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SEIR Mathematical Model of Seizure fever in Infants Under 5 

Years Old in Makassar City 

S Side1*, I Sari2 and W Sanusi1 

1Department of Mathematics,Faculty of Mathematics and Natural Science,Universitas 

Negeri Makassar 

 

*Email: syafruddin@unm.ac.id 

Abstract. This study aims to obtain a mathematical model in seizure fever; analyzing the model, 

simulating a seizure fever model in Makassar City, knowing the prediction of the number of 

seizure fever in Makassar City. This research is a study of theoretical and applied mathematics; 

Mathematical models in seizure fever are Suspected, Exposed, Infected and Reovered (SEIR) 

models; Analysis of the model using the generation matrix, simulation models with Maple 

software using secondary data on the number of people with seizure fever at the Haji Hospital in 

Makassar. The results obtained are the SEIR model in seizure fever; The results of the model 

analysis explain that seizure fever are at a stable stage. Model simulation results show the 

tendency of seizure fever in Makassar City especially in Tamalate sub-district experiencing a 

downward trend every year. 

 
Keywords: SEIR mathematical model, seizure fever, infants under five years old 

1.  Introduction 

The incidence of seizure fever in Indonesia is quite varied, around 2-5% per year. Simple seizure 

fever account for 60 -70% of the total number of seizure cases, while 20-30% are classified as complex 

seizure fever. In Indonesia, seizure fever can attack children at the age of 6 months to 5 years, this age 

is the golden age of a child's development, both the development of both cognitive and psychomotor 

and linguistic development [1]. 

The incidence of seizure seizure in South Sulawesi, especially in the city of Makassar, according to 

the Makassar statistical center in 2011 was 4115 cases, in 2012 there were 3467 cases, and an increase 

in cases in 2013 was as many as 3657 cases spread in various hospitals and puskesmas [2]. 

Research on mathematical models in the form of SIR, SIRS, SEIR and SEIRS models has been 

carried out by [3-15], but only discusses mathematical modeling in dengue fever, malaria fever, 

tuberculosis and cholera. While the seizure fever study has been investigated by [16-19], but only 

addresses the problem of seizure fever from the health side only. Previous studies have not discussed 

the problem of seizure fever using mathematical models, so this study examines the mathematical 

modeling of SEIR in seizure fever. SEIR Mode divides the population into four sub-populations, namely 

Susceptible (S), Exposed (E), Infected (I), and Recovered (R) populations. 
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2.   Research Method 

This type of research is theoretical and applied research that is by gathering and reviewing literature 

relating to epidemic diseases, especially fever and seizure models. The first part of this research is to 

build a SEIR model of the spread of seizure fever, then conduct an analysis on the model, and make a 

simulation model. The model uses suspected, exposed, infected and recovered compartments. The stage 

of determining the basic reproduction numbers is determined using the matrix generation method [15]. 

Stability analysis stage of fixed point without disease and endemic is obtained by monitoring the 

exposed and infected populations, so that the jacobi matrix is obtained, then the fixed point is substituted 

into the jacobi matrix to determine its eigenvalue [9]. Eigenvalues were analyzed using the Routh-

Hurwitz criteria to determine stability at each fixed point [7]. The fixed point stability simulation stage 

uses secondary data on the number of cases of seizure fever at Makassar Haji Hospital [2], the simulation 

model uses Maple software. 

3.   Result and Discussion 

3.1.  SEIR Model Formula for Seizure fever Disease 

The formation of the SEIR model in febrile seizures was carried out by taking into account the flow 

chart in Figure 1 and the definition of the variables and parameters of the SEIR model on the spread of 

typhus is shown in Table 1. 

 

Figure 1. SEIR Model Transfer Diagram for Seizure fever 
 

Table 1 Variables in the SEIR Model for Seizure fever Disease 

Variable Definition 

S The number of Suspected for seizure fever 

E The number of Exposed for seizure fever 

I The number of Infected for seizure fever 

R The number of Recovered for seizure fever 

Parameter  

𝜋 Number of births to under-fives populations 

𝛼 Genetic factor rate 

𝛽 Disease transmission rate from susceptible to exposed  

𝜃 Disease transmission rate from exposed to infected 

     τ The rate of decline in disease rates due to drug administration 

𝜎 The cure rate of infected become recovered 

𝜇 Natural death rate 

𝛿 Death rate due to seizure fever 
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The formulation for the model in Figure 1 is written in the form of a differential equation as in 

Equation 1: 
 

𝑑𝑆

𝑑𝑡
= 𝜋 − (µ +

𝛽𝐸

𝑁
+ 𝛼)𝑆 

𝑑𝐸

𝑑𝑡
= (𝛼 +

𝛽𝐸

𝑁
)𝑆 − (µ + 𝜃)𝐸 + 𝜏𝐼 (1) 

𝑑𝐼

𝑑𝑡
= 𝜃𝐸 − (𝜏 + µ + 𝛿 + 𝜎)𝐼 

𝑑𝑅

𝑑𝑡
= 𝜎𝐼 − µ𝑅  

𝑁 = 𝑆 + 𝐸 + 𝐼 + 𝑅 
To simplify the analysis of equation (1), a model transformation or simplification is performed by 

making a comparison of each population to the total population with an example in Equation (2). 

𝑠 =
𝑆

𝑁
;           𝑒 =  

𝐸

𝑁
;           𝑖 =  

𝐼

𝑁
;             𝑟 =

𝑅

𝑁
  (2) 

We found, 
𝑑𝑠

𝑑𝑡
=

1

𝑁

𝑑𝑆

𝑑𝑡
−

𝑠

𝑁

𝑑𝑁

𝑑𝑡
  

𝑑𝑒

𝑑𝑡
=

1

𝑁

𝑑𝐸

𝑑𝑡
−

𝑒

𝑁

𝑑𝑁

𝑑𝑡
  (3) 

𝑑𝑖

𝑑𝑡
=

1

𝑁

𝑑𝐼

𝑑𝑡
−

𝑖

𝑁

𝑑𝑁

𝑑𝑡
  

 
𝑑𝑅

𝑑𝑡
=

1

𝑁

𝑑𝑅

𝑑𝑡
−

𝑟

𝑁

𝑑𝑁

𝑑𝑡
  

with  
𝑑𝑁

𝑑𝑡
=

𝑑𝑆

𝑑𝑡
+

𝑑𝐸

𝑑𝑡
+

𝑑𝐼

𝑑𝑡
+

𝑑𝑅

𝑑𝑡
 (4) 

 
Equation (1) is substituted into Equation (4) so that Equation 5 is obtained. 

𝑑𝑁

𝑑𝑡
= 𝜋 − µ𝑁 − 𝛿𝐼 (5) 

From Equations (1) and (5), equation (3) is obtained by Equation (6). 
𝑑𝑠

𝑑𝑡
=

𝜋

𝑁
(1 − 𝑠) − (𝛼 + 𝛽𝑒 − 𝛿𝑖)𝑠  

𝑑𝑒

𝑑𝑡
= (𝛼 + 𝛽𝑒)𝑠 + 𝜏𝑖 − (𝜃 +

𝜋

𝑁
− 𝛿𝑖) 𝑒  (6) 

𝑑𝑖

𝑑𝑡
= 𝜃𝑒 − (𝜏 + 𝜎 + 𝛿 +

𝜋

𝑁
) 𝑖 + 𝛿𝑖2 

𝑑𝑟

𝑑𝑡
= (𝜎 + 𝛿𝑟)𝑖 −

𝜋

𝑁
𝑟  

s + e + i + r  = 1 
 

3.2.  Analysis of the SEIR Model in Seizure Fever 

To determine the fixed point equation (6) is used. Determining the fixed point of the system of 

differential equations of a SEIR type mathematical model is done by assuming that the derivative of 

system 1 is zero, namely: 
𝑑𝑠

𝑑𝑡
= 0;           

𝑑𝑒

𝑑𝑡
= 0;           

𝑑𝑖

𝑑𝑡
= 0;            

𝑑𝑟

𝑑𝑡
= 0 (7) 

There are two fixed points obtained, namely the disease-free equilibrium and the endemic 

equilibrium. A fixed point without disease contains i = 0 and e = 0, while a fixed point contains i ≠ 0 

and e ≠ 0, i.e. 
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The fixed point for disease free are 𝑇0(𝑠, 𝑒, 𝑖, 𝑟) =  𝑇0(
𝜋

𝜋+𝛼𝑁
, 0,0,0) and The fixed point for endemic 

are 𝑇1(𝑠
∗, 𝑒∗, 𝑖∗, 𝑟∗) with 𝑠∗ =

𝜋

𝜋+𝑁(𝛽𝑒−𝛿𝑖+𝛼)
; 𝑒∗ =

𝑁(𝛼𝑠+𝜏𝑖)

𝑁(𝜃−𝛽𝑠−𝛿𝑖)+𝜋
; 𝑖∗ =

𝜋+(𝛿+𝜏+𝜎)𝑁−√(𝜋+(𝛿+𝜏+𝜎)𝑁) 2−4𝜃𝛿𝑒𝑁2

2𝛿𝑁
 and 𝑟∗ = −

𝜎𝑖𝑁

𝛿𝑖𝑁−𝜋
  

3.3.  The Basic Reproduction Number 

Basic reproduction numbers are the expected value of many vulnerable populations becoming 

infected during the infection. Basic reproduction numbers can be determined using equations that 

contain only infection. The approach used to determine basic reproduction numbers uses the next 

generation matrix G which is defined: 

𝐺 = 𝐹𝑉−1  (8) 
The equation used is Equation (9): 
𝑑𝑒

𝑑𝑡
= (𝛼 + 𝛽𝑒)𝑠 + 𝜏𝑖 − (𝜃 +

𝜋

𝑁
− 𝛿𝑖) 𝑒 

𝑑𝑖

𝑑𝑡
= 𝜃𝑒 − (𝜏 + 𝜎 + 𝛿 +

𝜋

𝑁
) 𝑖 + 𝛿𝑖  (9) 

 
Then, define Equation (10) 

 

𝐹𝑖 = (
(𝛼 + 𝛽𝑒)𝑠 + 𝛿𝑖𝑒

𝛿𝑖2
)  

𝑉𝑖 = (
(

𝜋

𝑁
) 𝑒

(𝜎 + 𝛿 +
𝜋

𝑁
) 𝑖

)  (10) 

Then, the linearization of the equation 𝐹𝑖 and 𝑉𝑖 around the fixed point is carried out without disease 

(𝑇0). The results of the alignment 𝐹𝑖 and 𝑉𝑖 around a fixed point. Linearization result 𝐹𝑖 and 𝑉𝑖 around 

the fixed point 𝑇0(
𝜋

𝜋+𝛼𝑁
, 0,0,0) is presented in Equation (11). 

 

𝐹 = (
𝜋𝛽

𝜋 + 𝛼𝑁
0

0 0

) 

𝑉−1 = (
1/(

𝜋

𝑁
) 𝑂

0 1/(𝜎 + 𝛿 +
𝜋

𝑁
)
)  (11) 

 
Futhermore, the fixed point 𝑇0  is substituted on the matrices F and V, so that the matrix G,   

 

𝐺 = (
𝑁𝜋𝛽

(𝜋+𝛼𝑁)𝜋
0

0 0
)  (12) 

 
Then, determined the eigenvalue of the G matrix and based on the analysis conducted obtained the 

dominant eigenvalue of the G matrix. 

 

𝑅0 =
𝜋𝛽𝑁

(𝜋)(𝜋+𝛼𝑁)
  (13) 

3.4.  Disease Free Stability Analysis 

Suppose the system of Equations (6) is written in Equation (14). 
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𝑓1(𝑠, 𝑒, 𝑖, 𝑟) =
𝜋

𝑁
(1 − 𝑠) − (𝛼 + 𝛽𝑒 − 𝛿𝑖)𝑠 

𝑓2(𝑠, 𝑒, 𝑖, 𝑟) = (𝛼 + 𝛽𝑒)𝑠 + 𝜏𝑖 − (𝜃 +
𝜋

𝑁
− 𝛿𝑖) 𝑒  

𝑓3(𝑠, 𝑒, 𝑖, 𝑟) = 𝜃𝑒 − (𝜏 + 𝜎 + 𝛿 +
𝜋

𝑁
) 𝑖 + 𝛿𝑖2 

𝑓4(𝑠, 𝑒, 𝑖, 𝑟) = (𝜎 + 𝛿𝑟)𝑖 −
𝜋

𝑁
𝑟  (14) 

To determine the stability around a fixed point without disease (𝑇0), the linearization of equation (14) 

as  

𝐽𝑇0 =

[
 
 
 
 
 
 
𝜕𝑓1

𝜕𝑠

𝜕𝑓1

𝜕𝑒

𝜕𝑓1

𝜕𝑖

𝜕𝑓1

𝜕𝑟
𝜕𝑓2

𝜕𝑠

𝜕𝑓2

𝜕𝑒

𝜕𝑓2

𝜕𝑖

𝜕𝑓2

𝜕𝑟
𝜕𝑓3

𝜕𝑠

𝜕𝑓3

𝜕𝑒

𝜕𝑓3

𝜕𝑖

𝜕𝑓3

𝜕𝑟
𝜕𝑓4

𝜕𝑠

𝜕𝑓4

𝜕𝑒

𝜕𝑓4

𝜕𝑖

𝜕𝑓4

𝜕𝑟 ]
 
 
 
 
 
 

  (15) 

Let 𝑑𝑠

𝑑𝑡
= 𝑓1,

𝑑𝑒

𝑑𝑡
= 𝑓2,

𝑑𝑖

𝑑𝑡
= 𝑓3,

𝑑𝑟

𝑑𝑡
, 𝑓4 =

𝑑𝑖

𝑑𝑡
 , then, we obtained Jacobian matrix is 

𝐽𝐸0 =

[
 
 
 
 
 
 −

𝜋+𝛼𝑁

𝑁
−

𝜋𝛽

𝜋+𝛼𝑁

𝜋𝛿

𝜋+𝛼𝑁
0

 𝛼 −𝜃 −
𝜋

𝑁
+

𝜋𝛽

𝜋+𝛼𝑁
𝜏 0

0 𝜃 −
𝜋+𝑁(𝛿+𝜏+𝜎)

𝑁
0

0 0  𝜎 −
𝜋

𝑁]
 
 
 
 
 
 

  

To find out the stability of 𝑇0, the eigenvalue is found, if 𝜆𝐼 is eigen values of  𝐽𝑇0, then 
det(𝜆𝐼 − 𝐽𝑇0) = 0 

𝑑𝑒𝑡

(

 
 
 
 

[

𝜆 0 0 0
0 𝜆 0 0
0 0 𝜆 0
0 0 0 𝜆

] −

[
 
 
 
 
 
 −

𝜋+𝛼𝑁

𝑁
−

𝜋𝛽

𝜋+𝛼𝑁

𝜋𝛿

𝜋+𝛼𝑁
0

 𝛼 −𝜃 −
𝜋

𝑁
+

𝜋𝛽

𝜋+𝛼𝑁
𝜏 0

0 𝜃 −
𝜋+𝑁(𝛿+𝜏+𝜎)

𝑁
0

0 0  𝜎 −
𝜋

𝑁]
 
 
 
 
 
 

)

 
 
 
 

= 0  

 
The Jacobian equation can be written into the characteristic equation in Equation (16). 

𝜆4 + 𝑎1𝜆
3 +  𝑎2𝜆

2 +  𝑎3𝜆 +  𝑎4 = 0  (16) 
Where, 
 𝒂𝟏 = 𝑵𝟓𝜶𝟐+𝟑𝑵𝟑𝝅𝟐 + 𝑵𝟓𝜶𝜽+𝟒𝑵𝟒𝜶𝝅 + 𝑵𝟒𝝅𝜽 + 𝑵𝟒𝑵(𝜹 + 𝝉 + 𝝈)𝜶 + 𝑵𝟑𝑵(𝜹 + 𝝉 + 𝝈)𝝅 +
𝑵𝟒𝜶𝝅 + 𝑵𝟑𝝅𝟐 − 𝑵𝟒𝜷𝝅 
 

 𝑎2 = 3𝑁2𝜋3 + 3𝑁4𝛼𝜋𝜃 + 𝑁4𝑁(𝛿 + 𝜏 + 𝜎)𝛼𝜃 + 3𝑁3𝑁(𝛿 + 𝜏 + 𝜎)𝛼𝜋 + 𝑁3𝑁(𝛿 + 𝜏 + 𝜎)𝜋𝜃 +
2𝑁2𝑁(𝛿 + 𝜏 + 𝜎)𝜋2 + 𝑁5𝛼2𝜃 + 2𝑁4𝛼2𝜋 + 5𝑁3𝛼𝜋2 + 2𝑁3𝜋2𝜃 + 𝑁4𝑁(𝛿 + 𝜏 + 𝜎)𝛼2 + 𝑁4𝛼2𝜋 +
3𝑁2𝜋3 + 𝑁4𝛼𝜃𝜋 + 4𝑁3𝛼𝜋2 + 𝑁3𝜋2𝜃+𝑁3𝑁(𝛿 + 𝜏 + 𝜎)𝛼𝜋 + 𝑁2𝑁(𝛿 + 𝜏 + 𝜎)𝜋2 − (𝑁5𝛼𝜏𝜃 +
𝑁4𝜋𝜏𝜃 + 𝑁3𝑁(𝛿 + 𝜏 + 𝜎)𝛽𝜋 + 2𝑁3𝛽𝜋2 + 𝑁3𝛽𝜋2) 
 
 𝑎3 = 𝑁𝜆𝜋4 + 𝑁𝑁(𝛿 + 𝜏 + 𝜎)𝜋3 + 𝑁3𝛼2𝜋2 + 2𝑁2𝛼𝜋3 + 2𝑁3𝑁(𝛿 + 𝜏 + 𝜎)𝛼𝜋𝜃 + 2𝑁2𝑁(𝛿 + 𝜏 +

𝜎)𝛼𝜋2 + 𝑁2𝑁(𝛿 + 𝜏 + 𝜎)𝜋2𝜃 + 𝑁4𝛼2𝜃𝜋 + 2𝑁3𝛼𝜃𝜋2 + 𝑁2𝜋3𝜃 + 𝑁4𝑁(𝛿 + 𝜏 + 𝜎)𝛼2𝜃 +
𝑁3𝑁(𝛿 + 𝜏 + 𝜎)𝛼2𝜋 + 3𝑁𝜋4 + 3𝑁3𝛼𝜋2𝜃 + 𝑁3𝑁(𝛿 + 𝜏 + 𝜎)𝛼𝜃𝜋 + 3𝑁2𝑁(𝛿 + 𝜏 + 𝜎)𝛼𝜋2 +
2𝑁𝑁(𝛿 + 𝜏 + 𝜎)𝜋3 + 𝑁4𝛼2𝜃𝜋 + 2𝑁3𝛼2𝜋2 + 5𝑁2𝛼𝜋3 + 2𝑁2𝜋3𝜃 + 𝑁3𝑁(𝛿 + 𝜏 + 𝜎)𝛼2𝜋) −
(𝑁2𝛽𝜋3 + 𝑁4𝛼𝛿𝜋𝜃 + 2𝑁4𝛼𝜋𝜏𝜃 + 𝑁5𝛼2𝜃𝜏 + 𝜋2𝜏𝜃 + 𝑁4𝛼𝜏𝜃𝜋 + 𝜋2𝜏𝜃 + 2𝑁2𝛽𝜋3 + 𝑁2𝑁(𝛿 + 𝜏 +
𝜎)𝛽𝜋2) 
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 𝑎4 = 𝜋5 + 𝑁(𝛿 + 𝜏 + 𝜎)𝜋4 + 2𝑁𝛼𝜋4 + 𝑁𝜋4𝜃 + 2𝑁2𝑁(𝛿 + 𝜏 + 𝜎)𝛼𝜋2𝜃 + 2𝑁𝑁(𝛿 + 𝜏 +
𝜎)𝛼𝜋3 + 𝑁𝑁(𝛿 + 𝜏 + 𝜎)𝜋3𝜃 + 𝑁3𝛼2𝜃𝜋2 + 2𝑁2𝛼𝜃𝜋3 + 𝑁3𝑁(𝛿 + 𝜏 + 𝜎)𝛼2𝜃𝜋 + +𝑁2𝑁(𝛿 + 𝜏 +

𝜎)𝛼2𝜋2) − (𝑁2𝜋3𝜏𝜃 + 𝑁4𝛼2𝜃𝜏𝜋 + 𝑁3𝜋2𝛼𝛿𝜃 + 2𝑁3𝛼𝜋2𝜏𝜃 + 𝑁𝛽𝜋4 + 𝑁𝑁(𝛿 + 𝜏 + 𝜎)𝛽𝜋3) 
Simplyfy as 
𝑎1 = 𝑏1 − 𝑏2 
𝑎2 = 𝑏3 − 𝑏4 
𝑎3 = 𝑏5 − 𝑏6 
𝑎4 = 𝑏7 − 𝑏8 

According to the Routh-Hurwitz criteria for characteristic equations of degree 4, the equilibrium 

point 𝑇0 is said to be stable if  

𝑎1 > 0, 𝑎3 > 0, 𝑎4 > 0 and 𝑎1𝑎2𝑎3 > (𝑎3)
2 + (𝑎1)

2𝑎4 
𝒂𝟏 > 𝟎 𝐰𝐢𝐭𝐡 𝒃𝟏 > 𝒃𝟐 

𝒂𝟑 > 𝟎 𝐰𝐢𝐭𝐡 𝒃𝟓 > 𝒃𝟔 

𝒂𝟒 > 𝟎 𝐰𝐢𝐭𝐡 𝒃𝟕 > 𝒃𝟖 

𝑎1𝑎2𝑎3 > (𝑎3)
2 + (𝑎1)

2𝑎4 with condition 
 
𝑏1𝑏3𝑏5 + 𝑏2𝑏4𝑏5 + 𝑏1𝑏4𝑏6 + 𝑏2𝑏3𝑏6 + 𝑏5

3𝑏8 + 𝑏6
3𝑏7 + 3𝑏5𝑏6

2𝑏8 + 3𝑏5
2𝑏6𝑏7

> 𝑏5
3𝑏7 + 𝑏6

3𝑏8 + 3𝑏5𝑏6
2𝑏8 + 3𝑏5

2𝑏6𝑏8+𝑏1𝑏3𝑏6 + 𝑏2𝑏4𝑏6 + 𝑏1𝑏4𝑏5 + 𝑏2𝑏3𝑏5 

 

3.5.  Analysis of Endemic Stability in Seizure fever  

The stability of the fixed point endemic analysis is then performed. Determine the stability around 

the fixed point endemic 𝑇1 the same as using stability at a fixed point without disease, by conducting a 

linearity to obtain the Jacobi matrix. Then the fixed point T1substituted into the Jacobi matrix is obtained. 

  
𝑇1 = (𝐴 =

𝜋

𝜋+𝑁(𝛽𝑒−𝛿𝑖+𝛼)
; , 𝐵 =

𝑁(𝛼𝑠+𝜏𝑖)

𝑁(𝜃−𝛽𝑠−𝛿𝑖)+𝜋
, 𝐶 =

𝜋+(𝛿+𝜏+𝜎)𝑁−√(𝜋+(𝛿+𝜏+𝜎)𝑁)2−4𝜃𝛿𝑒𝑁2

2𝛿𝑁
, 𝐷 = −

𝜎𝑖𝑁

𝛿𝑖𝑁−𝜋
)  

As in the case of disease-free, we obtain the eigenvalue equation in endemic cases that have roots of 

the characteristic equation. 

𝑝1 = −(−𝛽𝐵 + 𝛿𝐶 −
𝜋+𝛼𝑁

𝑁
− 𝜃 + 𝛽𝐴 + 𝛿𝐶 −

𝜋

𝑁
−

𝜋+(𝛿−2𝛿𝐶+𝜏+𝜎)𝑁

𝑁
)

𝜋

𝑁
− 𝛿𝐶 −

𝜋

𝜋+𝑁(𝛽𝑒−𝛿𝑖+𝛼)
  

𝑝2 = ((−𝜃 + 𝛽𝐴 + 𝛿𝐶 −
𝜋

𝑁
) (−

𝜋+(𝛿−2𝛿𝐶+𝜏+𝜎)𝑁

𝑁
) − 𝜃(𝛿𝛽 + 𝜏) + (−𝛽𝐵 + 𝛿𝐶 −

𝜋+𝛼𝑁

𝑁
) (−

𝜋+(𝛿−2𝛿𝐶+𝜏+𝜎)𝑁

𝑁
) +

(𝛽𝐵)2 + 𝛼𝛽𝐵 − (−𝛽𝐵 + 𝛿𝐶 −
𝜋+𝛼𝑁

𝑁
) (−𝜃 + 𝛽𝐴 + 𝛿𝐶 −

𝜋

𝑁
)) + ((𝛿𝐶 −

𝜋

𝑁
)((−𝛽𝐵 + 𝛿𝐶 −

𝜋+𝛼𝑁

𝑁
− 𝜃 + 𝛽𝐴 +

𝛿𝐶 −
𝜋

𝑁
−

𝜋+(𝛿−2𝛿𝐶+𝜏+𝜎)𝑁

𝑁
))  

 
𝑝3 = ((𝛽𝐵)2 + 𝛼𝛽𝐵) (

𝜋+(𝛿−2𝛿𝐶+𝜏+𝜎)𝑁

𝑁
− 𝜃𝛿𝐴(𝛽𝐵 + 𝛼) + 𝜃(𝛿𝛽 + 𝜏) (−𝛽𝐵 + 𝛿𝐶 −

𝜋+𝛼𝑁

𝑁
) +

(
𝜋+(𝛿−2𝛿𝐶+𝜏+𝜎)𝑁

𝑁
) (−𝛽𝐵 + 𝛿𝐶 −

𝜋+𝛼𝑁

𝑁
) (−𝜃 + 𝛽𝐴 + 𝛿𝐶 −

𝜋

𝑁
)) − ((𝛿𝐹 −

𝜋

𝑁
)((−𝜃 + 𝛽𝐴 + 𝛿𝐹 −

𝜋

𝑁
) (−

𝜋+(𝛿−2𝛿𝐹+𝜏+𝜎)𝑁

𝑁
) + (𝛽𝐵)2 + 𝜋𝛽𝐵 (−𝛽𝐵 + 𝛿𝐶 −

𝜋+𝛼𝑁

𝑁
) (−𝜃 + 𝛽𝐴 + 𝛿𝐶 −

𝜋

𝑁
))  

 
𝑝4 = −((𝛽𝐵)2 + 𝛼𝛽𝐵) (

𝜋+(𝛿−𝛿𝐶+𝜏+𝜎)𝑁

𝑁
) − 𝜃𝛿𝐴(𝛽𝐵 + 𝛼) + 𝜃(𝛿𝐵 + 𝜏) (−𝛽𝐵 + 𝛿𝐶 −

𝜋+𝛼𝑁

𝑁
) +

(
𝜋+(𝛿−2𝛿𝐶+𝜏+𝜎)𝑁

𝑁
)(−𝛽𝐵 + 𝛿𝐶 −

𝜋+𝛼𝑁

𝑁
)(−𝜃 + 𝛽𝐴 + 𝛿𝐶 −

𝜋

𝑁
))(𝛿𝐶 −

𝜋

𝑁
)  

According to the Routh-Hurwitz criteria for characteristic equations of degree 4, the equilibrium 

point 𝑇0 is said to be stable if 𝑝1 > 0, 𝑝3 > 0, 𝑝4 > 0 and 𝑝1𝑝2𝑝3 > 𝑝3
2 + 𝑝1

2𝑝4 

𝐩𝟏 > 𝟎 𝐰𝐢𝐭𝐡 𝐪𝟏 > 𝐪𝟐 
𝐩𝟑 > 𝟎 𝐰𝐢𝐭𝐡 𝐪𝟓 > 𝐪𝟔 
𝐩𝟒 > 𝟎 𝐰𝐢𝐭𝐡 𝐪𝟕 > 𝐪𝟖 
𝑝1𝑝2𝑝3 > 𝑝3

2 + 𝑝1
2𝑝4 with condition 

4
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𝑞1𝑞3𝑞5 + 𝑞2𝑞4𝑞5 + 𝑞1𝑞4𝑞6 + 𝑞2𝑞3𝑞6 + 𝑞5
3𝑞8 + 𝑞6

3𝑞7 + 3𝑞5𝑞6
2𝑞8 + 3𝑞5

2𝑞6𝑞7

> 𝑞5
3𝑞7 + 𝑞6

3𝑞8 + 3𝑞5𝑞6
2𝑞8 + 3𝑞5

2𝑞6𝑞8+𝑞1𝑞3𝑞6 + 𝑞2𝑞4𝑞6 + 𝑞1𝑞4𝑞5 + 𝑞2𝑞3𝑞5 

3.6.  SEIR Model Simulation for Seizure fevers in Makassar 

After an analysis of the SEIR model for seizure fevers, a simulation is then performed to predict the 

number of cases of seizure fevers in Makassar City with the SEIR model. The initial values of the 

variables and parameters used are presented in Table 2. 
 

Table 2. Initial values of variables and parameters of model 

   
  

Variable Values Source Parameter Values Source 

𝑆(0) 1482

2080
 

Hospital 
Haji, 

Makassar 
𝜋 0.17 Assumption 

𝐸(0) 
1045

2080
 

Hospital 
Haji, 

Makassar 
𝛼 0.0000554 

Assumption 

𝐼(0) 485

2080
 

Hospital 
Haji, 

Makassar 
𝛽 0.005 

Assumption 

𝑅(0) 517

2080
 

Hospital 
Haji, 

Makassar 
𝛿 0.000013 

Assumption 

  
Hospital 

Haji, 
Makassar 

𝜏 0.00002 
Assumption 

  
Hospital 

Haji, 
Makassar 

𝜃 0.00244 
Assumption 

  
Hospital 

Haji, 
Makassar 

𝜎 0.00260 
Assumption 

2

3

26
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Based on the parameter values and initial requirements used in the simulation model obtained from 

the Central Statistics Agency and Makassar Haji Hospital. The simulation in this study uses a time 

interval 1000  t  where the x-axis value is time (years) and the y-axis value is the fractional variable 

used. Graph interpretation based on parameter values can be seen in the following Figure 2:   

 
Figure 2. The number prediction of Suspected for seizure fever in Makassar 

 
Based on Figure 2 it can be seen that the number of individuals in the Suspected (S) for seizure fever 

increased dramatically until the 40th year, and was in a convergen after the 40th year, with the number 

of individuals in the equilibrium state was 0.99995. 

 

Figure 3. The number prediction of Exposed for seizure fever in Makassar 

 
Based on Figure 3, it is known that the number of individuals in the Exposed (E) group dropped 

dramatically until the 40th year, and was in a balanced state after the 40th year, with the number of 

individuals in the equilibrium state is or can be said that after the 40th year there is no more individuals 

who have symptoms of fever seizure. 

1

1

1

1

1

9

15



ICSMTR 2019
Journal of Physics: Conference Series 1752 (2021) 012007

IOP Publishing
doi:10.1088/1742-6596/1752/1/012007

9

 

 

 

 

 

 

 
Figure 4. The number prediction of Infected for seizure fever in Makassar 

 
Based on Figure 4, it can be seen that the number of individuals in the Infected (I) group dropped 

dramatically until the 30th year, and was in a balanced state after the 30th year, with the number of 

individuals in the equilibrium state is or can be said that after the 30th year there is no more individuals 

infected with Fever Seizures. 

 
Figure 5. The number prediction of Recovered for seizure fever in Makassar 

Based on Figure 5 it can be seen that the total population of Recovered (R) groups decreased 

dramatically until the 30th year, and was in a balanced state after the 30th year, with the number of 

individuals in the equilibrium state is or it can be said that after the 30th year all individuals who are 

infected with fever seizures will recovered. 

 

Figure 6. The number prediction of Suspected, Exposed, Infected and Recovered for seizure fever in 

Makassar 

1

1

1

1
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Based on Figure 6, obtained relationships of vulnerable, infected and cured individuals. Individual 

population S, increase from initial value then stable around s = 0.99995, individual population E 

decreases from initial value, then stable around e = 0, individual population I, decreases from initial 

value, then stable around i = 0, while population individual R decreases from the initial value, then stable 

around r = 0. Based on the simulations carried out it can be concluded that each population goes to a 

fixed point without disease or in other words the population goes to stable around a fixed point (0.99995, 

0, 0, 0). 

Based on Figure 6 it can be seen that most of the compartment graphs show a significant decline 

since the 30th year except for the graph of the number of vulnerable human populations. Therefore, it 

can be concluded that the condition of febrile seizures in Makassar City especially in Tamalate sub-

district experiences a decline trend every year. 

 

4.  Conclusion 

Based on the analysis and discussion of SEIR type mathematical modeling it can be concluded that 

the results obtained are the SEIR model in febrile seizures; the results of the model analysis explain that 

febrile convulsions are at a stable stage. Model simulation results show the tendency of febrile seizures 

in Makassar City especially in Tamalate sub-district to experience a declining trend every year. 
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