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Abstract

In this study, we developed a model to understand and predict the spread of Monkeypox
among humans and rodents, both of which are important in the disease’s transmission. Our
model categorized the human population into six groups: susceptible individuals who have not
been exposed, exposed individuals who have encountered the virus, infected individuals,
quarantined individuals, those receiving treatment, and those who have recovered. For rodents,
we considered three groups: susceptible, exposed, and infected animals, as they also play a key
role in spreading Monkeypox. To explore how different control measures could impact the
spread of the disease, we used a mathematical approach known as the Laplace Adomian
Decomposition Method (LADM) to get an approximate solution to the model. This allows us
to estimate the outcomes of various strategies in managing the disease. Our findings shed light
on how actions like quarantining, treating infected individuals, and reducing the number of
susceptible rodents can work together to slow or stop the spread of Monkeypox. This model
gives public health officials a clearer picture of where to focus efforts to prevent outbreaks and
protect communities.
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1 Introduction

Monkeypox has re-emerged as a global public health concern, shifting from sporadic outbreaks
in endemic regions of Central and West Africa to a worldwide spread. The recent outbreak was
declared a public health emergency of international concern by the World Health Organization
(WHO) in July 2022 [1] after cases rapidly spread across North America, Europe, and other regions
[3]. This change in monkeypox’s epidemiology has underscored the urgent need for enhanced
surveillance and understanding of transmission, especially as the virus increasingly affects diverse
populations outside historically affected areas [1,2]. Monkeypox is caused by the Monkeypox virus
(MPXYV), a member of the Orthopoxvirus genus, and it is closely related to the smallpox virus. MPXV
can transmit through direct contact with bodily fluids, respiratory droplets, or contaminated objects.
Unlike in previous outbreaks, recent studies suggest transmission through close, often sexual contact,
especially among men who have sex with men (MSM), though the virus remains capable of infecting
anyone [2,3]. This shift in transmission patterns has led public health agencies to prioritize community
education and risk reduction strategies, especially for vulnerable groups. The clinical presentation of
monkeypox typically includes fever, rash, lymphadenopathy, and muscle aches. The incubation period
ranges from 5 to 21 days, with symptoms lasting two to four weeks. Unlike smallpox, monkeypox
typically causes a milder disease, but it can still lead to severe complications, particularly in
immunocompromised individuals [3]. A recent study highlighted that those with untreated HIV
infection or weakened immune systems are at greater risk of severe illness and mortality if infected
with monkeypox [1,3]. To control the spread of monkeypox, health authorities have expanded
diagnostic and testing capabilities. For instance, the U.S. Centers for Disease Control and Prevention
(CDC) increased testing capacities significantly to accommodate the growing number of cases in 2022.
Vaccination campaigns using the JYNNEOS vaccine, initially stockpiled for smallpox, have also been
implemented as a preventive measure, especially for high-risk groups [2] . Additionally, tecovirimat
(Tpoxx) is available under expanded access protocols as a treatment option, particularly for severe
cases [2,3]. The resurgence of Monkeypox highlights the interconnectedness of global health and the
need for preparedness. This recent outbreak underscores the importance of international collaboration
in epidemiological research, timely surveillance, and robust public health response strategies. By
improving diagnostic and treatment options, expanding access to vaccines, and implementing targeted
interventions, health authorities aim to prevent future outbreaks and manage those at risk effectively

2,3].

The Laplace Adomian Decomposition Method (LADM) is a powerful analytical technique used
to solve complex differential equations commonly encountered in mathematical modeling, including
epidemiological studies. LADM combines the Laplace transform with Adomian Decomposition to
break down differential equations into a series of manageable sub-problems. This hybrid approach
leverages the Laplace transform’s ability to simplify differential equations and Adomian’s method of
decomposing nonlinear terms, allowing for effective solutions in systems that are otherwise
challenging to solve analytically [7,8]. LADM’s adaptability to various boundary conditions and its
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ability to handle nonlinear equations without requiring linearization make it a suitable choice for
modeling infectious disease dynamics, such as monkeypox.

One of the main advantages of using LADM in monkeypox modeling is its effectiveness in obtaining
approximate solutions that converge rapidly, often without the need for iterative approximation, as
seen in traditional numerical methods. This characteristic is particularly beneficial in epidemiological
modeling, where accurate, timely predictions of disease spread and control measures are crucial. For
example, LADM allows researchers to explore various compartments in monkeypox transmission,
such as susceptible, exposed, infected, and recovered populations, while efficiently estimating the
impact of intervention strategies [5, 6]. By providing explicit, analytical expressions for these
population compartments over time, LADM enhances the accuracy of disease models and aids in
better understanding and predicting the dynamics of infectious diseases like monkeypox.LADM also
supports sensitivity analysis, which assesses how changes in model parameters—such as transmission
and recovery rates—impact the overall system dynamics. This feature is essential in infectious disease
research, where understanding parameter sensitivity helps identify which factors are most influential
in controlling outbreaks [4]. In monkeypox modeling, LADM’s capacity for parameter sensitivity
analysis aids in evaluating the effectiveness of public health interventions, such as vaccination and
quarantine measures. Overall, LADM’s combination of flexibility, accuracy, and computational
efficiency makes it an invaluable tool in developing reliable epidemiological models that can inform

and optimize strategies for disease control.

Mathematical modeling is a fundamental tool in scientific research for understanding and predicting
complex systems across disciplines, particularly in epidemiology, where it plays a critical role in
studying disease dynamics. Models use mathematical equations to represent real-world processes,
allowing researchers to simulate and analyze the behavior of systems under various conditions [9]. In
infectious disease modeling, for example, compartmental models like SIR (Susceptible, Infected,
Recovered) and SEIR (Susceptible, Exposed, Infected, Recovered) categorize populations into
compartments that describe disease progression stages. These models help estimate parameters like
transmission and recovery rates, enabling scientists to assess the potential impact of public health
interventions [10]. Additionally, mathematical models support decision-making in public health by
providing insights into outbreak control, vaccine distribution, and policy effects. Recent advancements
in modeling methods, including stochastic and agent-based models, have further enhanced their
accuracy and applicability to real-world scenarios, emphasizing their importance in epidemiology and
beyond [11].

Recent researchers have focused on a variety of mathematical models to assess monkeypox
interventions, estimate transmission dynamics, and predict spread patterns across different conditions.
[12] developed a stochastic compartmental model, separating populations into Susceptible, Exposed,
Infectious, and Recovered (SEIR) categories, to estimate the reproduction number of monkeypox
during the 2022 outbreak in non-endemic countries. Their findings highlighted that regions with dense
populations and high mobility had higher reproduction numbers, underlining the impact of early
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interventions like quarantine and isolation. [13] applied a compartmental model to evaluate vaccination
strategies in the UK’s 2022 outbreak, emphasizing that even with limited vaccine supplies, targeting
high-risk populations could substantially reduce transmission rates. Their model also pointed to the
significance of timely vaccine distribution and rapid case detection.

[14] presented a deterministic model simulating monkeypox transmission in West Africa,
incorporating both zoonotic and human-to-human transmission. Their analysis indicated that human
transmission plays an increasing role, especially in urban settings, and recommended enhanced public
health surveillance. [15] introduced a dynamic model that examined how behavior changes, such as
social distancing and improved hygiene, affect monkeypox spread. The study showed that these
behavioral shifts reduce the effective reproduction number, highlighting the importance of public
health campaigns during outbreaks. Lastly, [16] developed a network-based model to simulate
monkeypox spread in social and sexual networks, focusing on the heterogeneity of contact patterns
within certain communities. Their research emphasized that interventions like vaccination are
particularly effective in high-contact subpopulations, such as MSM (men who have sex with men),
which are more vulnerable to outbreaks.

The novelty of this study lies in its dual-host modeling approach, which simultaneously considers both
human and rodent populations to capture the complex transmission dynamics of Monkeypox—a
factor often overlooked in previous models that focus primarily on human-to-human spread. By
incorporating distinct epidemiological compartments for both species, this study provides a more
comprehensive framework for understanding the role of zoonotic reservoirs in sustaining outbreaks.
Furthermore, the use of the Laplace Adomian Decomposition Method (LADM) to obtain
approximate solutions introduces an innovative mathematical approach that enhances the model's
analytical tractability, allowing for more efficient evaluation of disease control strategies. Unlike
conventional numerical methods, LADM provides a semi-analytical solution that improves accuracy
and computational efficiency, making it particularly valuable for real-time policy assessments.
Additionally, this study uniquely bridges theoretical epidemiology with practical public health
interventions by evaluating the synergistic effects of multiple control measures, such as quarantining,
treatment, and rodent population management, offering actionable insights for outbreak prevention.
By integrating mathematical modeling with applied disease control strategies, this research presents a
novel and impactful contribution to Monkeypox epidemiology, equipping policymakers with targeted
recommendations to mitigate future outbreaks.

2 Materials and methods

We develop a deterministic compartmental model on the transmission dynamics of Monkeypox
consisting of human and rodent population [22]. The human population comprises of six

epidemiological groups, Susceptible humans S, (t) , exposed humans E, (t), infected humans I, (t) ,

quarantined humans Q, (t),, treated humansT,(t) and recovered humans R,(t). The rodent
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population is subdivided into three compartments namely: Susceptible rodents S, (t) , exposed
humans E, (1), infected rodents |, (t). The recruitment rate of human population is given as A, and
By, is the effective contact rate with the probability of human been infected with Monkeypox virus
due to contact with infected rodent. [, denotes effective contact rate and the probability human been
infected with monkeypox virus due to contact with infectious human and @), is the progression rate
from exposed human to highly infected human whereas the treatment rate of infected humans is p,
and the recovery rate of treated humansis 7, . 6, is the quarantined rate of exposed humans whereas
7y 1s the rate at which quarantined humans become susceptible and the recovery rate of quarantined
humans is . Natural death occurs in the humans and rodents’ population at the rates g, and g,

respectively. The infected humans and rodents’ population decrease by the disease induced death rates

0, and O, respectively. A, is rodents’ recruitment rate and f,, is the effective contact rate with the

.
probability of rodent been infected per contact rate with already infected rodent. @, is the progression

rate from exposed rodent population to highly infectious rodent population and is immunity loss rate.
The transition from one epidemiological compartment to another is illustrated in figure 1 below.
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Figure 1. Schematic diagram for the model [22] .
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Table 1. Description of variables and parameters

Variables Description

S, (1) Susceptible human

E, (1) Exposed human

Q. () Isolated/quarantined human

I, (t) Infected human

T, (1) Treated human

R, (1) Recovered human

S, () Susceptible rodent

E, (t) Exposed rodent

I (t) Infected rodents

A, Human recruitment rate

im Rodent contact rate to human

B Human to human contact rate

B. Rodent to rodent to contact rate

o, Progression rate from exposed human to infected human

O Human treatment rate

6, Quarantined rate of exposed humans

7, Quarantined rate of susceptible humans

v, Recovery rate of quarantined individual

7, Recovery rate of infected human

7 Rate at which quarantined human become susceptible

o, Immunity loss rate for human population

S, Disease induced death rate for human

J, Disease induce death rate for rodents

ym Natural death rate for human

U, Natural death rate for rodents

o, Progression rate from exposed rodent to infected rodent
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2.1 Model equations

The model is governed by the following set of differential equations.

| |

ﬁ:Ah +o.R +a,Q, — Bl + B 1) S, — 1S,
dt N,

dE, (B, 1, +6,1,)S

dth _ WP Nhhh 2 (g + 6, + 1) E,
dl,
E_whEh —(pn + 6 + 1)1,

dQ
d_thzehEh_(ah""//h+ﬂh)Qh M
dT,
—=p b, —(z, + 5, +4,) T,

dt

drR

d_th:V/th +7,T, — (o, + 1) R,

dSr :Ar _ﬂrrlrsr _lLlrSr

dt N,

de, p.1.S

L="T 1t (0w + E

™ N, (o + 1) E,

dl, =w E -6, +u)l P7

dt r r r /JI' r
where ﬂ'h — (ﬂrhlr +ﬁhh|h)' /’Lr — ﬂrrlr

Nh Nr

2.1.1 Model Analysis
Total human population,

N,=S, +E, +1,+Q, +T, +R,
The differential equation yields

d h

% =A, =6l — N,
Total rodent population,

N, =S, +E +1I,
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The differential equation also gives

%:Ar _(zur+Ar)Nr

Lemma 1

Let (Sh, E.l,,Q.T,R.,S, E, |r)be the solution of the model (1) with initial conditions in a

epidemiological feasible region D =D, x D, with [22]:

D, =S,,E.I,.Q,.T., R, eRi3 N, Sﬁ
Hy
and
D, =S, .E I, eRf:Nr Sﬁ
H,

Then D is non-negative invariant
From the result of [23], we obtain

0< N, (t) < N, (0)e +ﬁ(1_e-yha>)
Hiy
and

ON, (t) < N, (0)e (") +ﬂ(l_e_(u,+A,)t)

Hh
Therefore, the set D is positively invariant for all t

Asymptotic Stability of the Disease-Free Equilibrium of the Monkeypox Model

The disease-free equilibrium is given below [22]

770 = {Sh*l Eh*i Ih*th*fTh*! Rh*! Sr*! Er*f Ir*} :{%10101010101%; O; 0}
h r

Basic Reproduction Number

In this article, R, is obtained using the next generation operator method on the dynamic system (1),

as detailed below [22].

Hence, it follows that

R, = p( FV _1) where p is the dominant eigenvalue of FV ™
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0 8, 000 B
0 0 00O O
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10 0 000 O
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The eigenvalues of FV" are

Jacobian Matrix (LAS)

566

=

o O

O O O (U

o O O
o O o o
o O o o o

O_b-U

o
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Pon® Poh o Pa% Prn
PR P PP P

0 0 00 O 0

;| O 0 00 O 0
1o 0 00 O 0
0 0 0ol fu

PP, P,
0 0 00 O 0 |

The reduced Jacobian matrix becomes

-R B 0 A

o, —-P, 0 0
0 0 -R 5
0 0 o -PR

J, =

The characteristic polynomial becomes

4 3 2
P +(p7+p6+p2+pl),1 +(P2P1+P6P1+P7P1+P6P2+P7P2+P7P6—ﬂhha)h—a)rﬂrr)}t

+(P1P2 Pt AP P AR P —o B R+ PR Py o B Py =R By _PYﬁhhwh)/l

r h
+P1P2(1— Ry j+P6P7[1— Ry )

Applying the Routh Hurwitz criterion, we observe that the DFE is locally asymptotically stable.
R=(@,+6,+u,) P=(p+6 + 1) By=(a, +y, + 1) P =(z,+6,+u,) B =(0,+u)

PG =(a)r+/ur) I:)7 =(5r+/ur)'

Global Asymptotic Stability of the Disease Free Equilibrium Point of the Monkeypox Model.
To investigate the global stability of the disease free equilibrium, we use the technique implemented
by Castillo-Chavez and song [22, 24].

To do this, we write the equation in the uninfected class as

dX
— —F(X,Z
& - F(X.2)

And we re-write the equation in the infected class as
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dz
—=G(X,Z
a ~c(X.2)

Where X =(S,,R,,S, )€ R®, denotes the uninfected population and
Z=(E,Q,!,T,E

- 1,)€R®, denotes the infected population

17, = (X7, 0) represent the disease free equilibrium of the system, and it is globally
asymptotically stable if it satisfies the following conditions [22]:

H,: C:j_>t( =F (X . O) , X "is globally asymptotically stable

. dZ * oy
H, i = D,G(X",0)Z-G(X,Z)
G ( X,Z)=0for all (X : Z) € D and where DZG(X*, O) is an M- matrix, the diagonal
elements are non-negative and it is also the Jacobian of G (X , Z) >0 evaluated at (X, 0).
If the system satisfies the above condition, then the theorem below holds.

Theorem 2 [22]

The equilibrinm point 1y = (X, 0). is globally asymptotically stable if
R, <1, conditions H, and H, are satisfied

_Ah +o, Ry +a,Q, — B Ir+Nﬁhh h)Ss _ﬂhsh’_
h
F(X,2)= v Qu + 7,1, — (0, + 14) Ry, ,
_(ﬂrhlr —FNIthIh)Sh — (@, + 6, +/uh)Eh_
h

OB = (o + 6, + 14,)1,
HhEh_(7h+ﬂh +5h)|h
G.E, — (o +vy, +14,)Q,
Pl = (T + 6, + )T,

G(X,Z)=

ﬂrrl\llrsr _(a)r +ur)Er

;
a)rEr _(6r +/ur)|r
At disease free equilibrium,

H,:

568 IJMAM, Vol. 7, Issue 2 (2024) oNSMB; www.tnsmb.org

(Formerly Journal of the Nigerian Society for Mathematical Biology)



B.C. Agbata et al. (2024)

Int. J. Math. Anal. & Mod., 7(2):558—-588

D,G(X",0)Z =

(Bl + Bnhy) — (0, + 6, + 1,)E, ]

By — (o + 6, + )1,
0., — (70 + 4y +S,) 1,
OB, — (o +wy + 14,)Q,
Puly = (@ + 6, + 14,)T,
B.1.S, — (o + 1,)E,
®,E, — (5, + 1)1,

G(X,Z)=D,G(X",0)Z-G(X,Z)

Sy
(ﬁrhlr +ﬂhh|h)[1_N_h]
0
0
0

s,
ﬂrrlr (1_N_rj

0

Cleatly, 1> % 1> St his implies thatG (X, Z)>0.

h h

Therefore, the disease-free equilibrium of the Monkeypox only model is globally asymptotically

stable.

2.2 Fractional order of the Monkeypox model

The Caputo derivative is measured as a differential operator in our model. We present in this segment

some well-known definitions and effects that we shall be using throughout this research.
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Definition 1 The Caputo fractional order derivative of a function ( f ) on the interval [0, T | is defined
by:

j(t — )" A1 f (M (s)ds,

C R~ _
o0l

2

Where n=[g]+1 and [g] represents the integer part of g. In particular, for 0< g <1, the Caputo

derivative becomes:

cns _ 1t f(s)

Definition 2 Laplace transform of Caputo derivatives is defined as

£L[°DPq(t)] = S”’h(S)—Zn:Sﬂ‘i‘lyk(O), n-1<pg<n, neN, ”
K=0

For arbitrary C; € R,1=0,12,..n-1 n=[F]+1and [B] represents the non-integer part of .

Lemma 1. The following results hold for fractional differentiation equations

-1 K
I ”[°D?h](t) = h(t) + Z h (O)
= 0 o)
For arbitrary > 0,i=012,...,n =1, where N =[F]+1and [B]represents the integer part of

Introducing fractional-order into the model, we now present a new model described by the following

Introducing fractional order derivative into the model we present new mathematical model describe

by set of fractional difference of order f for 0 < S <1
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)
=
w

0 ) =AM, +0, R+, Q — (a4 + 4,)S,,

0) =S, — (@, + 6, + 14,)Ep,

l,)=o,E, = (o, + 8, + )1,

Qu) =6,E, —(a +w, +14,)Q,

0) = Py — (2, + 6, + )T, ©
)=, Q, + 7, T, — (o, + 1,)R,,
)=A, = (1 +4)S,,

)= A4S, — (@ + ,)E,,

,)=o,E, —(5, +m)l,.

O O O O
= s w
m

h

» O

-

O
=

=
/—\/—\/—\/—\/:'\/-\AAA

O
=
m

O
=

2.3 The Laplace-Adomian Decomposition Method (LADM) Implementation

We considered the general procedure of this method with the initial conditions. Applying Laplace

transforms to both sides of the equation (1), and then we have:

$”.£(S,)-8"78,(0) = £[ A, +0,R, +&,Q, — (1, + 4,)S, |
S’ £(E,)-S"E,(0) = £[A,S, — (@, +6, + 1,)E, ]
SP£(1,)-S"M,(0) = £[,E, —(p, + 8, + )1, ]
$7£(Q,)-5""Q,(0) = £L[6,E, — (e, +v, + 14,)Q; ]
SPL(T,)-S"T,(0) = £[p,1, — (5, + 8, + 4T, | 7
S’£(R)-S""'R (0)= .L’[t//th +7, T, — (o, +,uh)Rh]
SP£(S,)-S"7S,(0) = L[A, — (1 +4)S, ]

S/ £(E,)-S"'E,(0) = £[AS, — (@, + 1,)E,]
SPL(1,)-S7,(0) = L[w,E, — (5, + 1)1, ]

With initial conditions

Sh(o):ny Eh(o):n27 Ih(o):n37 Qh(o):nA’ Th(o):nS’ Rh(o):ne’ S,(O):n7,
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E (0)=ng, 1,(0)=n,

Dividing eqn. (7) by (S” ) we have:

n 1

£(Sh):§1+s_ﬁ’£|:Ah +0oy R, +,Q, — (1, +ﬂh)sh:|
n, 1

’B(Eh):g-i_s_ﬂ’g[/q’hsh — (@, +6, +:uh)Eh]

n 1
‘g(lh):?_'_s_’e[a)hEh —(p, +9, "‘ﬂh)lh]

B
n, 1
'L](Qh):§+S_ﬂ’£[9hEh_(ah+l//h+ﬂh)Qh]
n 1
ﬁ(Th):§5+S_ﬂ£[phlh_(Th+5h+:uh)Th]
n 1
f(Rh):§6+S_ﬂ£[V/th+ThTh_(O'h+ﬂh)Rh]
£65)="10 L A, (4, +2)5,]
r S Sﬂ r r r r

LE)="1L p1S, (0 +u)E]
r S Sﬂ r-r r r r

£0)="1L rloE @6 )] ®)
r S Sﬂ r r r r r

Decomposing the non-linear term of equation (6) whereby we assume the solution of

S, (t), E, (1), 1, (1),Q, (1), T, (t), R, (t),S, (t), E, (1), I, (t) are in the form of infinite series given by:

0 0 0 [0) 0
s,0= 5§50 E®=IEM LO=X L0 QO=XQm TH=1T0

n=0 n=0 n=0 n=0 n=0h

0 0 0 [0)
R(0= X RO SO=1SM EO=XEM 10310

n=0 n=0 n=0 n=0

©)
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We have three (5) non-linear terms. The non-linear term in equation (6) are decomposed by Adomian

polynomial as follows:

L0S,0= 3 AW, 1LOS,0= 3 B0, LOSO= T c
n=0 n=0 n=0
(10)

Where A(n), B(n), C (n), are Adomian polynomials given by

A=t 4 _im (K)> 2% ©

I'(n+1) dA" iz S " 1iso
B(n) = 1 d _izkl (k)zn:/lks (k)_ (11)
r(n+1)dA" | e 1ico
_ b AR a0k ()|

C(n) = TeD) dA _Hz |,(k)§/1 Sr(k)_lzo
The polynomials are given by
A©)=1,(05,(0),
A = 1,(0S, M +1, S, 0),
AD=1,08,)+1,08,0+1,@8,0.
B(0) =1,(0)S,(0),
B =1,(0)S,@®)+1,1)S,(0),
B(2) =1,(0)S,(2) +1,(D)S, () +1,(2)S, (0).
C(0)=1,(05,(0),
CW=1,0)3,M+1,05,(0),
C(2)=1,(0)5,(2)+1,M8,®) +1,(2)S, 0).
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Substituting equation (9), (10) into equation (8) we obtained:

z{‘ﬁsu}”llu £ R (n)ea $ O ()|
np=—+— +0 n)+a n)-
nso M) S AT T Ty 2o

0

A(n)+ﬂhhn0§0 B(n)J
:

oT“(n)] (13)

Evaluating the Laplace transform of the 2™ terms in the RHS of (16), we obtain
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A(n)+ﬁhhn§05(n)

s s | L
Nz N gf+l

0

L n=0 n

(14)

£ ngolh(n)}: 3 {a}hngth(n)—(ph +§h+#h)n§0|h(n)Lﬂl+1
: : :

Taking the inverse Laplace transform of both sides of (14)
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0 A(n)+ﬁhhn§ B(n) 0 tﬂ

o0 o0
Y S (N)=n+/A +0, ¥ R (n)+a. ¥ Q (n)-| — 0 - Y S (n)|———
2 oh W Ay ey 2 h(M) h %, h(M) N, h 2,°0" r(ge)

o0 [00] ﬂ
3 Th(n)=n5+{,oh ¥ Qh(n)—(rh+5h+,uh) ¥ Th(n):l (t (15)

When n=0we obtain,

Sh(o):np Eh(o):nZ’ Ih(o):n37 Qh(o):nA’ Th(o):nS’ Rh(o):ne’ S,(O):n7,
Er(o):n8’ Ir(o):ng (16)

When n=1, we obtain,
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ﬂl’hA(O) +ﬂth(O) tﬂ
S0 =| A +0,R,(0)+ 2, Q,(0) - ~ 148, (0) | ==

N

h r(B+1)

v

Np

A0 B(O
Eh(l){[ﬂm (0)+ B, B(0)

Qh (1) = |:0h Eh (O) - (ah ‘H//h + /Jh)Qh (O):|
T, (=] A, Q0 (0)- (7, +6, + )T O | ——

R (1)= [Wh Q. (0) + 7, T, ~ (o, + 1. )R, (0)]

s, (1)- [Ar £,CO s, (0)]

B (1)= [ﬂrrl\f =

r

| (0)=] 0, E (0)-(6,+1 )1, (0) ]

Whenn=2, we obtain,

577

o (a)r + :Ur)Er (0)}

J(wh +0, +,Llh)Eh (o)}m
v

r(B+1)
v

r(p+1)

£

(17)
I'(B+1)

I(p+1)
tﬁ
I(B+1)
tﬂ
I(B+1)
tﬂ
r(p+1)

IJMAM, Vol. 7, Issue 2 (2024) oNSMB; www.tnsmb.org
(Formerly Journal of the Nigerian Society for Mathematical Biology)



B.C. Agbata et al. (2024) Int. J. Math. Anal. & Mod., 7(2):558—588

N, r(5+1)

p.AD+ A, BO) .
Eh(Z):[[ th—— (@ +6,+ 4, JE. () R 05T

'Brh A(1)+,thB(1) tﬁ
Sh(2)= Ah + % R,@)+ ath (OF _ﬂhsh @

v

I(p+1)

A
Q,(2)= [eh E, (1) (e +yy, +4)Q, (1)}1“(ﬂ+1)
[

t
Th(2)= Pth (l)_(Th+5h +/uh)Th(1)j|l_,(ﬂ+1) (18)

R (2)= [Wh Q, (1) + 7, T, (0, + 4 )R, (1)} 5o

When n=n+1, we obtain,
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Bop AN+ B B(N) t?
S, (n+1) = Ah+o-th(n)+ath(n)— —thh(n) _—

Ny r(f+1)

B A+ B(N) N
Eh(n+1):H e J—(a}hwhwh)lzh(n)}r(ml)

h

v

e
r(B+1)
v
r(p+1

Qh (n+1)= 0h E, (n)—(ah ¥y +:Uh)Qh (n)}

PrQu ()= (2, + 8 + 1) T, ()| (19)

~—

The series solution of each compartment can be expressed as:

S,(t)=S,(0)+S, (1) +S,(2)+...

E, () =E, (0)+E, () +E,(2)+..

1L, =1,0)+1,@)+1,(2) +. 20
Q. (1) =Q,(0)+Q, (M) +Q,(2) +...

T.0)=T,(0)+T,@Q)+T,(2) +...

R,(t) =R, (0)+ R, (1) + R, (2) +...

S,(t)=S,(0)+S, () +S,(2)+...
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E,(t) =E, (0)+E, (1) +E,(2)+..

L@O)=1,0)+1,Q+1,(2)+..
2.5 Numerical solution of Laplace Adomian Decomposition Method (LADM)

Numerical simulation plays a key role in mathematical epidemiology, allowing researchers to model
and explore how diseases spread within populations. These models are often built on systems of
differential equations that represent important factors, such as infection and recovery rates, as well as
patterns of movement within the population. By solving these equations over time, simulations can
forecast how a disease may progress under different conditions. Additionally, numerical simulations
help in estimating parameters and analyzing sensitivity within epidemiological models [20]. Parameter
estimation involves matching model outputs with real-world data to determine key values, like
transmission rates or initial conditions, while sensitivity analysis examines how changes in these
parameters impact the model’s predictions. This approach helps ensure that the predictions are reliable
and provides insights into which factors most influence disease spread. Simulations also allow
researchers to test various scenarios and intervention strategies, such as the effects of vaccination
programs, social distancing, or healthcare capacity changes on disease dynamics [22]. This makes
simulation a critical tool for guiding public health responses and policies, offering valuable support
for planning interventions during outbreaks. Overall, numerical simulations are essential for deepening
our understanding of disease dynamics, shaping effective public health strategies, and preparing for
future epidemics.

Therefore, we conduct the numerical solution of the model using the initial conditions and parameter
values in MATLAB, the Laplace Adomian Decomposition Method (LADM) gives us an approximate
solution in in terms of an infinite series presented as:

v 275
Sp, (1)=30000—-350.97 ————— - —524.37 ——————+...
T (£+1) r(2p-+1)
t~ 25
E, (t)=10000—208.64————+5142.89———+...
r(ps+1) r(2p/+1)
£ 2/
I, (1)=7000+252.41—————3656.46 ——————+
r(p/+1) r(24+1)
2 25
Qh (t)=5000+164.37m+175.37m+...
% t?
T}, (1)=4500-309.92—— 798800~ +...
T (B+1) r(2p4+1)
B 25 21)
Ry, (1)=4000—-544.13—————798850 ——————+...
(p+1) r(24+1)
v 2/
S, (1)=6000-104.53———-—1.66——————+...
r(p+1) r(24+1)
2 28
E, (t)=3000-16.09—— 319+
r(s+1 rezgs+1
£ 2/
I, (t1)=1500—327.38————+149.01————+...
r(p/+1) r(24+1)
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For f =1, the series solution of our model becomes,

S, (t) = 200000 - 429,97t — 262,185t +...
E,, (t) =150000 — 25080.46t + 2571445t +...
I, (t) =13000+ 25298.11t ~1828.23t2 1 ...

Qp, (1) = 9000 +168.73t +87.685t2 +...

T, () =10000-419.29t - 3994002 + ... (22)
Rh (t) =8000—466.31t + 3991425’[2 +...
Sr (t) =9000—-194.35t — 0.834t% +...
Er (t) =10000-12.49t —1.595t% +...
| r (t) =8000-1427.93t +129.51t” +...
Table 2. Parameter Values used in the Model
Parameters Value Sources
A, 0.029 Assumed
A, 0.9 Assumed
B 0.00025 [19]
B 0.00006 [20]
B.. 0.027 [20]
o, 0.07 Assumed
o 0.002 [20]
0, 0.2 [20]
U, 0.00200 Assumed
7, 0.02 [20]
a, 0.0001 [17]
o, 0.00001 Assumed
d, 0.02 [20]
S, 0.5 [18]
i, 0.05 Assumed
o, 0.007 Assumed
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In Figure 2a, we observe a steady decline in the graph of susceptible humans over time. This trend
suggests effective control of the monkeypox virus, as fewer individuals within the population remain
susceptible. This decrease implies that, eventually, almost no new cases are likely to emerge as the
susceptible population approaches zero. However, Figure 2b shows an initial increase in the number
of exposed humans. This rise occurs as susceptible individuals become exposed to the virus before
prevention measures take full effect. After this initial increase, the exposed population also declines,
indicating that interventions reduce the risk of exposure over time. In Figure 2c, the number of
infected humans decreases steadily. This decline is likely due to effective quarantine measures, as
shown in Figure 2d. Quarantine helps prevent the virus from spreading among the population by
isolating infected individuals. As a result, the number of humans requiring treatment, illustrated in
Figure 2e, also decreases. This decrease in active treatment cases is a promising sign, as it aligns with
the observed high recovery rate in Figure 2f. Together, these trends suggest that both treatment and
quarantine measures are effectively managing human cases of monkeypox, leading to an increase in
recovered individuals. In Figure 2g, the graph of susceptible rodents also shows a significant decline
over time. This trend indicates that control measures are not only effective for humans but are also
helping reduce the number of susceptible rodents, which play a role in the transmission cycle. Figure
2h mirrors this effect in the exposed rodent population. Initially, there may be an increase in exposed
rodents, but over time, the number of exposed rodents decreases as the virus is brought under control
in their population as well. Finally, Figure 2i illustrates a complete decline in the number of infected
rodents, eventually reaching zero. This result is a clear indicator of successful disease control. By
eliminating the rodent population as a reservoir for the virus, the likelihood of further outbreaks
decreases significantly, pointing to effective measures in controlling monkeypox transmission within
both human and rodent populations.
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3. Convergence analysis for the Laplace-Adomian Decomposition Method

The solution of (1) is expressed in the forms of infinite series which converged uniformly to its exact
solution. To verify the convergence of the series (21), we employ the method used in [18]. For

sufficient conditions of convergence of the LADM, we present the following theorem:
Theorem 1

Let X be a Banach space and T :X — X be a constructive nonlinear operator such  that  for
(X),(X)'GX, HT(X)—T(X')H,O<k<1.Tbeﬂ, T has a wnigue point x such thatTX =X ,where

X= (SH En 1y Ry Sy B v Su B s Ly ) The series given () can be written by applying the Adomian

decomposition method as follows:
X, =TX, 1, X

n n-1! “*n-1»

n-1
=> Xx,n=L123,..

i1
And we assume that X, € B, (X) y where B, (X) = {X e X ZHX' - XH < r}; then, we have as follows:

(i) X, € B, (X)
G) - lim, %, =x
Proof

For condition (i), invoking mathematical induction,

For n=1, we have as follows:
%o =X =T (%) =T (¥)][ <% = x].

If this is true for m-1, then
o = x| <k™ [ =],

This gives the following;
[ =X =T On0) =T () < Kl s =] <K g = ¥

Therefore,
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%, = x| < k"% —X|<k"r<r.
This directly implies that X, € B, ().

Also, for (ii), we have that since ||Xm — X|| <k" ||X0 - X|| and lim__ k" =0, we can write lim,__ X, =X

n—oo °'n

4 Conclusion

Our research presents a practical model for understanding how monkeypox spreads between humans
and rodents, highlighting key strategies to control the disease. The results show that reducing the
number of susceptible humans over time, combined with measures like quarantining and treating
those infected, is highly effective in limiting the spread of monkeypox among people. In the rodent
population, reducing the number of both susceptible and exposed animals plays an essential role in
minimizing overall infection risks for humans. By using the Laplace Adomian Decomposition
Method, we were able to predict how the disease would likely behave under different public health
strategies. Our findings emphasize the importance of quickly isolating infected individuals, providing
timely treatment, and managing rodent populations to reduce potential sources of infection. This
model offers valuable insights for public health planning, suggesting that a comprehensive approach
targeting both human and rodent populations is essential to controlling monkeypox. This framework
could be adapted for similar zoonotic diseases, providing a basis for developing proactive strategies
to prevent outbreaks and protect public health.
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