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Abstract
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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-Kutta.
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1. Introduction

Many a times the mathematical modeling of infectious discases resulted into non-linear differential equations which are
Sfficult to solve analytically. Therefore, semi-analytical methods are implored to solve these problems to get approximate
o numerical solutions. The numerical and graphical solutions of these models help the mathematical biologist to explain
e 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 7, , Quarantine Infected Humans O,

_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 (airbome) contact and contact with
_mfected 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 Nigena [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
sesulted 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
spproximate 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 solations [7]. In
18] Ebola epidemic model was solved by HPM and presented the obtained solution graphically. Atindiga er 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]. Determunistic model of malaria
wansmission was solved by Adomian decomposition method (ADM) and presented their solutions numerically and graphically
[11]. Ibrahim er al. [12] solved the mathematical modeling for the control of Lassa fever using the revised ADM the solutions
sbtained 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 m [14]. The solutions obtained were presented numerically and
graphically. Runge-Kutta solution obtained from Maple soliware 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 Mecthods

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

Alu) - f(r)=0, reQ), (1)
Subject to the boundary condition of:
H[rr,iJ=0‘ rel (2)
cn
Where A is a general differential operator, B is a boundary operator, /(1) a known analytical function and I is the
boundary of the domain ..
Equation (1) can be written as
L)+ N{u)= 1(r)=0, reQ,, (3)

where L is the linear part and N is a non-linear
applying the Homotopy method to (3) with «(r p): x[0.1] - & gives

Hlv.p)=(1- pNElv)= £l )]+ p[L(v)+ N(v) - Flr)) =0 (4)
pelol] ren

, (5)
Simplifying (4) gives,
Hv.p)=L{v)=L(u, )+ pL(u, )+ p[N(v)- f(r)]=0 (6)
Using (4) in (2.6] gives
H(v0)=L(v)-L{x,)=0 %
and
H{v.)=L{v)+ N(v)- f(r)=0

(®)
Where u 1s an initial approximation of (1)
Assuming the solution of (6) can be written as power series in p -
v=v,+ pv + p:r! + . (9)
Setting p =1 in (9) give the approximate solution of (1)
u=lim V=Y. b Y, b (10)

Pl

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

Formulation of Adomian Decomposition Method
dy

A |

?: .\'I[}'|, P in ) i

dv, i

s A ¥ n_):‘ (n
T

d,

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

‘r‘.‘., :'\l;(“.—_".."'._l' ) i TE 2 segr (12)
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Where /1 is the hinear operator & with the inverse ' = I’“'h and N is the non-linear functions. Applying the
i ‘
imverse operator on (12) gives

v, =¥ (0)4 [ N(r vy E =1 250 0 (13)
In ADM the solution of {13) 1s consider to as the sum of a series
LI'Z V., (14)
And the integrand i (13), as the sum of the following series:
RN, Y PR (15)
Where 4 (v .y ..y ) arecalled Adomian polynomials.
Substituting (15) mnto (13) gives
3 i‘-""!‘ﬂ"ﬁi"l.['-ﬂ iy (16)
= v, (0)- iL.J (v,e- v,y B b
From (16) we define
" L] = 'TF ({) l
, (17)
Suwn = [ Aoy, W |
2.2 Model Equations
2.3.1 Solution by Homotopy Perturbation Method (HPM)
4 {at. a1, , (18)
A |8, -, + £)s,
| ¥ N,
2 |&d , 2ul ib‘.-‘u.*-i.*fl!. (19)
LY, N,
= el (u,+ 5,4 7,)0. (20]
=£5, + 7,0, - 4R, (21)
a,l s, g (22)
2123 (45,07, (23)
\-"
=y i —u R, (24)
-0, + R, (25)
B=5 +1, +R, (26)
ation (18) to (24) can be written as
a;;f! |\'. A, “' (27)
r.Q, v u R
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; Where 7 is the lincar operator 4 with the inverse L= I'(.ur and V 1s the non-linear functions. Applying the
g '
I mverse operator on (12) gives e
o= 0 [N G v v i =12, e (13)
In ADM the solution of (13) is consider to as the sum of a series
=3y, (14)
And the integrand in (13). as the sum of the following series:
Ny, v, x5 )= Z -f._.(.‘..— Yo ) (ID)
Where 4 (v . ¥, ¥, ) are called Adomian polynomials.
Substituting (15) into (1 3) gives
P i“t- =)_,(0)-L’§:_ 7 0 L v, b ‘16)
=I,(ﬂ]-£‘[:..! (v, v, _1.:}7!
From (16) we deline
Yo =, fﬂ_)
' (17)
Yiwr = I 4, .['1" ot Frive i ¥, ]df ’
Model Equations
2.3.1 Solution by Homotopy Perturbation Method (HPM)
=..\r;_ai ,ELI.L i.\‘. ~{u, ~£)s, (18]
¥, N,
fw, L2l lS.-tu.'--'. _— (19)
¥
=t, ~(u, +5,+ r. o, (20}
=5, + 7,0, - u.R, 1
amhs o (22)
N,
DL, vy, (23)
N,
=iyl R (24)
L=5,+1,+0,+ R, (25)
5.4 T. 4R (26)
ation (18) to (24) can be written as
..i "%» ‘—’f_[' I\" + 4,5, =0 (27J
1,4 0, =0
r.C. v 4R
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Where,

A =(p, +e) A, =(u, +5, + r) oA =g, +6, +r, L A, =(u +5 +7)

$,0)=5,,, [,00)=/,, 0,(0)=0,, R, (0)=R,.. 5 (0)=5,. 1.(0)=1,,. R (0)=R,, (28)
Let,

S,=a,+pa, +pia,+ pla v pla, v |

I, =b, + pb, + p'b, + p'b, + ph, e

Oy SCe ¥ Py # p:c.. s ple.aple, 4 E (29)
Ri =d'“+ pdl+p2d;+pjd: ‘."ld.t {LI?
S, =x, +px, v pix, 4 pix 4 pix weee :
2 3 4 ;
L=y s B4 P yavp st Py v
R =z, +pz +p'z, +p'z, 4 piz v |
Applying HPM to (27) gives
{t -I£L5 —-A ‘(a,l, ot $,+4.8 ]4) (30)
LT T W @
f { i
{1- p;‘ﬂ_*+ pgﬂ.s._. &l  2Zib is. *_,4‘[,} =0 9
dr dt NN, | iy
b= pligi * pr&* i, + 4,0, - o =4
dr |_ ot J
(33)
(34)
(35)
(36)

Substituting equation (29) into (30) to (36), simplifying and collecting the coefficient of powers of p gives

]
p’ra, =0 1
v ; |
Py —dgyy v — agb, + 4,0, -A, =0 | [37)
. » |
. * ai - ) E’_( Fa b 1 -0 1
poa, +— (agr, +a,v, )+ —lab, +a, L JEde, = ?
N, N, |
s gRte a, I
plia, +—la,y, vay, +a,v )+ ——(ab, +ab +ab )+ da, =0 |
N, N, |
% R a, !
plra, =Ll w, a0y, Fauy vany, ) :f*(an;vJ ta ¥, +a,y ta,y )+t da =0
N, N,
1
p b, =0 ;
e, a, |
p' b = '—‘an_y“ - ——dgby + A.b, =0 | (38)
N, N, |
_— ’ [
p b, - ;'-—(an,rl ta v, )- -&;2— lagh, +ab, )+ d,b, =0 [
N, N,
% *ay a, |
B o —t(a,y, +a, v, +a,v,)-—la,b, +a +a, vt b=
b, v (apy, (B 2 o) v la,b B o)+ Ah, =0 !
LT ., i
plib, - agy, ray, va,y va v, )= lagy @y, s ey e, d b =01
N N |
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|
c, .muﬁjjq-ui , (39)
|
|
|

(40)

s mamy -y b, ud, =0
Fod, -ea, -pb s pud =0 4
" dy, ~ea,-rb, + pyd, =0j

» d.' ~Eay ~y.b b pd =0}

|
’..'r! =0 :
- I (41)
P -, 0-:'——.1"),4:;:,:,‘,‘\_:0 |
o, I
a, |
i ox, vy, vy ) e px =0 b
: [
1 |
O P R NN LI B
!
- r’& I
B x, +—=(x, v+t v 5.y v 25, =0
N, 5
.
y, =0
R . (42)
¥y~ XYyt Ay, =0
N '
L ﬂ) {
EXy Ti‘r&."l toy)r Ay, =0 4
N, i

. w
1 - \’3 (xaps+ x5, + ‘:J.}* Ay, =0

T

: o ]
.-y, - ,\,-_’("ﬂ"a to, by sy ) e Ay, =0

P-- =0 !

y ; (43)

3, . ¥t M T, =0

L]
r
':::J' ¥ Nt M =0
iz, -y =0
-.
' ¢

|
&
|
i
e Ty HE, =OJ

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

»

» et b gl | (44)
R R 7= Bitvay Gy iy e By !‘
st i
=D, —.b,=E,— |
M4
[ s |
-(J_..(|=.ﬂ‘r.r,=r,?-t,*n.‘;-l.‘f.?" :
’” K o
eR, d =8,1d,=C, —.d4 D, —.d E,—%
-, = R, B 3 el "
1 r s
=S, =By, =0, —x=D :‘x‘=f —
i

= =/ ¥ B.rw g == Dy—=.x
3 © p
' i !

=R, i tis o EA

Vi
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Where,
{ o @, o 7] |
B =i\, Sialey = =280 (S b B, 24287 51 LI
\ N N N (45)
| (7
B, =1 1,0.,) 8, =(&5,, Q RLLB, = A S, 7 t 8
\ N
ja, i
B, ‘ S..d A0 .. B (F, =8 R !
N ! |

| @, i
Cy = (B, ~ 4By C = (6B, + 7, By - u, B\ Cy = (S B, +1,,8,)+u 8, .

Y8

| a
&5 Hﬁl (5,.8,+1,8)-4,8,|.C,=(r.B,-uB,)
= i
(46)
a
D —L (8, C,+2B 8B, -1,C )+ —2(S B, +2BB, -1 ,0C)- AL |
B, Y
gl (47)
| a, . - a,
D —— 18, Cua + 28,8, = 1,.C }+ —=(5,.B, 2B, 8, - 1,,C,)- 4,(
: I. v . i P v, i 1
a
D, = 4L,C LD, =(r, €, -eC, - u,C,) D, =|—2(5,C, + 28,8, -1,,C. )-ut
1 N
a,
Dy=|—=(5,,C,+28,8,-1,C.}-4,C, LD, =y,C,-uc,) |
\ N, |
. | @, a, | |
Ey=| JH1S1,D, +3B,C - 3C,B, -1, )4 (50D, + 3B,C, - 3C,B, - 1,0,)- 4D, | {
S ’ i (48)
a (198 i
E, = i —L(5,,D, +38,C, ~3C,B, - 1,,D,)+ —=(5,,D, + 3B,C, - 3C,B, - I,,D,}- 4,D, | 1‘
: N, N, ' S =28
@, i
E,=(D,- A,D,)E, =(y,D,- 6D, - pu,D,)E, =| —2(5,,D,+3B,C, +3C,B, - 1,,D,)- u.D H
: %
" |
(@, ' |
E, = | o 154Dy +3B.C  +3C, B~ 1,D;)- A,D, | E; = (7,D, - 4, D;) ]
Substituting (44) into (29) gives
i . P |
Sy S S PR = p Oy —-p'Dy—- p'E, —+ |
2 6 24
=1 B e U . p'E £ i
K The VRS PG e B T By | (49)
W s S i B
Qv =Qu tPB+ p Cy—+ pDy— pE,—5
2 6 24
e 1 . — i
R, =R+ pBt+ p°C,—4+p D, —4+p'E,
2 6 M
2 f i r % r
S,=8,,+pBa-p°C, p D, p E,
N 6 24
o 7 g B o
L=1,+pBa+p Co—tp D, —+ p'E,
2 6 24
! ; r' . £
R =R ,+pB.l+pC s+ p D + p F
2 6 24
. , (50)
X ]“-nl Vi # W e, Vb
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Where,
X, =4S, 0. U, RS I _ R | (31)
Hence, (49) becomes
4 m 1

s s B bt > E = : (52
e B B LwE I

2 b N |
. sy, Bt o, gt :

2 [ 1

7 r t
B, =R, B €D, E
2 ] L)

r i’ "
R ceg-c,—-p,L .5l
3 (] b

H
I
|

. |

cof ' . |

B =1, B+ C D, 4 E e |

2 6 |

i I " I

T TR WL S ‘|

'2.3.2 Solution by Adomian Decomposition Method (ADM)
Let,
S, =v.l,=7,.0,=v,.R,=v,,8 =y.,1 = yoand R = yv_ (53)

s r
5. lr)= v, -.‘\‘LA’.' . ;?J‘;v,u:r!‘! —:—_‘;—L‘\‘r dr - I,L’l\lnni (54)
o o, ' pal |

Bwlr) =y, + \—L Vbt - \‘j ¥y3aedt - .{_.Lu_.m :
g led= x4 rj.\_.,:'l .{‘I. vt ;

R SN R RPN

I

&y of o |
wlr) = ;....«,[:m.;_lu,,._d:f,,,L.,m |
[

@, ¢ g |

)= v, 'TL""’“ - .ﬂL_r,ﬂ'l i
' |

wli)= v, oy.!,l.d'-p.-[._l it |

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

tion (54) will lead to the following scheme:

..-S..u’\.fi (33)

*y =l

s = Vi

=S, v AL

|
|
|
as = R, t
|
|
b = /0o :

s = R,

b E et S E ot ] fal
oo = 'f:l‘;.* 3 r'._i:'.."’ L
N R N :
= i
flrat |

here,
=0, 1.2 3,--
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Solving (36) for # = 0 gives

§5 3 iy ¢
RO Ry R, R R LT SRR S
! 2 4 2 2
) i
Fap =] Bl By 1y |’3m.'+!t i . B,
Where
e 3 { @, a.,
By, = \" {5 % =8l % = PR .’;f.’-\.",[ 1
o (!J L!E
"= Sialos + =L 80l by B =!T.\.Iﬁ+ . b .

By =y = 4,0,,) By, = (65, « 7.0, - R, ) B, =2A .
B [ Zos g +;rS\‘E ia’\! A, |
ST Pt e I Far T T tH A,
A ! TN, ¢ i
o ‘a, X i @,
B, “l;'_-s-.,".-n ""n’rnj- By, :;\-"m» :
B Ut - k) j
Solving (56) for n = 1 gives
{ £ 2 ™) s o, . 1y
= = ey E=g
i 8 | 6 SR it
! e ! i
= F € — ki |
z ' 623 6

Where,

[ a a,
Ci = lk_,‘(susm =B 1)+ ‘;'__L‘snam - By, 1,,)- 4,8,
T T

IEEA

[ & a, i
Cpe = [ \" (8:By; +2B,A, - By 1)+ .\__‘ (SiBrz + 2By, - Biulis)- 4,8, 4
N, N, i

! f_a, a 1

Cu =L?Eu:"\a +ﬁam“|

. la, a, 1
Coy = |- v (‘Snuﬂan = BilI]rn)+ N (ShoB;n _Bmlm)_ A.‘E.'HJ’

iy N
C oy =(eByy; = 4,8, ). Cpy =184,

_SBH! +}’,,B,, —,Lt,.Bm ) (lJ.‘_' =(“‘-B|1: +-‘”h3u:)

B |'(z‘ . ]
(‘\_‘l :jL—{SM 'B-)n = B)H!rDJ-"IrB‘IiJ' i
|
. 1
la,
e, —{—-(SN,BF L +2B A, ~B. 1, )-uB,
i;\"
{ & f‘
C —B, A, — ‘
\ 8 |
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& (S0 Bayy = Byl ) By, | € =) S By = BN, = Bl,) A8, |
- ) L ' ;
", ' H
e \B—. Wy B, -uh.)C, B, -
. * ' (63)
Solving (56) for » = 2 gives
f ' ! &9 o T ™y
Pas 2 | Dy —+ By — e D - | &y —+ D —+D, !
t [ M 40 [ ha} oW (64]
[0 T LT 5 STRLANC N Ok 1
T ETH * \ = r i =k i *. 134 - ]
6 T 10 ! F 6 e 7 LT
. 4 1 % ?
i i’ ! ¢ ¢ ii
'-"[Dn_‘oun’ D, |‘= f!ﬂ,, ‘G.DNJ;‘D“IIU:;
L] . $ i
{ ' 1 7y
'l-le 'Drn_ D'u;:
Where,
|
[ (65)
N
|
Cinlig)= 4,C 1]
I
|
|
L]
I
I
I
I
|
|
[al T - «, = = .
D.‘ll E ;‘I_:\|,( Lh) ‘BI‘-\&!'\ -« I:Ilbﬂl‘ ?7""“( F-il -B ! l8": = Cl'l"tj' i"( A} |
" g 1
38,,8,, -38,.B,, -C,1,) |
I
|
'3B|n9n: 733“.33“ 'er-!-o]"hch |
Pl ) 1
‘Tl (5:0C sy ~ 28,38, - Ciul,,) i |
LU = % !
E'—.Llsnt ;’231:8.‘1:_(.1,"“1)' 4,¢ 'i .:
L ¥ i
| (66)
B = (7€ = 4,05 ) Dy =i, = AE, ) Dy, =10, | (67)
By ={=2Cp, + 7, Cu - 8,C ik Dy, =1 &C ., ¥71,C, u,Con ) Dy, = 6C,,
|
ﬂ'il 2B 1 Benn '(‘:l'r-a,‘" #,Cy ] : (68)

a, ) ]
D, —=(5,,0, 3B, B, 3B By € Tis) =46 ‘
v
. J
rﬂ
o i [ 28 % { l.)- a1
| “
J (PR LG T+ Ly« TR O «

W
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Solving (56) for » = 3 gives
A 4 g fiks . i
] + E. Erg s By k
i Sl
* 3 w
i 5 )
Par | By * B g+ B 2
b s gyt b L !
|| e+ Sty P
, i
{ 4 A . i %
Vo [é,.ig*f;.}a"f,..gf E‘“i?h
|
A [ ¥ 1

Epy — 2 Epy —+ +
l T R T R R T
fod . . ;
E Epp—mt By, i
| T T l |

-

 eeeeEm—

& - J 1 i
Vi o - 3 1

7\.--"&ﬁGDM| -38,,Cq —38,,C,, =Dy, 1} i H

v i_ i

¢ = (8,0 <38,,C 0 ~ 3B4C - D)5 4D | 1

' ] i

] i

V_lf-shn('o-: -48,,C,, -6B,,C,, - 4B,y < 6B, O, - D, 1) | :

Nz i 1

* (S“('.‘: -48,C,, - 68,.C, -48,,Cy 68,0, -D, I} 4Dy, J !

iy |

ta, : . i

N (33 oCoss — 188, Cp - IBB,,J(_ —188,,C,, -108,,C.. -3C;!,) k|

N, |

«, . ;'i

. \—(:s Con = 188,,Cp ~108,,Cyp, ~18B,,Cpy —108,,,Cppy = 3C,, 100 )+ 34,C,, | i

\ B

a—"(B C,, +B ENTIPS B,.C,, )i !

n' L [ 53 ‘! N e ¥ 2 ‘; i

i?(s sl =3B, Cqy - 3B,,C,,, *Dmlro} i

i I

I a, |

i* 5 {Squ - 38,,Cy, - 38,,Cin ~ Dy -u} A,D i
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|

r ]
E. = %T(Sv'oﬂ! ~48,,C,. ~68,,Cy 4B, Cyy - 684, Coy = Doyl V- A Dy l

f

|

i
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Substituting (55). (57). (59). (64) and (70) into (76) gives,

' ' " o
S.{rl:s‘_+.s.lla,\n-:—+.\u;is“§‘05HE¢ S"_Tza-fs_.:
:! v " , i " ; £ (77)
- & e X s N
() =1y + 1410, 3 1, = 1, = s 1y 20 T
z 3 a 3 .
' ' ' ' [
G.(rl=9.*9..:-o.;?-v.‘ QA Gl

;7
Soy—
nz
,
’
"2
H s (g 't i
R(s)=R_+Rt+R, —+R,—+R, —+R,—+R,
‘ i 6 24 120 720
where,
s wa, -8, ) s, 18y =€y Lk 8y, = =€y + By, ) il (78)
8, -0, + Do ELLS, =2, +E ) 5= -Ey. 8, »-E,
b, =B 0, =By, s Cop )l 20 s D b1, =3C,, + D, v E ) |
L. =30, « B N4 Eiilyy wis l
Q.. =8, 0, =C,.0, =l D)o, =D, +E,) |
o (3D, + £ L iPa = i l
R, =R,. K (& Capl By =18y - O ) R D, &) |
[
i
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Sy =dA, - B LS, = AB ;€ )8, {C,, + D)

B0=-0CG v By vEG ) S, = <30, B L8, = ~E 0.8, 2 =E., (79)
Ly =By by 2 By +C X 1, =(Cpy s DG L, = (BC ., + By v Eg ) |

1, =D, +E L) = Eyl, =E.. '

R =8y B SCoy . Ry =lCh 4 Dy b Ry =D, + E ik '

R,=13D, «E VR, =E,, |

3. Result and Discussions
3.1 Numerical Solution
In Table 3.1 are the varables 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 1o 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
2 Susceptible Humans 10000
I Infected Humans 500

0, Quarantine Infected Humans 1000
R Recovered Humans 300
S Susceptible Rodents 500

! 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
“, Natural Death Rate of Humans 0.015
3, Disease Induced Death Rate of Humans 0.0001
Y, Recovery Rate of Humans 0.25

¥ Recovery Rate of Rodents 0.2

4 Progression Rate from Infected to Quarantine 0.50

& Effectiveness Public Enlightenment Campaign 0.25

u Natural Death Rate of Rodents 0.01

S Disease Induced Death Rate of Rodents 0.001
v, Total Population of Humans 100000000
N Total Population of Rodents 10000
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Table 3.2: Numerical Solution for Susceptible Humans 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 :
4749230 474.923
0.2 | 22145.2435 | 22145.2426 | 221455026 0.1 0] 4749230
03| 27980.6848 | 27980.6786 | 27981.4527 0.2 451.1161 451.1162 | 4511162
04 | 33663.5081 | 33663.4822 | 33665.0766 0.3 428.5149 428.5153 4285155
0.5 | 39197.7055 | 39197.6268 | 39200.2773 g.g ;gg.ggg1 ggz.gg‘a? ggg.ggm
: 4587. 7 7 : 6874 .6923 .6931
- M 1043 | 445569697 | 44590.7573 0.6 367.347 367.3597 | 367.3614
0.7 | 49835.6706 | 49835.2519 | 49840.0176 07 3489867 3490121 3490151
0.8 | 54946.9112 | 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
15 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
02| 994.6159 9946158 | 9946117 0.2 | 1154.1676 | 1154.1685 | 1154.1692
0.3 990.2896 990.2889 990.2682 03| 1803.6770 | 1803.6835 | 1803.6874
0.4 | 9849899 984.9870 984.9216 0.4 | 25959540 | 25959811 | 2595.9938
0.5 978.7972 978.7886 | 978.6289 05| 35269986 | 3527.0811 | 3527.1135
06 S7L78721 STL7GE0| 4714348 07 i T st |
: 5789.9211 . 4958
074 96403087 9639853 | | 9633719 0.8 | 71143195 71151712 | 71154126
g-g giz'gzgg gig'gggg gi:-;ggg 0.9 | 8562.5224 | 8564.0497 | 8564.4518
1'0 936‘9282 936‘6647 934'1 55 1.0 | 10131.0334 | 10133.6081 | 10134.2443
Table 3.6: Numerical Solution for Susceptible Rodents Table 3.7: Numerical Solution for Infected Rodents
T SrRKM SrHPM SrADM
00| 5000000 500.0000 — t IrRKM IrHPM IrADM
b 999.2489 9992489 999.2489 0.0 | 200.0000 | 200.0000 | 200.0000
, ; : : . -
02| 14979978 | 1497.9978 | 14979984 0.1 1:5 3;32 1:? 722 195.8256
03| 19962473 | 1996.2473 | 19962496 021 ; 2 7‘7900 191,7388
04| 24939980 | 2493.9980 | 24940034 0.3 123.;3:: i23'9119 1827372
0.4 : : 183.8184
z 91.
D5 | @991.2908 ) 29912503 § 2901.2610 0.5 | 179.9906 | 180.1254 | 179.9803
06] 34880049 | 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
08 4480.0228 4480.0228 | 4480.0666 0.8 | 168.9693 | 169.2933 | 168.9278
0.9 4975.2872 | 4975.2871 | 4975.3496 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
0.1 53.9061 53.9062 53.9061
0.2 57.7258 57.7261 57.7258
0.3 61.4609 61.4619 61.4608
0.4 65.1131 65.1155 65.1130
0.5 68.6842 68.6887 68.6839
0.6 72.1759 72.1836 72.1753
0.7 75.5899 75.6019 75.5888
0.8 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
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 3.7: Graphical solution of Recovered Rodent Population

Discussions

It 1s 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 trom 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 mathematcal 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 pertorms better than ADM.
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