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Abstract

In this paper we used Homotopy Perturbation Method (HPM) and Adomian
Decomposition Method (ADM) to solve the mathematical modeling of Monkeypox
virus. The solutions of HPM and (ADM) obtained were validated numerically with
the Runge-Kutta-Fehlberg 4-5" order built-in in Maple software. The solutions were
also presented graphically to give more insight into the dynamics of the monkeypox
virus. It was observed that the two solutions were in agreement with each other and
also with Runge-Kultta.
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1. Introduction

Many a times the mathematical modeling of infectious diseases resulted into non-linear differential equations which are
difficult to solve analytically. Therefore, semi-analytical methods are implored to solve these problems to get approximate
or numerical solutions. The numerical and graphical solutions of these models help the mathematical biologist to explain
the dynamics of the disease to a layman when sensitive parameters of the model are varied. Mathematical modeling of
monkeypox virus is divided into two populations of human beings and rodents which are further subdivided into seven

compartment. The seven compartments are; susceptible Humans S, , Infected Humans |, Quarantine Infected Humans Q

, Recovered Humans R, , Susceptible Rodents S, Infected Rodents | and Recovered Rodents R, which resulted into

seven ordinary differential equation.

Monkeypox virus is another deadly disease that transmits through rodent to human beings. It occurs mostly in the rain forests of
West and Central Africa [1]. The virus can spread from human to human by both respiratory (airborne) contact and contact with
infected person's bodily fluids. Risk factors for transmission include sharing a bed, room, or using the same utensils as an infected
patient. The symptoms of Monkeypox are fever, headache, muscle aches, and exhaustion [2]. In 2017, 172 suspected and 61
confirmed cases of human monkeypox was reported by WHO from different parts Nigeria [3].

The first to developed HPM to solve non-linear problems was He [4]. The HPM provides an approximate analytical solution in a
series form. Several scientists and engineers have overtime applied HPM to solved different kinds of physical problems that
resulted into non-linear partial and ordinary differential equations. In [5] they solved mathematical modeling of measles using
HPM. In their work, they considered three systems of equations and stopped the expansion at polynomial of degree two. The
approximate solution of the mathematical modeling of Zika virus was obtained by [6] and they presented the solution graphically.
HPM was used to solve the general SIR model of infectious diseases and obtained the numerical and graphical solutions [7]. In
[8] Ebola epidemic model was solved by HPM and presented the obtained solution graphically. Atindiga et al. [9] applied HPM to
solve mathematical modeling of infectious disease of seven compartments.

The Adomian Decomposition Method (ADM) was introduced by George Adomian in 1989 [10]. Deterministic model of malaria
transmission was solved by Adomian decomposition method (ADM) and presented their solutions numerically and graphically
[11]. lbrahim et al. [12] solved the mathematical modeling for the control of Lassa fever using the revised ADM the solutions
obtained are presented numerically. System of ordinary differential equations was solved using ADM [13].
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In this paper, HPM and ADM were used to solve the mathematical modeling of monkeypox virus. The details of the
dynamics of the disease and other analysis can be found in [14]. The solutions obtained were presented numerically and
graphically. Runge-Kutta solution obtained from Maple software was used to validate the numerical solutions of HPM and
ADM. Both the numerical and graphical solutions show that the two methods used are in agreement with the Runge-Kutta.

2. Materials and Methods

2.1 Formulation of Homotopy Perturbation Method
Basic Idea of Homotopy Perturbation Method (HPM)
He, [15] defined the non-linear differential equation as;

A(u)- f(r)=0, reQ, 1)

Subject to the boundary condition of:

B[u,au]:o, rerl (2)
on

Where A is a general differential operator, B is a boundary operator, f (r) a known analytical function and T' is the

boundary of the domain Q..

Equation (1) can be written as

L(u)+ N(u)- f(r)=0, reQ,, (3)
where L is the linear part and N is a non-linear

applying the Homotopy method to (3) with v(r,p):Qx[01] > Rgives

H (v, p)= (- p)[L(v)-L(u,)]+ p[L(v)+ N(v)- f(r)]=0 (4)
pel0l] req (5)
Simplifying (4) gives,
H (v, p) = L)~ L(ug)+ pLu,)+ PIN) - £(r)]=0 ©)
Using (4) in (2.6) gives
Hv.0)= L(v)- Lu,) =0 )
and
H(vl)=L(v)+N()-f(r)=0

)
Where u, is an initial approximation of (1)
Assuming the solution of (6) can be written as power seriesin p :
V=V, + pv, + p2v2+... 9
Setting p =1 in (9) give the approximate solution of (1)

(10)

U=limVv=Vyve+Vv, +Vv, +..
p—>1

The convergence rate of (10) depends on the non-linear operator A(v) in most cases [16, 17].

Formulation of Adomian Decomposition Method

d

Fa N,y Vi yn)]|

dt |

Yoo )

Ny (11)
|

: |

Y.

= Nl Yo yn)J

Equation (11) can be represented by using the ith equation as:

Ly, = Ni(yy, Yo ¥,) =12, n (12)
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Where L is the linear operator d with the inverse | = J‘I(.)dt and N is the non-linear functions. Applying the
dt 0
inverse operator on (12) gives

V=¥, 0)+ [N (v, yooey )it F=1,2,-00n (13)
In ADM the solution of (13) is consider to as the sum of a series
V=3, (14)
j=0
And the integrand in (13), as the sum of the following series:
N VoY) = 3 AL e Vi oy, (15)
Where A, (yw Yigr yivj) are called Adomian polynomials.
Substituting (15) into (13) gives
iy.,, =y, (0)+ LZ A (Vior Yigrees oy, et (16)
-y,0)+3 [ A (o iy bt
From (16) we define
Yio = ¥;(0
20 -
Yina = .[o Al‘n(yi,o’ Yier o Yin )dtJ
2.2 Model Equations
2.3.1 Solution by Homotopy Perturbation Method (HPM)
N U L P A (18)
dt h Nr Nh h h h
di, a,l, a,l, . (19)
K:[T,Jr : )S,|—(;1'14r(>,‘4rr)lh
%:Tlh_(ﬂn"";n*'h)Qn (20)
thh =&S, +7,Q, - 4R, (21)
ds':/\,fﬁl's’fﬂ,s, (22)
dt N,
dl, a8, (23)
” _T—(,urJrﬁ,Jr;/,)lr
dRr:;/rlrf,urRr (24)
dt
N,=S,+1,+Q, +R, (25)
N, =S, +1, +R, (26)
Equation (18) to (24) can be written as
9, 7Ah+{&+@]sh+/x]s" =0 (27)
dt N, N,

dl I, a,

R e N T S )

a (N, N,

dQ,

dt

dR

dt

ds, a,l,s,
A +——

N,
di, a,l.s,
o N,
&R

dt
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h

-8, -7 Qy + 4R, =0

+u,S, =0

+A,l, =0

4

Syt R =0
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Where,

A1:(ﬂn+5)' Azz(#h+5h+‘[)’ A3=(luh+5h+}/h)’ A4=(/'l +5r+}/r)’

Sh(o):sho* Ih(o):|h0 Qh(o)thO Rh(o):RhU’ Sr(o) S r(o)zlro’ Rr(o):Rro (28)
Let,

S,=a,+pa,+pa,+pla,+pa, +-1
, =b, +pb, +p’b, + p’b, + p'b, +---
Q,=¢,+pc,+pic,+pc,+pic, +- (29)
R,=d,+pd,+p°d, +p’d, + p'd, + -
S, =Xy + PX, + pIX, + piX, + pix, o

L= Yo+ Py, + Py, + piy,+ ply, +

2 3 4
R =z,+pz,+p°z,+pz,+p z,+

Applying HPM to (27) gives

ds [ds, [a1|, a2|h] 1 (30)
+p —A | —+— S, +AS, |=0
t Ldt N, N, J
[ 1
- )&+p dlh_[a1|r+a2lh]sh+A2|h|:0 (31)
dt | dt N, N, |
d d
@L-p) th" + p{ dt" -, +A3Qh}:0 (32)
dR [dr 33
( L VnQn'*'/Uan} 0 ( )
[ds 3| S 1 34
1-p)—r L F3li> +u,8 rJ ( )
{ ALY } ) (35)
dR, [dR ] 36
(*P)dt+tdt y,'rﬂtRJO (36)
Substituting equation (29) into (30) to (36), simplifying and collecting the coefficient of powers of p gives
}
p®:a, =0 I
! a a
p':a, +N—1a0y0+—za0bo+Ala0—An:0 I (37)
r h
! [24 o
p?:a, + —(a,y, +a,y,)+ ——(a,b, +a,b,)+ Aa, =0 L
N, N, |
‘ |
p’:a, +z—1(auy2 vay, +a,y, )+ Z—Z(aobZ +ab, +a,by)+Aa, =0 I
r h
|
! a (24
pA:aA +N71(a0y3+a1y2+a2y1+a3y0)+N72(a0y3+a1y2+a2y1+a3y0)+A1a3:OJ
r h
p°:bﬂy =0
p':b, —Z—laoyo - :\‘Z—zaobO +A,by =0 (38)

r h

a a
pz ‘b, _71(a0y1 + aiyu)_Niz(aobl + a1b0)+ Ab, =0

r h

" a
p®:b, —N—l(aoy2 +a,y, + a\zyo)—’\l—z(aob2 +a.b, +a,by )+ Ab, =0
h

4 al aZ
p':b, —N—(auy3 +ay, +a,y, +a3y0)—N—(aDy3 vayy, +a,y, +a,y,)+ Ab, =0

r h
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p :c, =0

plic, —w, + A,c, =0 (39)
p-:c, —b, +A,c, =0
p :c, -, +A,c,=0

p':c, —b, + A,c, =0

0 ]
p :d, =0
0, | (40)
p'id, —ea, —y,by + u,d, =0
pz:dz —ea, —y,b, +u, 1_0|L
p’:d, —saz—yhszr,uhdz:Oi
pA:dA _Ea3_7hb3+ﬂhd3:OJ
p’ix, =0
. oa, (41)
pix, +N—x0yo+,urxo—Ar=0
o
prix, +—2(X,y, + X,V )+ 4, % =0
NI'
3, ! a:!
p?ix, +N—(xoyz+xlyl+x2y0)+y,x2:0
r
4 ! aS
poix, +N—(x0y3+x1y2+x2y1+x3yo)+urx3=
po:yo =0
U (42)
Py, - — XY, t A Y, =0
Nr
o
pQ:YQ _i(xoy1+x1y0)+ Ay, =0
NI‘
3., %,
Py, ’Ni(xoyz+x1y1+xzyo)+A4yz=0
4 ! aﬁ
Py, _Ni(xoya*'xlyz+Xzy1+xsyu)+A4y3:0
r
p’iz, =0
o (43)

p iz, —y, ¥, +u.2,=0
P iz —y. Y, tHu2,=0

1
|
p iz, 7,yn+ﬂrzo=0|L
|
|
|

ptiz, *7,Y3+/4123:0J

Integrating the each equation of equations (37) to (43) with initial conditions gives

t t t (4’4)
a,=S,, a, =Bt aQ:C]? aS:D]? a‘:E]E
t? t? t
by =1y, b, =B,t,b, =C,—,b, =D, —,b, =E, —
2 6 24
t? t* t
¢, =Qy. C, =Bt c,=C,—,c,=D,—,¢c, =E, —
2 6 2
t t° t!
dy, =R, d =8Bt d,=C,—,d,=D,—,d, =E, —
o= Rupr 0y =Bt d, =C, 7m0y =D dy = B oy
t? t? t
Xy =S4, X, =Bgt, x,=C, —,x, =D, —, x, =E, —
2 6 4
t t* t
Yo=1l,. ¥, =Bt y,=C,—,y,=D;—,y,=E, —
o=l Vi =Bt Y =Conys s Yem By
t’ t* t
z,=R,4,2,=8B;t,z2,=C,—,z2,=D,—,2,=E, —
2 6 24
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Where,
%,y %, @, %, |
Bi=| Ay ———Suolio= == Snolno = ASho | By =| —=Spolio+ ——Siolho = Axlho |
N, N, N, N, | (45)
a, L
B, = (Tlho - AsQno)’ B, = (gSho +70Qno 7/1th0)' B = [Ar 7N78r0|r0 7”rsrﬂ]' |
r
. |
3
BB=(7SW|{O*AA|W} B7=(}/r|r07:urRrD) !
N, J
a a
C, = [4(8h087 + IroBl)*’iz(SnoBQ + IhOBl)+ AiBl)'
N, N,
a a
C, =(71(SnoBe +1,4B,)+ —(S,B, + 1,,B,) - Asz]v
N, Ny
a
C, = (TBZ - AaBz)! C, = (£B1 +74By - 4,B )’ Cs :[Niz(sroBa + IrOBS)+ﬂrBSJ'
r
Ay
Ce = Ni(sroBa + IrOBS)_ ABg | Cy :(}/rBs _#rB7)
v
(46)
2y 2,
D, = Ni(shocs +2B,B; - Iroc1)+N7(ShuBz +2B,B, - Inoc1)_ AC,
v h (47)
al az
D, = N (Shocs +ZBlBe - |,0C1)+N7(SMBZ +2B,B, - Ihﬂcl)7 AC,
v h
a
D, = (TC2 - Aaca)' D, = (7nca -¢Cy _”hCA)’ D; = [Niz(sruce +2B;B; - | ucs)_:“rch
v
Ay
D; = Ni(sruce +2BgB; - Irucs)_ ACs |, D, = (7rcs _:”rc7)
'
a, a,
E, = Ni(shoDB +381C6 _3C1Be - |r0D1)+N7(Sn0D2 +3B,C, -3C,B, - |h0D1)_ AD,
v h
(48)
a a
E, = [Nil(snoDe +3B,C, - 3C,B; - |r0D1)+N72(Sh0D2 +3B,C, -3CB, - IhODl)_ AzDz]
r h

a
E,= (TDz - A3D3)v E, = (7nD3 - D, _#nDA) Eq :{NJ(SN)DG +3B,C, +3C;B; - IrODS)_IUrDSJ

r

aﬁ
E, =(,\‘—r(s,006 +3B,C, +3C,B, - 1,D,)- AADGJ, E, =(y,D, - #,D,)
Substituting (44) into (29) gives
S, =S,, + PB,t— pzcli— paDli— p"Eli+-~

2 6 24

I, =1,, + PB,t+ pZCQiJr p3D2i+ p"Ezier
2 2 (49)
P T PR
Q,=Q,, +PBt+p C3?+ p D3?+ pE,—+--
4

R,, + pB,t+ p°C t2+p3D t3+p4E L,
h ho 4 ‘5 ‘& “on

X
I

tz t3 t4
S, =S, +pB,t—p’C,—-p°D,——-pE, —+--
0 5 5 2 5 524
.

o 0t t
I,=Ir0+pBGt+pCG?+p D5€+p Eg—+ -

t? t t
R,=R,, +pB,t+p°C,—+p°D, —+ p'E, —+ -
0 7 7 2 7 6 724

Xi=lim V=Y +V +V, +V, +V, + - (50)

p—>1
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Where,
Xi:{sh'lh'Qh'Rh'Sr’Ir’Rr} (51)
Hence, (49) becomes
t? t t
S, :SM+BII—CI?—D1;—E15+-~ (52)

2 @ 4
=1, +B,t+C,—+D,—+E, —+-
h ho 2 22 26 224
2 @ 4
Q,=Q,,+B;t+C,—+D,—+E,—+ -
h ho 3 32 36 324
t? t? t
R, =R, +Bt+C,—+D,—+E, —+-
2 6
S S B,t-C v Dt
= + -C,—-D,——E,—+
r ro 5 52 56 24
t? t? t!
=1, ,+Bt+C,—+D,—+E,—+-
T ro 6 62 66 24
B,t+C ¢ D v E !
+ —+ —+ —
T2 e o4

2.3.2 Solution by Adomian Decomposition Method (ADM)
Let,

Sy =Y., 1,=Y,,Q, =Y, Ry =Y,, S, =y,, I, =ygand R, =y, (53)

Cay a, .
Vi) =y + A, [ dt - N*]L ¥, Yt 7N72'[° V1Y 0t = A, [ y,dt
r h

R, =R,

0

(54)
a, a, .t !
V,(t) =y, + N—JYJ'U Y,V dt + N—iL y,y,dt - AZJ'0 y,dt
! !
Vo(t)= vy + rL y,dt - AzL y,dt
! ; !
Val)= v + e[ yidt +p, [ y,dt—p, [yt

t a, ot t
ys(t): Yso *Arjud[ ,N73L Ys Yot ’/’rju ysdt

o t t
Yoll)= Yoo + 5[ VYot = A, [ yodt

. .
V()= v 7, f Vedt = s, [yt

Computing the Adomian Polynomial using the alternate Adomian Polynomian of special case by [18].

Equation (54) will lead to the following scheme:
Yio = Sy + Ayt

(55)
Yoo = Tho
Y30 = Quo
Yao = Ry

Y0 = Spo + At

Yoo = i

Y0 = Rru
and

a, 7 a, 0 t
Vina = —Nf‘rjo kZ YixYon idt = ﬁjﬂé ViYon i Gt = A fy, dt

(56)
a, 0 a, 0 t
Yona = N*‘IL kZ Vi Yon i dt+ ﬁjﬂé ViYon 8t = A, [y, dt
. .
Vane = 7[ Vondt = Ay [y, dt
Vaner = €[ Yoalt + 7, [ yo,0t =, [y, dt

a, & ¢
Ysnu = ,NJIDZ Ysu Yonrdt = /’rju Y, dt
¢ k=0

o e " t
Yonn = 3 [ 2 Yo Yannc Ot = A, f o it

‘ ‘
Yowa =7 Yoult = s [ ¥yt

Where,
n=0,1,2, 3,
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Solving (56) for n = 0 gives

2

t? t? 2]
Vi1 = _[B111t+ By ?jv You :[ant+ B ?vas,l =Byt Yar = Buut+ By, ?v l (57)
=-|B B i =|B B i =B l
Ys1 = —| Benyl + By 2 v Vo1 = | Beul+ Beyp 2 v Y71 = Byt }
Where
B = | 28,000+ 28,010 + ASyo [ Bry = | A 2 A+ AA
11 N et Ty notno + Aidno 12 = N hr0+N nino T AN |
r h v h
« « (58)
B,, =|—S + =28 1, — Al ,B:—1A|+—A|,
211 [Nr nolro N, no ' ho Zho] 212 [Nr h N, n'ho
By = (7l = AQuo ) By = (“:Sho +71Qho "”Rno)! By, =&y,
Boy =[aiasmlro +/‘vsro} B =[a73/\rlr0 +1urAr]’
NI’ NI’
%4 2,4
Ben Silio = Al | Bo = Al
By :(7r|r07ﬂrRrO)
Solving (56) for n = 1gives
t? t? tt t? t? t
Yip = _[Cul ?*’ Ciz ;+ Cis ;J' Yoo = _[Czu ?+C222 E"' Cos ?]v
(59)
t? t? t? t?
Y32 = Can ?*’Cazzz v Yao = Coin ?_CAZQE '
t? t? t? t? t? t?
Y52 =~ Con ?Jrcszz EJrcszaz Yoo =| Con ?Jrcszz €+C523; '
t? t?
Y72 =|Com ?*Cm? ,
Where,
[a a 1 1
Cin = LNil(ShOBﬁll - Bmlro)+ Ni(snoBzm - Bll1|h0) AleJ }
r h
[a a WL
Cip = lil(snoBa12 +2Bg Ay anlro)*iz(snan +2By Ay anlno) AanzJ
N, N, |
r Tt |
Cuz :L%Bau/\n*%BmAnJE J ( )
" 60
[ a, 1 |
221 L _Bllllr0)+ N (Sholel_Bllllho)_AZlelJ’ I
h
[« a | | (61)
2
222 L h 512 + ZlelAh - Buzlro)+ N (ShuBzu + ZanA an Ih0)7 Asz1z ’L
h
1BA+2B ch =(B,, - A,B, ), C,, =B !
223 L 612 N 212 J’ 321 211 33/ 322 2127 |
h
421 ( 111 + }/h ﬂhBMl )' C422 = (58112 + /uhBLuz) J
| ]
3
CSZl:{N (San6117Bsnlro)*ﬂrBan }
r
[a L
3
Coz :LN (ShrBeu +2Bg A, Bsulro 512 ‘
r
a, t }
Cosz N Be1zAr; J
' (62)
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[a, 1 [a, 1)
Con = |\N7(ShrB611 - Bl ru)’ A4B611J' Con = |\N7(ShrB612 +2Bg A, - By, |r0)7 ABe J' L
4
a4 t |
Con = NiArBsu ;' Co = (7rBsn - /“an)! Con = 7B J
' (63)

Solving (56) for n = 2 gives

t? t t° t® t t°
Yi3=—| Dy —+Dy, —+Dyyy — | ¥y, =| Dy —+ Dy, —+ Dy —
13 [ 131 6 132 24 133 40 2.3 231 G 232 24 233 40

(64)

3

t t t° t° t t°
Yas =| Doy —+Dapp 7=+ Dy — | ¥4 =| Dy z* Dy =Dy —

6 24 40 24 40

t t t° t® t t° )]
Vo3 =—| Dy —+ Dy, —+Dgys — | Y3 =| Dggy —+ Dggp — + Dggg —
53 [ 531 6 532 24 533 40 6.3 631 6 632 24 633 40

t° t t°
Y;3=| Dy —+ Dy —+Dyyy —
7.3 [ 731 6 732 733 40

24
Where,

[ @, ]
Das = 60 = 2808 ~Cuala) ¥ {50~ 2808 ~Cola) A |
' h
Mo 1
(5100 = 3B~ 3By Be ~ Col ) |
Dy, = ! "
a \
N (61 ~3BuBa =38, ~Co ) AC |
L n
M 1
(5,4C - 28,8y ~ Crnlo) ‘
DJKC! = ! ‘
az ‘
+7(ShDC223 _ZBHZBZiZ _c123lh0)+ A]C]ZSJ
L Nh
-‘11 %,
D231 = Ni(shoceu - ZBlllBﬁll - Clzllro)+ N (Snoczu - 281113211 - Clzllho)’ Azcqu’
L h
7!11 1
i(snocm ’3BmBe12 ’381128511 ’c122|ro) |
D, - |
232 '
a, |
+ N (ShOCZZZ ’3B111Bzu ’381125211 7C122|nu)’ AzczzzJ
L h
7061 1
7(Snucezz - 2By, By 7C123|r0) |
D, - ‘
233 T
a, \
+ N (Snaczzx ’Zanlez ’Cuxlhu)’Azszs“
L h

(66)
Dy = (Tczn - ACy ): Dy, = (Tczzz —ACy )’ Dy =7C o } (67)
Dy = (_ 8Ci +74Cop = #,C oy )' D = (_ eCh +71Can = 14C )' Dy = 6Cy

[a, 1
D, = LNi(SVOCGZI —2Bg; By — C521|r0)+ #rcquV

(68)

|

\

I

D532 = Li(snocsn _3B511Bs12 _385128511 —C522|,0)+/1,C522 J"

] |
: |

Dy = LNi(ShOCSZG — 2By, By, ’C523|v0)+ ﬁvcszzJ J
r

[ ]
D531 = LNia(erC621 - 285118511 - Cszllru)’ A4C621J' (69)
;
[a, 1
D = |- (51Cun ~ 98B 3B ~Caal) A |

[a, 1
Dy = [Nf(swcm ~ 2By, B, —Coyl ) - AACEHJ
.

5

t
Doy = (7,Copt = #,Crp1 ) Doy = (7,Czp = #,C iz ). Dgg = 7, Czg E
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Solving (56) for n = 3 gives

E —tA E ! E v E —t7
V.=~ + + + ,
14 141 142 120 143 720 144

24 112
t 4 tS t5 7
Yoi=|Eu —+E,,, — E
2,4 ( 241 24 242 120 243 720 244 112
t! t° t°
Yss=| By —+E —
3.4 ( 341 24 342 120 343 720 j
t4 5 tG
Yoa=|Eu —+E,,, —— ,
4.4 [ 441 24 442 120 443 720 )

24 120 720 112

t t° t° t’
Y54 = _[Esu —+Eg —+Eg o+ Eg 7}

t t° t° t’
Yoo =| Eqn —+Egy, —+Egy —+E, — |
6.4 [ 641 24 642 120 643 720 644 112

E ! E E v
Yo, = —+ +
7.4 741 24 742 120 743 720

Somma, Akinwande, Ashezua, Nyor, Jimoh and Zhiri

(70)

Where,
Mo 1
Nl (ShDDGJI _3B111C621 _3Beucm - Dmlro) |
E141 = ' "
a \
+ Niz(shoDzn - 38111(:221 - 382110121 - D131|h0)+ AlDlalJ
L h
[a, 1
N (Snoceaz - 4Bmcazz - GBuzCsn - 4B611C1zz - 6lezC121 - D132|r0) |
E142 = ra I'
Niz(shoczaz - 48111C222 - 68112(:221 - 482110122 - 68212C121 - D132|h0)+ A1D132J
h
[a, 1
Ni(ssnocsss -18 B111C523 _10B112C622 _188511(:123 _10Be1zc122 _30133|r0) ‘
E143 = ' ‘*
a |
+7Z(3SMC233 -18 Bluczza 71081120222 71882110123 7108212C1zz 73C133|h0)+ 3A1C133J
h
7011 a, !
B = 7(8112(:523 + B512C123)+ 7(8112(:223 + Buzcm)
LN N (71)
[, 1
Ni(ShODGBI =3B, Cen =3B, Cuy - Dmlro) |
r
Eu = o I’
2
+ N (SnuDzu - 38111(:221 - Sancul - D131|h0)_ A2D231J
L h
: (72)
Ni(ShODGGZ —4B,;,Cqpp — 6By, Cpy — 4B, Cyy —6B,Cy - D132|r0) |
Euwe = ' "
a, |
N (ShoDzaz - 48111szz - 68112(:221 - 48211(:122 - 68212(:121 - D132|h0)7 AzDzazJ
L h
[, |
N7(3SWD533 —18B,;;Cqpy —10By;,Cp 188 Crpy —10B,Cypp — 3C133|r0) |
Eus = ' "
a, |
+ N (3Sn0D233 -18 B111C223 -10 B112C222 7188211C123 7108212C122 73C133|h0)73A2C233“
h
7(11 a, 1
Eos = Ni(anCsza + 8612C123)+ (anczza + Bz1zc123 )J
L h

Eoy = (TDZSI = ADyy ) Esp = (7D232 = A;Dyy )

Eus = (3D 2~ 3A; Dy )

(73)

Eun = (- &Dyy + 7, Dagy — 4, Doy ), Eur = (- eDys, + 74Dy — 4, Doy ).

443

=(- 36D,y +37,Dygy +34,D )

Trans. Of NAMP
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[a, 1
E541 = { N (SrOD631 73B511C621 - 38511C521 - Dssllro)Jr /’rDsa1J'
r
E —(—ﬁ(s D 4B,,,C 6B,,,C 4B,,C 6B,,,C Dy, l,y) D |
542 LN r0 632 511622 512 <621 611522 6129521 ~ Dsaa Lo )T M Uszp Jv
r
(% (35 b, _188..C.. -10B,.C. —18B,.C. —10B. C. —3C..1.)l
|N 10~ 633 511 623 512 ™ 622 611 523 612 522 53310/ |
Eous = |
L+ 31,Cyy J
Ee = F—a(B Cys + By, C )T
544 LN 512 ~ 623 612 523 J
' (74)
[ 1
Eue =[0858 ~380Co D) A |
LN, (75)
[« 1
B =] (00D ~4B1Co 68 48,,Co ~0BiCo Dol ) Ao |
M 1
—2(38,0D 55 ~18By;, Copy ~10By;,C oy 188, Copy ~10B;,Cyp —3C 51, )|
Ewo = N, I
,73A4C533 J
[a 1
EGAA = N73(85120623 + 86120523 )J
Er = (7 Das ~#,Dp51). Erp = (7, Doy = 2,03 ). By = (87, Doss ~34,D135)

Su(t)= Yoo+ Yis + Yoo+ Vis + Y T‘
L) = Yoo+ You+ You + Yoo + Voo \
Qu ()= Yoo + Yar + Yau+ Vas + You | (76)
Ry(t)= Yao + Yar + Yar + Yaa + Yau

S (t)= Yoo+ Vor+ Voo + Vos + Vou
L) = Yoo+ Yor + Yoo+ Yos + You

Rr(t): Yoot Yia T ¥rtYest y7.4J
Substituting (55), (57), (59), (64) and (70) into (76) gives,

t° t t°
S,(t)=S,+S,t+S,,—+S,,—+S,,—+S,,—+S,,—+S,, —
h( ) ho h1 h2 2 h3 6 ha 24 hs 120 hé 720 h7 112
t? t’ t* t° t° t’ 77
|h(t):Ihu+|h1t+|h27+|n37+lhA7+lh5 + + 1y ( )
2 6 24 120 720 112
tZ 3 td t5 tS
Qn(t):Qnu FQut +Qu, —+Qu —+Qu -+ Qs + Qs
2 6 24 120 720
t? t’ t* t° t°
Rh(t):Rhu+Rh1t+Rh27+Rh37+RhA7+Rh5 + Ry
2 6 24 120 720
t? t° t* t° t° t’
Sr(t):sm+sllt+sr27+sr37+sr47+sr5 +Sr6 +sr7
6 24 120 720 112
t? t® t t° t° t’
Ir(t):Iro+|r1t+Ir27+|r37+|r47+|r5 +Ir6 +Ir7
2 6 24 120 720 112
t? t° t t° t
Rr(t):Rr0+Rr1t+Rr27+Rr37+Rr4 +Rr5 +Rra
2 6 24 120 720
where,
S1= (0, = Buy) Sy = (B + Cua) Sy = ~(C + D), (78)

S, =—(3C, + Dy, + Epy ) Sps = —(3Dyy, + E Sus = —Eiss Sur = —Epus
Ly =B, 1, = (Byy, +Cop ) 1y =(Chyy + Doy ) 1y, = (3C 5 + Dy, + Epyy )
1 = (3D, + Epp ) 1yg = Epugs 1y = E oy

Qui = Bayv Quy = Cuov Quy = (Cazp + Dy ) Quy = (D, + Egyy),

Qus = (8D + Eyyy ) Qe = Eug

Ryt =Byt Ry, = (B, +Coap ) Ryg = (Dygy =Cipp ) Ryy = (Do + E gy )

Rys = (E,, — 3D Ry = Eus

. @)
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R,=By, R, =C :(C722+D +E

Ris = (3D733 +Eqp )' Ris = B

r

721" Rr3 731 )’ Rr4 = (D732 741 )’

S,.=(A, =By ) S,, =—(Bgy, +Cyp ) S5 = —(Cop, + Dyzy ), ]
S,,=—(3Cg; + Dy, +Egyy ) S,s = —(3Dgyy + Egpy ) Se = —Eusr S1y = —Egus I (79)
l,=Bu 1, =(Boy +Can ) 1y =(Cozp + Doy ) 1,4 = (3C 1y + Diy + E iy ) L
l,o=08Dg; +Een ) 16 = Egesr 117 = Egus I
J

3. Result and Discussions
3.1 Numerical Solution
In Table 3.1 are the variables and parameters of the model equation and their definitions. The values of table 3.1 were
estimated for the purpose of numerical and graphical solutions. The tables 3.2 to 3.8 are the numerical solutions of each of
the solution in equations (52) and (77).. The HPM and ADM solutions were validated with Runge — Kutta to see the
agreement between the solutions.

Table 3.1: Definition of Variables and Parameters

Variables/Parameters Definition Values
S, Susceptible Humans 10000
R Infected Humans 500
Q, Quarantine Infected Humans 1000
R, Recovered Humans 300
S, Susceptible Rodents 500
I Infected Rodents 200
R, Recovered Rodents 50
A, Recruitment Rate of Humans 65000
A, Recruitment Rate of Rodents 5000
a, Contact Rate of Rodents to Humans 0.001
a, Contact Rate of Humans to Humans 0.1
a, Contact Rate of Rodents to Rodents 0.01
u, Natural Death Rate of Humans 0.015
) Disease Induced Death Rate of Humans 0.0001
i Recovery Rate of Humans 0.25
7. Recovery Rate of Rodents 0.2
T Progression Rate from Infected to Quarantine 0.50
& Effectiveness Public Enlightenment Campaign 0.25
) Natural Death Rate of Rodents 0.01
5, Disease Induced Death Rate of Rodents 0.001
b Total Population of Humans 100000000
N, Total Population of Rodents 10000
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Table 3.3: Numerical Solution for Infected Humans

T ShRKM ShHPM ShADM T ThRKM ThHPM ThADM
0.0 | 10000.0000 | 10000.0000 | 10000.0000 0.0 500.0000 500.0000 | 500.0000
0.1 | 16153.0850 | 16153.0850 | 16153.1214 o1 474.9230 4749230 | 4749230
0.2 | 221452435 | 221452426 | 22145.5026 : :
0.3 | 27980.6848 | 27980.6786 | 27981.4527 0.2 4511161 | 4511162 | 451.1162
0.4 | 33663.5081 | 33663.4822 | 33665.0766 0.3 428.5149 428.5153 | 4285155
0.5 | 39197.7055 | 39197.6268 | 39200.2773 0.4 407.0581 407.0597 | 407.0601
0.6 | 44587.1643 | 44586.9697 | 44590.7573 0.5 386.6874 386.6923 | 386.6931
0.7 | 49835.6706 | 49835.2519 | 49840.0176 0.6 367.3478 367.3597 | 367.3614
0.7 348.9867 349.0121 | 349.0151
0.8 | 549469112 | 54946.0984 | 54951.3562 0.8 331.5545 331.6036 331.6085
0.9 | 59924.4760 | 59923.0180 | 59927.8655 0.9 315.0040 315.0915 | 315.0990
1.0 | 64771.8618 | 64769.4036 | 64772.4275 1.0 299.2903 299.4373 | 299.4480

Table 3.4: Numerical Solution for Quarantine Humans

Table 3.5: Numerical Solution for Recovered Humans

T QhRKM QhHPM QhADM t RhRKM RhHPM RhADM
0.0 1000.0000 1000.0000 1000.0000 0.0 300.0000 300.0000 300.0000
0.1 997.8831 997.8831 997.8828 0.1 651.5348 651.5348 651.5349
0.2 994.6159 994.6158 994.6117 02| 11541676 | 1154.1685 | 1154.1692
0.3 990.2896 990.2889 990.2682 0.3 | 1803.6770 | 1803.6835 | 1803.6874
0.4 984.9899 984.9870 984.9216 0.4 | 25959540 | 25959811 | 2595.9938
0.5 978.7972 978.7886 978.6289 0.5 | 35269986 | 3527.0811 | 3527.1135
0.6 971.7872 971.7660 971.4348 0.6 | 4592.9177 | 4593.1217 | 4593.1920

0.7 | 5789.9211 | 5790.3599 | 5790.4958
4. 9
8'; 225 gzgi 222 5§22 ggiigéz 0.8 | 71143195 | 71151712 | 71154126
09 5362408 53¢ 3838 5347087 0.9 | 8562.5224 | 8564.0497 | 8564.4518
: ' ' ' 10131.0334 | 10133.6081
1.0 936.9282 936.6647 934.1122 1.0 10134.2443
Table 3.6: Numerical Solution for Susceptible Rodents Table 3.7: Numerical Solution for Infected Rodents

T SrRKM SrHPM SrADM
0.1 999.2489 |  999.2489 | 9992489 0.0 | 200.0000 | 200.0000 | 200.0000
02| 1497.9978 | 1497.9978 | 1497.9984 0.1 | 1958257 | 195.8316 | 195.8256
0.3 1996.2473 | 1996.2473 | 1996.2496 0.2 | 191.7394 | 191.7624 | 191.7388
04 | 24939980 | 2493.9980 | 2494.0034 0.3 | 187.7394 | 187.7900 | 187.7372

0.4 | 183.8237 | 183.9119 | 183.8184
2991.2503 | 2991.2503

0.5 2991.2610 0.5 | 179.9906 | 180.1254 | 179.9803
06| 3488.0049 | 3488.0049 | 3488.0233 0.6 | 176.2383 | 176.4284 | 176.2206
0.7 3984.2622 | 3984.2622 | 3984.2915 0.7 | 172.5651 | 172.8184 | 172.5372
0.8 4480.0228 | 4480.0228 | 4480.0666 0.8 | 168.9693 | 169.2933 | 168.9278
09| 49752872 | 4975.2871 | 49753496 0.9 | 165.4492 | 165.8509 | 165.3905
1.0 | 5470.0559 | 5470.0559 | 5470.1417 1.0 | 162.0032 | 162.4891 | 161.9232
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Table 3.8: Numerical Solution for Recovered Rodents

T RrRKM RrHPM RrADM
0.0 50.0000 50.0000 50.0000
01 53.9061 53.9062 53.9061
0.2 57.7258 57.7261 57.7258
03 61.4609 61.4619 61.4608
0.4 65.1131 65.1155 65.1130
05 68.6842 68.6887 68.6839
06 72.1759 72.1836 72.1753
0.7 75.5899 75.6019 75.5888
08 78.9279 78.9454 78.9260
0.9 82.1914 82.2158 82.1883
1.0 85.3820 85.4147 85.3772

3.2 Graphical Solutions
Figures 3.1 to 3.7 are the graphical solutions of the approximate solution (2.86). Figures 3.1 to 3.4 are for the human
population and figures 3.5 to 3.7 are for the rodent population.
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Figure 3.1: Graphical Solution of Susceptible Human Population
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Figure 3.2: Graphical Solution of Infected Human Population
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Figure 3.3: Graphical Solution of Quarantine Human Population
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Figure 3.4: Graphical Solution of Recovered Human Population
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Figure 3.7: Graphical solution of Recovered Rodent Population

Discussions

It is observed from the numerical solution that in table 3.2 to 3.6 the HPM solution is closer to RKM than ADM while in
table 3.7 and 3.8 the ADM solution is closer to RKM than HPM.

In figure 3.1 the Susceptible Human population increases with time as result of increase in contact rate of rodents to
humans and contact rate of humans to humans. Figure 3.2 shows that the infected human decreases with time as a result of
high progression rate from infection to quarantine. The movement of infected individuals to quarantine class will reduce the
number of infected population. It is observed from figure 3.3 that the quarantine human population decreases with time as
people recovered and some died from the disease. The individuals that are treated in quarantine class and recovered moved
to recovered class. In figure 3.4 the recovered human population increase with time as the recovered individuals from
quarantine and the enlightened susceptible individuals moved into the class. Figure 3.5 shows that the susceptible rodent
population increases with time as a result of high contact rate of rodents to rodents. It is assumed that the rodents have no
any control measure once the virus breakout in their population. In figure 3.6 the infected rodent population decreases with
time as they died due to the disease and as some of them recovered naturally. Figure 3.7 shows that the recovered rodent
population increases with time as the recovered infected rodents moved to recovered class.

The effort to quarantine and treat the infected people and carrying out public enlightenment campaign is the key to
eradicate monkeypox virus from the population. It is shown from all the solutions that the HPM and ADM are in
agreement with the Runge Kutta that was used as the basis for validation

4. Conclusion

Homotopy Perturbation Method (HPM) and Adomian Decomposition Method (ADM) were used to solved systems of
seven ordinary differential equations of mathematical modeling of monkeypox virus. The solutions obtained are presented
numerically and graphically. They are also validated with the Runge Kutta in Maple software. The numerical solutions
revealed that in table 3.2 to 3.6 the HPM solution is closer to RKM than ADM while in table 3.7 and 3.8 the ADM solution
is closer to RKM than HPM, hence we can deduce that HPM performs better than ADM.
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