 =@k —Boky
o5 r (2.2)
(10)? = a,E — BoET
dly
(11)E = C1Eq + CEr — Byylr
dl;
(12)—= = C3Eq + Cafir = Byl

dly
(13)E = CSEQ + C6ET - d3IN

dR
(14) P Jili + ]I + pEr — TR

dD,
(15)7 = d3IN + dzli + dllT - un
ds,
(16) dt = A= Sy
dE,
(17) dt = WSy — WrE;

dl,
(IB)E = QE, — dyl;
3 BASIC IDEA OF HE’S HOMOTOPY PERTURBATION METHOD
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To show the basic idea of He’s homotopy perturbation method; we consider the non linear differential equation

Alw)—d(r)=0 reqQ (3.1
Subject to the boundary condition of:

d
B(wSt)=0rer (3.2)

Where;A is the general differential operator and B is the boundary operator

d(r) ; a known analytical solution and T' is the boundary of the domain Q ,

The general operator, A can be divided into two parts namely; L and N where L is linear part and N is the non linear part.
Hence (3) can be written as;

Lwu)+N@w)—d(@r) =0, reQ (3.3)

We then construct a homotopy V (r, p) such that

V(r,p): Qx[0,1] = R This satisfies

H(r,p) = (1 = p)IL(v) — L(up)] + p[L(v) + N(v) —d(r)] = 0 (34)

Pel[01], req

H(r,p) = L(v) — L(ug) + pL(up) + [N(v) —d(r)] =0 (3.5)

Where;L(u) is the linear part and N (w) is the non-linear part

L(u) = L(v) — L(uo) + pL(up) and N(u) =pN(v)

P € [0,1] is an embedding parameter, while u, is an initial approximation of equation (3.1) which satisfies the boundary
conditions.

Certainly, when considering equations (3.4) and (3.5), we have

H(v,0) =L(v) —L(up) =0 (3.6)

H(v,1) =Aw)—-d(r)=0 3.7)

The changing process of p from zero to unity is just that of V (r, p) from u, to u(r). In topology, this is called deformation
while L(v) — L(uy), A(v) — d(r) are called homotopy.

According to Homotopy perturbation method (HPM), we can first use the embedding parameter, p as a small parameter
and assume solution for equation (3.4) and (3.5) which can be expressed as;

V =vy+pv, +piv, + - (3.8)
when we let p = 1, we will obtain an approximate solution of equation (3.8) as
U=lin}v=v0+v1+v2+--- (3.9

p—)

Equation (3.9) is the analytical solution of (3.1) using homotopy perturbation method.

For the convergence of (3.9), He (2003) and He (2006) made the following suggestions;

(i) The second derivative of N(v) with respect to V must be small because the parameter p must be relatively large (i.e.
p—1)

(i) The norm of L1 Z—?}' must be smaller than one to let the series converge.

4 Applying HPM to Obtain the Solution of the EVD Model
In this section we apply HPM to equation (2.2) by assuming the solution of the equation to be;
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(1) S =59+ Psy + P%s, + -

(2) S, =sy0+ Psyy + P%s,, + -

(3) S, =5s,0+ Psy; + P?syp + -

(4) Sve = Spco T PSyer + stvcz + -

(5) Svn = Syno + PSyn1 + PsznZ T+

(6) Suc = Suco + PSyc1 + stucz + o

(7) Sun = Suno + PSyn1 + stunz + o

(8) E = ey + Pe; + P%e, + -+

(9) Eg = ego + Pegy + P?egy + -

(10) E; = epg + Pepy + P2epy + -+

(A1) Iy = ipg + Pipq + PZiTZ + -

(12) I; = ijo + Pij; + Pziiz + -

(13) Iy = ing + Piyg + P2iy, + -

(14) R =1y + Pry + P?ry + -

(15) Dy = dyg + Pdyq + P%dyy + -+

(16) S, = s,9 + Psyq + P2s,p + -+

(17)E, = eqo + Pe,; + P?epy + -

(18) I, = iyg + Piyq + P2?ipy + - J
From (1) of equation (2.2) we have;

as
= =M-BS+ 1R

The linear part is % = 0 and the non-linear partis 1 —B;S+ TR=0

s (4.1)

When we apply HPM, we have;

as as
A-P)S+P|S—M=BiS+ )| =0 4.2)
Expanding (4.2) we have;
as as as as
—— P +P—PM-BS+ W) =0, =——P({l-B;S+ tR) =0
=% _pl+PB,S—PtR=0 (4.3)

dt
Substituting (1) and (14) of (4.1) into (4.3), we have

(so + Psy + P2sy +---) — Pl + PB;(sg + Ps; + P%s, + - ) — Pt(ry + Pry + Py + - ) = 0

Thus,

sy + Ps; + P?sh + -« — Pl + (PBysy + P?B;s; + P3B;s, + --) — (Ptrg + P?1ry + P3tr, + - ) =0

Now collecting the coefficient of powers of P, we have;
P%si=0

Plisi—MI+Bysg—try=0; (4.4)

P?:sh + Bis; —1try =0
Similarly, we apply HPM to (2) to (18) of (2.2) to obtain the following;
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P s, =0

Pl: 5{71 — ISy + BZSUO =0 (4‘5)
PZZS{JZ —Irsy + BZSUI =0

P%s/,=0
Pl:s); — K{Xsq+ Bgsy,o=0p (4.6)
PZZS&Z - K1X51 + B3Su1 =0

PO:S{JCO = 0
P1: S{]Cl - AS-‘;O + B4S-‘;C0 =0 (4‘7)
P Spez = ASp1 + BaSper = 0

PO: S;]no = O

P1: 51’)711 - Kzzsvo + B5S,m0 =0 (4‘8)
PZ:S{)(:Z - KZZSvl + Bssvnl = O

PO: S‘l’lCO = O
P1: S‘lILCI — O0Sy0 + B6Suc0 =0 (4‘9)
P Sucz — 0Su1 + BgSuc1 = 0

P%:sl.o=0
Plis! ) — K3YSyo + BySuno = 0 ¢ (4.10)
P%:siny — K3Ysy + Bysyny =0
PO ey =0
P':e] — B1Spco — B2Svno — B3Suco — BaSuno + Bgeg =0 (4.11)
P?:e5 — B1Syc1 — B2Svn1 — B3Suct — BaSun1 + Bgey = 0
PO: eqy =0
pt: eq, — €+ Boego =0} (4.12)
P2 eq, — ey +Boegy =0
P%:ery =0
Plier) —ayeq + Bigerg =03 (4.13)
P?:er), — aze; + Bygery = 0
PC:ipy =0
Pl:iy! — Crego — Caero + Buairg =0+ (4.14)
P2:ir}, — Cyegr — Cyerq + Byqiry = 0
PO: iiz) =0
P:i;7 — Czeqo — Caerp + Bizig =0 (4.15)
P?:i;, — C3eqq — Cqepqy + Bypijy = 0
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PO: iNg =0
Pliiy| — Csego — Ceero + dsinog = 0 (4.16)
P2:iy}, — Cseqq — Ceery + dziyg =0
P%r{=0
P:r{ —Jiijo = J2iro — pero + o =0 (4.17)
P%:1y — )iy —Jairy — pery + Ty =0
P%d;,, =0
P:dy; — dsiyg — dyizo — dyirg + qDyo =0 (4.18)
P?:dy; — diyg — dpiyy — dyipy + qDyy = 0
P%s., =0
Plis.y — A+ s =0; (419)
PZ:S;”Z + UeSp1 =0

P%ely =0
Pliel, — wsyg + Hrero = 0p (4.20)
P €ry — WSpy + prep =0

P%il, =0
PLiil, — pep + daipg = 07 (4.21)
P%:iy; — ¢ery +dyiyg =0
From the first equation of (4.4), we have;
s¢ = 0, integrating, we obtain;
so = kq , where k4 is the constant of integration
Applying the initial condition S(0) = S, we obtain
ki =S,
= 59 = S (4.22)
Similarly from the first equations of (4.5) to (4.21) we obtain the following;
Sp0 = Sp0s Suo = Su0s Svco = Svcor Svno = Svnos

Suco = Sucor Suno = Suno» €0 = Eo, iro = Iro,
ego = Ego, ero = Ero,lro = I10, Lio = li0, (4.23)
ino = Ino,To = Ro, dyo = Dy,
Sro = Sro,€ro = Ero.

From the second equation of (4.4)we have,
sy — M+ Bysy—1r9g =0,
s; = — Bysy + trg
=>%=H—Blso+rro
= ds; = (Il = Bysg + 1rp)dt  (4.24)
Substituting spand r, into (4.24), we obtain;
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ds; = (Il — B;Sy + TRy)dt

Integrating with respect to t, we have;

s; = (I = By Sy + TRy)t + k3 (Where k5 is constant of integration).
Applying the initial condition, we have;

51(0)=0, 2k;=0

o 51 - (H - Blso + TRo)t (4‘.25)
Similarly, from the second equations of (4.5) to (4.21) we obtain the following;
Sp1 = (rSo — B2Spolt, )

Su1 = (K1XSo — B3Syo)t,
Spe1 = (/15170 - B4Svc0)t'
Syn1 = (K2ZSy0 — BsSyno)t,
Suct = (0Syu0 — BeSucolt,
Sun1 = (K3Y5u0 - B7Sun0)t'
e1 = (B1Syco + B2Suno + B3Suco + BaSuno — BgEo)t,
eo1 = (a1Eg — BoEgo)t,
ery = (azEg — B1oEro)t, b (4.26)
ity = (ClEQO + C2Ero — BlllTO)tv
in = (C3Eqo + CaEro — Bizlip)t,
in1 = (CsEqo + CeEro — dlyo)t,
11 = U1lio + J2lro + PEro — TRo)L,
dy1 = (dslyo + dzlio + dilpo — qDyo)t,
Sr1 = (A = prSyo)t,
€r1 = ((‘)STO - urErO)t'
ir1 = (PEro — dalpo)t
From the third equation of (4.4), we have;
sy +Bysg—tr; =0
sy =11 — By1$;

= % =1y — B1s

= ds, = (try — Bysp )dt (4.27)

Substituting r; and s, into (4.27) we obtain;

ds; = [t(J1lio + J2Ir0 + PETo — TRo)t — By (Il — By Sy + TRyt |dt
dsy = [t(J1lio +J2Iro + pEro — TRo) — B1 (Il — By Sy + TRy) Jtdt
Integrating with respect to t, we have;

tZ
sz = [t(1lio +]J2Ir0 + pEro — TRo) — B (Il = B1So + TRo) | 5 + ks
Applying the initial condition to obtain ks (the constant of integration), we have;
5,(0)=0, =>ks=0
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2
83 = [tU1lio + J2Ir0 + PETo — TRo) — By (Il — B1Sg + TR,) ]% (4.28)
Similarly, from the third equations of (4.5) to (4.21) we have the following;
2
Spz = [r(I1 = By Sy + TRo) — B2 (rSo — B2Sy0)] %. )

Spez = [A(rSy — B2Sp0) — Ba(ASy0 — B4Syco)] tz_zr
Sma = [K2Z(xSo = BySy0) — Bs(K3ZS,0 = BsSun)]
Sucz = [0(K1XSo — B3Suo) — B6(0Sy0 — BeSuco)l tz—z,
Sunz = [KsY (K1XSo — B3Sy0) — By (K3¥ Syo — BySuno)] 5,
ez = [B1(ASyo — BaSyco) + B2(K2ZSwo — BsSyno) + B3(0Su0 — BeSuco) +
B4(K3YSyuo — B7Suno) — Bg(B1Svco + B2Suno + B3Suco + BaSuno — BsEo)]tz_2
egz = [a1(B1Syco + B2Suno + B3Suco + BaSuno — BgEo) — Bo(ay Eg — B9EQ0)]t2_2
erz = [az(B1Syco + B2Svno + BaSuco + BaSuno — BgEo) — B1o(a2Ep — BlOETO)]tZ_Z
iy = [C1(0(1E0 - B9EQ0) + Cz(azEy — B1gErg) — B11(C1Ego + C2ETo — B111T0)]§ ¢ (429)
lig = [C3(0(1E0 — BgEqo) + Cq(02Eq — B1oEro) — B12(C3Eqo + CaEro — B121i0)]§
inz = [Cs(a1Eo — BoEqo) + Co(at2Eg — B1gEro) — d3(CsEqo + CeEro — (1311\10)];_2
12 = [J1(C3Eqo + C4Ero — Bialio) +12(C1Eqo + C2Ero — Byalro) + p(azEp — BioEro) —
Tt(J1lio +J2lro + PEro — TRO)]tZ_Z
dyz = [d3(CsEqq + CeEro — dslno) + d2(C3Eqo + C4Ero — Byais) +
(C1Eqo + C2Er0 — Bualro) — q(dslno + dalig + dylro — q(dslyo + dalio + dylro — uno))]tZ_z

£2
Sz = [_p-r(A - IJ'I‘STO)] >

t2
€yp = [w(/l = UrSro) — Ur(wSyo — IJ'rErO)] >
. t?
lry = [@(WSro — HrEro) + da(PErg — dalrg)] EY )
Substituting s, , s;and s, into (1) of equation (4.1) we have;
2
S(t) = SO + P(P’ - B]_SO + TRo)t + Pz [T(]1Ii0 + ]ZITO + pETO - TR()) - BI(P’ - Blso + TR()) ] t? + b (430)

Setting P = 1 we obtain;
! ! tz
S(t) = So+ (P' = B1So + TRt + [t(1lio + J2Iro + pEro — TR) — By (P' — B1Sy + TRy) ]; +

. (4.31)
Similarly, from (2) to (18) of equation (4.1) we obtain the following;
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t2
Sv(t) = SUO + (I‘SO - BZSUO)t + [I‘(H - 3150 + TRo) - Bz(FSO - BZSUO)] ? + A (4.32)

tZ
Su(t) = Syo + (K1XSy — B3Sy0)t + [K3X(IT — B1 Sy + TRy) — B3 (K1 XSy — B3Sy0)] -t

(4.32)

S0e(6) = Suco + (00 = BaSuco)t + [A(So = B1S0) — Ba (RS0 — BaSpco)] 5 + (433)
Syn(t) = Syno + (K2ZSy0 — BsSyno)t + [K2Z(rSo — B3Sy0) — Bs(K2ZSy0 — BsSyno)] tz_z + o (4.34)
Suc(t) = Suco + (0Suo = BeSuco)t + [0(K1 XSy — B3Syu0) — B6(0Suo — BeSuco)l tz_z o (4.35)
Sun(t) = Suno + (K3YSyo — B7Suno)t + [K3Y (K1XSo — B3Sy0) — B7(K3YSyo — B7Suno)] g + o (4.36)

E(t) = Eg + (B1Spco + B2Suno + B3Suco + BaSuno — BgEo)t +
[B1(ASyo — B4Syeo) + B2(K2ZSp0 — BsSyno) + B3(0Suo — BeSuco) + Ba(K3YSwuo — B7Suno) — Bg(B1Suvco + B2Svno +

BSuco + BaSuno — BeEo) 5 + (437)
Eo(t) = Ego + (a1 Eg — BgEgo)t +

[ot1 (B1Sveo + B2Svno + B3Suco + BaSuno — BgEp) — Bo(a1 Eg — BoEgo)] tz_z t (4.38)
Er(t) = Ero + (azEp — B1gETo)t +

[a2 (B1Svco + B2Suno + B3Suco + BaSuno — BgEo) — B1o(a2E¢ — B1oEro)] e (4.39)

Ir(t) = Iro + (C1Eqo + C2ETo — Byylro)t +

[Cl(alEO - B9EQ0) + Cy(azEy — B1oE79) — B11(C1Ego + C2Ero — B11l70)] S (4.40)
I;(t) = Iio + (C3Eqo + C4ETo — Byalig)t +

[C3(cuEo — BoEqo) + Ca(02Eq — B1oE7r0) — B12(C3Eqo + C4Erg — B1alio)] tz e (4.41)
In(t) = Ino + (CsEqo + CeErg — d3lyo)t +

[Cs(alEo - B9EQ0) + Co(0zEy — BygE7o) — d3(CsEqo + CeEro — d3lyo)] 22 + (4.42)
R(t) = Ry + (J1lio + J2Ir0 + PEro — TRo)t + [J1(C3Eqo + C4Ero — B12lio) + J2(C1Ego + C2Erg — B11l7o) + (4.43)
p(azEy — BioEro) — tU1lio +J2lro + PEro — TRO)]tZ_Z + -

Dy (t) = Dyo + (dzlno + dalio + dilro — qDy )t +

[dS(CSEQO + CeEro — d311v0) + dZ(C3EQ0 + C4Ero — B12ii0) + d1(C1EQ0 + CyE7o — B111T0) —q(d3lyo + dyl} (4.44)
dilro — qDyo)] ; + -

SH () = Sro + (A = 1rSr0)t + [~1r (A = urSr)] 5 + -+ (4.45)

Eo(8) = Ero + (@S0 — WeEro)t + [0(A = 1:Sr0) = 1e(@Sy0 — urErg)] 5+ -+ (4.46)
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tZ
L(8) = Lo + (@Ero — dylro)t + [¢p(wSro — WeErg) — da(PEro — dalio)] -t (4.47)
Therefore, equations (4.31) - (4.47) are the analytic solutions of the Ahman et al., (2021) EVD classical model dynamic
system of equations with control measures using the Homotopy perturbation method.

Numerical Simulations and Results Discussions
In this section, we shall consider the numerical solution of the large compartmental EVD model.
Table 1: Variable Initial Values and Parameter Values

Variables Initial VValues | Parameter Values Parameter Values

So 4396521 P 400 ® 0.8

Swo 1758608 u 0.00004 T 0.999

Suwo 2637913 L 0.04 ) 0.8

Sveo 527582 r 0.4 p 0.7862

Svno 1231026 A 0.03 o1 0.95143

Suco 1582748 c 0.07 o2 0.41

Suno 1055165 A 2000 01 0.9333

Eo 0 S1 0.3257 02 0.3014

Eqo 0 Sz 0.55 dy 0.0288465753
Eto 74 S3 0.148 d> 0.00001246575
Ito 500 ki 0.895 ds 0.3432465753
lio 800 k> 0.04 J 0.05186

Ino 400 ks 0.02 J2 0.46

Ro 0 B1 0.04 ds 0.7110

Duw 24 B2 0.1

S0 6000 B3 05

Ero 100 Ba 0.3

Io 0 q 0.5

Using Maple Soft and the values in Table 1we obtained the solutions of equations (4.31) - (4.47) as follows;
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S(t) = 4396521 — 4.119316038 10°t + 1.930306565 106t + ---
S,(t) = 1758608 + 1.63754582610°t + 8.887274825 10°t2 + ---
S,(t) = 2637913 + 2.127107168 10°t + 1.200524546 10°t? + ---
S,c(t) = 527582 + 31633.85672t + 23929.87758t2 + ---
Syn(t) = 1231026 — 54917.85064t + 22195.26974t2 + ---
S,c(t) = 1582748 — 6.06783399 10°t + 2.261567366t2 + ---
Sun(t) = 1055165 — 2.675265248 10°t + 59916.42590t2 + ---
E(t) = 1.252122938 10°t + 6.602270550 10°t2 + .-
Eo(t) = 74 — 69.06716t + 5.974857650 10°t? + -
E-(t) = 2.56686559 10°t2 + .-
I7(t) = 500 — 226.9290777t + 46.10402364t% + -+
1;(t) = 800 — 376.9046626t + 80.00712360t? + ---
Iy(t) = 400 — 127.0771285t + 17.03932643t2 + -
R(t) = 649.8800t + 173.5553478t2 + ---
D, (t) = 24 + 139.7318904t + 56.97545005t2 + ---
S,.(t) = 6000 + 1760.00t — 35.20000000¢t2 + ---
E.(t) = 100 + 4796.00t + 608.0800000t2 + ---
1.(t) = 80.0t + 1889.960000t2 + -+ J
We plot solutions of equations (4.48) was obtained using Maple Soft as follows;

s (4.48)
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Figure 1 is the graph of HPM solution of S(t), S, (t) and S, (t) , Figure 2 is the graph of HPM solution of
Spc(£), Syn (), Sy (t) and Sy, (t) ,Figure 3 is the graph of HPM solution of E(t), E, (t) and Er(t) , Figure 4 is

the graph of HPM solution of [I(t),I;(t) and Iy(t), Figure 5 is the graph of HPM solution of

R(t) and D, (t) and Figure 6 is the graph of HPM solution of S,.(t), E,-(t) and I.(t) .
Figures 1- 6 shows that for each compartment of the model the HPM solution is approximate to the exact solution of the

EVD model.

4. Conclusion

In this work, we considered a large eighteen
compartmental EVD epidemic model with control
measures which is an extension of Ahman et al., (2021);
we applied the Homotopy Perturbation Method (HPM) in
solving the large EVD model and obtained the solution of
zeroth, first and second order. The simulation of the HPM
solution of each compartment gives a very good result.
We have been able to show that HPM can solve large
compartmental disease model. We therefore conclude
that HPM is valid for solving a large number of
parameters and equations models.
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