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Abstract 

The spread of Monkey Pox (Mpox) poses significant public health challenges, requiring effective intervention strategies to 

mitigate its impact. This study propose a mathematical model to explore the transmission dynamics of Mpox and assess the 

impact of quarantine as a control measure. The model divides the population into compartments representing Susceptible, 

Exposed, Infectious, Quarantined, and Recovered individuals. The system of ordinary differential equations describing the 

dynamics of the infection were derived. The equilibrium states of the model equations: Disease free equilibrium and Disease 

endemic equilibrium states were obtained. The stability analysis of the disease free equilibrium was analyzed and found it to be 

stable. The reproduction number (R0) was obtained and its numerical value was computed. Numerical simulations were 

performed to investigate how varying quarantine rates affect the progression of the disease across these compartments. The 

simulations explore the implications of different quarantine intensities on the number of infectious and exposed individuals over 

time. The results obtained indicate that quarantine can effectively reduce the transmission rate of the infection. Also, it revealed 

the potential of quarantine to reduce the disease spread and alleviate its overall impact on the population. The findings offered a 

framework for understanding the dynamics of Mpox transmission and assist public health authorities in designing effective 

intervention strategies. 

Keywords 

Monkey Pox Infection, Equilibrium Point, Basic Reproduction Number, Numerical Simulation, Mathematical Model 

 

1. Introduction 

Mpox, formerly known as monkeypox, is a viral zoonotic 

disease caused by the Mpox virus, which belongs to the Or-

thopoxvirus genus in the Poxviridae family. The disease was 

first identified in laboratory monkeys in 1958, but the first hu-

man case was not reported until 1970 in the Democratic 

Republic of the Congo [1]. Historically, Mpox was endemic 

to Central and West Africa, but recent outbreaks in other parts 

of the world have raised global concern [2, 3]. Mpox is pri-

marily transmitted through direct contact with infected ani-

mals such as rodents and primates, though human-to-human 
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transmission is possible through respiratory droplets, contact 

with skin lesions, or exposure to contaminated surfaces. Typ-

ical symptoms include fever, headache, muscle aches, rashes, 

and swollen lymph nodes [4]. The symptoms of Mpox usually 

appear in stages. Fever is often the first sign, followed by 

headaches, muscle aches, and back pain. One of the hallmark 

symptoms is lymphadenopathy, which involves swelling of 

the lymph nodes. As the disease progresses, a distinctive rash 

emerges, starting as flat lesions (macules) that evolve into 

raised bumps (papules), fluid-filled blisters (vesicles), and 

eventually pustules before forming scabs. The incubation pe-

riod of Mpox typically ranges from 5 to 21 days, and the dis-

ease usually lasts between 2 to 4 weeks. While most cases are 

mild and resolve on their own, more severe cases can occur, 

though these are less common. Currently, there is no specific 

antiviral treatment for Mpox. Management of the disease fo-

cuses on supportive care to relieve symptoms and prevent 

complications. In more severe cases, antiviral drugs such as 

tecovirimat or brincidofovir may be considered under emer-

gency use provisions. Mpox has evolved over the years, par-

ticularly in its epidemiology. Originally endemic to Central 

and West Africa, with cases reported in countries like Nigeria, 

the Democratic Republic of Congo (DRC), and Cameroon, its 

spread has expanded globally. Human activities such as defor-

estation and increased interaction with wildlife, particularly 

rodents and primates, have contributed to its rise [5]. Addi-

tionally, immunity to orthopoxviruses has declined due to the 

cessation of routine smallpox vaccination, leaving younger 

populations more susceptible [6]. The transmission dynamics 

of Mpox, much like other zoonotic diseases, involve contact 

with infected animals and human-to-human transmission via 

respiratory droplets, bodily fluids, or contaminated surfaces [7, 

8]. Studies have shown that human-to-human transmission is 

less efficient compared to animal-to-human transmission, 

though it increases in crowded settings where close contact is 

more frequent [9]. A significant factor in controlling Mpox 

outbreaks is the role of public health interventions, which in-

clude isolation of infected individuals, contact tracing, vac-

cination, and awareness campaigns. Vaccination remains a 

critical tool, with the smallpox vaccine providing cross-pro-

tection [10]. Quarantine measures and ring vaccination, where 

contacts of confirmed cases are vaccinated, have proven ef-

fective during outbreaks. Mathematical modeling is a power-

ful tool in understanding the spread of infectious diseases like 

Mpox. Traditional models like the SIR (Susceptible-Infected-

Recovered) and SEIR (Susceptible-Exposed-Infected-Recov-

ered) have been widely used to simulate disease dynamics [11, 

12]. For Mpox, the SEIQR (Susceptible-Exposed-Infected-

Quarantined-Recovered) model, which includes a quarantine 

compartment, is particularly useful in evaluating the effects of 

quarantine and other public health measures [13]. The 2022-

2023 global outbreak of Mpox highlighted the importance of 

rapid response strategies, including quarantine, vaccination, 

and contact tracing. Studies by Kozlov et al [14]. emphasize 

the role of international travel and close contact in social 

settings in spreading the virus globally. The reproduction 

number (R0) for Mpox, which measures the average number 

of secondary infections, has been estimated to range between 

1.1 and 2.4 in Nigeria, indicating the virus's capacity to sustain 

transmission in unvaccinated populations [15]. This study 

seeks to explore the transmission dynamics of Mpox using the 

SEIQR model, focusing on how quarantine and other public 

health interventions can help control outbreaks. Also to inves-

tigate the key factors influencing Mpox transmission and as-

sess the effectiveness of these interventions, particularly quar-

antine, in reducing transmission and managing outbreaks. 

2. Model Formulation 

This proposed model is based on the transmission dynamics 

of Mpox virus. The total population at time t, denoted by N(t) 

is subdivided into compartments that reflect the stages of 

Mpox infection and intervention. These compartments include 

Susceptible Individual S(t), Exposed Individual E(t), Infec-

tious Individual I(t), Quarantined Individual Q(t), and Recov-

ered Individual R(t). The Susceptible group represents indi-

viduals who are at risk of contracting Mpox. When exposed to 

the virus, they move to the Exposed compartment (E), where 

they are infected but not yet symptomatic or capable of trans-

mitting the disease. The Infected compartment (I) consists of 

individuals who are actively contagious, while the Quaran-

tined group (Q) includes those isolated to prevent further 

trans-mission. The Recovered compartment (R) includes indi-

viduals who have over-come the infection and are no longer 

infectious. The main intervention considered is quarantine, 

which aims to limit the spread of Mpox by isolating infected 

individuals, reducing their contact with the broader population. 

The effectiveness of quarantine is analyzed by modeling its 

influence on the transition rates between the susceptible, ex-

posed, infected, and recovered groups. 

2.1. Model Assumptions 

The model assumptions are as follows: 

1) A continuous influx of individuals into the population, 

contributing to the susceptible group. 

2) Mpox transmission occurs through direct contact be-

tween susceptible and infected individuals. 

3) After exposure, individuals enter a latent period where 

they are not yet infectious. 

4) Quarantine is implemented to isolate infected individu-

als and reduce further transmission. 

5) Recovered individuals are assumed to have immunity 

and do not become susceptible again. 

6) Natural deaths and disease-induced deaths are accounted 

for, and the model assumes homogeneous mixing, where 

every individual has an equal chance of interacting with 

others. 
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Table 1. Model variables and their descriptions. 

Variables Descriptions 

S(t) Susceptible individual at time t 

E(t) Exposed individual at time t 

I(t) Infectious individual at time t 

Q(t) Quarantine individual at time t 

R(t) Recovered individual at time t 

Table 2. Model parameters and their descriptions. 

Parameters Descriptions 

𝛬  Recruitment rate 

𝜓  Force of infection 

𝜏  Transmission rate 

𝜇  Natural death rate 

𝜎  Progression rate from E to I 

𝜃  Quarantine rate 

𝛿  Disease-induced death rate 

𝜌  Recovery rate of I 

𝛾  Recovery rate of Q 

 

The system of equations describing the transmission dy-

namics of Mpox infection with quarantine as an intervention 

is given below; 

𝑑𝑆

𝑑𝑡
 =  𝛬 − 𝜓𝑆 − 𝜇𝑆

𝑑𝐸

𝑑𝑡
 =  𝜓𝑆 − 𝜎𝐸 − 𝜇𝐸

𝑑𝐼

𝑑𝑡
 =  𝜎𝐸 − (𝜃 + 𝛿 + 𝜇 + 𝜌)𝐼

𝑑𝑄

𝑑𝑡
 =  𝜃𝐼 − (𝛾 + 𝜇 + 𝛿)𝑄

𝑑𝑅

𝑑𝑡
 =  𝛾𝑄 + 𝜌𝐼 − 𝜇𝑅 }

 
 
 

 
 
 

          (1) 

Subject to the initial conditions S(0) = S0 > 0, E(0) = E0 ≥ 0, 

I(0) = I0 ≥ 0, 

Q(0) = Q0 ≥ 0, R(0) = R0 ≥ 0. 

where the force of infection ψ is given as 

𝜓 = 𝜏𝐼

𝑁
, 𝑆(𝑡)  + 𝐸(𝑡) + 𝐼(𝑡) + 𝑄(𝑡) + 𝑅(𝑡)  

We analyze the system of differential equations governing 

the transmission dynamics of the disease. The analysis will 

focus on identifying the equilibrium points, exploring the 

stability of the disease free equilibrium point, and also obtain-

ing the reproduction number. 

2.2. Equilibrium Points 

To find the equilibrium point for the system, we set the 

right-hand side of (1) to zero. This involves solving the equa-

tions where the rates of change of each compartment are zero, 

yielding a set of algebraic equations. The solutions to these 

equations give the equilibrium values for the compartments in 

the model. 

𝛬 − 𝜓𝑆 − 𝜇𝑆 =  0
 𝜓𝑆 − 𝜎𝐸 − 𝜇𝐸 =  0

𝜎𝐸 − (𝜃 + 𝛿 + 𝜇 + 𝜌)𝐼 =  0

 𝜃𝐼 − (𝛾 + 𝜇 + 𝛿)𝑄 =  0
𝛾𝑄 + 𝜌𝐼 − 𝜇𝑅 =  0 }

 
 

 
 

          (2) 

2.2.1. Disease Free Equilibrium (DFE) 

The Disease-Free Equilibrium (DFE) is a state where the 

number of infected individuals is zero. It represents a situation 

where there is no disease in the population. Hence, I0 = E0 = 0. 
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so we have from (IV) of the model equation. 

Therefore, the disease free equilibrium is stated in equation 

(3). 

𝐸0  =  (𝑆0 , 𝐸0, 𝐼0, 𝑄0, 𝑅0)  =  (𝛬
𝜇
, 0, 0, 0, 0, )       (3) 

2.2.2. Endemic Equilibrium Point 

The endemic equilibrium (EE) represents the state where 

the disease persists in the population at a constant level. In this 

equilibrium state, the number of infected individuals remains 

stable over time. For the Mpox model, the EE is found by set-

ting the system’s derivatives to zero and solving for the equi-

librium values of the compartments, based on parameters like 

transmission and recovery rates. This helps assess the long-

term impact of the disease and the effectiveness of interven-

tions. 

The endemic equilibrium states are stated in equations (4-

8). 

𝑆∗  =  𝛬

𝜓+𝜇                    (4) 

𝐸∗  =  𝜓𝛬
(𝜓+𝜇)(𝜎+𝜇)                 (5) 

𝐼∗  =  𝜎𝜓𝛬
(𝜓+𝜇)(𝜎+𝜇)(𝜃+𝛿+𝜇+𝜌)              (6) 

𝑄∗  =  𝜃𝜎𝜓𝛬
(𝜓+𝜇)(𝜎+𝜇)(𝜃+𝛿+𝜇+𝜌)(𝛾+𝜇+𝛿)           (7) 

𝑅∗  =  𝜎𝜓𝛬

𝜇(𝜓+𝜇)(𝜎+𝜇)(𝜃+𝛿+𝜇+𝜌)
( 𝛾𝜃

𝛾+𝜇+𝛿
+ 𝜌)        (8) 

2.3. Stability Analysis of Disease Free 

Equilibrium 

The stability analysis of the Disease-Free Equilibrium 

(DFE) is crucial in determining whether a small perturbation 

in the system, such as the introduction of a few infected indi-

viduals, will lead to an outbreak or whether the system will 

return to a disease-free state. This analysis involves examining 

the eigenvalues of the Jacobian matrix at the DFE or using the 

next-generation matrix approach to assess the stability condi-

tions. 

The eigenvalues can be obtained by solving the character-

istic equation |J0−λI| = 0. That is, 

𝐽0  =

|

|

|

𝜕𝑓1
𝜕𝑆

𝜕𝑓1

𝜕𝐸

𝜕𝑓1

𝜕𝐼

𝜕𝑓1

𝜕𝑄

𝜕𝑓1

𝜕𝑅

𝜕𝑓2

𝜕𝑆

𝜕𝑓2

𝜕𝐸

𝜕𝑓2

𝜕𝐼

𝜕𝑓2

𝜕𝑄

𝜕𝑓2

𝜕𝑅

𝜕𝑓3

𝜕𝑆

𝜕𝑓3

𝜕𝐸

𝜕𝑓3

𝜕𝐼

𝜕𝑓3

𝜕𝑄

𝜕𝑓3

𝜕𝑅

𝜕𝑓4

𝜕𝑆

𝜕𝑓4

𝜕𝐸

𝜕𝑓4

𝜕𝐼

𝜕𝑓4

𝜕𝑄

𝜕𝑓4

𝜕𝑅

𝜕𝑓5

𝜕𝑆

𝜕𝑓5

𝜕𝐸

𝜕𝑓5

𝜕𝐼

𝜕𝑓5

𝜕𝑄

𝜕𝑓5

𝜕𝑅

|

|

|

           (9) 

Where, 

𝑓1 =  𝛬 − 𝜓𝑆 − 𝜇𝑆
𝑓2  =  𝜓𝑆 − 𝜎𝐸 − 𝜇𝐸

𝑓3  =  𝜎𝐸 − (𝜃 + 𝛿 + 𝜇 + 𝜌)𝐼

𝑓4  =  𝜃𝐼 − (𝛾 + 𝜇 + 𝛿)𝑄

𝑓5  =  𝛾𝑄 + 𝜌𝐼 − 𝜇𝑅 }
 
 

 
 

        (10) 

Thus, |J0 − λI| = 0 is given as 

=
|

|

−𝜇 − 𝜆 0 −𝜏𝑆0

𝑁0
0 0

0 −(𝜎 + 𝜇) − 𝜆 𝜏𝑆0

𝑁0
0 0

0 𝜎 −𝑘 − 𝜆 0 0
0 0 𝜃 −(𝛾 + 𝜇 + 𝛿) − 𝜆 0
0 0 𝜌 𝛾 −𝜇 − 𝜆

|

|
                      (11) 

where, 𝑘 =  𝜃 +  𝛿 +  µ +  𝜌, and thus, the eigenvalues are 

given in (12). 

𝜆1  =  −µ 

𝜆2  =  −(𝜎 +  µ) 
𝜆3 = −(𝜃 +  𝛿 +  µ +  𝜌)

𝜆4  =  −(𝛾 +  µ +  𝛿) 
𝜆5 = −µ 

 

}
 
 

 
 

          (12) 

The eigenvalues obtained from the Jacobian matrix at the 

Disease-Free Equilibrium (DFE) are all strictly negative, in-

dicating that the system is locally stable. This indicates that 

any small deviations from the DFE will diminish over time, 

preventing the disease from spreading and allowing the sys-

tem to settle back into the disease-free state. 

2.4. Reproduction Number 

The reproduction number, often denoted as R0 is a key met-

ric in epidemiology that indicates the average number of sec-

ondary infections produced by a single infected individual in 

a completely susceptible population. It helps determine the 

potential for disease spread and whether an outbreak can be 

sustained. The basic reproduction number can be determined 

using the next-generation matrix approach basically on the 

disease compartments E(t) (exposed) and I(t) (infectious). 

𝑓 = [ψS

0
]                  (13) 

and 
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V = [ μE+σE

-σE+(μ+δ+θ+ρ)I
]             (14) 

recall that ψ=
τI

N
, thus, we have; 

𝑓 = [
τIS

N

0

]                  (15) 

then we find F and V from 𝑓and V respectively, we have 

F = [
N

0
(0)-τI

0
S

0

(N
0
)
2

N
0
τS

0
-τI

0
S

0

(N
0
)
2

0 0

]             (16) 

but, I0=0, so we have 

F = [0
τS

0

N
0

0 0

]                 (17) 

Similarly, 

V = [
𝜇 + 𝜎 0
−𝜎 𝜇 + 𝛿 + 𝜃 + 𝜌

]          (18) 

then we find the inverse of V, 

|𝑉| =  (𝜇 + 𝜎)(𝜇 + 𝛿 + 𝜃 + 𝜌)         (19) 

𝑉−1  =  1
(𝜇+𝜎)(𝜇+𝛿+𝜃+𝜌)

[
𝜇+𝛿+𝜃+𝜌 0

𝜎 𝜇+𝜎
]  

𝑉−1  =  [

1

𝜇+𝜎
0

𝜎
(𝜇+𝜎)(𝜇+𝛿+𝜃+𝜌)

1
𝜇+𝛿+𝜃+𝜌

]        (20) 

𝐹𝑉−1  =  [
0 𝜏𝑆0

𝑁0

0 0
] [

1

𝜇+𝜎
0

𝜎
(𝜇+𝜎)(𝜇+𝛿+𝜃+𝜌)

1
𝜇+𝛿+𝜃+𝜌

]  

F𝑉−1  =  [
𝜎𝜏𝑆0

𝑁0(𝜇+𝜎)(𝜇+𝛿+𝜃+𝜌)
𝜏𝑆0

(𝜇+𝛿+𝜃+𝜌)𝑁0

0 0
]     (21) 

next, we find the eigen value, |𝐹𝑉−1  −  𝜖|  =  0 

|𝐹𝑉−1 − 𝜖 |  =  [
𝜎𝜏𝑆0

𝑁0(𝜇+𝜎)(𝜇+𝛿+𝜃+𝜌)
 − 𝜖 𝜏𝑆0

(𝜇+𝛿+𝜃+𝜌)𝑁0

0 −𝜖
] =  0(22) 

So, 

(
𝜎𝜏𝑆0

𝑁0(𝜇+𝜎)(𝜇+𝛿+𝜃+𝜌)
 − 𝜖) (−𝜖) = 0 

therefore, 

𝜖1  =  (
𝜎𝜏𝑆0

𝑁0(𝜇+𝜎)(𝜇+𝛿+𝜃+𝜌)
)  

𝑆0  =  
𝛬

𝜇
 and 𝜖2  =  0  recall that, hence, 

𝜖1  =  (
𝜎𝜏𝛬

𝜇𝑁0(𝜇+𝜎)(𝜇+𝛿+𝜃+𝜌)
)  

and therefore, the reproduction number is given as 

𝑅0  = ( 𝜎𝜏𝛬

𝜇𝑁0(𝜇+𝜎)(𝜇+𝛿+𝜃+𝜌)
)             (23) 

3. Numerical Analysis 

The numerical simulation of the Mpox transmission model 

evaluates the dynamics of the disease, particularly focusing on 

the impact of quarantine as an intervention strategy. The 

model is fit and parameters estimated using the actual data of 

Mpox in Nigeria. Mpox has been endemic in Nigeria for many 

years, so fitting the model to Mpox in Nigeria will enable us 

to make future predictions of the disease dynamics. 

Model Fitting and Parameter Estimation 

The total population of Nigeria, based on the World Bank 

estimate, is 218,541,212. Also, the life expectancy for Nigeria 

is approximated to be 65 years. Therefore, the human natural 

death rate is set as: 

𝜇 =  
1

65×365
 =  0.000042 per day  

Since the total Nigerian population is N(0) = 218,541,212, 

we set the human recruitment rate, Λ, as: 

𝛬 =  
218,541.212

0.000042
 =  5.2 per day  

The initial conditions used for the model fitting with Nige-

ria data are set as follows: S0 = 150,000, E0 = 10,000, I0 = 2,000, 

Q0 = 500, R0 = 1000. 

Table 3. Parameter values for the Mpox transmission model. 

Parameter Value Unit 

Λ 5.2 day−1 

µ 0.000042 day−1 

ψ 0.35 day−1 
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Parameter Value Unit 

σ 0.071 day−1 

θ 0.2 day−1 

δ 0.005 day−1 

ρ 0.048 day−1 

γ 0.071 day−1 

 

 
Figure 1. Plot showing the confirmed cases of Mpox in Nigeria. 

Figure 1 shows the trend of confirmed Mpox cases in Nige-

ria from 2017 to 2024. The data illustrates the fluctuation in 

the number of cases. 

 
Figure 2. Mpox dynamics for a population of 150,000 over a period 

of 100 days. 

Figure 2 shows the Mpox transmission dynamics over 100 

days, illustrating how the susceptible population decreases 

rapidly as the disease spreads. The exposed and infectious 

populations initially rise but then decline as quarantine 

measures take effect and individuals recover. Over time, the 

number of recovered individuals surpasses the infectious pop-

ulation, indicating the effectiveness of interventions in con-

trolling the outbreak. 

The quarantined population grows gradually and peaks 

around day 40, showing the impact of isolating infectious in-

dividuals. Overall, the model captures the essential dynamics 

of Mpox, emphasizing the role of quarantine and recovery in 

reducing infection rates. 

 
Figure 3. Varying quarantine level on Infectious population. 

Figure 3 illustrates the impact of varying quarantine rates 

on the infectious population over a period of 100 days. As seen 

in the plot, increasing the quarantine rate from 0.05 to 0.2 sig-

nificantly reduces the peak infectious population of Mpox. 

Higher quarantine rates lead to a quicker decline in infectious 

individuals, indicating more effective disease control. As 

stricter quarantine measures are implemented, the time to 
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reach the peak also extends, showcasing a slower spread of the disease. 

 
Figure 4. Varying level of quarantine rate on population dynamics. 

Figure 4 shows the effects of varying quarantine rates on 

different compartments within the Mpox transmission model. 

The results highlight that while the quarantine measures sig-

nificantly affect the dynamics of the quarantined compartment, 

they have a relatively minimal impact on the susceptible and 

exposed compartments. The sustained recovery rates across 

all quarantine levels emphasize the importance of effective 

quarantine strategies to manage the spread of Mpox while en-

suring that a substantial portion of the population ultimately 

recovered. These insights can inform public health policies re-

garding the implementation of quarantine measures to control 

infectious diseases. 

4. Conclusion 

This study presents a Mathematical analysis of the impact 

of quarantine on the transmission dynamics of Mpox infection. 

The population was divided into five compartments namely 

Susceptble, Exposed, Infectious, Quarantine and Recovered. 

The system of equations describing the disease dynamics in 

the population was derived. The two equilibrium states of the 

system: Disease free equilibrium and endemic equilibrium 

was obtained. The stability analysis of the disease free equi-

librium was analyzed and found to be stable. The reproduction 

number (𝑅0)  was obtained and computed numerically. 

𝑅0 > 1, this indicates that the disease will persist in the popu-

lation except through interventions such as quarantine, vac-

cination, isolation and treatment. Numerical simulation was 

carried out using Nigeria demographic data and verifiable pa-

rameter values. The graphical profile of the system responses 

were obtained. The results obtained indicate that quarantine 

can effectively reduce the transmission rate of the infection. 

Furthermore, by varying the level of quarantine, it was shown 

that increased quarantine measures significantly reduce the 

number of infectious individuals, demonstrating the effective-

ness of this intervention in controlling disease spread. 
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