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Abstract

athematical modeling of real life problems such as transmission
Mdvnamics of infectious diseases resulted into non-linear differe
equations which make it difficult 10 solve and have ovac
Consequently, semi-analytical and numerical methods .
these model equations. In this paper we used Homoriop
Method (HPM) to solve the mathematical modeling of Monkeypox virus
The solutions of HPM were validated numerically with the Runge-Kuita
Fehlberg 4-5" order built-in in Maple software. [t was obsen

) L
v Pertu “DANON

ed that the rvo
solutions were in agreement with each other
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1 Introduction

Non-linear differential equations have been solved by scientists and engineers using
Homotopy Perturbation Method (HPM) in recent times. HPM reduce the difficull
problem into a simple problem which is easier to solve. This method was first proposed

by He [1] and improved upon by other researchers [2.3.4.5]. Homotopy, 1s an important
part of differential topology. The Homotopy Perturbation Method (HPM) gives an

approximate analytical solution in a series form. Several researchers have used HPM
successfully to solve different real life application problems such as. bifurcation.
asymptotology, nonlinear wave equations, oscillators with discontinuities (6.7.8.9].
reaction-diffusion equation and heat radiation equation [10.11]

. . and Approximate
Solution of Susceptible Infected Recovered (SIR) Model

of Infectious Diseases [12].

o -
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Monkeypox is a virus from rodent, which occurs mostly in West and Ceniry)
monkeypox virus s identified based on biological charactenistics and vy,
patterns of viral DNA. The virus can infect r
13]. The rain forests of central and wes(er,

abbit skin and transmutied conge

! intracerebral vaccination of mice [
the hosts of Monkeypox until 2003, when the first cases were reported in (),
! Hemisphere [14]. The virus can be
(airborne) contact and contact with
same bed and room, or using the same

transmitted between humans throueh (he
the bodily fluids of an infected person. S,
utensils with infected person 1s another

virus spreads [13].

(WHO) was notified in 201 70f suspected cases of |

The World Health Organization
ber to December. 172 suspecied

monkeypox in Nigeria and from Septem
confirmed cases have been reported in different states of the country.

P

olution, Homotopy Perturbation Method (HP)|

used to solved the mathematical modeling of monkeypox virus. The details o
dynamics of the disease and other analysis can be found in [16]. I1s difficult to <ol ) -
have the exact solution of the model equations, therefore Runge-Kutta-Fehlber, ‘
order built-in in Maple was use 0 validate the solution. '

This paper has four sections: section | is the introduction and related work, section ||
the materials and method. section [1] is the result and discussion and section [\

conclusion.

In this paper the semi-analytical s

i ——————

2 Materials and Methods

Formulation of Homotopy Perturbation Method (HPM)
Considered the non-linear differential equation, [4].

Alu)-/(r)=0, e, 2.

Subject to the boundary condition of:
Y

B‘IIJ_I—?E\JU, rel (2.2)

. on,
Where 4 is a differential operator, & is a boundary operator, /{7) a known analyvtical

function and I is the boundary of the domain €Y. The differential operator 4 can be
divided into two parts of L and N, where L is the linear part, while N 1s 4 non-linear

one.
Equation (2.1) can therefore, be rewritten as follows:



| NMC-IMS, Vol 6, No. 1, March 2021
tal.

nma € m

L)t M) - f(r)=0. ref, (2.3)
il ihe Homotopy technique, we construct g Homotopy , p): Qs [.‘”l > R, which
_‘;m_ﬁ-lics
ool p)= (1- p)[;’,(v)—[,(u0 )]+ P[L(V)+ N{v )—_f‘(r)]: 0 A
pe[0,1]| reQ

(2.5)

Or
H(v, p)= Lv)= Lluy )+ pLiuy )+ p[N()= f(r)]=0
(2

where -

L() is the linear part
L(u)= L(v)- Llu, )+ pL(”u )

And N(u) is the non-linear part

N(u)= pN(v)

In equation (2.4) p e [0,1] is an embedding parameter and

of (2.1) that satisfied the boundary
gives:

: s an initial approximation
condition. Considering equations (2.4) and (2.6)

H(v,()) =L(v)- L{u,)=0 @7
and

H(v,1)=L(v)+ N()- £(r)=0
(2.8)
The changing process of p from zero to unity is just of H(v,r) from uy(r) to u(r). In

topology, this is called deformation and L(v)-L(u,) and A(v)- f(r) are called
homotopy. .
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Homotopy perturbation Method |

\bedding parameter pas a small py,
LRI |

can first use the en
2 () can be written as power «

According to HPM, we
ations (2.4) and ¢

assume that the solution of equ

‘IJ V=0, + P‘Il + P'\‘_‘ + ane

Setting p = Iresultin the approximate solution of (2.1)1s:

u=ljmv="*t" +V, +o

p=l Lo 1)
for most cases. However. the convergence raic |

= alC dep

ol Al N

The series (2.10) is convergen!
" The following observations are made by H
. LA | II|||||

on the non-linear operator AW

2006):

The denvatives of N(v) with respect 10V must be small because the parameter
large.1.e. p—=1. -
maller than on¢ SO that the series converges

hY
The norm of L' ii— must be s
3

Model Equations

ds, (al, @l
Bhatyo| gy i trel
dl, (al a:w B e
?_ N TJS}‘—(;},’-{-O,]%-T]], (2.12)
th 5
—d;_=d»_(,uh+¢a+7.-.)gﬁ (2:13)
dR,
——’:&S‘A-f‘”(} - a‘*R 2
- 47,0, - iR, (2.14)
ds, al,s,
i Y el kAl 2P TN (2.15)
dli N
dl alS

L _alS (s ey ) 216
di N ’ a e
dR

c=y | —u,R (2.17)
di
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i (2.18)
y =95 v, +R =
[ quation (2.11)to (2. 17) can be written as
p
ol

“IS_M -,\ +(_.a_!_{L+ﬁ*._" Sh +A]S;,=0
— h N

{h ho
dl, (Eﬁuﬂ-—“l]* ]s + dyl, =0
—_— h 244
dt\ N, N,
%Q*-—rfmt,gﬁo

[
ﬁpgsh '_}’th +HunRh =0

. | (2.20)
i‘%— A B2 s =0
L{‘}'Rf""rr!r +turRr =0
Where,

'4]=Luh +E)-‘ AE =(Juh +5h +T), A_'. :UJI: +(5ﬁ +}’h), A-l -——(ﬂ +d +v J

$,(0)=S . 1,(0)=1,, 0,(0)=0,, R,(0)=R,,. S,(0)=S,,. 1.(0)=L,, R (0)=R
(2:21) o R(0)=R,

Let,
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S. =a, + pa + p"a. L [J‘U,. + ;:'(14 { -
I, =by 4 pb +pby 4 p'by+ iy 4
(.)a =Co T pC P"t‘_. + plt‘,_ + [)’(‘ +

R, =d,+pd +p’d,+p'd +p'd, +

3)

(2 94
S, =X, +px, + p:.\': + p‘_\‘ + p‘,\", +o0
Io=yo+py,+piyetplvotpiv,+
R. =+ P:i 4. p::2 -+ p‘_'_l “+ p":‘ + .
Applying HPM to the first equation of (2.20) gives
Prae " P\ a — ™ N N, ST (2.2

Substituting the first equation of (2.22) into (2.23) gives

' " [

. . . !
a, +pa +p-a, +tpa, +pa, +o

+p f_ (@o + pa, + pa, + pla, + pla, + e Py P Y Py sty

+ P%(du + pPa "Lp:”: +Pi”; "LPJ“J +"'an + Ph1 + p:hz + pjh‘ + th, + .. )
‘T h

+ P"‘l(an + pa, +p:a: +pa,+ pa, "‘"')_ pA, =0
(2.24)

Simplifying and collecting the coefficient of powers of p n(2.24) gives
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commo etal
nl cily =0
/ ' a| E_I__ b + Aa - A *0
- oy, | N ay% 190 B
i'” e Nr )
a
! a —1
- +__-]_(u']yl ) a!'v“)+ N [aob1 +aibn)+ A|ﬂ1 =0 (2 ?5]

h

‘. ' N al (a y + al }II + ul},ﬂ)-l. —2 (a b +a b + b
ph TN 0 )2 ' N, . I])+A'uj -
' a, az
+___(an}.\ +a,y, +a,y, +a,y )+—— a +
N YN ( oV tayy, +agy, vagy )+ Aa, =0

)
l['l ‘.U;
]

Applying HPM to the second equation of (2.20) gives

dl, dl, (al, a,l W
_p)—+ - L h .
(1-r), p{ . [N P Bt A, |=0 (296)

-

r

Qubstituting the second equation of (2.22) into (2.26) gives
bﬂr +pb, +p'b, + p'b, + p‘b; e s

a, 2
_p—>V\a, + pa, +p° -+ ; + 4 .. 2
er( o t Pq, p a, p a, p a;+ 'X)’n+py|+P.V:+PJ}’3+PJ}’4+"‘J

a-, f
o i : 3
p th ((ID +pal +p (13 +p a} +p4aJ +...Xb0 4 pb1 +p3b: +_p_lb] -"p;b‘ -_)

+ PAz(bo + pb, + pb, +P3b? +p'b, +”')=0
(2.27)

Simplifying and collecting the coefficient of powers of p in (2.27) gives
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p'ib, =0
l' a
p'ib, -:T'an_ru —Tz—a“bn +A,b, =0
r / h

a, —
p’ b, —%I—(anj'] +“|}"o)_T(anbz +a|bo)+ A,b,=0
‘f f

r Th

a a, )
p b _R,L(an.": ta,y, +”:."n)_!\T(anb: tab +ayb, )+ A,b, =0
r "

a,

a, |

pliby ——(a,y, +a,y, +a,y, +a,v,)- > —=(agy;, +a,y, +a,y, +a,,)+ A4,
N,

=)
A

(2.28)
Applying HPM to the third equation of (2.20) gives
dg, . [dg, J
I-p)|—+p—-d, + 4,0 ) 9
i=r) dt [ dt ' e
Substituting the third equation of (2.22) into (2.29) gives
Co +pc +pc, +pc, +pic, + pr(b +pb, + p°b, +p'b +p B, - (230
+p4(c +pc+pc 4pc‘+pc+ )0 B
Simplifying and collecting the coefficient of powers of p in (2.30) gives
pic, =0
¢, =1, + A4,c, =0
plic, -1, + A;c, =0 {2.37)

3

Pic, =, + A, =0

p-’ :C.j _rb_; +."{]f‘3 _—.O

Applying HPM to the fourth equation of (2.20) gives

( dR, dR,
U"P)—{F+P _dr_"&sf. },-"Q.ﬁ+ﬂhﬁﬁ =0 (2.32)
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wuting the fourth equation of (2.22) into (2.32) gives

Substi
, , : ’ 3 [ 4 [
(fﬂ +Pd| +p d_-, +p d] +p d4 +""P6'(Gn+pal +p“a1 +pja1+ﬂla .
2 3 4 ‘ $TF Vagy )
fﬂr;.(bn +pb +p b+ Pl tpb, o puyd, + pd, + p'd, + p’d, + p*d, + - )=0
] 3 4 =
(2.33)
gimplifying and collecting the coefficient of powers of 5 in (2.33) gives
/ )
Pn :dn =O
p':d, —&q — ¥abo + 1yd, =0
pl .d, —é&a, —yuby + p,d, =0 ¢ (2.34)

p31d3 - ea, = b, +u,d, =0

pAi d, —éa, —¥yby +,ds =0

Applying HPM to the fifth equation of (2.20) gives

ds, ds, al.s,
(1-p)——+p| =~ +T+u,.5, =0 (2.35)

X, tpx + pl.\'z + pjx.’ - p"_\'_“ 4o
bz ﬂ( + ‘X : 4 l> 2 3 4 ) (236)
PN Xo+pX, + P X, 4P X TP X T Yo+ P AP VP Y TP Yot

+ p,u,(x,} +px, +p X, + plx, + pix, + )- pA, =0

Simplifying and collecting the coefficient of powers of p in(2.36) gives

Substituting the fifth equation of (2.22) into (2.35) gives i
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a
§ e |- . =
P X +F.lﬂ}ro+pr.lo—f\r =0
'

a
. 1 E 5 .
P X, +'}—\T~(.’(’n}’| +-\1)g)+.u.-‘1 =0 ( (2 13

r

]
1

a

'
<4

. al ' . - =0
p x4 T(xn_l'] +x,y, + X0 + X,V )+ M, Xy =

Applying HPM 1o the sixth equation of (2.20) gives

dl di. al S
(1-=p)—=+p| —-——+4,1 =0 (2.38)
di di N, -
Substituting the sixth equation of (2.22) into (2.38) gives
Vo +py, + Py, *+Py, +P Y+
- P C:F] lv\'n + px, + P:—\‘: + P']X.‘ +PJ-"4 + "'X."'U + Py + pz.l“_‘ + p-\,"'x - p-‘,"'J + ) [21(]}

- pAJ(_l-'(. + py, + ply, + ply.+pivi+ ---):0

Simplifying and collecting the coefficient of powers of p in (2.39) gives
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somma €td
[?” lﬂ :O
4 Ay, =0
oy ——XoVo T AdVo =
g -7 ‘,V!
ra . _
p: Vs - —(x "'-‘1."'0)"' Ay, =0 r

r

ta
P‘ 'V, ""N_]‘(xuyz X0 +x3y9)+ Ayy, =0

ey, B v s S
P Vs N Xo)3 142 T 420 X, Vs T_-J}.,‘:U

r

Applying HPM to the seventh equation of (2.20) gives

(1 )é-R—’Jr & _ I, +u,R, [=0
p df p df yrr #rr =

Substituting the seventh equation of (2.22) into (2.41) gives

' i ] |

I, tpz tpz, +pz +PJZ¢ +""P}’,(}’n +py| + Py, 1",0".': _p‘v _r_)
+pu, (zu + pz +p:33 +szJ + p‘ZJ +...)=0

Simplifying and collecting the coefficient of powers of p in (2.42) gives

&) ~V: W t 1.2, =0

:22 _},r_)',| +ﬂr2| :0 ’

r

P
P
P zy ~y,y,+u,z2,=0
p

‘2, =¥y +lur23 :Q

)

(2.40)

(2.41)

(2.42)

(2.43)

Integrating the first equation of (2.25), (2.28), (2.31), (2.34), (2.37), (2.40) and (2.43)

with initial conditions gives
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Integrating the second equation of (2.25), (2.28), (2.31), (2.34). (2.37), (2.40) and > 4,

and substituting into (2.44) gives

a, =Bt
b, =B,t

¢, =Bt

d =Bt

X, =Bt

y, =Bt

z, =Bt

where,

22 Spudio = Arly |

|
h r “th

a . a
B :{Aa _A—{Shojro "F‘S‘nu]hu _AISMI ]a B: =[Nf|5ho[fu + N

a] e
Ar - S‘rhlm - ..'.1' ~-\\,H |I.
N

o

B, :(nrw "‘43th ) B, :(&S‘hn +7};th - 1Ry, ) B, :[

a
Bh = {;Srﬂjrﬂ § ‘441r0 ]' BT =(yr[r0 _zurerl)
N,
Integrating the third equation of (2.25), (2.28), (2.31), (2.34), (2.37), (2.40) and (2.43)
substituting (2.44) and (2.45) gives
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comma etal:
0,23
b
j]::(,:_.,—
-~ 13
L‘_v:("’—z_
¢t
d, = =
47 (246
12
\ :“C_s_z_
fz
"l:C(‘_-
2
{:
z =C?_
2
where,

h

C ShGB +lrl’)B )+_‘(Sr.n8 hnBI )_AvB~ I‘i

/

a. \
( S,,,:,B +1 ;B )+_N_.(S”"8 +1,,B,)+ A B, '

C,= (tB -A,B ) (&Bl + ¥4 B, — U, B, )

CS [ SrOB\‘) + ]rUBS )+ :ur'Bq ]!
t\ lN (SrﬂB +Ir|l85)_’4436 ]: C? :(}’ch._:u.—B?)

[ntegrating the fourth equation of (2.25), (2.28). (2.31), (2.34), (2.37). (2.40) and (2 43)
substituting (2.44), (2.45) and (2.46) gives -
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Vir,,.

')
(1\=-—D1Z
3
b, =D, —
6
PR
C_!EDJE
PR
dl:DJ? L (2.47)
1
\ =-—D<(—
-6
\':Du'{;—
6
{1
:1=D7€
where,

' a, . .
D, =[%(smch +28,B, —1,,C, )+ \—!‘(SJ,OBJ +28,8, —1,,C,)— 4,C, ]

A g IV
‘ ., . .
D, :[EI_(SJ, Cn +2B186 “]r()CI)+‘!\T~(SIrl)BJ +2B'B: —j;"‘cr)—"I:(: }
2 j\"" 06 .
D, =(rC, - 4,C,)
D.: :(:V} (:‘J _ECI —#;;CJ)

Integrating the fifth equation of (2.25), (2.28). (2.31). (2.34), (2.37).(2.40) and (2.43)
substituting (2.44), (2.45). (2.46) and (2.47) gives
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somm?

/ 4

a; S-El ?4-
4

t
bﬁEzEZ

2.48
d.1 =E4'—- q ( J

Where,

a . )
E =(%(SM,D5 +3B,C, -3C,B, - ;r,noi)+-A72-(Sj,ﬂ,.92 +3B,C, ~3€,B, ~1,,D,)- 4D }

h
al al 1
E, = F(SM‘Dﬁ +3BIC6 _3C1Ba _IrUDl )+_\j_(ShODz b 3B|C: "*"CIBI = [hl'IDI ]—.‘l:Dz ]

E-(nD AD)
?’hD ~é&D, - )

5

E = [——(S,DD +3B,C,+3C,B,~1.,D,)- 4 b

E = (N (S,,D, + 3B,C, +3CB, - 1,,D,)- A‘,D(,J

E‘J 2(}’,D6 '—#rDT)

Substimting (2.44) to (2.48) into (2.22) gives
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S, =S§ |
6

N f: ;1 {
I, =1 +pB, e o S R ¥ LT
v =1+ pBy+ p°C, +pa6+pau+

-

1 J

0,=0,,+ pB+ C_+ D —+ E_J,..‘
P p P P P Y

4

\ 2 f‘ [' 4 [
Rh:R;,OTPBJ+p Cd3+P3D.x€+P E_I'zjl‘l‘"'

3 4

ikt 3 {
S, =8, +pBit-p CSE_P‘Dsg"PJE:,T‘l‘*'“

i 2 3 I.l
I :[m+thf+p-Chf_+p-‘Dh"_+p4Eb§+...

‘l I.l

R, =R, +pBr+pC—+pD?+pE—+'--

24

X =limvy=ve +v, +v, v v, 4o

p=l

Where,
_\-i = {S’l'lh‘ Qh‘ Ril‘S"' !l ! Rl }
Hence, (2.49) becomes

S"=S'=G+B:’_C1L_Drl_51*+ B ‘

T

5 i

]"\:]q.+Br+C_+D_+E —f et
2 6 " 24

!: !3 fd [

O___(_)”'+B‘|'+C.‘—+D_‘—-|-E1—+--.|
RN 14

R,=R, +B,1+C, D_+F —+~-I
6 4

- A

S, =8,,+By4-C —-D ——L' —
2 6 ’-1
/,:f’,“+B‘_1+Ch£-»[)hr—+£n'r—-+
2 0 24
N [ r*
R =R, ,+B.4+C,—+D,—+E, —+
2 6 24

s i r ’
wt PBI-p C17‘p3D —-—p4E1:—4+--‘

(2.4q|

(2.50)

(2.52)
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1 Res
\"umericnl Solution
i the variables and parameters of the mode] equ
Table 2. n | | -
i lues of table 3.1 were estimated for the purpose of numerca| solutions
The valucs

 are the numencal solutions of each of the equation (2.52)
3.2 1o 3.8 arc the nu ]

validated with Runge-Kutta (0 see the agreement between (he
was

ation and theyr definitions

lhe tables

The HPM solution

Wo solutions, The
crrors are minimal.

Table 3.1: Definition of\"aria!)l_es and Parameters .
“Variables/Parameters  Definition Values
< susceptible Humans 10000

.{H Infected Humans 500

(7-. Quarantine Infected Humans 1000

n'—?. Recovered Humans 300)

$ Susceptible Rodents 300

] Infected Rodents 200

R Recovered Rodents S0)

A Recruitment Rate of Humans 65000

\, Recruitment Rate of Rodents 3000)

«, Contact Rate of Rodents to Human- 0.00

u, Contact Rate of Humans (o Humans 01

«, Contact Rate of Rodents to Rodents 001

u, Natural Death Rate of Humans 0.015

a, Disease Induced Death Rate of Humans 0.000

Recovery Rate of Humans

V. Recovery Rate of Rodents .2

T Progression Rate from Infected (o Quarantine

£ Effectiveness Public Enlightenment Campaign

u. Natural Death Rate of Rodents .0

0. Disease Induced Death Rate of Roden« 0ot

N, Total Population of Humans LOBO0DAOI
N, Total Population of Rodents 00




Table 3.2: Numerical Solution for Susceptible Humans

Homotopy Perturbation Method for Solving Math'l modelling of Monkey p
: ' Pox

Iy
U

T Runge-Kutta HPM Error

0.0 10000.0000 10000.0000 0

0.1 16153.0850 16153.0850 4.93074E-035
0.2 221452435 221452426 0.000827317
0.3 27980.6848 27980.6786  0.006220119
0.4 33063.5081 33663.4822 0.02587213
0.5 39197.7036 39197.6268 0.07867993
0.6 445871643 44586.9697 0.194616374
0.7 49835.6706 408352519 0.418711643
0N 349469112 34946.0984 0.812878598
0.9 599244760 59923.0180 1.457988925
1.0 64771.8618 64769.4036  2.458272091

Table 3.3: Numerical Solution for Infected Humans

t Runge-Kutta HPM Error

0.0 500.0000 500.0000 0

0.1 474.9230 474.9230 -3.35343E-06
0.2 4511161 451.1162 -5.34592E-05
0.3 4285149 428.5153 -0.000391696
04 407.0581 407.0597 -0.001606786
0.3 386.6874 386.6923 -0.004841169
0.6 367.3478 367.3597 -0.011888652
0.7 348.9867 349.0121 -0.025420482
0.8 331554 331.6036 -0.049079107
0.9 315.0040 315.0915 -0.087586605
1.0 299.2903 299.4373 -0.146971

Table 3.4: Numerical Solution for Quarantine Humans

t Runge-Kutta HPM Error

0.0 1000.0000 1000.0000 0

0.1 997.8831 997.8831 5.54961E-06
0.2 994.6159 994.6158  9.13095E-05
0.3 990.2896 990.2889  0.000686259
0.4 984.9899 984.9870  0.002842679
0.5 978.7972 978.7886  0.008610256
0.6 971.7872 971.7660  0.021209245

-
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9640308 063.9853 0.04543% 57
07 t);;.g‘gh;ﬁ 955.50066 0.087842946
08 94(1%40(\ 946.3838 0.156903524
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ble 3.5: Numerical Solution for Recovered Humans
T'-‘ ¢ J.oe

—

Runge-Kutta HPM Error -
: 300.0000 300.0000 0
- 651.5348 6515348  -5.062F-05
| 81 1154.1676 11541684 -0.00086 7
03 18036770 1803.6835  -0.0065 1>
04 2595.9540 25959811 -0.0271014
| 0.5 3526.9986 3527.0811 -0.0824508
L 06 45920177 45931217 -0.2039205
r 0.7 5789.9211 5790.3599 -0.4387205
L 08 71143195 TSITI2 085162
i 0.9 8562.5224 8364.0497 -1 5277747
10 10131.0334 10133.6081 -2 5747044

Table 3.6: Numerical Solution for Susceptible Rodents

t Runge-Kutta  HPM Error -
0.0 500.0000 500.0000 ()

0.1 9992489 9992488 -2.72905E-09

02 14979978 1497.9977 L4191E-07

0.3 1996.2472

1996.2473 -2.5584E-07
0.4 2493.9980

2493 99R() 2 4893E-07
| 0.5 2991.2503 2991.2503 | 28403 F-0¢
i 0.6 348R8.0049 3488.0049 2.68664F-()
‘ 0.7 3984.2622 3984.262 |

0.8 4480.0228

5.53868E-06
4480.022% |
49752871
3470.0559

[2909E-03

0.9 49752872
1.0 3470.0559

2.05958F-03

3.45643E-05

Table 3.7; Numerical Solution for Infected Rodents

t Runge-l\’utta HPM Error _ -
0.0 200.0000 200.0000 0.00000
0.1 195.8257 1958316

-0.005872859
0.2 191.7394 191.7624 -0.022993593
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0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

187.7394
183.8237
179.9906
176.2383
172.5650
168.9692
165.4492
162.0032

187.7900
183.9118
180.1254
176.4283
172.8184
169.2932
165.8509
162.4891

-0.050641296
-0.08812975]
-0.134808191
-0.190062371
-0.253315299
-0.324028283
-0.401701136
-0.485873876

Table 3.8: Numerical Solution for Recovered Rodents

t Runge-Kuta HPM Error

0.0 50.0000 50.0000 0

0.1 53.9061 53.9062 -3.9336E-05
0.2 57.7258 57.7261 -0.00030932
0.3 61.4609 61.4619 -0.00102533
0.4 65.1131 65.1155 -0.00238539
0.5 68.6842 68.6887 -0.0045692
0.6 72.1759 72,1836 -0.00773755
0.7 75.5899 75.6019 -0.01203117
0.8 78.9279 78.9454 -0.01757019
0.9 82.1914 82.2158 -0.02445349
1.0 85.3820 85.4147 -0.03275749

Tables 3.2 to 3.5 are the solutions of Susceptible human, Infected human, Quaranin.
human and Recovered human respectively while tables 3.6 to 3.8 are the solutions of
Susceptible rodent, Infected rodent and Recovered rodent.

4 Conclusion

The mathematical model of monkeypox virus was solved semi-analytically using
Homotopy Perturbation Method. The solutions of the model equations were validated
numerically with the Runge-Kutta in Maple software. Numerical solutions showed that
the HPM is in agreement with Runge — Kutta. Semi —analytical solutions help 1o
validated mathematical modeling of infectious disease and others it give better
understanding of the model the mathematical epidemiologists and the lay man.
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