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The Aim of this research is construct the SEIR model for COVID-19, Stability Analysis and numerical simu- 

lation of the SEIR model on the spread of COVID-19. The method used to construct the model is the SEIR 

model by considering vaccination and isolation factors as model parameters, the analysis of the model 

uses the generation matrix method to obtain the basic reproduction numbers and the global stability 

of the COVID-19 distribution model. Numerical simulation models use secondary data on the number 

of COVID-19 cases in Indonesia. The results obtained are the SEIR model for COVID-19; model analysis 

yields global stability from the spread of COVID-19; The results of the analysis also provide information 

if no vaccine, Indonesia is endemic COVID-19. Then the simulation results provide a prediction picture 

of the number of COVID-19 in Indonesia in the following days, the simulation results also show that the 

vaccine can accelerate COVID-19 healing and maximum isolation can slow the spread of COVID-19. The 

results obtained can be used as a reference for early prevention of the spread of COVID-19 in Indonesia 

© 2020 Elsevier Ltd. All rights reserved. 

1

 

i  

c  

f  

t  

s  

e  

o  

o  

d  

r  

t  

M

 

C  

r  

a  

i  

i  

(

(

2  

3  

c  

n  

U  

l  

t  

i  

7  

d  

p

 

c  

C  

e  

i  

c  

c  

1

 

m  

h

0

. Introduction 

According to the World Health Organization (WHO), COVID-19

s transmitted through people who have been infected with the

orona virus. The virus can easily spread through small droplets

rom the nose or mouth compilation of someone infected with

his virus to sneeze or cough. The drops then land on objects or

urfaces which are touched and the healthy person adjusts their

yes, nose or mouth. How to spread the corona virus compilation

f small droplets inhaled by someone compiling switch with the

ne supported by corona [1] . It’s important to spend 1 m more

istance than people who are sick. Until now there has been no

esearch that states the COVID-19 corona virus can be transmitted

hrough the air, "explained WHO as quoted from its website on

arch 23, 2020 [2] . 

The number of cases of corona virus infection that causes

ovid-19 continues to increase in various parts of the world. The

ate of increase, both for the number of cases of infection, death

nd cure, varies in each region. Each country also has its own pol-

cy to curb the spread of viruses that occur in its territory. Accord-

ng to data collected by John Hopkins University, as of March 23,
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020, the total number of Covid-19 cases worldwide had reached

31,273 cases, with 14,450 deaths, and 97,847 patients declared

ured. The highest number of cases is still recorded in China,

amely 81,397 cases, followed by Italy with 59,138 cases, and the

nited States as many as 33,073 cases. In terms of mortality, the

argest number is in Italy, with 5476 cases. The number exceeds

he death rate that occurred in China, which is 3265. Meanwhile,

n terms of recovery, the largest number is in China, which is

2,362 patients. Both the progress of the number of infections,

eaths, patients recovered until certain policies continue to be re-

orted in various countries [2] . 

The number of COVID-19 cases in Indonesia continues to in-

rease, until March 22, 2020 the number of positive cases of

OVID-19 numbered 514 people with 29 people (5.64%) recov-

red and the number of deaths 48 people (9.34%) or the largest

n Southeast Asia. The disease that has become a pandemic and

auses a fairly high death in this world has not been found the

ure [3] . Trend of the number of cases and spread map of COVID-

9 in Indonesia is presented in Figs. 1 and 2 . 

Mathematical modeling of SIR, SIRS, SEIR and SEIRS on trans-

ission of diseases such as dengue fever, tuberculosis, diabetes,

IV-AIDS has been done by [4–19] , then mathematical modeling

n the spread of COVID-19 has been carried out by [20] namely

EIRV mathematical modeling in the Wuhan, China taking into ac-

ount environmental factors, while the analysis and simulation of

he model used data of the number of COVID-19 cases in Wuhan.

https://doi.org/10.1016/j.chaos.2020.110072
http://www.ScienceDirect.com
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https://doi.org/10.1016/j.chaos.2020.110072
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Fig. 1. Trend of the number of positive cases for COVID-19 in Indonesia on March 2020 

Negative Positive. 

Source: [2] 

Fig. 2. Spread map of COVID-19 in Indonesia on March 2020 

Source: [2] . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Scheme of the Model SEIR transmission for COVID-19. 
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This SEIRV model does not consider vaccination and isolation fac-

tors as parameters in the model. Therefore, this research build,

analyze using generation matrices method and simulate the SEIR

model through isolation and vaccination on the spread of COVID-

19 in Indonesia using Matlab software. 

2. Method 

The SEIR mathematical modeling on the spread of COVID-19 is

a theoretical study. The method used to construct the model is

the SEIR model [12] by considering vaccination and isolation fac-

tors as model parameters, the model analysis uses the generation

matrix method [9] to obtain the basic reproduction number and

the global stability for COVID-19 spreading. Numerical simulation

of model use secondary data on the number of COVID-19 cases in

Indonesia [21] by using Matlab software to predict the number of

COVID-19 cases in Indonesia as a measure to prevent the number

of COVID-19 cases in Indonesia. 

3. Results and discussion 

3.1. SEIR model formulation for COVID-19 

The SEIR model on the spread of COVID-19 is divided into four

compartments namely Suspected (S), Exposed (E), Infected (I), and
ecovered (R). Individuals in an infected class can cause other indi-

iduals to become infected. The changes that occur in each human

opulation in Covid-19 transmission for the SEIR model can be in-

erpreted by Fig. 3 

Definition of variables and parameters of model SEIR for COVID-

9 presented in Table 1 . 

Based on the population scheme in Fig. 3 , the rate of change in

he number of people Suspected, Exposed, Infected and Recovered

ver time in the SEIR mathematical model of the spread of Covid-

9 can be interpreted as follows: 

dS = μN − ( αI + μ + v ) S (1)

dt 
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Table 1 

Defintion of variable/parameter. 

Variable/Parameter Definition 

N Number of human population 

S Number of Suspected population 

E Number of Exposed population 

I Number of Infected Population 

R Number of Recovered Population 

μ The rate of birth/death population 

α Probably of changing from S to E 

β Probably of changing from E to I 

μi The rate of death population by COVID-19 

δ Probably of changing from I to R 

v Vaccine of Suspected Population 
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dE 

dt 
= αIS − ( β + μ) E (2) 

dI 

dt 
= βE − ( μi + δ + μ) I (3) 

dR 

dt 
= δI + v S − μR (4)

Let S = 

S 
N ; E = 

E 
N ; I = 

I 
N ; and R = 

R 
N , simplified model be-

omes: 

dS 

dt 
= μ − ( αI + μ + v ) S (5) 

dE 

dt 
= αIS − ( β + μ) E (6) 

dI 

dt 
= βE − ( μi + δ + μ) I (7) 

dR 

dt 
= δI + v S − μR (8)

.2. Analysis of SEIR model for COVID-19 

.2.1. Equilbrium analysis 

Based on Eqs. (5) –(8) , stability analysis is carried out to deter-

ine the disease free equilibrium point and endemic equilibrium

oint. To determine the two equilibrium points, each equation in

qs. (5) –(8) , must be equal to zero, or dS 
dt 

= 0 , dE 
dt 

= 0 , dI 
dt 

= 0 , and
dR 
dt 

= 0 , thus obtained: 

− ( αI + μ + v ) S = 0 (9) 

IS − ( β + μ) E = 0 (10) 

E − ( μi + δ + μ) I = 0 (11) 

I + v S − μR = 0 (12)

Then, we found the equilibrium point of S, E, I , and R . 

.2.2. Free-disease equilibrium for COVID-19 

Equilibrium points for disease-free are conditions where there

s no spread of COVID-19 then, E = I = 0 

From Eq. (9) : 

μ − ( αI + μ + v ) S = 0 thus obtained 

 = 

μ

( μ + v ) 
From Eq. (12) : 
δI + v S − μR = 0 thus obtained: 

 = 

v 
( μ + v ) 

Then, the Equilibrium points of disease-free for COVID-19 are:

 0 = ( S, E, I, R ) = 

(
μ

( μ + v ) 
, 0 , 0 , 

v 
( μ + v ) 

)
(13) 

.2.3. Endemic equilibrium for COVID-19 

Endemic equilibrium points are used to indicate the possibil-

ty of disease spread. Because in endemic conditions and disease

pread, the population S � = 0, E � = 0, I � = 0, and R � = 0. From Eqs. (9) –

12) obtained endemic equlibrium points from COVID-19 are: 

 = 

( μi + δ + μ) ( β + μ) 

αβ

 = 

αβμ − ( μi + δ + μ) ( μ + v ) 
αβ

 = 

αβμ − ( μi + δ + μ) ( μ + v ) ( β + μ) 

α( μi + δ + μ) ( β + μ) 

 = 

δαβ2 μ − β( μi + δ + μ) ( μ + v ) ( β + μ) − v ( ( μi + δ + μ) ( β + μ) ) 
2 

βα2 ( μi + δ + μ) ( β + μ) 

Then, the Equilibrium points of endemic for COVID-19 are: 

 e = ( S, E, I, R ) = 

⎛ 

⎜ ⎝ 

( μi + δ+ μ) ( β+ μ) 
αβ

, 
αβμ−( μi + δ+ μ) ( μ+ v ) 

αβ
, 

αβμ−( μi + δ+ μ) ( μ+ v ) ( β+ μ) 
α( μi + δ+ μ) ( β+ μ) 

, 

δαβ2 μ−β( μi + δ+ μ) ( μ+ v ) ( β+ μ) −v ( ( μi + δ+ μ) ( β+ μ) ) 
2 

βα2 ( μi + δ+ μ) ( β+ μ) 

⎞ 

⎟ ⎠ 

(14) 

Base on the Eqs. (5) –(8) , found the Jacobian matrices 

 = 

−( αI + μ + v ) 0 αS 0 

αI −( μ + β) αS 0 

0 β −( μi + δ + μ) 0 

v 0 δ −μ

(15) 

Then find the eigenvalue of the Jacobian matrix in Eq. (15) 

et ( λI − J ) = 

λ + ( αI + μ + v ) 0 −αS 0 

−αI λ + ( μ + β) −αS 0 

0 −β λ + ( μi + δ + μ) 0 

−v 0 −δ λ + μ

= 0 

Subtitution the value S = 

μ
( μ+ v ) and I = 0 , obtained: 

+ ( μ + v ) 0 −αμ( μ + v ) −1 0 

0 λ + ( μ + β) −αμ( μ + v ) −1 0 

0 −β λ + ( μi + δ + μ) 0 

−v 0 −δ λ + μ

= 0 

 

λ + μ) ( λ + ( μ + v ) ) 
(

( λ + ( μ + β) ) ( λ + ( μi + δ + μ) ) − αβμ

( μ + v ) 

)
= 0 

( λ + A ) ( λ + B ) ( ( λ + C ) ( λ + D ) − E ) = 0 (16) 

ith 

 = μ; B = ( μ + v ) ; C = ( μ + β) ; D = ( μi + δ + μ) and E = 

αβμ

( μ + v ) 

If Eq. (16) is resolved, then: 

4 + ( A + B + C + D ) λ3 + ( AB + ( A + B ) (C + D ) + CD − E) λ2 

+ ( ( A + B ) ( CD − E ) + AB ( C + D ) ) λ + ABCD − ABE = 0 (17) 

Based on Descartes’ rule [14] the number of negative roots of

he characteristic Eq. (17) is equal to the number of variations in
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Table 2 

Initial Value of SEIR Model for COVID-19 

in Indonesia. 

Variable Estimated value Source 

N (0) 269.6 juta [24] 

S (0) 37,538 [21] 

E 13,923 [21] 

I 23,191 [21] 

R 13,213 [21] 
the change in the coefficient sign, so Eq. (17) has four negative val-

ues if it is in the form of: 

K = L 1 λ
4 − L 2 λ

3 + L 3 λ
2 − L 4 λ + L 5 

with 

L 1 = 1 

L 2 = A + B + C + D 

L 3 = AB + ( A + B ) ( C + D ) + CD − E 

L 4 = ( A + B ) ( CD − E ) + AB ( C + D ) 

L 5 = ABCD − ABE 

With condition L 1 , L 2 , L 3 , L 4 , L 5 > 0 

This concludes that if CD > E and L 1 , L 2 , L 3 , L 4 , L 5 > 0, then: 

λ1 , λ2 , λ3 , λ4 < 0 

Because the characteristic values of the equation system in

the COVID-19 model are negative, the equilibrium point is stable

global asymptotic. 

3.2.4. The basic reproduction number ( R 0 ) of SEIR model for 

COVID-19 

The basic reproduction number ( R 0 ) is determined using the

matrices generation method, Based on Eqs. (5) –(8) , to determine

( R 0 ). 

Let F = 

(
0 αS 
β 0 

)
and V = 

(
( β + μ) 0 

0 μi + δ + μ

)

Then, we found: 

 

−1 = 

1 

( β + μ) ( μi + δ + μ) 

(
μi + δ + μ 0 

0 ( β + μ) 

)

 

−1 = 

(
1 

( β+ μ) 
0 

0 

1 
μi + δ+ μ

)

and then, 

P = F V 

−1 = 

(
0 αS 
β 0 

)(
1 

( β+ μ) 
0 

0 

1 
μi + δ+ μ

)

P = 

(
0 

αS 
( μi + δ+ μ) 

β
( β+ μ) 

0 

)

Then, by the matrices generation method [9] , we found: 

R 0 = 

αβμ

( μ + β) ( μ + v ) ( μi + δ + μ) 
(18)

3.2.5. Stability analysis of SEIR model for COVID-19 

Theorem 1 

1 If R 0 ≤ 1 then system in Eqs. (5) –(8) of the model is global

asymptotic stable. 

2 If R 0 > 1, then system in Eqs. (5) –(8) is unstable in D =
{ ( S, E, I, R ) ∈ R 4 + , S + E + I + R ≤ S 0 } . 
Proof 

Let X = ( E, I ) T , it can be stated that dX 
dt 

≤ ( F − V ) X , with F and

V are matrices on search R 0 . then, let u is a eigen vector of F. 

Let that: 

R 0 = ρ
(
F V 

−1 
)

= ρ
(
V 

−1 F 
)

If V −1 F = R 0 , then u V −1 F = R 0 u 

Let Lyapunov function: 

 0 = u V 

−1 X 

d L 0 

dt 
= u V 

−1 dX 

dt 

d L 0 

dt 
= u V 

−1 ( F − V ) X 

d L 0 

dt 
= 

(
u V 

−1 F − u 

)
X 

d L 0 

dt 
= u ( R 0 − 1 ) X 

If R 0 ≤ 1, then 

d L 0 
dt 

= 0 , so that uX = 0 , as a result E = I = 0 with

 > 0 

If R 0 < 1 then the Equation 

dE 
dt 

+ 

dI 
dt 

= 0 and we found: 

IS − ( β + μ) E + βE − ( μi + δ + μ) I = 0 

IS − ( μi + δ + μ) I = 0 with E = 0 

 0 

[
( μ + β) ( μ + v ) ( μi + δ + μ) 

βμ

]
IS − ( μi + δ + μ) I = 0 

( μi + δ + μ) 

[
R 0 

( μ + β) ( μ + v ) 
βμ

S − 1 

]
= 0 

( μi + δ + μ) 

[
R 0 

( μ + β) 

β
− 1 

]
= 0 

It means, ( μi + δ + μ)[ R 0 − 1 ] ≈ 0 

Then it can be seen that, if R 0 < 1, then 

d L 0 
dt 

< 0 

This proves that the system is global asymptotic stable. 

In contrast, if R 0 < 1, then it follows from the continuity of the

ector fields that 
d L 0 
dt 

> 0 in a neighborhood of the system in D .

hus the system in Eqs. (5 )–(8) is unstable by the Lyapunov sta-

ility theory. The last part of the theorem can be proved by the

ersistent theory [22] which is similar to the proof of Theorem 2.5

n [23] . 

.3. Numerical simulation of the SEIR model of COVID-19 in 

ndonesia 

Model simulations are performed using Mathematica software.

he initial values S (0), E (0), I (0), R (0) and parameter values of

he models used in this simulation are presented in Tables 2 –4 ,

ith the basic reproduction number values R 0 obtained based on

q. (18) , is R 0 = 

αβμ
( μ+ β)( μ+ v )( μi + δ+ μ) 
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Fig. 4. Stability phase portrait of the SEIR Model for COVID-19 in Indonesia . 

Table 3 

Parameter value of SEIR Model for COVID-19 in In- 

donesia. 

Parameter Estimated value Source 

μ 6.25 ×10 −3 [25] 

α 0.62 ×10 −8 /person/day [11] 

δ 0.0006667 per day [11] 

μi 7.344 ×10 −7 [21] 

Table 4 

Assumption parameter values of the SEIR Model for COVID-19 

in Indonesia. 

Parameter Simulation 1 Simulation 2 Simulation 3 

v 1% 50% 100% 

β 3 days 7 days 14 days 
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Fig. 5. Fitting infected data of SEIR model for covid19 versus real data in Indonesia. 
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.3.1. Numerical simulation results of the SEIR model of COVID-19 in 

ndonesia 

The value of the equilibrium points of the SEIR model is de-

ermined by substituting the parameter values (simulation 1) in

ables 3 and 4 in Eqs. (5) –(8) which are equated with zero, then

he following Eqs. (5) –(8) system is obtained: 

 

 

 

 

 

548 . 60625 −
(
7 . 0634 x 10 

−4 I ( t ) + 0 . 5063 

)
S = 0 (

7 . 0 634 x 10 

−4 I ( t ) + 0 . 50 63 

)
S − 0 . 07777 E = 0 

0 . 0714 E − 0 . 00692 I = 0 

0 . 00692 I + 0 . 5 S − 0 . 00625 R = 0 

(19) 

The equation system (19) provides the equilibrium points of the

ndemic SEIR model of the spread of COVID-19, namely: 

( S ∗, E ∗, I ∗, R 

∗) = ( 0 . 00982 , 0 . 01793 , 0 , 01 , 811 , 0 . 89008 ) 

These equilibrium points explain that the number of COVID-19

uspected populations was 982 people, exposed to 1793 people, in-

ected 1811 people and those recovered were 89,008 people from

he total 10 0,0 0 0 human population. 

The eigenvalues based on Eq. (17) with the parameter values

in Tables 2 and 3 for the Covid-19 transmission SEIR model are: 

1 = −0 . 13875 , λ2 = −0 . 00625 , λ3 = −0 . 07292 , λ4 = −0 . 3362

In the same way, the equilibrium values and eigenvalue for

imulation 2 and simulation 3 are written in Table 5 . The eigen-

alues obtained are real and negative, based on [17] , the type of

tability at this equilibrium point is asymptotic stable . The stabil-

ty phase of the system can be illustrated in Fig. 4 and the fitting

ata of the SEIR model using Runge Kutta method versus the real

ata for covid 19 in Indonesia can be illustrated in Fig. 5 . 
According to Fig. 5 , The fitting data of SEIR Model and the real

ata of covid 19 in Indonesia is a similar, this shown that the SEIR

odel on the spread of covid 19 can be used to predict the number

ases of covid 19 in Indonesia, so that the government can take

trategic steps to prevent this pandemic. 

The basic reproduction number R 0 for the endemic case of

ovid-19 from Eq. (18) with only 1% vaccination is R 0 = 3.2094.

his means that, if a person is infected with Covid-19 it will infect

 other people. Whereas the R 0 value for simulation 2 and simula-

ion 3 presented in Table 5 explains that 50% vaccine will reduce

ransmission of COVID-19 and 100% does not couse spreading of

ovid-19 in Indonesia. 

.3.1.1. Simulation 1 of the SEIR model for COVID-19 in Indonesia.

umerical simulation to determine the effect of variations in pop-

lation isolation time on the dynamics of the number of Exposed

nd Infected Covid-19. The simulation uses the initial values in

able 2 and the parameters in Table 3 with vaccination ν = 50%.

he numerical simulation results of the Covid-19 spreading model

re presented in Figs. 6 and 7 

Based on Fig. 6 , the number of Exposed populations immedi-

tely decreases if they are isolated for 3 days, but the number of

OVID-19 infected populations in Indonesia has increased dramat-

cally and only takes three days to reach a peak of 34,0 0 0 people.

hen, if isolation of Suspected COVID-19 is carried out for 7 days,

he number of Exposed populations decreases after the fourth day

ith the population infected with COVID-19 in Indonesia experi-

ncing a not very high increase and reaching a peak on the sixth

ay with the number sufferers of COVID-19 around 32,0 0 0 peo-

le. Furthermore, if isolation of Suspected COVID-19 is carried out

or 14 days, the number of Exposed populations decreases after

he seventh day with the population infected with COVID-19 in In-

onesia experiencing a smaller increase and reaching a peak on the
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Table 5 

The Values of equlibrium point, eigen value and R 0 . 

Simulation λ1 λ2 λ3 λ4 S ∗ E ∗ I ∗ R ∗ R 0 

1 −0 . 13875 −0 . 00625 −0 . 07292 −0 . 33625 0.00982 0.01793 0,01,811 0.89008 3.20949 

2 −0 . 07292 −0 . 00625 −0 . 14911 −0 . 50387 0.00555 0.02307 0.04521 0.92616 0.10057 

3 −0 . 07292 −0 . 00625 −0 . 07768 −0 . 98387 0.00389 0.03106 0.03042 0.93463 0.04955 

Fig. 6. Variation in the number of population Exposed (E) for different values of β . 

Fig. 7. Variation in the number of population Infected (I) for different values of β . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Variation in the number of population Suspected (S) for different values of 

ν . 

Fig. 9. Variation in the number of population Recovered (R) for different values of 

ν . 
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eighth day with the number of patients COVID-19 around 29,0 0 0

people. This shows that isolation is very influential in increasing

the number of population infected with COVID-19, so isolation is

very necessary to do with Suspected COVID-19 population in In-

donesia. 

3.3.1.2. Simulation 2 of the SEIR model for COVID-19 in Indonesia.

Numerical simulation to determine the effect of variations in pop-

ulation isolation time on the dynamics of the number of Suspected

and Recovered Covid-19 in Indonesia. The simulation uses the ini-

tial values in Table 2 and the parameters in Table 3 with the

value β = 14 days. The numerical simulation results of the Covid-

19 spreading model are presented in Figs. 8 and 9 . 

Based on Fig. 8 , by giving 3% vaccine, the number of Sus-

pected populations requires a long time to decrease, as well as the

number of populations recovered from COVID-19 in Indonesia, the

number is very small and the duration is quite long as shown in

Fig. 9 . Then, if the vaccine is 50%, then the number of Suspected

populations requires a short amount of time to decrease, with the
umber of people recovered of COVID-19 in Indonesia being large,

round 60,0 0 0 people with a short duration of time as shown in

ig. 8 . Furthermore, if by giving a vaccine of 100%, then the num-

er of Suspected populations decreases in a very short time and

he number of people recovering of COVID-19 in Indonesia is be-

oming more that around 6200 people with a very short duration

f time as in Fig. 8 . This shows that the giving of vaccines in the

uspected group is very influential in increasing the total popu-

ation of Recovered COVID-19 is so necessary to provide vaccines

onducted on Suspended COVID-19 populations in Indonesia. 
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.4. Discussion 

The SIR and SEIR models [ 8 , 10 , 17 ] developed a tuberculosis (TB)

ransmission model, conducted analyzes and predicted the num-

er of TB cases in South Sulawesi. Then [ 18 , 19 ] built a Dengue

ever (DHF) transmission model, conducted an analysis and pre-

icted the number of Dengue Fever cases in South Sulawesi. The

OVID-19 spreading model conducted by [20] is a SEIRV model

n the Wuhan, China by considering environmental factors, anal-

sis and simulation models using data on the number of COVID-19

ases in Wuhan. This SEIRV model does not consider vaccination

nd isolation factors as parameters in the model, while the results

f this study build the COVID-19 spreading model by considering

accination and isolation periods in the COVID-19 population in In-

onesia. Analysis of the model also uses the method [9] to obtain

he basic reproduction numbers. In contrast to [ 17 , 18 , 19 ] who used

aple to predict the number of TB and DHF cases, the results of

his study use Mathematica to predict the number of patients with

OVID-19 in Indonesia in the form of numerical simulation. Re-

ults of the simulation of the SEIR model for COVID-19 spreading

rovided information and predictions on the number of COVID-19

ases in Indonesia. The results of this simulation is very helpful

n improving the ability of the strategy in guarding the number of

OVID-19 cases in Indonesia. 

. Conclusion 

Based on the results of the study, it was concluded that the

EIR model could be a reference model for the spread of COVID-19

n Indonesia. Analysis of the model provides an overview of global

tability in the spread of COVID-19 and also provides information if

ndonesia is in COVID-19 endemic status. Then the simulation re-

ults provide a predictive picture of the number of COVID-19 cases

n Indonesia and also show that vaccines can accelerate COVID-19

ealing and the isolation period can slow the spread of COVID-19

n Indonesia. The results obtained can be used as a reference for

arly prevention of the spread of COVID-19 in Indonesia. 

eclaration of Competing Interest 

All authors declare no conflicts of interest in this paper. 

RediT authorship contribution statement 

Suwardi Annas: Conceptualization, Methodology. Muh. Isbar 

ratama: Software, Writing - review & editing. Muh. Rifandi: Data

uration. Wahidah Sanusi: Supervision, Validation. Syafruddin 

ide: Conceptualization, Writing - original draft. 

cknowledgements 

We would like thank to UNM 2020 for financial support, also

hanks to Dikti for support this research. 
eferences 

[1] Anonim, 2020. Ungkap cara penyebaran virus Cororna di Dunia.

https://www.cnbcindonesia.com/tech/20200323104158- 37- 146860/simak- nih- 

who- ungkap- cara- penyebaran- virus- corona- di- dunia. , [Accessed 24th March,
2020]. 

[2] Briantika A. Positif COVID-19 di Indonesia Jadi 514 Kasus. Mening-
gal 2020;48. https://tirto.id/positif- covid- 19- di- indonesia- jadi- 514- kasus- 48- 

meninggal-eGUa [Accessed, 23rd March, 2020] . 
[3] M.F. Vina2020. 331.273 Orang Recovered, 97.847 Orang Sembuh", https:

//www.kompas.com/tren/read/2020/03/23/072649465/update- virus- corona- 

di- dunia- 331273- orang- Recovered- 97847- orang- sembuh?page=2 . [Accessed,
23rd, March 2020]. 

[4] Egonmwan1 AO , Okuonghae1 D . Analysis of a mathematical model for tuber-
culosis with diagnosis. J Appl Math Comput 2018;59:129–62 . 

[5] Abdallah S Waziri , Estomih S Massawe , Oluwole Daniel Makinde . Mathemati-
cal modelling of HIV/AIDS dynamics with treatment and vertical transmission.

Appl Math 2012;2(3):77–89 . 
[6] T. Ashley, S. Jacqueline S. John. 2010. Modeling the spread of tuberculosis

in a closed population. http://educ.jmu.edu/strawbem/math _ 201/final _ reports/

Scotti _ Takahashi _ Spreadbury _ Final.pdf [Diakses, 20 April 2018]. 
[7] Tang B , Wang X , Li Q , Bragazzi NL , Tang S , Xiao Y , et al. Estimation of the trans-

mission risk of 2019-nCoV and its implication for public health interventions.
J Clin Med 2020;9:462 . 

[8] Syafruddin S , Mulbar U , Sidjara S , Sanusi W . A SEIR Model for transmission of
tuberculosis. AIP conference proceedings, 1830; 2017 . 

[9] Diekmann O , Heesterbeek JAP , Roberts MG . The construction of next-gen-

eration matrices for compartmental epidemic models. J R Soc Interface Vol
2010;7:873–85 . 

[10] Dontwi IK , Obeng WD , Andam EA , Obiri LA . A mathematical model to predict
the prevalence and transmission dynamics of tuberculosis in amansie west dis-

trict, Ghana. Br J Math Comp Sci 2014;4(3):402–4025 . 
[11] Spencer JA , Shutt DP , Moser SK , Clegg H , Wearing HJ , Mukundan H . et al., Epi-

demiological parameter review and comparative dynamics of influenza, respi-

ratory syncytial virus,rhinovirus, human coronvirus, and adenovirus. medRxiv
2020 . 

[12] Rusliza A , Budin H . Stability analysis of mutualism population model with time
delay. Int J Math Comput Phys Electr Comput Eng 2012;6(2):151–5 . 

[13] Ofosuhene O . Modelling the spread of HIV and AIDS epidemic trends in male
and female populations. World J Model Simul 2017;13(3):183–92 (2017) . 

[14] Elif D , Arzu U , Nuri O . A fractional order SEIR model with density dependent

death rate. Hacet J Math Stat 2011;40(2):287–95 . 
[15] Rangkuti YM , Side S , Noorani MSM . Numerical analytic solution of SIR model

of dengue fever disease in south Sulawesi using homotopy perturbation
method and variational iteration method. ITBC J Sci (J Math Fundam Sci)

2014;46A(1):91–105 . 
[16] Syafruddin Side , Irwan T , Usman Mulbar , Wahidah Sanusi . SEIR model sim-

ulation for Hepatitis B, 1885. AIP Conference Proceedings; 2017. p. 20185 . 

[17] Syafruddin S . A susceptible-infected-recovered model and simulation for trans-
mission of tuberculosis. Adv Sci Lett Vol 2015;21(2):137–9 . 

[18] Syafruddin S , Noorani MSM . Lyapunov function of SIR and SEIR model for
transmission of dengue fever disease. Int J Simul Process Model (IJSPM)

2013;8:177–84 (2/3) . 
[19] Syafruddin S , Noorani MSM . A SIR model for spread of dengue fever disease

(simulation for south sulawesi Indonesia and selangor Malaysia). World Journal

Modeling Simulation 2013;9(2):96–105 . 
20] Yang C , Wang J . A mathematical model for the novel coronavirus epidemic in

Wuhan, China. Math Biosci Eng 2020;17(3):2708–24 . 
[21] Anonim, 2020. Situasi Kasus Indonesia. https://covid19.kemkes.go.id/ . [diakses

5 April 2020] 
22] Thieme HR . Persistence under relaxed point-dissipativity (with application to

an endemic model). SIAM J Math Anal 1993;24:407–35 . 
23] Gao D , Ruan S . An SIS patch model with variable transmission coefficients.

Math Biosci 2011;232:110–15 . 

24] Anonim, 2020. Proyeksi Jumlah Penduduk Indonesia 2020. https:
//databoks.katadata.co.id/datapublish/2020/01/02/inilah- proyeksi- jumlah- 

penduduk- indonesia- 2020 . [diakses 29 maret 2020] 
25] Anonim, 2020. Daftar Negara Menurut Pertambahan Jumlah Penduduk. https://

id.wikipedia.org/wiki/Daftar _ negara _ menurut _ pertambahan _ jumlah _ penduduk 
[diakses 29 maret 2020] 

https://tirto.id/positif-covid-19-di-indonesia-jadi-514-kasus-48-meninggal-eGUa
https://tirto.id/positif-covid-19-di-indonesia-jadi-514-kasus-48-meninggal-eGUa
https://www.kompas.com/tren/read/2020/03/23/072649465/update-virus-corona-di-dunia-331273-orang-Recovered-97847-orang-sembuh?page=2
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0002
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0002
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0002
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0003
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0003
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0003
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0003
http://educ.jmu.edu/strawbem/math_201/final_reports/Scotti_Takahashi_Spreadbury_Final.pdf
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0004
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0004
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0004
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0004
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0004
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0004
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0004
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0004
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0005
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0005
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0005
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0005
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0005
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0006
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0006
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0006
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0006
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0007
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0007
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0007
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0007
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0007
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0008
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0008
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0008
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0008
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0008
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0008
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0008
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0009
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0009
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0009
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0010
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0010
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0011
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0011
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0011
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0011
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0012
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0012
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0012
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0012
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0013
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0013
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0013
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0013
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0013
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0014
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0014
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0015
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0015
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0015
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0016
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0016
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0016
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0017
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0017
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0017
https://covid19.kemkes.go.id/
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0018
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0018
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0019
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0019
http://refhub.elsevier.com/S0960-0779(20)30469-0/sbref0019
https://databoks.katadata.co.id/datapublish/2020/01/02/inilah-proyeksi-jumlah-penduduk-indonesia-2020
https://id.wikipedia.org/wiki/Daftar_negara_menurut_pertambahan_jumlah_penduduk

	Stability analysis and numerical simulation of SEIR model for pandemic COVID-19 spread in Indonesia
	1 Introduction
	2 Method
	3 Results and discussion
	3.1 SEIR model formulation for COVID-19
	3.2 Analysis of SEIR model for COVID-19
	3.2.1 Equilbrium analysis
	3.2.2 Free-disease equilibrium for COVID-19
	3.2.3 Endemic equilibrium for COVID-19
	3.2.4 The basic reproduction number (R0) of SEIR model for COVID-19
	3.2.5 Stability analysis of SEIR model for COVID-19

	3.3 Numerical simulation of the SEIR model of COVID-19 in Indonesia
	3.3.1 Numerical simulation results of the SEIR model of COVID-19 in Indonesia

	3.4 Discussion

	4 Conclusion
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgements
	References


