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ABSTRACT: Monkey pox causes a rash which can be uncomfortable, itchy, and painful and its early detection
is vital to every control mechanisms. Hence, the objective of this paper was the development and simulation of a
mathematical model for monkey-pox transmission disease in Nigeria using Ordinary Differential Equations. The
feasible region of the model was verified and solutions positivity was shown. We achieved the disease free
equilibrium and computed effective reproduction number, R, of the model system. We show the global stability of
disease free equilibrium and we found that the disease free equilibrium of the model system is globally

asymptotically stable if Re < 1 and G(Xl, X 2) =0 The model system is considered mathematically and

epidemiologically well posed. Furthermore, the simulations of the model shows that the average secondary cases of
disease increases as exposed individual increases and rate of infection increases. Again, the effective reproduction
number reduces as vaccination increases and it is observed that as exposed nonhuman transmits at low rate than
symptomatic reduced, it reduces the secondary cases of the disease.
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Monkey-pox disease is recognized as pathogens,
disturbing animals and humans, it is among the family
of orthopox virus, other families are small pox and
cow pox viruses (Essbauer et al., 2009). The disease
causes lymph nodes to swell. The backache, fever,
muscle aches, headache and swollen lymph nodes are
all the symptoms. The virus can is transmitted from
non-human to human and as well as human to human.
The incubation period is from 7-14 days. The
appearance of fever displayed after 1-3 days and the
infection lasted for 2-4 weeks (Essbauer et al., 2009).

Persons who have had close contact with individuals
confirmed to have disease must be vaccinated for
14days after exposure (CDC, 2003a, 2003b). Monkey-
pox (MPX) epidemic was first discovered in 1958
(Magnus, et al., 1959). The disease was reported in
humans in 1970 (Breman et al., 1986). The incubation
time is 7-14 days, the disease lasted for 2 to 4 weeks
(Centres for Disease Control, 2003) and the fatality
ratio is 1% to 10% (Rimoin, et al., 2007). Monkey pox
is endemic in Nigeria and the infection has been
conveyed in numerous countries in Africa, including
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Nigeria. From the beginning of the outbreak in 2017
to 2018, there were 269 suspected cases in 25 states
and one case in territory with the confirmed cases of
115 in 16 states were reported in Nigeria. 7 deaths
were verified plus 4 in patients with pre-existing
immune compromised situations. In 2018, a total of 76
were reported and 37 were confirmed and two deaths
were recorded. Nigeria reported a total number of 558
in April 2022, as suspected cases, of which confirmed
cases were 231. In 2022, Nigeria reported 46
suspected cases and no deaths recorded. Until year
2023, where the total confirmed cases is 988 from
September 2017 to January 1, 2023 out of total
suspected cases of 2635 (NCDC, 2023).

Mathematical models have been helpful in gaining
insight of transmission of disease (Lasisi, et al., 2018;
Lasisi, and Adeyemo, 2021; Lasisi and Fahad, 2024;
Lasisi and Suleiman, 2024). The focus of this work is
on global stability for mathematical model of
transmission of monkey-pox infection and effects of
public awareness and vaccination in Nigeria.
Therefore, a mathematical modeling for monkey pox
disease was developed by (Lasisi, et al., 2011) with six
(6) compartments. In this work, we therefore
complement and extend the work of the
aforementioned authors by having nine (9)
compartments. The objective of this paper is the
development and simulation of a mathematical model
for monkey-pox transmission disease in Nigeria using
Ordinary Differential Equations.

MATERIALS AND METHODS
Formulation of a model for the monkey pox disease in
nonhuman and human population was done in this

- PIL,
fA_,

h

From the flow chart representation of the disease in
figure 1 and assumptions, the dynamics of the monkey
pox disease is described by ordinary differential
equations 1 to 11.
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research, we have population size of both human and
nonhuman as Nn(t) and Np(t). The populations are
compartmentalized into classes in Figure 1. The
human population is subdivided into five class such as,
susceptible, Sy(t), vaccination class, Vi(t), exposed
class, En(t), infected class, In(t), and recovery class,
Rn(t). The total nonhuman population model
subdivided into susceptible class, Sy(t), infected class,
Ip(t), exposed, Ep(t) and recovery, Rp(t). As showed in
the in Figure 1, individuals come into susceptible class
through immigration and birth (I1,), the proportion
of vaccinated human immigrants (f) come into
vaccinated class and proportion of unvaccinated
immigrants (1-f) come into the susceptible class. The
work does not consider the immigration of infection
individual, because we assumed they have be
vaccinated. The susceptible persons vaccinated at rate
of y and loss the vaccination at the rate of w. Contact
of susceptible human from primate is at the rate o,,,,

Share exposed to disease at the rate of A, and infected

at the rate of (3, the natural death is y;, and die due to
the disease is at the rate of §;, and recovery at a rate of
Pr - The susceptible nonhuman (primates), S, is
generated from the daily recruitment of persons

through births at the TT » and natural death rate of p,,.
Individuals become exposed to the virus at the rate of
/1p and move to the infected class at the rate of j,,.
Nonhuman (primate) infected die due to the disease at

the rate of &,, and recovery at the rate of p,,. Figure 1
is the flowchart representation of the model:

Un llh #h

f

I.ﬁh I. _Pn ‘

h
OO
Hp

ds,
d__(l P, + oV, =15, - — iy Sy (1)
dE,
e 2
at - BEs @)
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dl,
_—ﬂh —Puly = tyly =81, ()
dV
= fI1, +)5, - A C))

dt
dR
d_tthhlh_,uth ()
ds
d—tp=l_[p—ap5p—,up8p (6)
dE
d_tpzapsp_ﬂpEp_lupEp (7)
di

p
F:ﬂpEp_pplp_ﬂplp_aplp ®)
dR

P
szplp_ﬂpRp ©)
Where,

o (¢ E +1
A =( b, ( pr p)+o'h(5hNEh+|k)) and
p h
:(sz(ngp+lp)
P N

p
NhZSh+Eh+Ih+Vh+Rh (10)

N, =S, +E,+I,+R, (1)

Sn Becomes infected from both I, and I, . d,, is
effective contact product rate and probability of S,
becomes infected from [, and g, is effective contact
product rate and probability of S; becomes infected
from I,,. Correspondingly, the S, becomes infected
from infected nonhuman, where o,,is effective
contact product rate and probability of nonhuman is
becomes infected per contact with an infected I,
(Bhunu and Mushayabase, 2011). The adjustment
parameter &, is the assumption that exposed human
transmits at a rate lower than symptomatic humans.
The adjustment parameter ¢, is for the assumption
that exposed nonhuman transmits at a rate lower than
symptomatic nonhuman and Monkey pox mortality is
negligible due to human hunter.

Analysis of the Model Equations:
Theorem 1: The following biological feasible region
of the model equations (1) - (9)
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QZ {Sh' Eh' Ih’ Vh' Rh’ Sp, E p’ p) € iRg :

H
{Sp +Ep + I, +Vy + R, < H—hh;Sp+Ep+1p+

I1
R, < p 21 is attracting and positively invariant.
14
Proof: Adding all the model equations in (1) - (9),
we get

dn
d_thz Hh _.uhNh — Oplp

And d% = H - -6, 1

So that d;th <II, thh and 22 < IT,

tpNy,  (12)

It follows from (Bauch and Earn, 2003), the gronwall
inequality, that

IT
Np(®) < Nyp(0)e #r® + 1= e Hn(D)}

IT
And N, (6) < Np(0)e ™ + —L {1 -7V} (13)
P

In specific, N, <

n(0) <

I1
N,< —*

positively invariant. Therefore, it is enough to
consider the model equations dynamics (1) - (9) in Q.
In this region, the model system can be considered as
been mathematically and epidemiologically well
posed.

Theorem 2: (Non-negativity Solution of the Model
system). Let t, > 0, the initial conditions satisfied
S5,(0) > 0,E,(0) > 0,1,(0) > 0,V,(0) >

0,R,(0) > 0,5,(0) > 0,E,(0) >0,1,(0) >
0,R,(0) > 0, then the solutions S, (t), E,(t), I,(t),
Vnh (), Ry(t), S, (), Ey(t), 1,(t), Ry(t) of the model
equations (1)-(9) are nonnegative for all t > 0.
Proof:

Proving that for all t € [0, t,], S, (t),

En(0), 1n (6), Vi (0), R (6), (), By (0), 1, (6), Ry (£)
will be nonnegative in R2, Since all the parameters
used in the system are positive. Thus, it is clear from
equation (1) that

ﬂ—(];—f)l_‘[ + wV — ]/Sh—ahSh
— (v + an + up)Sn

So that,

S, (t) = S, (0)el-Jr+antun)dty — (14)
The similar approach can be used to show
that E,, (t) > 0,1,(t) > 0,V,(t) > 0,R,(t) >
0,5,(t) > 0,E,(t) > 0,1,(t) > 0,R,(t) > 0. Thus,
forall t € [0,¢t,], S, (t), En(t), I(t),V, (L), Ry(t),
Sp(t), E, (t), I, (t), R, (t) will be nonnegative and
remain in RS

UnSh =
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The Equilibrium State: At equilibrium point, we

setting the model equations to zero, we have
dSn _ dEp _ dlp _ dVh _ dRn _ 4Sp _ dEp _ dl

“
dt dt dt dt dt dt dt dt
PR _ 0o (15)

dt
From (3), we have

E, = (Pht+untSp)in (16)
Br

Substitute (16) into (2), we have
I ((thh(Ph+#h+5h)+Uhﬁh)5h _ (ﬁh+ﬂh)(Ph+ﬂh+5h)) _
h BnNp Bn

0 @7
Equation (17) gives,
I, =00r ((GhSh(Ph+#h+5h)+Uhﬂh)5h _
(Brtun)(prtin+bn) Futin
—h =
o )=0 (8
From (8), we have
Ep _ (pp+ip+6p)lp (19)

Substitute (19) into (7), we have

I ((Upzsp(Pp*'”p”p)*"’pﬁp)Sp _ (ﬁp*'”p)(l’p*'l‘p*"sp)) _
P

BpNp By
0 (20)
Equation (20) gives

(op28p(Pp+ip+8p)+opPp)Sp _

I, =0or By
(ﬁp+”p)(;’p+”p+5p) -0 (21)
P

Substitute I;, = 0 in (9) into (16) and (5), we have
Eh = Rh = 0 (22)
Find V, in (4) and (1), and equating them, we get

_ fIp+ySp _ YSh+ahSh+upSh—(1-DHIIy
V, = = (23)

(w+up) ]
Implies,
(flly + vSp) @ =[YSp + oSy + upSp — (1 —
DL] (w + up)
Since I, = 0, then o, = 0, and we have
fwly+[IT h@+Th iy —fTTh 0T pp]
Sh = ) (24)
YW + YUptUp W+ U =YW@

Reduced to
S0 — M w+Tppp—Mhpn (25)
h Yupt+upo+up?

If the absence of vaccination, then S,° = %
h

Putting equation (25) into (4 ), we get

0 _ fMhptpw+ Ty pp?+yTho+yThuy,
Vi = T et (o) (26)
Substitute I, = 0 in (21) into (19) and (9), we have

E,=R,=0 (27)
From (6), we have
I
S,‘,J = u_z (28)
The DFE state is derived below,

E(i:{ h*; Eh*, Vh*, Ih*' Rh*’
Sp; Ep' Ip' RZ? }

SOpppo+fTh pp?+yTho+yhis
(Yup+pupw+up?)(@+up)

_ (Tho+Thpup—fThup
YHRtHRRO+UR?

0, 0, =2,0,0,0} (29)
Hp

Effective Reproduction Number (R,): We compute the
effective basic reproduction number according to (Van
den Driessche and Watmough, 2002), using next
generation matrix. Therefore, effective basic
reproduction number is the spectral radius of FV 1

Py 1 = [ [E) T (g

axi 6xl-

Where, ECis the disease free equilibrium, F; is the new
infection in compartment i and V; is the movement of
infection from one compartment i to another. So,
Ry = p(FV~1) is spectral radius (p) of the next
generation matrix FV~1, the linearization of system
(1)-(9) give F andV, obtained from the Jacobian
matrix with the disease free equilibrium. Vector
F is the inflowand V is the outflow from
compartments Ej, E,, I, and Ip. We get

fl /(Upl(prp“p) + Uh(ShEhHh)) Sh\
Np Np

f= fa _ BrEnr
- f - 0p2(epEp+Ip)Sp
3 N,
f4 :BpEp
(31)_ i
O'hghsr? Uhsr? Gplgpsr? O'plsr?
NS ONT NN
F B 0 0 0
= 0 0
GPzgpSp O-pzSp
0 0 ; 5
Np Np
|0 0 B, 0 32)
(£ [AlEh
v, Az’n]
V= vy | T 4sE, | G3)
vi) A, ]

Where, Ay = Bn+pn 5 Ay =pp+up+6,; Az =
Bp+ip: Ay =pp+pp+ 6,

4, 0 0 O
[0 A4, 0 O

V= 0 0 A4, 0 (34)
0 0 0 A,

From (34), we have
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3223
(1 At disease free equilibrium point, and since N, < 1%
— 0 0 0 K
A and N, < 22 we get
l Hp.
0O — 0 0
V= A, L (35)
O 0 — 0O
A
1.
0O 0 0 —
L A |
oY TR e T A N e .ap.up.Sr? Oy Sy
IT, IT, I, IT,
Fo B 0 0 i 0 0 (36)
0 O O-pz'gp 'UP'SP O-pz"uplsp
HP HP
0 0 B 0 |
from (536), we get
Gh'gh'/uh'si‘? O-h'/uh'si? Oy, -€p-Hp Sf? Oy, '/Up'sf?
IT, IT, IT, IT,
F= By 0 0 0 (37)
0 0 O-pz '89 (sz
0 0 B, 0
Py~ = |2 (2 (e
xj xj
Multiplying (37) and (35) together, we have
_ . o 1 0 0 0
O-hgh:uhSI? O-h:uhsl? T, EplpSh T HpSh A 1
I, I, I, I, 0 — 0 ©
rVio|l B 0 0 0 A (39)
1
0 0. Oy, Ep o, 0 0 E 0
0 0. 0
- Po 10 O 0 =
L A,
Equation (39) implies, ~
OpEn-tn Sy bty Sy Tp€pHpSn Ty HySy
IT, A IT, A, I, A, I A,
Pu 0 0 0 (40)
Fv = A
0 0 Jngp O-pz
A, A,
0 0 —-£ 0
i Ay ]

Characteristics equation of (40), gives /FV™1 — AI/=0
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K.SC—24 K,S8° K,S° K,.S¢

K -A 0 0
=0 (41)
0 0 Ky -4 ;
0 0 Kg -1
Since K, = O Ep My S, K, Oy Hy, K, Gplgp/up’ \ Op My
I, A I, A, I, A, I, A,
o, & o
Ks =ﬁ,K6 =P K, =2 K, P (42)
A A, A, A

Determinant of (41) gives
(22 —KA-K,K)=0or (12 -K,S?A-K,K.SP)=0 (43)
To solve (43), we get

K, +KZ +4K.K,

2
Ty, (0p,€,)° N 4o, B,
(ﬂp—i_/up) (ﬂp+ﬂp)2 (ﬂp+/up)'(pp+ﬂp+5p)
A = 5 (44)
The reproduction number is given below,
Tpbp (0,,6,)° .\ 4o, B,
By +u1,) (B, +u,)" (B +1,)(py + 11, +5,)
R, = (45)
2
And
(A% - Kls;% - Kszsr?) =0
K,SO +K2SY +4K,K, S0
implies, A, = 19h \/ 1°h 20550 )
2
iy -En-bn-Sh i\/o'hz-ghz-ﬂhz-sr?z + 4.0ty SnSn
21 = IT,.(8, + ) Hﬁ(ﬂh +/uh)2 IT,.(B, + 14,) (o, + iy, +6) (7)
, =
2
A, is the spectral radius of p(FV ™)
o, .En ot S. +\/0'h2.gh2.,uh2.8£ N 4.0, .u,.53,.5°
R — I, (B, + 14,) Hﬁ(ﬂh—l_:uh)z I, (B, + 14,)-(oy + 4y +6,) (48)
=
2

Hence, the effective reproduction number can be represented as,
R, =R, + Rp (49)
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&y - Sy L %eo
I, (B, + ) (ﬁ +/U )
\/Gh 5h Hn SO 4 4.0y -Pn-Sh
I; (ﬁh"'/uh-)z I, (B, + u1,)-(o, + a1y, +6,)
+\/ (0p2 £ ) 40,8
(B, +1,)° (ﬁp+ﬂp)-(pp+ﬂp+5p)

R, = (50)
2

Global Stability of Disease Free Equilibrium (DFE):
Theorem 3: The disease free equilibrium of the model system is GAS if Re < 1
Proof:

dX
dtl =F(X;, X;) (83)

dX,

=G(X;, X,);6(X,00=0 (54
X; =(S5.Vy Ry, S5, Rp)  AND X, =(Ep, 17, E}, 1)) (55)

The DFE is now denoted as,

E° =(X,,0) where X, =(N°,0) (56)
The first condition is GAS of Xl* , We get,
(A= I, + oV, =18 = (0)S; — 14,5y
fI1, + 98, — oV, — 1V,
= F(X,,0)=1- Ry

Hp _(O)Sg _/upsg

pplg _'UPRS

A linear differential equation solving gives,

SO(t) = 1- O, +eV, @1- I, + oV,

dx,

(57)

et +80(0)e™"  (58)

kl kl
0 0
Vho(t): fIT,, + 55, . fIT, + 75, oKt +Vh0(0)e—k3t (59)
k3 k3
RJ(t)=R? (0)e ™"  (60)
I1
so(t) = Lo _ e gty o0 )t
o (D) o r(0) (61)

Ro(t) =R (0)e ™" (62)

This shows that SP+V,” +R/ +Sg + Rg—> N® as t—>oo regardless of the value of
SV, RY, Sganng . Therefore, X, = (N?,0) is globally asymptotically stable.

To show if the second condition is true: G(Xl, X,)=AX, -G(X,, X,)

where X, =(E;, 17, Ep, 17)
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I 0 0 o€ 68" |
O () TR o
N, N, Np Np
+ 1l +0 0 0
A= B, (py + 1 +6;) g L (63)
0 (BB - (B, +n,) (2
0 FpTHp 0
Np .Np
I 0 0 B, ~(p, + 4, +5p)_
[ o (¢,E°+1° (e, E% 4190 |
oteeZeth) Bl o (g e
p h 0
— (B, + py + 1, +0)I° 0
G(Xy, Xp)=| e (64)
o,(e,E;+1,) ., . 0
( NO )'Sp_(ﬂp +/'lp)Ep 0
p
0 0
_ﬂp'Ep_(pp+“p+5p)lp i
Then, G(X,, X,)=AX,-G(X,, X,)
[ 668 0,8! 0,6,5 R
E - A W T IR
0
By ~(py +ty +6,) 0 0 l _ 0/ |0
c.& S oS! ECl |o| |o| (69)
0 0 PTPTTRY B+ PP p
GRS | )
P
0 0 ﬂp _(pp+:up+§p)

é(.xl,xz)z[o 00 o

It is clear that, G(Xl, Xz) = 0. Therefore the proof is complete. It implies, disease free equilibrium of the

model system is GAS if Re < 1.

RESULTS AND DISCUSSION

The calculation and estimation of the parameters
values was done based on the availability of
information from the Nigeria Centre for Disease
control (NCDC), on situation report of Monkey-pox
disease between 2017 to 2023, as mentioned in Table
1

Table 1: Update on Monkey-pox Disease in Nigeria from 2017 to 2023

Cases of Monkey pox Number
per year
Confirmed cases from Dec. 2017 to January 2023 988
Suspected cases from 2017 to 2023 2635
Deaths 2017-2023 15
Confirmed cases in 2017 88
Confirmed cases in 2018 49
Confirmed cases in 2019 47
Confirmed cases in 2020 8
Confirmed cases in 2021 34
Confirmed cases in February 2022 7
Confirmed cases in February 2023 762

(NCDC, 2023)

3000 -
M Data for 2017-2023...
2500 -
22000 -
S
21500 -
S
2 1000
a.
500 -
0
Total Total Total deaths
confirmed suspected
cases cases

provide Title

Fig. 2: Chart for data of confirmed cases, suspected cases and death
for monkey pox for 2017-2023

MOHAMMED, A. R; LASISI, N. O; SULEIMAN, F.



Development and Simulations of a Mathematical Model for Monkey-Pox Transmission Disease...

900
800 =¢=No. of Infected

700 Person Per Year
600
500
400
300
200
100
0
-1002016

Provide Title of Axis

2018 2020

2022
Provide Title of Axis

2024

Fig. 3: Graphical Representation for infected monkey pox
individual per year for 2017-2023

According to United Nation 2023 to 2024 report, the
life expectancy for Nigerian at birth is 56.05 years.
This gives the Natural Death rate as inverse of the life

expectancy which is u, = ﬁ = 0.01784 per year.
The birth rate is 38.03 per year per 1000 people; this
gives the rate as % = 0.03803/year. However, the

recruitment rate due to birth in Nigeria is Hh =
Ny, * up, = 3,568,000. According to NCDC (2023),
there were 2635 suspected cases, where total

confirmed cases were at 988, resulting in 15 deaths.

This implies, Recovery rate is y, = % = 0.985.

Also, Death rate due to the disease, it is cleared that 15
people out of 988 died of the infection of monkeypox

in Nigeria between 2017 to 2023, which implies, &, =

% = 0.0152. We have infection rate = (confirmed

cases / Total Population)*100 = 0.000494.

The natural death rate of monkey, according to

Primate Info Net (PIN), the life span of monkeys in the

forest is 15-30 years, meanwhile, u,, = % or % =

(0.033 or 0.067). The Natural Death rate of Monkey,
according to Pandrillus foundation (2008), it is about
8,000 drill monkey found in cross river state of
Nigeria. However, 50,000 monkeys are estimated for
Nigeria, hence, the recruitment rate of monkeys is

given by, I1, = Nm * uy = 1,665. The vaccination

rate of monkeypox infection is 10.1%, so fraction of
. . . - 10.1
vaccination against monkeypox (f) is f = To0 =

0.0101. Vaccination last upto 3-5 years and can also

protect around 85% from monkeypox. So, ¢, = % =
é =0.012 Other
unavailable data have been assumed in the
simulations.

1
0.2 or i 0.1 and ¢, =

3227
Table 2: Values of the parameters
Para  Definition Value Source
mete
r
B Exposed Rate of Human 0.005 Assume
d
ay, Infection Rate of Human 0.000494  Tablel
per year
I, Recruitment  Rate of 3,568,000 Tablel
Human
Yn Recovery Rate of Human 0.985 per Tablel
year
Un Natural Death Rate of 0.01784 Table 1
Human per year
Sy Death Rate Due to Disease ~ 0.0152 Table 1
per year
01 Loss of Vaccination Rate 01 - 0.2 Tablel
lyear
¢,  Vaccination Rate 0.012/yea  Tablel
r
F Proportion of vaccinated 0..0101 Table 1
human immigrants
0] Effectiveness of 0-1 Assume
Vaccination Drug d
a,, Infection Rate of Monkey ~ 0.004 Table 1
ym  Recovery Rate of Monkey  0.50 Assume
d
m, Recruitment  Rate  of 1,665 Table 1
Monkey
Om,  EXposed Rate of Monkey 0.003 Assume
d
W,  Natural Death of Monkey 0.033 - Tablel
0.067
8,  Death Due to infection of 0.020 Assume
monkey d
7,  Exposed rate for human 0.010 Assume
transmits  lower  than d
symptomatic humans
T,  Exposed rate for non- 0.010 Assume
human transmits lower than d
symptomatic non-humans
Ny, Nigeria Population 200,000,0  Estimate
00 d
N,, Population of 50,000 Assum
Monkey in Nigeria ed

We used table 2 to simulate our model system with
equation (45) and (48) by using Maple 17 Software for
the graphic representation of the reproduction
numbers. In fig. 4, we simulated the vaccination rate
on effective reproduction number, we found in figure
4, that average secondary cases of disease increases as
exposed individual increases, varying the vaccination,
we observed that effective reproduction number
reduces as vaccination increases. Figure 5 shows the
simulation of Monkey pox infection rate with
changing in recovery rate of infected individual, it is
observed that average secondary cases of infection
increase as infection rate increases. Figure 6 shows the
simulation of loss of vaccination against effective
reproduction number, it is observed that average
effective reproduction number of monkey pox
infection increases as loss of vaccination of individual
increases.
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Figure 7 shows the simulation of Infection rate of non-
human with effective reproduction number of non-
human, it is observed that effective reproduction
number of monkey infection increases as infection
individual of non-human increases. In the figure 8, we
observed that effective reproduction number of the
monkey pox disease among the non-human increases
as exposed rate of non-human increases.
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Conclusion: This research work have developed and
simulated a mathematical model for monkey pox
transmission disease. The model was considered as
been mathematically and epidemiologically well
posed. The non-negativity of the solutions for the
model system implies that the solutions were positive
and remains in region. The disease free equilibrium
and effective reproduction number of the model were
obtained. The disease free equilibrium of the model
equations is asymptotically stable globally (GAS) if
Re < 1. It is observed that the average secondary cases
of monkey pox infection increases as loss of
vaccination of individual increases and reduces as
vaccination increases
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