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ABSTRACT. The African continent is facing an unprecedented epidemic due to the spread of mpox. The
shortage of vaccines and the lack of quarantine policies for those infected have made it difficult to control
the disease. This work presents an analysis of the dynamics of disease spread through a multipopulation
compartmental Model SEIR (Susceptible, Exposed, Infectious, and Recovered) and simulates different sce-
narios of spatial spread of mpox in affected African regions. We propose modified multipopulation Models
SEIR and SEIQVR (Susceptible, Exposed, Infectious, Quarantine, Vaccination, and Recovered) to analyze
real-world data from the current mpox outbreak in Africa. In this model, we simulate possible scenarios
with quarantined and vaccinated populations to propose measures to mitigate the disease.

Keywords: mpox, multipopulation models, numerical analysis, vaccination, quarantine.

1 INTRODUCTION

Mpox is an endemic disease in countries of Central and West Africa, caused by the Monkeypox
virus, which belongs to the genus orthopoxvirus and family Poxviridae (which includes the var-
iola virus, the virus used in the smallpox vaccine, and the cowpox virus). The Monkeypox virus
was first identified in 1958 in monkeys, despite these primates being its natural hosts. Mpox usu-
ally manifests mild symptoms. This virus was first documented in humans in 1970, and outbreaks
have been reported in many countries, with most cases confined to endemic areas [9, 21].

According to the WHO (World Health Organization), the epidemic situation of mpox in the
world remains worrying, especially due to the spread of a new variant, clade 1b. This strain was
initially identified in the Democratic Republic of the Congo (DRC) in 2023 and has since spread
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2 MULTIPOPULATION MODELS WITH QUARANTINE AND VACCINATION TO STUDY

to other countries. In August 2024, the WHO declared that the epidemic was a public health
emergency of international concern due to the high number of cases, with at least 13 countries
reporting confirmed cases of mpox in 2024. The number of cases increased by around 160%, and
the number of deaths by 19%, compared to the same period last year. To date, more than 14,000
cases have been recorded, and 524 people have died [27].

During the global mpox outbreak in 2022, which affected more than 70 countries, less than 1%
of the infected people died. However, the new variant of the virus, originally from the DRC,
appears to have a fatality rate of approximately 3% to 4% [19, 27]. Most of the cases occurred
in the DRC, which represented almost 96% of infections and deaths, totaling more than 16,000
cases and more than 500 reported deaths. According to the Africa Centers for Disease Control
and Prevention (African CDC), 70% of the reported cases in the DRC occurred in children under
15 years of age, with 85% of the recorded deaths. In this region, subclades 1a and 1b are preva-
lent. Health authorities are particularly concerned about the region experiencing simultaneous
outbreaks of other diseases, such as cholera and measles [1].

The new variant, clade 1b, has also been detected outside Africa. In January 2025, China reported
a localized outbreak after initially identifying the strain in a foreigner with a travel history to the
DRC. Four additional people were infected after close contact with the index case. In the United
States, cases of the new strain have been confirmed in several states. In February 2025, the
New York State Department of Health confirmed the first case of the new mpox strain, further
increasing global concerns about the spread of this little-known variant [24, 25].

The global response faces significant challenges, including limited vaccine availability. Bavar-
ian Nordic, the manufacturer of the MVA-BN (Jynneos) vaccine, announced that it could supply
up to 10 million doses by the end of 2025, with the potential to increase production depending
on demand and regulatory approvals [4, 23, 27]. The WHO and other international organizations
continue to monitor the situation and coordinate efforts to contain the spread of mpox, empha-
sizing the need for continued surveillance, equitable distribution of vaccines, and strengthening
of health systems, especially in the most affected countries.

According to the WHO Director General, mpox is present in several countries, with different
modes of transmission and varying levels of risk. For example, in the Ivory Coast and South
Africa, health authorities reported outbreaks of a different, less dangerous variant of the virus,
which spread globally in 2022. In 2024, scientists reported the emergence of a new form of a
more lethal variant capable of killing up to 10% of those infected. This variant was detected in
a mining town in the DRC in September 2023, and new cases were subsequently reported in
several neighboring countries [27].

Figure 1 presents the distribution map of mpox cases in regions affected by the disease from
January 1, 2022, to April 13, 2025. Following the 2022 outbreak, which affected several countries
with viruses from the Clade 1a and Clade 2 families, the African region is once again facing a
significant increase in the number of cases due to the emergence of the Clade 1b variant, which
has proven to be more lethal than the others.

Trends Comput. Appl. Math., 27 (2026), e01899
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Figure 1: Map of mpox cases in Africa.
Source: WHO [31].

The distinct clades and subclades of mpox are impacting diverse populations in different geo-
graphic regions, each exhibiting varied transmission dynamics. Its spread poses a risk to public
health and requires a coordinated international response. Clade 1a circulates in several Cen-
tral African countries and is associated with human-to-human transmission. Clade 1b has re-
cently emerged in the eastern part of the DRC and is undergoing sustained human-to-human
transmission [31].

Clade 2a has historically been rarely isolated and documented in humans, with most available
genetic sequences coming from animal species. However, more recent transmissions have been

Trends Comput. Appl. Math., 27 (2026), e01899
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4 MULTIPOPULATION MODELS WITH QUARANTINE AND VACCINATION TO STUDY

recorded in several West African countries [31]. Clade 2b, first detected in Nigeria, has been
undergoing sustained circulation among humans since at least 2016, causing a large outbreak
that has been ongoing since 2022. In 2024, the WHO conducted a global risk assessment, in
which clades 1a and 1b present a high risk of transmission and global propagation. Clades 2 and
2b present a moderate risk [31].

The DRC is in a state of alert, as illustrated in Figure 2, as it has registered a significant increase
in the number of cases, resulting in the spread of the disease to nearby areas. According to
health authorities, this situation is due to a shortage of vaccines for the entire population and the
negligence in imposing quarantines in highly affected areas [27]. In these maps, it is possible to
understand the spatial dynamics of the spread of the disease and the behavior of mpox dispersal
according to each clade.

To generate the curves of infected cases, daily cases, and deaths, the real collected data was
inserted into Python, allowing us to observe the behavior of the disease in each region. This
information presents an overview of the mpox epidemic in Africa. Data on the number of cases
and deaths were obtained directly from the weekly bulletins issued by the WHO [31]. Some
regions, such as Kenya, Burundi, Uganda, the Ivory Coast, and Rwanda, only had their first
notified cases in 2024, due to the emergence of a new variant of the virus that began circulating
in the region. While other regions such as Nigeria, the DRC, Ghana, Central African Republic,
Liberia, Cameroon, and Congo have recorded cases since the start of the global outbreak in
2022 [31].

Nigeria and the Central African Republic reported their first cases on January 9, 2022, while
the DRC, it presents the highest number of cases, notified its first cases only on May 22, 2022.
Despite efforts to contain the outbreak, the emergence of a new variant, the clade 1b, in 2024 led
the WHO to once again declare mpox as a global public health emergency. In 2025, there was
another increase in the number of cases, affecting several regions. Among the most impacted are
the DRC with 18,607 cases, Burundi with 3,751 cases, and Uganda with 5,153 cases [31].

In view of the current mpox scenario on the African continent, this document presents an ana-
lytical study of the epidemic in the region. The study will be carried out through the analysis of
a multipopulation SEIR epidemiological model, with the objective of generating the curve of ac-
cumulated cases in 12 regions selected for the research. In order to propose mitigation measures
of the disease, this study also analyzes a modified SEIR model, incorporating vaccination and
quarantine, which we will call the model SEIQVR.

This document is divided into several sections, detailing the models developed and their applica-
tion to the mpox epidemic on the African continent, through multipopulation dynamics. Section
2 presents a mathematical analysis of these models, including the stability of specific equilib-
rium points for multipopulation models. Section 3 employs models to examine the trajectory of
the epidemic under various scenarios in Africa, such as the implementation of vaccination and
quarantine.

Trends Comput. Appl. Math., 27 (2026), e01899
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Figure 2: Map of mpox clade cases in Africa.
Source: WHO [31].

This includes a comparative analysis of model predictions with real data, allowing us to under-
stand the behavior of the epidemic and its potential for future spread in each scenario. To estimate
the numerical parameters of the model, updated data were used to feed Python. Throughout this
study, we sought to emphasize the critical role of vaccination, isolation, and rigorous public
health interventions in managing and controlling the mpox outbreak in Africa.

Trends Comput. Appl. Math., 27 (2026), e01899
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2 MULTIPOPULATION MODELS SEIR AND SEIQVR

In this work, we propose the analysis of two epidemiological models: Model SEIR and a mod-
ified SEIR (which we call SEIQVR), which includes quarantine and vaccination, with p distinct
populations interacting with each other to study the spatial diffusion of mpox.

In this section, a SEIR type model will be analyzed, in which the individuals of the i-th population
(where each index i = 1,2, . . . ,n represents a population in a different geographic region, for
example, different countries) are divided, at time instant t, into the categories: Susceptible (Si,t),
Exposed (Ei,t), Infectious (Ii,t) and Removed (Ri,t), and the total population of each group is
given by Ni,t = Si,t +Ei,t + Ii,t +Ri,t . The evolution of the system dynamics over time can be
represented by the system of Ordinary Differential Equations (ODE) (2.1).

dSi,t

dt
=−

Si,t

N

(
βiIi,t + ∑

j∈Vi

βi, jI j,t

)
+µi(N −Si,t)

dEi,t

dt
=

Si,t

N

(
βiIi,t + ∑

j∈Vi

βi, jI j,t

)
− (µi +αi)Ei,t

dIi,t

dt
= αiEi,t − (γi +µi)Ii,t

dRi,t

dt
= γiIi,t −µiRi,t

(2.1)

where βi represents the contagion rate between individuals in population i, while βi, j represents
the contagion rate of the individuals in population i for the contact with infected individuals in
population j, belonging to the neighborhood j ∈Vi of population i. The birth and death rates are
given by µi, while αi represents the incubation rate (inverse of the incubation period), and γi the
recovery rate (inverse of the mean infectious time) [16]. The units of the parameters involved in
the model are: [µ] = [β ] = [γ] = [ν ] = [t]−1. It is important to stress that the SEIR model does
not consider deaths from the disease explicitly. By neglecting the disease deaths, individuals die
from causes not related to mpox at a rate µi. Since we consider, for simplicity, that the birth and
death rates are equal, adding the equations of the system (2.1), we obtain

dNi

dt
= µiN −µiNi = 0. (2.2)

Therefore, it follows that Ni(t) = Ni(0) = Ni is a constant for all t. Furthermore, [S] = [E] =
[I] = [R] = [population] = [P]. Figure 3 presents the population transition flowchart in the
compartments.

This multipopulation model was used to investigate the dynamics of the mpox epidemic in Africa,
with an emphasis on its behavior before the availability of vaccines. The second model incorpo-
rates control measures through compartment quarantine and vaccination, allowing for the anal-
ysis of quarantine and vaccine effectiveness in controlling the epidemic. For that, the virus re-
production rate (R0) will be analyzed, since, in a single population, if R0 < 1, the disease will
disappear; if R0 > 1, an epidemic will occur; and if R0 = 1, the disease will become endemic [11].

Trends Comput. Appl. Math., 27 (2026), e01899
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Figure 3: Compartmental diagram of the SEIR model.

To estimate this parameter, data from the mpox epidemic were used to feed the EpiEstim appli-
cation from Imperial College London [5], allowing the generation of the value of R0 in a weekly
time window.

However, in multipopulation models, this will be replaced by a matrix. The disease’s behavior,
whether increasing or decreasing, depends on the eigenvalues of this matrix. Determining this
parameter from reliable epidemiological data allows public health authorities to develop and
implement effective strategies for controlling outbreaks and preventing future epidemics. The
analysis of R0 for a multipopulation model will be studied in the next section, providing a more
realistic understanding of disease spread in interacting populations.

2.1 Stability Analysis for the Multipopulation SEIR Model

The stability analysis of the nonlinear System (2.1) was carried out based on work in [8, 20]. To
do so, the transmission dynamics between subpopulations were represented through the infection
matrix β [Bi j], where β denotes the infection rate and [Bi j] describes the interaction between
subpopulations. The equilibrium points and stability of the model described by the system of
equations (2.1), normalized to a single population, can be found in [28]. Thus, this study proposes
stability analysis for populations with i = 2.

Trends Comput. Appl. Math., 27 (2026), e01899
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8 MULTIPOPULATION MODELS WITH QUARANTINE AND VACCINATION TO STUDY

2.1.1 Stability Analysis for the two Populations Model

With the aim analyze the stability of the System (2.1) for two populations, the equations referring
to the compartments S, E, I, and R were decoupled and normalized, resulting in the following
system.

ds1

dt
=−βB11s1ι1 −βB12s1ι2 +µ1N1 −µ1s1

de1

dt
= βB11s1ι1 +βB12s1ι2 −µ1e1 −α1e1

dι1

dt
= α1e1 −µ1ι1 − γ1ι1

dr1

dt
= γ1ι1 −µ1r1

ds2

dt
=−βB21s2ι1 −βB22s2ι2 +µ2N2 −µ2s2

de2
dt = βB21s2ι1 +βB22s2ι2 −µ2e2 −α2e2

dι2

dt
= α2e2 −µ2ι2 − γ2ι2

dr2

dt
= γ2ι2 −µ2r2

(2.3)

where si =
Si

N
⇒ Si = si ·N, ei =

Ei

N
⇒ Ei = ei ·N, ιi =

Ii

N
⇒ Ii = ιi ·N, e ri =

Ri

N
⇒ Ri = ri ·N,

with i = 1,2. To make time dimensionless, we define τ as a function of the rates α1,α2,µ1,µ2,γ1

and γ2, which represent, respectively, the incubation rates, mortality rates and recovery rates of 2

populations. Like this, we have τ =
(µ1 + γ1 +µ2 + γ2)(α1 +µ1 +α2 +µ2)t

(α1 +α2)
, which defines the

time scale based on the combined incubation, mortality, and recovery rates in the two groups. Fur-
thermore, the population fraction of the first and second populations is represented, respectively,

by p=
N1

N
and 1− p=

N2

N
. In this analysis, the compartment of the population of recovered indi-

viduals is disregarded, since the total population is constant and the value of r can be determined
by the relation r = 1− s− e− ι . Thus, the following model is obtained:

ds1

dτ
=−R011s1ι1 −R012s1ι2 +δ1 p−δ1s1

de1

dτ
= R011s1ι1 +R012s1ι2 −ρe1

dι1

dτ
= θe1 −ηι1

ds2

dτ
=−R021s2ι1 −R022s2ι2 +δ2(1− p)−δ2s2

de2

dτ
= R021s2ι1 +R012s2ι2 − (1−ρ)e2

dι2

dτ
= (1−θ)e2 − (1−η)ι2

(2.4)

Trends Comput. Appl. Math., 27 (2026), e01899
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where,

δi =
µi(α1 +α2)

(µ1 + γ1 +µ2 + γ2)(α1 +µ1 +α2 +µ2)
,

ρi =
(α1 +α2)(µ1 +α1)

(µ1 + γ1 +µ2 + γ2)(α1 +µ1 +α2 +µ2)
,

ηi =
(α1 +α2)(µ1 + γ1)

(µ1 + γ1 +µ2 + γ2)(α1 +µ1 +α2 +µ2)
,

θi =
α1(α1 +α2)

(µ1 + γ1 +µ2 + γ2)(α1 +µ1 +α2 +µ2)
,

and

R0 jk =
(α1 +α2)βB jk

(µ1 + γ1 +µ2 + γ2)(α1 +µ1 +α2 +µ2)
(2.5)

The stability analysis of the System (2.4) is done through the coefficient matrix, and is given by
the Jacobian Matrix applied in theequilibrium. The Jacobian Matrix for the System (2.4) is given
by:

J =



−R011ι1 −R012ι2 −δ1 0 −R011s1 0 0 −R012s1

R011ι1 +R012ι2 −ρ R011s1 0 0 R012s1

0 θ −η 0 0 0

0 0 −R021s2 −R021ι1 −R022ι2 −δ2 0 −R022s2

0 0 R021s2 R021ι1 +R022ι2 −(1−ρ) R022s2

0 0 0 0 (1−θ) −(1−η)


(2.6)

To determine the equilibrium points, one needs to determine the values of s, e, i, and r that satisfy
ds1

dτ
= 0,

de1

dτ
= 0,

dι1

dτ
= 0,

dr1

dτ
= 0

ds2

dτ
= 0,

de1

dτ
= 0,

dι2

dτ
= 0 e

dr2

dτ
= 0. Considering the

equilibrium point P∗
1 (p,0,0,0,1− p,0,0,0). Substituting this point in the Jacobin Matrix (2.6),

we obtain:

J(P∗
1 ) =



−δ1 0 −R011 p 0 0 −R012 p

0 −ρ R011 p 0 0 R012 p

0 θ −η 0 0 0

0 0 −R021(1− p) −δ2 0 −R022(1− p)

0 0 R021(1− p) 0 −(1−ρ) R022(1− p)

0 0 0 0 (1−θ) −(1−η)


(2.7)

Trends Comput. Appl. Math., 27 (2026), e01899
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For this system, it turns out thatthree of the eigenvalues are represented by δi, which are inher-
ently negative due to µi, αi, and γi being positive numbers. Therefore, we evaluate the stability
of the system as follows:

J =



−ρ R011 p 0 R012 p

θ −η 0 0

0 R021(1− p) −(1−ρ) R022(1− p)

0 0 (1−θ) −(1−η)


(2.8)

the trace and determinant by of the System (2.8) is given by:

tr(J) =−ρ +(−η)+(−1+ρ)+(−1+η) =−2 (2.9)

det(J) = θ(1−θ)p(1− p)DR0 +ρη(1−ρ)(1−η)−ρη(1−θ)(1− p)R022 −θ(1−ρ)(1−η)pR011

(2.10)

with DR0 = R011R022 −R012R021. We have that the System (2.1) is locally asymptotically stable
at the equilibrium point P∗

1 if all eigenvalues of the Jacobian matrix evaluated at the point equi-
librium have a negative real part. For two dimensional systems, this condition is guaranteed by
the Hurwitz criterion [18], establishes states that local stability occurs if and only if tr(J) < 0 e
det(J)> 0, otherwise, that is, if any of the above conditions is not satisfied, the solutions of the
system diverge from the equilibrium point P∗

1 , characterizing local instability [13, 26, 29]. From
an epidemiological point of view, this divergence indicates a transition from a controlled state to
an endemic situation, characterized by the recurrent occurrence of epidemic outbreaks.

2.2 Multipopulation Model With Vaccination

With the aim contain the increase in the number of cases, Africa began vaccination campaigns
against mpox in September 2024 [10]. Thus, it is expected that the population in the suscep-
tible compartment will decrease throughout the campaign, since part of these individuals are
transferred directly to the “Vaccinated” or immunized class. To analyze the effectiveness of vac-
cination, we include the Vaccinated compartment (Vi,t) in the Model (2.1). Figure 4 displays
the schematic diagram that describes the transition dynamics between the compartments of the
model. The total population of each group is now given by Ni,t = Si,t +Ei,t + Ii,t +Ri,t +Vi,t . It is
assumed, for simplicity, it is assumed that the total population Ni,t = Ni is constant, the analysis
is analogous to what was done for the system (2.1). The system of differential equations that
describes the dynamics of the model with the inclusion of vaccination is given by:

Trends Comput. Appl. Math., 27 (2026), e01899
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dSi,t

dt
=−

Si,t

N

(
βiIi,t + ∑

j∈Vi

βi, jI j,t

)
+µiN − (µi +ϕi)Si,t

dEi,t

dt
=

Si,t

N

(
βiIi,t + ∑

j∈Vi

βi, jI j,t

)
+

Vi,t

N

(
εβiIi,t + ∑

j∈Vi

βi, jI j,t

)
− (µi +αi)Ei,t

dIi,t

dt
= αiEi,t − (γi +µi)Ii,t

dVi,t

dt
= ϕiSi,t −

Vi,t

N

(
εβiIi,t + ∑

j∈Vi

βi, jI j,t

)
−µiVi,t

dRi,t

dt
= γiIi,t −µiRi,t

, (2.11)

where ϕi represents the vaccination rate. Considering that the vaccine is not fully effective [12],
there is still the possibility that a small portion of the population will contract mpox, even after
previous infection or vaccination [12, 14]. This possibility occurs with transmission rate εβBi j,
where 0 ≤ ε ≤ 1 is the vaccine ineffectiveness coefficient, and Φ = 1− ε represents its effec-
tiveness. When ε = 0, vaccinated individuals don’t get infected; in other words, the vaccine is
perfectly effective, with Φ = 1. On the other hand, if ε = 1, vaccinated individuals can become
infected in the same way as susceptible individuals, which means that the vaccine offers no
protection at all, in other words, Φ = 0 [3, 7].

Figure 4: Flowchart of the SEIVR model; the diagram illustrates the transition dynamics between
compartments.

Trends Comput. Appl. Math., 27 (2026), e01899
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2.2.1 Stability Analysis in a Model With Vaccination for Two Populations

With the aim of analyzing the stability of the System (2.11) for two populations, the equations
were decoupled and normalized, resulting in the following system.

ds1

dt
=−βB11s1ι1 −βB12s1ι2 +µ1N1 − (µ1 +ϕ1)s1

de1

dt
= βB11s1ι1 +βB12s1ι2 + εβB11v1ι1 + εβB12v1ι2 − (µ1 +α1)e1

dι1

dt
= α1e1 − (µ1 + γ1)ι1

dv1

dt
= ϕ1si − εβB11v1ι1 − εβB12v1ι2 −µ1v1

ds2

dt
=−βB21s2ι1 −βB22s2ι2 +µ2N2 − (µ2 +ϕ2)s2

de2

dt
= βB21s2ι1 +βB22s2ι2 + εβB21v2ι1 + εβB22v2ι2 − (µ2 +α2)e2

dι2

dt
= α2e2 − (µ2 + γ2)ι2

dv2

dt
= ϕ2s2 − εβB21v2ι1 − εβB22v2ι2 −µ2v2

(2.12)

with vi =
Vi

N
⇒Vi = vi ·N, with i = 1,2. For the stability analysis of the Model (2.12), we use the

same parameterizations used in the (2.1.1) subsection. Thus, we obtain the following model:

ds1

dτ
=−R011s1ι1 −R012s1ι2 +δ1 p−δ1s1 −φ1s1

de1

dτ
= R011s1ι1 +R012s1ι2 + εR011v1ι1 + εR012v1ι2 −ρe1

dι1

dτ
= θe1 −ηι1

dv1

dτ
= φ1s1 − εR011v1ι1 − εR012v1ι2 −δ1v1

ds2

dτ
=−R021s2ι1 −R022s2ι2 +δ2(1− p)−δ2s2 − phi1s2

de2

dτ
= R021s2ι1 +R022s2ι2 + εR021v2ι1 + εR022v2ι2 − (1−ρ)e2

dι2

dτ
= (1−θ)e2 − (1−η)ι2

dv2

dτ
= φ2s2 − εR021v2ι1 − εR022v2ι2 −δ2v2

, (2.13)

where,

φi =
ϕi(α1 +α2)

(µ1 + γ1 +µ2 + γ2)(α1 +µ1 +α2 +µ2)
(2.14)

Trends Comput. Appl. Math., 27 (2026), e01899
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The stability analysis of the System (2.13) is done through the coefficient matrix, and is given
by the Jacobian Matrix applied at the equilibrium points. Considering the break-even point

P∗
1

(
δ1 p

δ1 +φ1
,0,0,

φ1 p
δ1 +φ1

,
δ2(1− p)
δ2 +φ2

,0,0,
φ2(1− p)
δ2 +φ2

)
.

J =



−δ1 −φ1 0 −R011δ1 p
δ1 +φ1

0 0 0
−R012δ1 p

δ1 +φ1
0

0 −ρ
R011δ1 p

δ1 +φ1 +
εR011φ1 p

δ1+φ1

0 0 0
R012δ1 p
δ1 +φ1

+
εR012φ1 p
δ1 +φ1

0

0 θ −η 0 0 0 0 0

φ1 0
−εR011φ1 p

δ1 +φ1
−δ1 0 0

−εR012δ1 p
δ1 +φ1

0

0 0
−R021δ2(1− p)

δ2φ2
0 −δ2 −φ2 0

−R022δ2(1− p)
δ2 +φ2

0

0 0
R021δ2(1− p)

δ2 +φ2
+

εR021φ2(1− p)
δ2 +φ2

0 0 −(1−ρ)
R022δ2(1− p)

δ2 +φ2
+

εR022φ2(1− p)
δ2 +φ2

0

0 0 0 0 0 (1−θ) −(1−η) 0

0 0
−εR021φ2(1− p)

δ2 +φ2
0 φ2 0

−εR022φ2(1− p)
δ2 +φ2

−δ2


(2.15)

The stability analysis of System (2.15) will be performed in a manner analogous to that presented
in the subsection (2.1.1). Thus, the trace and determinant of System (2.15) is given by:

tr(J) =−ρ −η −1+ρ −1+η =−2 (2.16)

det(J) = θ(1−θ)p(1− p)
(

δ1 + εφ1

δ1 +φ1

)(
δ2 + εφ2

δ2 +φ2

)
(DR0)

+(1−ρ)(1−η)

[
ρη −θ p

(
δ1 + εφ1

δ1 +φ1

)
R011

]
−ρη(1−θ)(1− p)

(
δ2 + εφ2

δ2 +φ2

)
R022 .

(2.17)

When considering ε = 1, we obtain Φ = 0, which characterizes an ineffective vaccination. In this
case, Equations (2.16) and (2.17) begin to exhibit the same behavior as Equations (2.9) and (2.10)
of the System (2.1), corresponding to the dynamics of two populations without vaccination.

In this analysis, it is observed that the stability of the system, that is, the growth rate of the
epidemic associated with the System (2.11) is always lower than that corresponding to the System
(2.1). This result allows us to assess the impact of vaccination on controlling the spread of the
epidemic. Such behavior occurs under the condition that det(J) > 0 for both Systems (2.1) and
(2.11), and what tr(J)(2.1)≥ tr(J)(2.11).

2.3 Multipopulation Model With Vaccination and Quarantine

In this subsection, we present a multipopulation compartmental model of the SEIQVRD type,
extended to include quarantine, vaccination, reinfection, dynamics between subpopulations, and
mobility between regions. We used this model to evaluate vaccination and quarantine strate-
gies in the context of the mpox epidemic in Africa. This framework is particularly valuable

Trends Comput. Appl. Math., 27 (2026), e01899



i
i

“1899” — 2026/4/14 — 9:59 — page 14 — #14 i
i

i
i

i
i

14 MULTIPOPULATION MODELS WITH QUARANTINE AND VACCINATION TO STUDY

for investigating the impact of non-pharmacological interventions, such as quarantine, in mit-
igating the spread of mpox. The explicit inclusion of a quarantine compartment allows for
precise quantification of the contribution of isolating infected individuals to reducing disease
transmission.

The rate γi represents the transition of infected individuals to the quarantine state, while ωi mod-
els the recovery rate in that same state, and κi corresponds to the mortality rate. The suscep-
tible population is vaccinated at a rate ϕi; however, due to the ineffectiveness of vaccination,
represented by ε , a small portion of those vaccinated may not acquire immunity. Like this, ef-
fective immunization occurs at a rate Φ. Thus, the model allows simulating scenarios in which
increased efficiency in early case detection and isolation directly impacts the dynamics of the epi-
demic. Figure 5 illustrates the compartmental scheme that describes the dynamics of the Model
SEIQVRD.

Figure 5: Flowchart of the Model SEIQVRD, illustrating the transitions between population com-
partments. The immunized compartment refers to the portion of the population that acquires im-
munity through vaccination or after hospital discharge.

Another relevant aspect is inter-regional mobility, represented by the sum over J ∈ Vi, which
incorporates the effect of interaction between different locations. This factor is essential for ana-
lyzing how quarantine in a given region can influence, or be influenced by, neighboring regions
— especially in urban contexts or in countries with high connectivity between cities.

Furthermore, the equation corresponding to the population of recovered individuals incorporates
the possibility of reinfection, mediated by the presence of infected individuals and modulated by
a rate ε . This approach allows us to represent scenarios in which acquired immunity is temporary
or incomplete—a crucial aspect for formulating long-term control strategies. The total population
of each group, including people killed by mpox, is given by Ni,t = Si,t +Ei,t + Ii,t +Qi,t +Ri,t +

Mi,t . For simplification, as in the case of the SEIR model, by assuming that the birth and death
rates are equal to µi, the total population remains constant over time, that is, Ni,t =Ni. The system

Trends Comput. Appl. Math., 27 (2026), e01899
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of differential equations that describes the dynamics of the model, considering the inclusion of
quarantine, is given by:

dSi,t

dt
=−

Si,t

N

(
βiIi,t + ∑

j∈Vi

βi, jI j,t

)
+µiN − (µi +Φϕi)Si,t

dEi,t

dt
=

Si,t

N

(
βiIi,t + ∑

j∈Vi

βi, jI j,t

)
+

Ri,t

N

(
εβiIi,t + ∑

j∈Vi

βi, jI j,t

)
− (µi +αi)Ei,t

dIi,t

dt
= αiEi,t − (γi +µi)Ii,t

dQi,t

dt
= γiIi,t −ωiQi,t − (µi +κi)Qi,t

dRi,t

dt
= ΦϕiSi,t +ωiQi,t −

Ri,t

N

(
εβiIi,t + ∑

j∈Vi

βi, jI j,t

)
−µiRi,t

dMi,t

dt
= κiQi,t

(2.18)

Additionally, it is possible to dynamically characterize the groups of individuals discharged from
hospitals and those vaccinated. To do this, the following equations are introduced into the model:

dAi

dt
= ωiQi

dVi

dt
= ϕiSi

(2.19)

where Ai represents the hospital discharge of a patient after being cured of the disease, becom-
ing immune, while Vi represents the portion of the population that acquires immunity through
vaccination.

Trends Comput. Appl. Math., 27 (2026), e01899
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16 MULTIPOPULATION MODELS WITH QUARANTINE AND VACCINATION TO STUDY

2.3.1 Stability Analysis in a Model With Vaccination and Quarantine for two Populations

The stability analysis of the Model (2.18) will be conducted in a manner analogous to that
presented in the subsection (2.2.1). For the System (2.18), considering two populations, the
equations were decoupled and normalized, resulting in the following system:

ds1

dt
=−βB11s1ι1 −βB12s1ι2 +µ1N1 − (µ1 +Φϕ1)s1

de1

dt
= βB11s1ι1 +βB12s1ι2 + εβB11r1ι1 + εβB12r1ι2 − (µ1 +α1)e1

dι1

dt
= α1e1 − (µ1 + γ1)ι1

dq1

dt
= γ1ι1 −ω1q1 − (µ1 +κ1)q1

dr1

dt
= Φϕ1si +ω1q1 − εβB11r1ι1 − εβB12r1ι2 −µ1r1

ds2

dt
=−βB21s2ι1 −βB22s2ι2 +µ2N2 − (µ2 +Φϕ2)s2

de2

dt
= βB21s2ι1 +βB22s2ι2 + εβB21r2ι1 + εβB22r2ι2 − (µ2 +α2)e2

dι2

dt
= α2e2 − (µ2 + γ2)ι2

dq2

dt
= γ2ι2 −ω2q2 − (µ2 +κ2)q2

dr2

dt
= Φϕ2s2 +ω2q2 − εβB21r2ι1 − εβB22r2ι2 −µ2r2

(2.20)

with qi =
Qi

N
⇒ Qi = qi ·N, with i = 1,2. For the stability analysis of the Model (2.20), we use

the same parameterizations used in the subsection (2.1.1). Thus, we obtain the following model:

Trends Comput. Appl. Math., 27 (2026), e01899
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ds1

dτ
=−R011s1ι1 −R012s1ι2 +δ1 p−δ1s1 −Φφ1s1

de1

dτ
= R011s1ι1 +R012s1ι2 + εR011r1ι1 + εR012r1ι2 −ρe1

dι1

dτ
= θe1 −ηι1

dq1

dτ
= (η −δ1)ι1 −ζ1q1 −ξ1q1

dr1

dτ
= Φφ1s1 +ζ1q1 − εR011r1ι1 − εR012r1ι2 −δ1r1

ds2

dτ
=−R021s2ι1 −R022s2ι2 +δ2(1− p)−δ2s2 −Φφ2s2

de2

dτ
= R021s2ι1 +R022s2ι2 + εR021r2ι1 + εR022r2ι2 − (1−ρ)e2

dι2

dτ
= (1−θ)e2 − (1−η)ι2

dq2

dτ
= (1−η −δ2)ι2 −ζ2q2 −ξ2q2

dr2

dτ
= Φφ2s2 +ζ2q2 − εR021r2ι1 − εR022r2ι2 −δ2r2

(2.21)

where,

ζi =
ωi(α1 +α2)

(µ1 + γ1 +µ2 + γ2)(α1 +µ1 +α2 +µ2)
, ξi =

(µi +κi)(α1 +α2)

(µ1 + γ1 +µ2 + γ2)(α1 +µ1 +α2 +µ2)
(2.22)

The stability analysis of the System (2.21) is done through the coefficient matrix, and is given
by the Jacobian Matrix applied at the equilibrium points. To determine the equilibrium points,

one needs to determine the values of si, ei, ii, qi and ri that satisfy
ds1

dτ
= 0,

de1

dτ
= 0,

dι1

dτ
= 0,

dq1

dτ
= 0,

dr1

dτ
= 0,

dr1

dτ
= 0

ds2

dτ
= 0,

de1

dτ
= 0,

dι2

dτ
= 0,

dq2

dτ
= 0,

dr2

dτ
= 0 and

dr2

dτ
= 0.

Therefore the equilibrium point for the System (2.21) is as follows:

P∗
1

(
δ1 p

δ1 +Φφ1
,0,0,0,

Φφ1 p
δ1 +Φφ1

,
δ2(1− p)
δ2 +Φφ2

,0,0,0,
Φφ2(1− p)
δ2 +Φφ2

)
(2.23)

Trends Comput. Appl. Math., 27 (2026), e01899
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18 MULTIPOPULATION MODELS WITH QUARANTINE AND VACCINATION TO STUDY

By substituting the equilibrium point (2.23), the following matrix is obtained.

J =



−δ1 −Φφ1 0
−R011δ1 p
δ1 +Φφ1

0 0 0 0
−R012δ1 p
δ1 +Φφ1

0 0

0 −ρ
R011δ1 p
δ1 +Φφ1

+
εR011Φφ1 p
δ1 +Φφ1

0 0 0 0
R012δ1 p
δ1 +Φφ1

+
εR012Φφ1 p
δ1 +Φφ1

0 0

0 θ −η 0 0 0 0 0 0 0

0 0 (η −δ1) 0 −ζ1 −ξ1 0 0 0 0 0

Φφ1 0
−εR011Φφ1 p

δ1 +Φφ1
−δ1 ζ1 0 0

−εR012Φφ1 p
δ1 +Φφ1

0 0

0 0
−R021δ2(1− p)

δ2 +Φφ2
0 0 −δ2 −Φφ2 0

−R022δ2(1− p)
δ2 +Φφ2

0 0

0 0
R021δ2(1− p)

δ2 +Φφ2
+

εR021Φφ2(1− p)
δ2 +Φφ2

0 0 0 −(1−ρ)
R022δ2(1− p)

δ2 +Φφ2
+

εR022Φφ2(1− p)
δ2 +Φφ2

0 0

0 0 0 0 0 0 (1−θ) −(1−η) 0 0

0 0 0 0 0 0 0 (1−η −δ1) 0 −ζ2 −ξ2

0 0
−εR021Φφ2 p

δ2 +Φφ2
0 0 Φφ2 0

−εR022Φφ2 p
δ2 +Φφ2

−δ2 ζ2



.

(2.24)

Thus, the trace and determinant of the System (2.24) are given by:

tr(J) =−ρ −η −1+ρ −1+η =−2, (2.25)

and

det(J) = θ(1−θ)p(1− p)
(

δ1 + εΦφ1

δ1 +Φφ1

)(
δ2 + εΦφ2

δ2 +Φφ2

)
(DR0)

+(1−ρ)(1−η)

[
ρη −θ p

(
δ1 + εΦφ1

δ1 +Φφ1

)
R011

]
−ρη(1−θ)(1− p)

(
δ2 +Φεφ2

δ2 +Φφ2

)
R022 .

(2.26)

In this analysis, the epidemic growth rate associated with the System (2.18) is always lower
than that corresponding to the System (2.1). Such behavior is observed under the condition that
det(J) > 0 for both Systems (2.7) and (2.24), and that tr(J)(2.7) ≥ tr(J)(2.24). It can be seen
that the stability of the system with vaccination and quarantine presents similarities to the model
that considers only vaccination. However, it is possible to note that the parameter η acts as a
regulator.

In Model (2.13), η represents the recovery rate of individuals who are not subjected to control
measures, while in Model (2.21), it corresponds to the rate of individuals who enter isolation.
This parameter is fundamental for adjusting the values of the trace and the determinant of the
System (2.21), which highlights the relevance of quarantine in models with vaccination in an
attempt to mitigate the spread of the disease.

3 NUMERICAL RESULTS: MPOX IN AFRICA

The explicit Euler method was implemented computationally to solve the Model (2.18) through
finite differences, with the objective of generating the curves of infected people over time, using
a time step of dt = 0.1 days. This value was chosen to ensure sufficient conditions to preserve the
stability properties of the model’s equilibrium points [6]. The study aims to analytically analyze

Trends Comput. Appl. Math., 27 (2026), e01899
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the dynamics of the mpox epidemic on the African continent, considering the scenarios before
and after the vaccination campaign carried out in the region, using the clinical parameters in
Table 2. For the parameter βi, j, we consider that a fraction of 0.001 of individuals interact with
individuals from neighboring regions, resulting in a fast diffusion of the disease and generating
the curve of accumulated infected cases in 12 African regions, where population groups interact
with each other. The initial conditions and populations in the affected regions are described in
Table 1, obtained from [30]. The number of cases was obtained directly from the data source
at [31].

Table 1: Population data and initial condition for each region studied.

Order Region Population I(0)
1 Central African Republic 5152421 0
2 Democratic Republic of the Congo 105789731 2
3 Congo 6182885 0
4 Rwanda 13954471 0
5 Burundi 13689450 0
6 Uganda 48656601 0
7 Kenya 55339003 0
8 Cameroon 28372687 0
9 Nigeria 227882945 0

10 Ghana 33787914 0
11 Côte d’Ivoire 31165654 0
12 Liberia 5493031 0

3.1 Mpox Cases in Africa Before the Vaccination Campaign

In this subsection, we analyze the behavior of mpox on the African continent. To do so, we use
the Model (2.1) to generate curves of infected cases up to the start date of vaccination campaigns
in the regions affected by the disease. In this context, we employ the basic reproductive number,
R0, for mpox in the studied period. The value of R0 considered in this case study refers to the
System (2.1) with n = 1, resulting in:

R0 =
αβ

(µ + γ)(µ +α)
. (3.1)

Figure 6 presents the graph of the values, R0, estimated from daily case data using the EpiEstim
application, developed by Imperial College London [5]. It is observed that the highest R0 values
occurred at the beginning of the outbreak, exceeding 5.0, which prompted the WHO to declare
mpox a Public Health Emergency of International Concern (PHEIC). This declaration was in
effect from July 23, 2022, to May 10, 2023.

After the implementation of the intervention, a significant reduction in the values of R0 was
observed, which remained in the range 0 < R0 ≤ 1 during the emergency period. However, with

Trends Comput. Appl. Math., 27 (2026), e01899
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Figure 6: R0 from January 2022 to October 2024.

the emergence of a new variant of the virus, characterized by greater transmissibility and lethality,
new peaks of R0 close to 2.0 were recorded in the months of October 2023 and January 2024,
followed by smaller elevations in April and May 2024. This dynamic created favorable conditions
for the persistence of the disease for a longer period.

Between June 2024 and April 2025, the values of R0 remained in the range between 1 and 2,
showing a smooth downward trend. The sharpest reduction is observed from November 2024,
coinciding with the start of vaccination campaigns in the regions most affected by the disease,
which began in September 2024.

The System (2.4), for the case n = 1, admits two equilibrium points: one disease-free and the
other endemic [28]. When R0 < 1, the solutions of the system converge asymptotically to the
disease-free equilibrium. On the other hand, if R0 ≥ 1, the solutions tend toward the endemic
equilibrium, allowing the epidemic to persist [11]. During the analysis period, it was observed
that the number of susceptible and infected individuals fluctuated over time, resulting in the
disappearance and subsequent reappearance of mpox. This behavior is characteristic of endemic
diseases, which recur even after periods of apparent eradication.

To simulate the data from the current mpox epidemic in Africa, we used the parameters described
in Table 2. All actual data on the mpox epidemic in Africa were collected directly from the case
spreadsheet available at [31]. For this case study, we considered the populations of each region
through [30]. The parameter β was estimated by analyzing the virus reproduction number, R0.

Trends Comput. Appl. Math., 27 (2026), e01899
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Table 2: Parameters used in the simulation of data from Africa for Model (2.1).

Parameters Description Value Source
R0 Reproduction Number 1.229459 [5]
α Incubation Rate 0.0456 [t]−1 [15, 17]
γ Recovery Rate 0.116 [t]−1 [15, 22]

µ Birth/Death Rate
1

70 ·365
[t]−1 Estimated

Figure 7 presents the infected curve of the current mpox epidemic in 12 African regions. It can
be seen that the number of cases grew almost linearly during the period in which monitoring was
intensified, a result of efforts by health organizations to mitigate the disease in endemic regions.

Figure 7: Comparative analysis between the observed mpox case data and the projections gener-
ated by Model (2.1), over the period from January 2022 to September 2024.

An important observation in this analysis is that, shortly after the PHEIC declaration was closed
and a new variant emerged, there was a sharp increase in the number of cases, with most of
them concentrated in the DRC. This scenario led the WHO to re-declare the PHEIC. Among
the main strategies adopted in this new phase are: emergency approval of vaccines, a request to
diagnostic test manufacturers to submit their applications with the utmost urgency, and an appeal
to wealthier nations for support, especially in the acquisition of vaccines for the poorest regions
of Africa.

Trends Comput. Appl. Math., 27 (2026), e01899
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Based on the analysis of the R0, presented in Figure 6, and the simulation with real mpox data
illustrated in Figure 7, it is observed that the model described in Equation (2.1) presents good
agreement with the observed data of accumulated mpox cases in the African regions considered
in this study. Furthermore, the results indicate that, in the absence of interventions such as vac-
cination and quarantine, the trend is for continued growth in the number of cases, resulting in a
prolongation of the epidemic in the region. Next, the simulations will consider vaccination inter-
ventions. To this end, the Model (2.11) will be analyzed to assess the impact of this strategy on
controlling the current mpox epidemic in Africa.

3.2 Mpox Vaccination Strategies in Africa

Vaccination campaigns against mpox began in September 2024. Even with the proven effec-
tiveness of available vaccines in preventing the disease, public health authorities on the African
continent face a series of significant obstacles to the effective implementation of vaccination.
Between the main challenges that stand out are vaccine shortages, barriers to access to immu-
nizers, high costs involved, regulatory gaps, and the logistical complexity related to distribution
in remote areas. Furthermore, the circulation of a new, more virulent variant of the virus, clade
1b, further aggravates the epidemiological scenario, reinforcing the urgency of effective and
comprehensive vaccination strategies.

Given this context, we propose an analysis of the Model (2.11) with the aim of estimating the
impact of vaccination on mpox control in regions affected by the disease. To gain a more in-depth
understanding of the influence of vaccination on the dynamics of mpox transmission in the most
affected areas of the African continent, we carried out a series of numerical simulations using the
Model (2.11). In these simulations, we consider that the vaccine is not fully effective. Like this,
In order to keep the scenarios compatible with reality, we estimate the temporal evolution of the
fractions of susceptible (uninfected and non-immune) and infected individuals in the population,
varying vaccination rates and assuming a vaccine efficacy of 80% [12]. The results of these
simulations are presented in Figure 8, where the vaccination rate was varied from 5% to 50%, in
accordance with the continental mpox response plan proposed by the Africa CDC [2].

In Figure 8a, we present the scenario with different vaccination rates. It can be seen that, as the
vaccination rate increases, the proportion of infected individuals decreases, which is an expected
result in vaccination campaigns during epidemics. Already in Figure 8b, it is possible to observe
that, as the population is vaccinated, there is a decrease in the proportion of susceptible indi-
viduals, indicating the effectiveness of vaccination in reducing population vulnerability to the
disease.

This analysis allows us to observe that expanding vaccination coverage plays a fundamental
role in the epidemiological dynamics of the disease. The results of the simulations, considering
different vaccination rates (5%, 7%, 10%, 15%, 20%, 50%) and a vaccine efficacy of 80%, in-
dicate that the increase in the vaccination rate is directly associated with the reduction of the
infected population and the decrease in the number of susceptible individuals. As more indi-
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(a) Proportion of Infected Individuals (b) Proportion of Susceptibles Individuals

Figure 8: Solution of Model (2.11): Dynamics of the mpox epidemic considering different vac-
cination rate.

viduals are vaccinated, the spread of the pathogen is progressively contained, even in scenarios
with connectivity between multiple populations. These findings reinforce the importance of vac-
cination campaigns as an essential strategic measure for controlling the disease and reducing the
epidemiological burden in different regions.

It took place a sensitivity analysis of the SEIVR model was performed to assess the impact of
vaccine efficacy on disease dynamics. For that, simulations were conducted varying the vaccine
efficacy rate between 70% and 90%, while the vaccination rate was kept constant at 7% of the
total population [12]. The simulations accompanied the temporal evolution of the proportions of
susceptible and infected individuals throughout the study period.

The results presented in Figure 9 show a significant reduction in the fraction of actively in-
fected individuals with the increase in vaccine efficacy, highlighting the fundamental role of this
variable in containing viral transmission.

Such findings highlight the relevance of vaccines with high efficacy and broad coverage for the
control of infectious diseases, especially in scenarios of sustained transmission.

3.3 Impact of Vaccination and Quarantine as Strategies to Mitigate Mpox Transmission
in Africa

The System (2.18) models the impact of vaccination on the dynamics of the susceptible popula-
tion (Si), describing its transition to the immunized group (Ri) as individuals develop immunity
after vaccine administration.

We used the Model (2.18) to simulate vaccination dynamics in African regions affected by mpox.
The data used in the simulations considers the period from September 2024—the start of vac-
cination campaigns—to March 31, 2025. The vaccination rates used in the simulations were
estimated based on recent data on vaccination coverage in the region, according to the guidelines
and projections established by the Continental Response Plan Mpox 2.0 [2]. This scenario allows
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Figure 9: Solution of Model (2.11), illustrating the dynamics of the mpox epidemic under differ-
ent levels of vaccine efficacy.

us to assess the potential impact of vaccination on controlling the mpox epidemic on the African
continent. Table 3 presents the parameters used in each simulation scenario.

Table 3: Parameters employed in the simulation of data from Africa for Model (2.18).

Parameters Value Source

R0 1.179865894 Calculated [5]

γ 0.116 [t]−1 [15, 17]

α 0.0456 [t]−1 [15, 22]

µ
1

70 ·365
[t]−1 Estimated

κ 0.032[t]−1 [19]

ω 0.968[t]−1 Estimated

ϕ (0%,20%,40%,60%) Estimated

Φ (0%,40%,50%,60%,70%,80%,90%) Calculated
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Figure 10 illustrates the impact of vaccination from April 2024 to March 2025. With the aim un-
derstand the influence of vaccination on mpox control, simulations were conducted considering
a scenario of dose shortages and logistical difficulties in distribution, factors that compromise
the response to the outbreak on the African continent. Different scenarios were analyzed, in
which the dynamics of the disease were evaluated based on the curve of infected individuals,
considering vaccination rates between 10% and 50% and vaccine efficacy ranging from 0% to
90%.

Figure 10a presents the evolution of the disease based on the cumulative curve of confirmed
cases, while Figure 10b describes the dynamics of the disease through the curve of daily cases.

(a) Confirmed Cases (b) Daily Cases

Figure 10: Impact of mpox vaccination from October 2024 to March 2025.

Despite the numerous challenges faced by health organizations in implementing vaccination
campaigns in Africa and the persistently low vaccination coverage in the region, the results ob-
tained indicate that vaccination, combined with increased testing and quarantine of infectious
individuals, has a significant impact on controlling mpox. Such an effect is evidenced by the sim-
ulations presented, with Figure 11 illustrating the evolution of the R0 throughout the vaccination
period, revealing a significant reduction in this indicator.

The results obtained indicate that expanding vaccination coverage plays a decisive role in efforts
to mitigate the mpox epidemic in the regions analyzed. The analysis shows that even vaccines
with low efficacy, when associated with a high coverage rate, contribute significantly to contain-
ing transmission. It is observed, nonetheless, that the effectiveness of vaccination is enhanced by
increasing the proportion of immunized individuals. It should be noted that, in the absence of
vaccination, the number of infected individuals shows exponential growth.
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Figure 11: The R0 from October 2024 to April 2025.

4 CONCLUSION

This research concentrated on studying the transmission dynamics of the mpox epidemic in
Africa, which started in 2022 and is still ongoing. For that, we began our analysis by studying
the multipopulation models that include compartments of vaccinated individuals and quarantined
individuals, investigating the equilibrium points and the influence of the R0 on the stability of the
systems for two populations.

Based on the results obtained, we conclude that the interventions implemented by health au-
thorities—such as vaccination, quarantine, and reducing the contact rate—are highly effective in
containing the epidemic. Our study was based on the development of two mathematical models
derived from a classical Model SEIR, extended to multiple interacting populations, explicitly in-
corporating the effects of vaccination and quarantine. This approach allowed us to assess the im-
pact of vaccination on susceptible populations and the role of quarantine in controlling infectious
individuals.

Additionally, we examined the relationship between vaccination effectiveness and the vaccina-
tion rate needed to contain the disease, based on data collected directly from the Africa CDC
and WHO. This calibration allowed the models to adhere to real data, providing support for
decision-making by public health authorities.

The results of this research have relevant implications for the development of effective epidemi-
ological strategies, as they present an approach capable of simulating different scenarios of dis-
ease proliferation and indicate the most efficient measures for its containment. It should be noted
that Africa faces a series of structural challenges that hinder the implementation of mitigation
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measures, aggravated by the emergence of new variants of the virus. Given this context, it was
feared that negligence regarding mpox could result in a health crisis of similar proportions to the
COVID-19 pandemic.

Thus, this study sought to apply this innovative strategy, already effectively applied by several
authors in the study of COVID-19, to model the dynamics of mpox, with the aim of preventing
new infections, reducing transmission, and avoiding the spread of the disease to other regions
of the world. In a global scenario marked by the continuous emergence of infectious agents
responsible for epidemics and pandemics, causing elevated morbidity and mortality, research
like this is extremely important. They not only contribute to the improvement of existing disease
control strategies but also provide a solid foundation for adapting models to new pathogens that
may emerge.

Data availability
All data generated or analysed during this study are included in this published article.
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