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ABSTRACT

The aim of this study is to construct an SEQIJR model for infectious disease transmission, determine its
basic reproduction number, and perform numerical simulations to analyze the model’s dynamics. The model
incorporates quarantine and isolation as explicit compartments, while the basic reproduction number Ry is
derived using the next generation matrix method. Numerical simulations are carried out using hypothetical initial
conditions and parameter values chosen to be consistent with the fundamental assumptions of the model. The
analysis yields an explicit expression for the basic reproduction number. The simulation results provide insights
into the temporal progression of the disease and show that the exposed compartment exhibits a rapid increase
during the early stages of the outbreak. These findings highlight the role of quarantine and isolation in influencing
disease dynamics, and the resulting model can serve as a reference for early prevention strategies in managing

infectious disease transmission.
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1. INTRODUCTION

Mathematical modeling has become an essential tool for understanding the dynamics of infectious diseases and designing
effective control strategies. Compartmental models, such as SIR and SEIR, enable researchers to predict disease transmission
and evaluate the impact of interventions such as quarantine and isolation. This approach is highly relevant for addressing global
pandemics by utilizing epidemiological data to support evidence-based decision making [1].

Several infectious diseases, both at global and local scales, exhibit similar epidemiological patterns, such as SARS, MERS,
COVID-19, and certain types of influenza. These diseases present unique challenges due to transmission by exposed individuals
(asymptomatic or pre-symptomatic) and the varying effectiveness of interventions such as quarantine [2]. These characteristics
require a mathematical model capable of capturing complex transmission dynamics, including the role of exposed individuals in
disease spread. In addition, isolation and quarantine policies play a crucial role in reducing transmission, making it necessary to
model them explicitly.

Previous studies have developed various compartmental models for infectious diseases, such as the standard SEIR model or
models incorporating quarantine compartments [3]. However, many of these models do not account for the ability of exposed
individuals to transmit the disease or the recovery dynamics within the exposed compartment, both of which can significantly
influence the estimation of disease spread [4]. In addition, several models do not explicitly distinguish between quarantine and
isolation, even though these represent different intervention strategies in controlling disease transmission.

To address these limitations, this study proposes a new compartmental model consisting of six compartments: susceptible
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(S), exposed (E), quarantine (Q), infected (I), isolation (J), and recovered (R). The model assumes no migration and focuses
solely on epidemiological transitions, while allowing exposed individuals to transmit the infection and recover within the latent
stage. Quarantine and isolation are explicitly incorporated as key intervention mechanisms. This approach is designed to more
realistically capture the transmission dynamics of infectious diseases [5].

The basic reproduction number (Ry) is a key indicator for assessing the transmission potential of a disease within a fully
susceptible population. In this study, Ry is calculated using the next generation matrix approach, which enables a systematic
analysis of the contributions of the exposed and infectious compartments to overall transmission [6]. This approach provides an
accurate estimate of Ry, which is essential for evaluating the effectiveness of control strategies such as quarantine and isolation.

This study has both theoretical and practical significance. Theoretically, the proposed model enriches the literature on
infectious disease modeling by incorporating more detailed representations of exposed dynamics and intervention mechanisms.
Practically, the findings, particularly the estimation of Ry, can provide valuable insights for policymakers in designing effective
pandemic control strategies, such as optimizing quarantine and isolation measures, to reduce the impact of disease transmission
on the community [7].

2. LITERATURE REVIEW

2.1 Basic Reproduction Number

The basic reproduction number Ry represents the expected number of new infections generated by a single infectious individual
in a population where all individuals are susceptible [8]. This parameter determines whether an infection can successfully
invade a susceptible population. When Ry < 1, the expected number of secondary infections produced by a typical infectious
individual is less than one, implying that the disease cannot sustain transmission and will die out. In contrast, when Ry > 1, each
infectious individual generates more than one new case on average, leading to exponential growth of the infected population
and the establishment of the disease within the community [9].

2.2 Ordinary Diferential Equation System

Ordinary differential equation (ODE) systems are fundamental tools for modeling time-dependent phenomena in science and
engineering. A system of ODEs describes how multiple variables evolve over time, where each equation specifies the rate of
change of one variable as a function of all variables in the system [10]. A general linear system of n ODEs with n unknown
functions x1,x», . ..,x, can be written as:

ayixi +apxy + - +ax, = by,

a1 Xy +axnxy + - -+ asx, = ba,

A X1+ apaXx2 + -+ -+ AppXy = by,

where a;; denotes the coefficient multiplying the j-th variable in the i-th equation. This representation highlights the coupled
nature of ODE systems, enabling the formulation of models that capture interactions among variables. Because of their
well established theoretical properties, ODE systems form the mathematical foundation for many dynamic models, including
compartmental models in epidemiology [11].

2.3 Next Generation Matrix

A linear ODE system can be represented through its Jacobian matrix. For the construction of the Next Generation Matrix (NGM),
this matrix is decomposed into F (the transmission part, representing new infections) and V (the transition part, representing
changes in state). The NGM is then computed as K = FV~! [12].

3. METHODOLOGY

This mathematical modeling on the spread of infectious disease is a theoretical study. The model has been constructed is SEQIJR
which considering quarantine and isolation factors as model variables, the model analysis uses the generation matrix method

Jurnal Matematika dan Statistika serta Aplikasinya, Vol. 13, No. 2, 190-198, 2025



An SEQIJR Epidemic Model: Determination of the Basic Reproduction Number and Numerical Simulation of Disease Dynamics — 192

[13] to obtain the basic reproduction number of disease. Numerical simulation of model used hypothetical initial conditions and
parameter values that are selected to be consistent with the fundamental assumptions of the model [14]. The initial values of
each compartment are not derived from empirical observations but are constructed as simulation data representing plausible
population states at the onset of disease transmission.

4. RESULT & DISCUSSION

4.1 SEQIJR Model Formulation

The SEQIJR model on the spread of infectious disease is divided into six compratments, namely Susceptible (S), Exposed (E),
Quarantine (Q), Infected (/), Isolated (J), Recovered (R). This model assumed a closed population in which individuals cannot
freely enter or leave the region. Furthermore, exposed individuals possess the ability to transmit the disease, similar to the
infected individual. Quarantine is applied to exposed individuals who might recover. In addition, individuals in the isolation
compartment may only exit through recovery or death. The changes that occur in each human population in the transmission
for the SEQIJR model can be interpreted by Figure 1. Based on the diagram in Figure 1, the rate of change in the number of
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Figure 1. Compartment Diagram of SEQIJR Model

people Suspected, Exposed, Quarantine, Infected, Isolated, and Recovered over time in the SEQIJR mathematical model of the
can be interpreted as follows:
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The definition of each variable and parameter is illustrated in Table 1 as follow
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Table 1. Definition of Variables/Parameters

Parameter/Variable Definition

Number of suspected populations
Number of exposed populations
Number of quarantine populations
Number of infected populations
Number of isolated populations
Number of recovered populations
The rate of birth/recruitment

The rate of transmission

The rate of quarantine

The rate of isolation

The rate of infection

The rate of recovery

The rate of disease-induced mortality
The rate of natural mortality

T IR QTSN MU

4.2 Analysis of Free-Disease Equilibrium

To determine Equilibrium point of the model, each equation in Equation (1) - (6) must be equal to zero
4/ — dR — (). Thus obtained:

dS _dE __dQ _ dI _

Cdt T dt T odt T dr T

dt dt
A—S(BI+BrE)—uS=0 (7
S(Bil+BE)—E(at+01)—UE=0 ®)
QE—Q(0+02)—uQ=0 ©)
00—I1(y+d61+03)—ul=0 (10)
VI—J(64+8)—pJ =0 (11)
01E+ 0,0+ 03] +04J —UR=0 (12)

Equilibrium points for disease-free are conditions where there is no spread of the disease, S = E = I = 0. By substituting it to
Equation (7)-(12), it obtained an equilibrium of free-disease:

A
EO = <b7 07 0707 07 0>

4.3 Basic Reproduction Number R,
Basic reproduction number can be determined by Next Generation Matrix. In the model, it can be seen that there are three
variables involved in the transmission of disease, E, O, and I. Therefore, determination of Ry considers only these three

corresponding equations, Equation (2), (3), and (4). Let F is a vector for non-linear part of the equations and V is a vector for
linear part.

F Bi1IS+ BES Vi oF+o01E+UuE
F=|Fkh|= 0 and V= |V,| =| —aE+00+0,0+uQ
B 0 V3 —0Q+7yI+ 61+ 031+ ul

Next, the matrix F' and V, each of order 3 x 3, are obtained from the partial derivatives of F' and V with respect to E, Q, and 1,
followed by substitution of the free-disease equilibrium point.

dF, 9JF 9F

?é?éﬁ Bs 0 Bis] B o BA
F:?g?g??:ooozooo (13)

3 JdF;  JdF

9 90 o 0 00 0 0 0
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and
V, aV V,
gE] gé 331] a+or+u 0 0
V= ggz g—g aaV; = —o 0+ 0r+ U 0 (14)
V- V- \% _
o oh 0 0 Y+o1+03+u

From Equation (14), determinant of matrix V is obtained as follows.

Vi=(a+o1+u)(0+0+u)(y+6 +o3+nu)

Then, cofactor and adjoint of matrix V is obtained as follows respectively.

[ (04024 1) (y+ 61+ 03+ 1) a(y+6+o3+u) a6 1
0 (a+o1+pn)(y+61+03+u) 0(a+o+u)
i 0 0 (a+o1+u)(0+0+pu) |
and
[ (04+0+ 1) (y+ 61+ 035+ 1) 0 0 ]
a(y+0;+o03+u) (¢+o1+u)(y+01+03+u) 0
i ab 0(a+o+u) (c+o1+un)(0+0r+U1) |
Thus,
1 1 (8+02+u)(y+8 +03+p) 0 0
= a(y+01+o3+u) (a+o1+u)(y+o+o3+pu) 0
(@+01+p)(0+02+p)(r+0 +03+ 1) a6 8(a+o01+p) (a+o1+u)(0+0+pu)
TR ? 0
= (aTorta)(@Tor i) T 0
ab [ 1

(ato1+u)(6+0o+u)(y+8 +o3+u)  (0+0+u)(y+8i+03+1)  y+8i1+03+1
(15)

Next, the form of the next generation matrix that serves as the basis for determining the value of Ry is obtained through the
operation:

K=Fv! (16)
By substituting Equation (13) and (15) to Equation (16), the following matrix is obtained.
r 1
ljoA 0 ﬁlTA OH-O(']]C-HJ ? 0
K=l 0 0 0 Ry () ot 0
L (a+01+u)(0+0r+u)(y+01+03+u)  (0+02+u)(y+01+03+u1)  (y+01+03+M)
i BA + BiAad Bi1A BiA
ula+oi+u) ' plator+u)(0+o+u)(y+o1+0o3+u)  u(0+or+u)(y+o1+0o3+u)  u(y+oéi+o3+pu)
= 0 0
i 0 0 0
From this matrix, the characteristic equation can be determined as follow.
det(C—AI)=0 a7)
B.A + BiAa® ~2 Bi1AB BiA
wlat+or+p) T p(ator+1)(0+0r+u)(y+6+o3+u) u(6+oz+u)(7;{r$1+63+u) u(y+o61+03+u) 0
0 — 0 =
0 0 —A
ﬁzA ﬁ]AOC@ 2
4 —A)JA°=0
p(a+or+u) plat+or+u)(0+0o+u)(r+6 +03+u)
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Eigenvalues from Equation (17) is found as follows:

Ma=0, A= ——PA Piilad
RS T ot oi+p)  p(a+oi+p)(0+0+up)(y+0i+0s+u)

Since Ry is the greatest eigenvalue of the characteristic equation, the basic reproduction number is found.

BrA BiAcO

Ry = +
T u(ator+p)  plator+p)(6+or+u) (Yo +os+u)

4.4 Numerical Simulation
The parameter and initial values used to obtain numerical simulation in this model are presented in Table 2. Based on the

Table 2. Initial Value of Variable

Variables Value
N 9526285

S 9225747

E 11561

0 1021

I

J

R

145229
328
142399

Table 3. Definition of Parameter

Parameter Value

A 0.006
u 0.002
Bi 0.143
B> 0.864
a 0.088
6 0.015
Y 0.015
5 0.0173
o 0.0172
ol 0.031
o 0.032
o3 0.034
o4 0.039

parameter and variable, the simulation of the model with basic reproduction number

B.A BiAo6
+
plat+or+u) plator+u)(0+o+u)(y+8+os+u)

Ry =

is presented in Figure 2. The numerical simulation results of the SEQIJR model reveal disease transmission dynamics consistent
with the characteristics of infectious diseases. Based on the parameter values used, the exposed compartment (£) exhibits a
rapid increase in population at the early stage of the outbreak and reaches its peak on day 10, with approximately 5,666,327
individuals. This phenomenon can be explained by the structure of the model, in which susceptible individuals (S) who are
exposed to the disease do not immediately enter the infectious compartment (), but instead pass through the exposed stage
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Simulation (N = 9526285) — RD =22.820
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Figure 2. Numerical Simulation of SEQIJR Model

(E). The relatively high transmission rate from S to £ leads to rapid accumulation in the exposed compartment. Moreover, the
duration of the exposed period, due to the small total exit rate from E (o + o7 + W), results in a longer residence time within the
compartment, causing its peak to be substantially larger than that of other compartments.

In contrast to E, the infectious compartment (/) reaches its peak later, on day 36, with approximately 630,846 individuals.
The significantly smaller peak of / compared to E indicates that most individuals in the exposed stage do not directly progress to
the infectious stage. This aligns with the model structure, in which individuals in £ may transition to the quarantine compartment
(Q) or directly recover into R without becoming infectious. Additionally, the infectious compartment has a relatively large total
exit rate, through recovery, disease-induced mortality, and isolation (y+ 0; + 03 + W), resulting in a shorter infectious period.
The combination of high exit rates and alternative pathways from E to Q or R contributes to the smaller infectious peak relative
to the exposed peak.

The simulation also shows that the recovered compartment (R) increases monotonically throughout the simulation period.
This behavior arises from the model structure, in which individuals from all infected compartments (E, Q, I, and J) transition
into R through their respective recovery rates (07, 62, 03, 04). Since there is no outflow from R other than natural mortality, the
total population in this compartment continues to grow. This condition reflects a disease with a high recovery rate relative to
disease-induced mortality.

The susceptible compartment (S) experiences a sharp decline during the early outbreak phase due to high infection pressure
from contacts with exposed and infectious individuals. After reaching its minimum, S gradually increases as the recruitment
rate A replenishes the susceptible population once the transmission pressure decreases.

Overall, the epidemiological patterns produced by the simulation depict an outbreak with an explosive initial phase,
characterized by a large exposed peak followed by a smaller but delayed infectious peak. Furthermore, the dominant flow
into the recovered compartment suggests the effectiveness of recovery mechanisms through medical treatment, isolation, and
immune response. These findings also highlight that the presence of quarantine (Q) and isolation (J) compartments significantly
contribute to reducing the infectious peak, making them potentially effective control strategies.

The constructed model further demonstrates high sensitivity to the transmission parameters ; and f3,, which directly
influence the basic reproduction number Ry. Therefore, interventions aimed at reducing contact between susceptible individuals
and exposed/infectious groups constitute the most effective approach to suppress disease transmission. The implementation of
measures such as social activity restrictions, increased quarantine compliance, and effective medical isolation can theoretically
reduce Ry to below 1, thereby enabling the outbreak to be controlled and eventually die out naturally.
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5. CONCLUSION

Based on the results of this study, it can be concluded that the SEQIJR model is a useful framework for representing the
transmission dynamics of specific infectious diseases. The model analysis provides a clear formulation and interpretation of the
basic reproduction number, offering insight into the conditions under which an outbreak may occur. Furthermore, the numerical
simulations illustrate the predicted progression of disease cases and demonstrate that quarantine and isolation interventions can
effectively reduce and delay disease transmission. Overall, the findings of this research can serve as a scientific basis for early
prevention strategies in managing the spread of infectious diseases.
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