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This study discusses the dynamic analysis of the COVID-19 model with quarantine
and isolation. The population in this model is divided into seven subpopulations:
subpopulation of susceptible, exposed, asymptomatic, symptomatic, quarantine,
isolated and recovered. Two equilibrium points were obtained based on the
analysis results, namely the disease-free and endemic equilibrium points. The
existence and local stability of the equilibrium point depends on the value of the
basic reproduction number R,. Then, the point of disease-free equilibrium always
exists, and the point of endemic equilibrium exists when it meets R, > 1. The
point of disease-free equilibrium is locally asymptotically stable when it satisfies
Ry < 1and the endemic equilibrium point is locally asymptotically stable with
conditions. Furthermore, numerical simulations are carried out to determine the
model's behavior using the fourth-order Runge-Kutta method. The numerical

simulation obtained supports the dynamic analysis results. Finally, the graphical
results are presented. The findings here suggest that human-to-human contact is a
potential cause of the COVID-19 outbreak. Therefore, quarantine of susceptible
and exposed subpopulations can reduce the risk of infection. Likewise, isolation of
infected subpopulations can reduce the risk of spreading COVID-19.
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A. INTRODUCTION

Coronavirus is a virus that can cause respiratory infections ranging from the common cold
to SARS (Severe Acute Respiratory Syndrome) and MERS (Middle East Respiratory Syndrome)
(WHO, 2020a). The three significant outbreaks due to the Coronavirus that have occurred are
the SARS outbreak in China (2003), the MERS (camel flu) outbreak in Middle Eastern
countries and was reported in Saudi Arabia (2012), and the MERS outbreak in South Korea
(2015) (Kucharski et al., 2020; Rao et al.,, 2021; Tahir et al.,, 2019; Usaini et al.,, 2019). In
addition, the newest type of Coronavirus found was named Novel-Coronavirus or 2019n-Cov
as the cause of the COVID-19 disease.

COVID-19 first appeared and was identified in Wuhan-Hubei Province, China, around
December 2019 (Rao et al.,, 2021). Furthermore, the virus spreads to various countries rapidly
through individuals who have had a history of travel to Wuhan (Chen et al., 2020; Tang et al,,
2020; WHO, 2020a; Yousefpour et al.,, 2020). Before being reported and informed to the public
a doctor named Li Wenliang had provided information about the emergence of this virus
because seven patients from the local seafood market were diagnosed with a SARS-like
disease and were quarantined in a hospital (Nainggolan, 2020).
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On January 10, 2020, the World Health Organization (WHO) released various guidelines or
temporary guidelines for all countries, such as observing potentially infected people,
collecting and testing samples (tracing), treating patients, controlling and reducing the
burden of COVID infection in hospital (Rois et al., 2021b).

The symptoms experienced are usually mild and appear slowly. However, humans can be
infected with mild or no symptoms and become infected with serious symptoms, namely
experiencing fever or shortness of breath or coughing accompanied by difficulty breathing
and chest pain (WHO, 2020a). COVID-19 is spread through respiratory droplets secreted by
an infected individual either with mild or no symptoms and serious symptoms or with
symptoms. WHO also stated that individuals without symptoms can transmit the Coronavirus
through the air and even from the environment.

The government has made all efforts to control COVID-19, such as social distancing,
tracing, working from home, and stringent territorial restrictions (Rois et al., 2021a). Then,
how to control every time an outbreak occurs in an area without vaccines or treatment,
individual isolation, and quarantine is the most effective way (Usaini et al., 2019). According
to WHO (2020b), quarantine is defined as restricting activities or segregating susceptible
individuals as long as there is no essential need to leave the house. Then, individuals who
have a history of contact with individuals infected with COVID-19 or have a history of
travelling to an area where local transmission has occurred and separate themselves by
staying at home during the incubation period (2 weeks) are also included in the quarantine
group. Furthermore, isolation is defined as the separation of a sick or infected individual from
other individuals either directly in the hospital or at home (self-isolation) with medical
personnel monitoring.

WHO recognizes mathematical models play an important role in informing decisions or
solutions to health decision-makers (doctors or health professionals) and policymakers
(government) (Tang et al,, 2020). One approach to explaining problems in the real world is to
formulate real problems into mathematical models. The assumptions used on problems that
exist in the environment can be transformed into a mathematical model. After the
mathematical model is obtained, it can be solved mathematically and applied again to real
problems. Therefore, researchers are moving together to research COVID-19 from all different
aspects according to the area studied with mathematical modeling. Some solutions can be
taken to destroy or reduce the increase in the number of infected.

The mathematical model that can describe the spread of disease is the SIR model. Kermack
and McKendrick first introduced the SIR model (1927), then became a reference source and
played an important role in developing mathematics about disease transmission (Miiller &
Kuttler, 2015; Murray, 2002). Furthermore, science has made SIR models a reference for
many scientists to make mathematical models of disease spread more specifically. This
mathematical model is used as quantitative information in disease and provides benefits for
policy-making and disease outbreaks. Several studies related to the disease spread, such as a
study on the Coronavirus, resulted in SARS (Feng, 2007) and MERS (Tahir et al,, 2019; Usaini
et al., 2019). Then the Coronavirus developed into a virus known as the COVID-19 virus and
became a hot topic in 2020.

Soewono (2020) models the initial spread of COVID-19 by applying the SEIR model, which
consists of four subpopulations: S (susceptible), E (exposed), I (symptomatic), and R
(recovered). Furthermore, Belgaid et al. (2020) added subpopulation A (asymptomatic), so
that the population is divided into five subpopulations: S, E, A4, I, and R. The cause of the
subpopulation being infected without symptoms is due to WHO information that individuals
infected with COVID-19 can be infected by showing symptoms and some who do not show
symptoms. Another study, Zeb et al. (2020), added the isolation subpopulation (H) and
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divided the population into five subpopulations: S, E, I, H, and R. This is based on the latest
information that infected individuals will spread to surrounding individuals because they are
not given isolation measures. A study on COVID-19 was also carried out by Jia et al. (2020)
involving quarantine (Q) and isolation (H) subpopulations so that the model presented
divides the population into seven subpopulations: S, E, 4, I, Q, H, and R. The model made is also
based on the latest information from WHO, that susceptible individual should be quarantined
first to reduce further spread.

In this study, the COVID-19 model was constructed by combining research by Belgaid et al.
(2020), Zeb et al. (2020), and Jia et al. (2020), which aims to refine the model such as the
conditions reported by WHO. Some reports from WHO are that infected individuals without
symptoms can transmit COVID-19, healthy individuals and exposed individuals are better off
quarantined, and this can also reduce the burden of labor in hospitals, individuals who are
quarantined during the incubation period with no symptoms can be said to be recovered, and
if there are symptoms, isolation is carried out, and infected individuals, both symptomatic and
asymptomatic, in order to recover, are isolated first. Population in this model is divided into
seven subpopulations: S, E, A, I, Q, H, and R. The model that has been formed is then carried
out dynamic analysis such as determining the positivity and limitations of the solution, the
point of equilibrium, finding the basic reproduction number R, and analyze its stability.
Furthermore, numerical simulation is carried out using the fourth-order Runge-Kutta method.
Finally, the graphical results are presented. The findings here suggest that human-to-human
contact is a potential cause of the COVID-19 outbreak. Therefore, quarantine of susceptible
and exposed subpopulations can reduce the risk of infection and isolation of infected
subpopulation can reduce the risk of spreading COVID-19.

B. METHODS
In this study, several stages were carried out as follows:
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Figure 1. Flowchart of discussion of the dynamic analysis
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The explanation of the stages of the research are as follows:
1. Construction of COVID-19 Model
This model consists of seven subpopulations: S (susceptible), E (exposed), A
(asymptomatic), I (symptomatic), Q (quarantine), H (isolation), and R (recovered).
SEIAQHR model is based on conditions in Indonesia and a combination of research by
Belgaid et al. (2020), Jia et al. (2020), and Zeb et al. (2020).

2. Point of equilibrium
Definition 1. (Layek, 2015) The point X* = (x], ..., x;,) is called the critical point of

the system of equations Z—f = g(¥),x € R™if it satisfies g(¥) = 0.

3. The Basic Reproduction Number (R,)

R, is the average number of newly infected individuals caused by one infected
individual in a susceptible population. R, is used to determine the spread of disease
and predict a population can endanger or not. The conditions that arise are among the
following possibilities (Heffernan et al., 2005):

a. If Ry < 1 means that an infected individual can transmit the disease on average
less than one newly infected individual, so it can be predicted that the infection
will disappear and there will be no spread of disease, or it is called disease-free.

b. If Ry > 1 means that an infected individual can transmit the disease on average
more than one newly infected individual, causing it to spread the disease easily.

Furthermore, the next-generation matrix (NGM) is one method for determining R,,.
In the NGM method, the compartment model used is the infected compartment (Brauer
& Castillo-Chavez, 2012). Furthermore, the infected compartment model can be
expressed as:

dx
Z_f- 1
" v (1)
So, obtained
F:af(EO)’ V=8V(E0)
OX OX (2)

NGM is defined as M = FV~! and R, can be obtained from R, = p(M), where p(M)
is the spectral radius of the matrix M, which is the largest modulus of the eigenvalues
of the matrix M.

4. Stability analysis
Theorem 1. (Layek, 2015) Let 14, 4,, ... 4,, be the eigenvalues of the matrix M. The
stability criterion are:
a. Asymptotically stable, if all eigenvalues have a negative real part,
b. Unstable if there is at least one eigenvalue that has a positive real part.

Furthermore, the Routh-Hurwitz criterion is an alternative for determining
eigenvalues, apart from the jacobian matrix at the equilibrium point. The characteristic
equations system in the form of a polynomial is given as follows (Murray, 2002):

f(A)=aA" +aA" +a,4" * +..+a, =0,

(3)
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with coefficients aq;, i = 1,2, ...,nand a,, # 0. The Routh-Hurwitz criterion was used to
determine the real part of the characteristic root equation of the matrix M. The root of
the characteristic equation (3) has a negative real part if and only if a,, > 0 and

A, =|a,|>0,
o fE B
4 &,
a &
Ay =la, a,
0 &
& &
8 &
Ac=10 &
0O O

>0,

N N

0

a2k—1
a2k—2

a'2k73

CH

>0,k =1,2,n, dana, =0 untuk i > n.

Furthermore, numerical simulations used in this study used the fourth-order Runge-Kutta
method in the Matlab R2017a software.

C. RESULT AND DISCUSSION
1. Model Formulation
COVID-19 model can be described in the compartment diagram in Figure 2 as follows

Figure 2. COVID-19 compartment model

Based on Figure 2, the following COVID-19 model is obtained
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4 _
dt

dE _
dt
dA
Ez(l—a))aE—A(y3 +«9+,u),

%za&)E+9A—I(}q+y+d),

A=S(BE+ B, +BA+u+q,),

S(BE+pB,1+BA)—E(u+o+0,),

ZQ1S+q2E_Q(ﬂ+72 +I’2),

aQ
dt
dH
E:yll +7,Q+y;,A-H (,u+ rl),
d_R

" =nrH +r,Q-uR.

Description

A:
P1:
B2
Ba:
: Natural death rate,

: Death due to COVID-19 rate,

U
d

qi:
qz:
a:
V1t
V2!
V3!
: Rate of asymptomatic individuals becomes symptomatic,
£F
Ty
g .
w:

0

Human recruitment rate,

Contact rate of susceptible subpopulations with exposed,
Subpopulation's contact rate is susceptible to symptomatic,
Subpopulation's contact rate is susceptible to asymptomatic,

Rate of susceptible individuals quarantined,

Rate of exposed individuals quarantined,

Rate of return of individuals to susceptible subpopulations after quarantine,
[solation rate from symptomatic subpopulations,

[solation rate from quarantine subpopulation,

[solation rate from asymptomatic subpopulation,

Recovery rate after isolation,

Recovery rate after quarantine,

Rate of progression from exposed to symptomatic,
Proportion of becoming infected is symptomatic.

2. Model Analysis
a. Basic properties
If N is the total population,then N =S+ E + A+ 1+ Q + H + R. Thus obtained

dN_ds dE_dA di _dQ dH dR

— =t —t—+— +—,
dt dt dt dt dt dt dt dt
=A—-dl —uN,
<A-uN,

and obtained

N(t)s§+(N(0)—§jeﬂt.
u u

(4)
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. A . .
As a result, for t —» oo then thm N(t) " From the solution above, it can be concluded
—00

that the model has a limited solution with the solution area is
Q:{(S,E,A,I,Q,H,R)| N(t)gé}.
Y7,

Theorem 2. (Positivity) Suppose the solution is related to the initial conditions
(5(0), £(0),4(0),1(0),Q(0), H(0), R(0)) € RY is (S(8), E(£), A(D),1(), Q(), H(£), R(D)).

So that for model (4), the positively invariant set is RY.

Proof. Suppose that € = $,E + B, + B34, the first equation of model (4) results in

ds
EzA—S(g+,u+q1). (5)

Suppose a solution exists from the model (4) for the interval T € [0; +0], then
equation (5) can be solved, Vt € T, as

?j—?+8(g+y+ql):/\,

d (,u+q1)t+j‘g ds (y+q1)t+jfg ds
o e ° S|=Ae °

which results in

t w

(p+o)t+| € ds p+gp )W+ | & dz

Lo
e 0 S—S(O)=IAe > dw,
0

t w
(y+q1)t+.[£ ds (;z+q1)w+fg dz

t
e 0 S:S(O)+IAe > dw,
0

_(#+%)t—js ds —(/.H—ql)t—j.g ds t (y+q1)w+fg dz
s=s@e b we 4 xfae T s
0
Therefore, Vt € T,S(t) = 0. Then, the second equation of model (4) is obtained

dE

E:S(ﬂlE+,B2I +BA)—E(pu+0o+0,)>2-E(u+o+0q,),
or

dE

EZ—E(,U+O‘+C]2),

and can be written as

E>-(urorg)dt (E20)

then integrate, so get
INE>—(u+o+0q,)t+c,

E> ef(ﬂ+0+q2)t+0,
E > Ce o)
whent = 0,
E>E(0)e "%’ >0,
Hence, Vt,I(t) = 0. Similarly, the third equation of model (4) is shown
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dA
E:(l—a))aE—A(j/3 +«9+y)2 —A(;/3 +0+,u),
or
dA
EZ—A(;/3 +0+,u),
and can be written as
dA

KZ—(y3+6?+,u)dt (A=0).
then integrate, so get
INA>—(y,+6+u)t+c,

A> e—(y3+9+,u)t+c

A>Ce a0t
whent = 0,
A> A(0)e P >,

Hence, Vt, A(t) = 0. Furthermore, in the same way, it can be shown that I(t), Q(t),
H(t), R(t) are positive in the given interval.

b. Equilibrium point and the basic reproduction number (R)
Equilibrium point for the system of equations obtained when % =0, Z—f =0, Z—‘: =0,
2=02=0"=0"=0.
A-S(BE+B,1+p,A+h)=0,
S(BE+f,) +B,A)-hE =0,
(1-@)oE —h,A=0,
owE +0A—-h,1 =0, (6)
q,S+q,E-hQ=0,
7l +7.Q+7A-hH =0,
nH+r,Q—-uR=0,

with h =u+0q, h,=u+o+q,, =y, +u+d, hy=y,+0+u, h=pu+y,+r,, and
hy=pu+r.

Some manipulations of algebraic obtain two solutions of the system (6). The disease-
free equilibrium point (K°) is one of them as follows:

KO :(SO E9, A%, 1°,Q% HO RO):{A 0.0.0 QA 7,qA r172Q1A+r2q1h6AJ
h, hhs ~hhghg hyhghg 2
Next, calculate R, of the model (4). After that, the second point of equilibrium will be
discussed. R is obtained using the NGM method.
Suppose x = (E,I,A) and can be expressed to be
dx

E:f—v, (7)
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where
S(,b’lE+ﬂ2I +,B3A) h,E
f= 0 , V=| —ooE-60A+hl | (8)
0 —(1—a))aE+h4A

Then, the partial derivatives of matrices f and v at point K° are

A 1 ApB, Ap, |

T A A A
F=| O 0 0 |, V=] -ow h, —6|. (9)
0 0 0 -(1-w)o 0 h,

The NGM by calculating M = FV 1, Furthermore, the basic reproduction number is
always positive because all given parameters are positive, and it is obtained from the
spectral radius of the M matrix as follows

B A ﬂza(h4a)+¢9(1—a))) Bio(1- )
Ro_p(M) hh, (ﬂl hh, + h, - (10)

Theorem 3. For model (4), if R, > 1 then there exists a unique positive endemic
equilibrium point K*.

Proof. Using some manipulations of algebraic, and the second point of equilibrium of
model (6) is obtained

S S A(l_ij’ A :(Aa(l—a))](l_i],
hR, h, Ry hh, R
( h ow+ 6o (1- a)))) 1 « AN [Q O
{ h,heh, (1_R_Oj’ 0 ZE(E+E(RO_1)]’

* 1_
H :i l_i 7lh4a)+( a))(7/19+h37/3) +& &+q—2(Ro _1) ’
il R hhoR Lh

5!l
* 1_
R =(1_ij Aoty [7/1h4a’+( a))(}/119+h3]/3)J+ Ayt [(]1 qz(R 1)}
Ry J uhohyhg h, phsheRy

+£[&+q_Z(RO _1)J'
/Utho h1 hz

It is clear from the values of S*, E*, A%, I*,Q",H*, and R" that is, if Ry > 1 then there
exists a unique positive endemic equilibrium point K*.

c. Stability analysis
Based on the linearization process in the model (4), the Jacobi matrix is obtained as
follows:
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—(BE+BN+pA+N)  —BS  -BS -fS 0 0 0]
ﬂ1E+ﬂ2| +ﬂ3A ﬁls_hZ ﬂzs ﬂss 0 0 0
0 oW —h, 0 0O 0 O
J= 0 (1-w)o 0 h, 0 0 0 [.(11)
a, a, 0 0 -hh 0 O
0 0 N1 V3 e _he 0
i 0 0 0 0 r, Lo —u
First, the Jacobi matrix equation (11) at the point K° is
_h1 —ﬁlA _ﬁzA _ﬂsA 0 0 0
h, h, h,
O ﬂlA _ h2 ﬂzA ﬂ?:A O 0 O
h, h, h,
J(K)=0 o -h, 0 0O 0 0 (12)
0 (1-w)o O h, 0o 0 O
, d, 0 0 -h 0 O
0 0 7 73 72 _hs 0
| 0 0 0 0 r, L —u
Then from equation (12), it can be concluded that the eigenvalues are 4; = —h; <0,

Ay = —hs < 0,13 = —hg <0, and 1, = —u < 0. Therefore, the stability of the point K°
depends on

a; -4 a 3
M, =| ay —a,, — 4 a; (=0, (13)
8y 0 —83 -4
with
ap; = %A— hy, a1, = %A, a3 = [23—11\, Ay, = 0w, Ay = h3, a3 = 0,a3; = (1 — w)o, and

a33 = h4.

So that it is obtained

A +al® +a,d+a, =0, (14)
where
a, =, (1R, )+ Aﬂza(h4w+l9(l—a))) .\ Apyo(1-w) hoih,
hhsh, hh,
a, =y, (1-R,)+hyh, (1= R, )+ hyh, + ABo(ho+0(1-w)) ABoO(1-0)

hh, hh,
N Apoh, (1— a))
hh,
a, =h,h,h, (1— RO),
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and
Ach, (1-w)(1-R
a,a, —a, =h, (1-Ry)’[ hh, +hyh, + 20h, + b2 +h} |+ oy hlh)( 0)(ﬂ29+2ﬁ3h3+,b’3h4)
4
+Aﬁzo(h4a)+9(1—w)){2+Y+ h, }_Aﬁzo-hz(h4a)+6’(1—a)))(l—Ro)[g i)
h hh, hy h, h,
+hZh, +h,h?Z,

where

v Aﬁza(h4a):r0(1—a))) ,Ao(l-0) [,820 L B, +ﬂgJ-
hh:h, hhh, (h N,

The characteristic equation (10) has real roots that are negative if it meets the Routh-
Hurwitz criteria. If Ry < 1, thena; > 0,a; > 0, and a;a, — a; > 0. Based on Theorem 1,
if Ry < 1 then the point K is obtained as locally asymptotically stable. If R, > 1 then the
value of a; < 0, so the Routh-Hurwitz criterion is not met. As a result, if R, > 1 then the
point K is locally unstable.

Second, the Jacobi matrix equation (10) at the point K™ is

—(BE +B1 +BA +h) -BST -BST ST 0 0 O
ﬁlE* +ﬂ2|* +:B3A* ﬂlS* - hz ﬂzS* ﬂSS* 0 0 0
0 ow —h, 0 0 0 O (15)
J(K)= 0 (l-@)6 0 h, 0 0 O
a, a, 0 0 -h, 0 O
0 0 N V3 2 —h 0
0 0 0 0 r, L —u

So that the eigenvalues are obtained A; = —h; < 0,4, = —hg <0, and 43 = —u < 0.
Therefore, the stability of the point K* depends on

a; — A a, a3 Ay

|\/|2 _ a ay — A Ay ay, (16)
0 A Ay — A Ay
0 a,, 0 a, —A

with ayy = —(B1E™ + 21" + 34" + hy), a1, = =157, a13 = —f,5", a4 = —P357,
Az1 = BrE™ + BoI™ + B3A%, azp = B1S™ — hy, az3 = B2S7, a4 = B357, az; = 0w, azz = —hg,
azys = 9, Aup = (1 - (1))0-, and Aygg = _h4_.

So that it is obtained
A*+al’+a,1* +a,d+a, =0, (17)

where
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o —hR + Ap,o(ho+6(1- o)) N ABo(1- ) choan,
h1h3h4Ro h1h4Ro
a = hl(Ro _1)(h2 + h3 + h4)+ hlh3 +hlh4 + hsh4 + AIBZO_(h4a)+9(1_a))) |:i+l}
h3R0 h4 hl
M{ g+ 2O 0B }
h,Ry o h
a, =h (R, ~1)(h,h, +hh, +hh, ) +hhh, + ABo(ho+0(1-w)) Ach (=) 54 00,

+
h3 R0 hl h4 RO

a, = (1—%)[Aﬁlh3h4 +ABo(ho+0(1-0))+ AcBh(1-0)]

0

It can be concluded that if Ry > 1thena; > 0,a, >0,a; >0,a, > 0and ifR, <1
then a4 < 0. Based on the characteristic equation (16), it is not easy to get the root value.
Therefore, the stability properties of the point K* were obtained using the Routh-Hurwitz
criterion. Furthermore, the point K* is asymptotically stable if and only if it meets the
following criteria:

1) a4 >0,

2) a, >0,

3) aqa, —az >0,

4) a,a,a; — a3 —a’a, > 0.

Criteria (1) and (2) are met, so that point K™ is locally asymptotically stable if the
following criteria:
1) a;a, —az >0,
2) ajaya; — a3 — a?a, > 0.

d. Numerical simulations
Numerical simulation of the solution model (4) is carried out to illustrate the analysis

results obtained. The parameter values used in this simulation are shown in Table 1 and
Table 2.

Table 1. Parameters used for numerical simulation

Parameter Parameter Value Source

A 1.685 Assumed

u 3.9139X107° (Aldila et al., 2020)
o 0.196 Assumed

0 0.01 (Aldila et al,, 2020)
W 0.4 (Aldila et al, 2020)
d 0.087 (Sasmita et al., 2020)
1 0.15 Assumed

q2 0.1 (Rois etal., 2021a)
B 0.0067 Assumed

B, 0.0012203 Assumed

B 0.036 Assumed
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Parameter Parameter Value Source
Y1 0.083 (Aldila et al., 2020)
Y2 0.01 (Aldila et al., 2020)
V3 0.2435 (Aldila etal., 2020)
n 0.1 (Aldila et al., 2020)
T 0.125 (Aldila etal., 2020)

1) Numeric simulation for R, < 1
In this simulation, it is shown that the stability of the point K° from the
parameter values given in Table 1, is obtained Ry = 0.910223138 < 1.

:
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Figure 3. Solution graph for Ry < 1 Figure 4. Next solution graph for Ry < 1

In Figure 3 and Figure 4, the graph of the solution is shown when Ry, < 1 with

three different initial values, namely
SN; = (267.6976,0.0642,0.0106,0.0317,0.0102,0.0082,0.0016),
SN, = (100, 15,7,5,80,15,70),
SN; = (50,30, 10,10, 35,27, 35).

The simulation results with several initial values show that the solution graphs to
the point K°. This means that after a long period, no one has been infected with
COVID-19. The results of the numerical simulation support the results of the analysis,
if Ry < 1, then K° is locally asymptotically stable.

2) Numeric simulation for Ry > 1
Shows the stability of the point K*, the parameter values in the table above are

used exceptgq; = 0.09,5; =0.01,3, = 0.1, 3; = 0.1, and ¢ = 0.0196, so that it is
obtained the value R, = 3.05362439 > 1.
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Figure 5. Solution graph for Ry > 1 Figure 6. Next solution graph for R, > 1

Based on the parameter values given, the following values were obtained
a) a;a, —az = 0.1287464752 > 0,
b) a,a,a; — a3 — a?a, = 0.002333422891 > 0.

Here, it shows that the Routh-Hurwitz criteria are met, and the root of the
characteristic equation (17) has a negative real part. Therefore, the point K* is
locally asymptotically stable as it satisfies Theorem 1. In figure 4 shows the graph of
the solution for Ry > 1 with three different initial values, namely

SN, = (256.5839,10.1401,0.0106, 1.0551, 0.0245,0.0082, 0.0016),
SN, = (150,200, 5, 45, 85, 20,40),
SN; = (70,100, 10, 24, 65, 8,100).

The results of the simulation with several initial values given the graph of the solution to
the point K*And this means that there is a spread of disease due to COVID-19. The numerical
simulation results obtained are in accordance with the analysis results, namely if Ry > 1,
hence the point of K* is locally stable asymptomatic. Based on the given parameter values, we
get Ry > 1. It means that there is an outbreak of disease due to COVID-19. This shows that
quarantine and isolation are not enough to suppress the overall spread because quarantine
and isolation are not carried out properly and are less effective. Therefore, the government
needs to take more control to reduce the spread of more severe diseases. The controls taken
are increasing quarantine and isolation, issuing regional restriction policies, providing
socialization to maintain health protocols, not traveling if not too important, improving
hospital care and management, and promoting vaccines and others.

D. CONCLUSION AND SUGGESTIONS

There are two equilibrium points in the COVID-19 model with quarantine and isolation:
the point of the disease-free equilibrium (K°) and the point of the endemic equilibrium (K*).
The point K° always exists, whereas the point K* exists if it satisfies R, > 1. Furthermore, the
point K° is asymptotically stable if it meets R, < 1, whereas the point K* is asymptotically
stable with the conditions.

This research examines the problem of solving the COVID-19 model with quarantine and
isolation. For further study, it is advisable to add compartments such as a subpopulation of
lifestyle changes, preventive controls such as preventive measures through education,
treatment for infected individuals, vaccination, and tightening traveling out of town by
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showing the results of rapid antigen or swabs to reduce of COVID-19 infections. In addition to
the control measures given, it is also suggested to discuss cost-effectiveness analysis related
to optimal control problems.

REFERENCES

Aldila, D., Ndii, M. Z., & Samiadji, B. M. (2020). Optimal control on COVID-19 eradication program in
Indonesia under the effect of community awareness. Mathematical Biosciences and Engineering,
17(6), 6355-6389. https://doi.org/10.3934/mbe.2020335

Belgaid, Y., Helal, M., & Venturino, E. (2020). Analysis of a Model for Coronavirus Spread. Mathematics,
8(5), 1-30. https://doi.org/10.3390/MATH8050820

Brauer, F., & Castillo-Chavez, C. (2012). Mathematical Models in Population Biology and Epidemiology.
In The American Mathematical Monthly (Second Edi, Vol. 110, Issue 3). Springer-Verlag New York.
https://doi.org/10.2307 /3647954

Chen, T. M,, Rui, ], Wang, Q. P., Zhao, Z. Y., Cui, J. A, & Yin, L. (2020). A mathematical model for
simulating the phase-based transmissibility of a novel coronavirus. Infectious Diseases of Poverty,
9(1), 1-8. https://doi.org/10.1186/s40249-020-00640-3

Feng, Z. (2007). Final and Peak Epidemic Sizes for SEIR Models with Quarantine and Isolation.
Mathematical Biosciences and Engineering, 4(4), 675-686.

Heffernan, J. M., Smith, R. J., & Wahl, L. M. (2005). Perspectives on the basic reproductive ratio. Journal
of the Royal Society Interface, 2(4), 281-293. https://doi.org/10.1098/rsif.2005.0042

Jia, ], Ding, ], Liy, S, Liao, G., Li, ], Duan, B., Wang, G., & Zhang, R. (2020). Modeling the control of
COVID-19: Impact of policy interventions and meteorological factors. Electronic Journal of
Differential Equations, 2020(23), 1-24.

Kucharski, A. ], Russell, T. W., Diamond, C., Liu, Y., Edmunds, |., Funk, S., & Eggo, R. M. (2020). Early
dynamics of transmission and control of COVID-19: a mathematical modelling study. The Lancet
Infectious Diseases, 20(5), 553-558. https://doi.org/10.1016/51473-3099(20)30144-4

Layek, G. C. (2015). An introduction to Dynamical Systems and Chaos. In An Introduction to Dynamical
Systems and Chaos (1st ed.). Springer India. https://doi.org/10.1007/978-81-322-2556-0

Miiller, ., & Kuttler, C. (2015). Methods and Models in Mathematical Biology. Springer-Verlag Berlin
Heidelberg. https://doi.org/10.1007/978-3-642-27251-6

Murray, J. D. (2002). Mathematical Biology I: An Introduction (3rd ed., Vol. 17). Springer-Verlag Berlin
Heidelberg. https://doi.org/10.1007 /b98868

Nainggolan, E. U. (2020). Virus Corona, Mahkota yang Membahayakan. Www.Djkn.Kemenkeu.Go.Id.
https://www.djkn.kemenkeu.go.id/artikel /baca/13002/Virus-Corona-Mahkota-yang-

Membahayakan.html
Rao, Y, Hu, D., & Huang, G. (2021). Dynamical Analysis of COVID-19 Epidemic Model with Individual
Mobility. = Communications in  Mathematical  Biology = and  Neuroscience,  1-18.

https://doi.org/10.28919/cmbn /5189

Rois, M. A, Trisilowati, & Habibah, U. (2021a). Local Sensitivity Analysis of COVID-19 Epidemic with
Quarantine and Isolation using Normalized Index. Telematika, 14(1), 13-24.
http://dx.doi.org/10.35671/telematika.v14i1.1191

Rois, M. A, Trisilowati, & Habibah, U. (2021b). Optimal Control of Mathematical Model for COVID-19
with Quarantine and Isolation. International Journal of Engineering Trends and Technology, 69(6),
154-160. https://doi.org/10.14445/22315381/1JETT-V6916P223

Sasmita, N. R, Ikhwan, M, Suyanto, S, & Chongsuvivatwong, V. (2020). Optimal control on a
mathematical model to pattern the progression of coronavirus disease 2019 (COVID-19) in
Indonesia. Global Health Research and Policy, 5. https://doi.org/10.1186/s41256-020-00163-2

Soewono, E. (2020). On the analysis of Covid-19 transmission in Wuhan, Diamond Princess and
Jakarta-cluster. Communication in Biomathematical Sciences, 3(1), 9-18.
https://doi.org/10.5614/CBMS.2020.3.1.2

Tahir, M., Ali Shah, S. I, Zaman, G., & Khan, T. (2019). Stability behaviour of mathematical model MERS
corona virus spread in population. Filomat, 33(12), 3947-3960.
https://doi.org/10.2298/FIL1912947T

Tang, B, Wang, X, Li, Q. Bragazzi, N. L, Tang, S. Xiao, Y., & Wu, ]. (2020). Estimation of the



M. Abdurrahman Rois, Dynamic Analysis of COVID-79 Model...
433

Transmission Risk of the 2019-nCoV and Its Implication for Public Health Interventions. Journal
of Clinical Medicine, 9(2), 462. https://doi.org/10.3390/jcm9020462

Usaini, S., Hassan, A. S., Garba, S. M., & Lubuma, ]. M. S. (2019). Modeling the transmission dynamics of
the Middle East Respiratory Syndrome Coronavirus (MERS-CoV) with latent immigrants. Journal
of Interdisciplinary Mathematics, 22(6), 903-930.
https://doi.org/10.1080/09720502.2019.1692429

WHO. (2020a). Novel Coronavirus. https://www.who.int/indonesia/news/novel-coronavirus/qa-for-

public
WHO. (2020b). Pertimbangan-pertimbangan untuk karantina individu dalam konteks penanggulangan
penyakit coronavirus (COVID-19). https://www.who.int/docs/default-

source/searo/indonesia/covid19/who-2019-covid19-ihr-quarantine-2020-
indonesian.pdf?sfvrsn=31d7cbd8_2

Yousefpour, A., Jahanshahi, H., & Bekiros, S. (2020). Optimal policies for control of the novel
coronavirus  disease = (COVID-19) outbreak. Chaos, Solitons and Fractals, 136.
https://doi.org/10.1016/j.chaos.2020.109883

Zeb, A., Alzahrani, E., Erturk, V. S.,, & Zaman, G. (2020). Mathematical Model for Coronavirus Disease
2019 (COVID-19) Containing Isolation Class. BioMed Research International, 2020.
https://doi.org/10.1155/2020/3452402



