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Abstract. Covid-19 is a type of infectious disease caused by SARS Cov-2. This virus has spread throughout the world
to cause a pandemic. This study aimed to model and analyze the spread of Covid-19 with the isolation factor. The
spread of Covid-19 can be made into an epidemic model by taking into account the population of susceptible humans
(S), infected humans (1), isolated humans (L), and recovered humans (R). The method used in this research was to
derive a non-linear system of differential equations model, complete the model qualitatively, find the primary
reproduction ratio (Ry), see the model’s behavior by analyzing the dynamics of the equilibrium point and make model
simulations. This model has a disease-free equilibrium point that is asymptotically stable, while at the equilibrium
point, the endemic is unstable. The results of the model simulation and analysis of the R, value indicate that the
chance of successful Covid-19 spread and the isolation factor is a significant controlled parameter in reducing the
Ryvalue.
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1. INTRODUCTION

The virus with the original name Novel Coronavirus (2019-nCov) is a new virus that causes human
respiratory disease. Covid-19 is still in the same family as the viruses that cause SARS and MERS [1].
Starting from the Chinese city of Wuhan in early 2020, Covid-19 has become epidemic in Indonesia. On
NBC News (2020), WHO has declared the disease spread caused by this coronavirus as a pandemic as of
March 12, 2020 [2]. A pandemic is defined as an epidemic that occurs worldwide or over a vast area, crosses
international boundaries, and usually affects many people [3]. This disease can spread through droplets of
saliva from the nose or mouth of someone infected with Covid-19 when coughing or sneezing [4]. The
number of confirmed cases of Covid-19 is still increasing day by day [5]. It shows the seriousness of handling
positive cases of Covid-19 so that the pandemic ends soon. In addition to direct handling, all parties must
also carry out prevention efforts. Consideration of a good strategy is very much needed in efforts to handle
and prevent the Covid-19 pandemic.

Mathematical models for epidemics can be used to consider strategies to control the spread of disease.
Mathematical models can also help predict future epidemic control to avoid a pandemic. Kermack and Mc
Kendrick, in 1927, first introduced the epidemic model. The model is known as the SIR model, which divides
the population into three classes, namely Susceptible (individuals susceptible to infection), Infected (infected
individuals), and Recovered (individuals who have recovered) [6].

Many types of research on disease epidemic models have been developed. One of which is Wahyudi
and Irma's research [7] using the SIR model to predict the condition of Covid-19 transmission in Indonesia.
The SIR model was developed into various epidemic models by adding new sub-populations. Fanelli et al.
[8] developed a SIR model used to predict the spread of Covid-19 in China, Italy, and France using the SIRD
(Susceptible, Infected, Recovered, and Death) model. Putra and Abidin's research [9] also developed a SIR
model with an Exposed (E) population to predict the number of Covid-19 cases as an effect of the lockdown
in ASEAN countries. Studies on Covid-19 using various methods from several countries have also been
widely studied, such as in Yousaf et al. [10] predicting Covid-19 cases in Pakistan using the ARIMA method.
Another method used to predict Covid-19 cases is the RNN time series method. Shastri et al. [11] compared
the number of positive cases in India and the USA.

Various kinds of disease control strategies are carried out to minimize individuals affected by the
disease and prevention efforts. One of them is the study of Balya et al. [12], which examines the impact of
socialization and rapid tests on the Covid-19 spread model. The study of Utti et al. [13] developed an SEIR
model to predict the number of confirmed positive cases in the presence of limited treatment. Another strategy
in disease control is quarantine, as in the study of Mishra et al. [14] studying the SIR model by adding a
population of quarantined individuals. Quarantined individuals are divided into 2, namely individuals who
are quarantined at home and individuals who are quarantined in hospital.

Based on this explanation, this study examines the model of the spread of SIR (Susceptible, Infected,
Recovered) disease by adding an isolated population. The addition of this isolation population is adjusted to
the conditions of handling Covid-19, where individuals infected with Covid-19 are required to isolate
themselves. The developed model consists of 4 populations, namely susceptible humans (S), infected humans
(I, isolated humans (L), and humans who have recovered (R). The epidemic model for Covid-19 obtained
will be completed qualitatively. The primary reproduction ratio number can determine the factors that
influence the epidemic. Furthermore, the behaviour of the Covid-19 distribution model is determined based
on the stability of the disease-free equilibrium point and the endemic equilibrium point.

2. RESEARCH METHOD

The method used in this research was as follows:

Reducing the spread of Covid-19 by isolation.

Completing the model qualitatively.

Finding the primary reproduction ratio (Ro)

Analyzing the results of Ry is used to determine the factors that influence the epidemic.
Seeing the model’s behavior by analyzing the dynamics of the equilibrium point.
Modeling simulation
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3. RESULT AND DISCUSSION

The Covid-19 spread model with isolation was derived using a non-linear system of differential
equations. Based on the spread of the Covid-19 model with the isolation, the equilibrium point analysis was
carried out to determine the dynamic behavior of the model. Furthermore, the formula for the primary
reproduction ratio (Ro) is reduced to determine the factors that influence a population to have a disease
epidemic or not.

3.1. Covid-19 spread model with isolation

The isolation of the Covid-19 spread model was obtained by developing the initial SIR model,
namely by adding an isolated human group (L). Several assumptions were used to facilitate the
formation and discussion of the model, namely:

1. The human population is closed. It means that the increase or decrease in the number of
people only occurs by birth or death, while the movement of people through immigration
and emigration is ignored.

The human birth rate is fixed.

The human mortality rate is divided into natural deaths and due to Covid-19.

Every human being is born healthy.

Humans who are isolated do not spread disease.

Humans who have recovered cannot be reinfected.

Clean environmental factors, temperature, humidity, and seasonal variance are neglected.

Nookrwd

Based on these assumptions, the Covid-19 spread model was obtained with isolation in the form of a
first-order non-linear differential equation system, which is as follows :

as 5 aSI g
dt N H
dl  aSI
—=—-—B+0+u+o)l
dt N 1
dL @
—=0l-(¢p+u+o)L
dt
aR =Bl + ¢L R
Where
S = The number of susceptible humans in the population
I = The number of infected humans in the population
R = The number of healed humans in the population
L =  The number of isolated humans in the population
0 = The rate of increase in susceptible humans
a =  Chances of successful spread of Covid-19, susceptible humans become infected humans
# = Human natural death rate
Jii Infected human cure rate
o =  Death rate due to Covid-19
¢ = Infected human isolation rate
¢ Human cure rate after isolation
N =  Total human population

3.2 The Equilibrium Point of the Covid-19 Spread Model with Isolation
Based on system (1) if | = L = R = 0 then the disease-free equilibrium point is obtained as follows:

W, = (5,0,0,0) = (%,0,0,0) @)

Next, to determine the endemic equilibrium point, it is assumed that 10, L=0, R=0. Based on system
(1), it is obtained that the endemic equilibrium point is
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Wl - (S*,I*, L*,R*) (3)
by using Maple software, the values S*,I*, L*, R* is obtained, namely:
g _N(B+0+u+o)

. —8a + ﬁZN + ubN + uN + usN
B+0+u+o)a
= —(0(=8a + BuN + ubN + u?N + uoN))
(a(Bp + ¢0 + Ppu+ o + By + ub + u? + 2uc + fo + 06 + 02))
. —((=6a+ BuN + ubN + p*N + uoN) (B¢ + pu + fo + ¢0))
" (a(Bp + PO + Ppu+ po + Pu + ub + p? + 2uc + o + a6 + a2y

3.3 Basic Reproductive Ratio Figures (Ro)

By using the next-generation operator approach, the basic reproduction ratio for this case is
a
Ro = i @
If o value of is getting bigger and the value (B+0+p+o) is getting smaller, then the value of Ry will be bigger
than one (R_0>1). It means that a disease epidemic has a greater possibility to occur. Conversely, if a value

is getting smaller and the value of (B+6+u+o) is getting bigger, then the value of Ro will be less than one
(Ro<1). It means that a disease epidemic has a smaller possibility to occur or no epidemic will occur.

3.4 Equilibrium Point Stability Analysis

Theorem 1 [15]

If the matrix A in the system x= Ax is a coefficient matrix with eigenvalues 4;, 1,, -+, 4,,, and Re( A)
is the real part of the eigenvalues A, then the stability of the equilibrium point x* = 0 of system solutions
x=AX is

a. Stable, if Re(A) <0, Vk =1, 2, -, n.

b. Asymptotically stable, if Re(1;) <0, Vk =1, 2, -, n

c. Unstable, if Re(A,) > 0, for particular k.

3.4.1 Behavioral Analysis of Models around the Disease-Free Equilibrium Point

The disease-free equilibrium point of the system of equations (1) is as in equation (2) so that the obtained
Jacobian matrix around the disease-free equilibrium point is

8
—u —a 0 0
aF (& i S _ i
jza(;’()’o’o):l 0 a B+0+u+o) 0 0 | (5)
\ 0 0 —(p+u+o) 0 /
0 B ¢ —u
The eigenvalue of equation (5) is
_ _ —as+pu+Ou+u’+ou
A =—u, Ay = ( P )'

A3 =—(p+u+0)i=—p

Based on the results obtained, it can be seen that the real part of the eigenvalues 1,,4,,45,1, is
negative. Then, according to Theorem 1, the equilibrium point W, = (S, 0,0,0) = (g, 0,0,0) is asymptotically
stable.

3.4.2 Analysis of Model Behavior around Endemic Equilibrium Points

The endemic equilibrium point of the system of equations (1) is as in equation (3). The obtained
Jacobian matrix around the endemic equilibrium point is
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ad8+BuUN+uON+u’N+ucN

(B+6+u+0)N —p-0-p-o 0 0 \
OF , vk 7% 1% % r a8+BUN+UON+u’N+ucN !
]=a(5 ,I,L,R):l (B+0+ptoIN 0 0 0 |(6)
\ 0 0 —(p+u+o) 0 /
0 B ¢ —u
By using Maple software, the eigenvalue of equation (6) is
11
=-—(VB
ha =57 (V)

11
Az = _EZ(\/E)’

Az =—(p+u+o),
Ay =—n

Where:

A=(B+0+u+o)N

B = 6a + (248N?ubo + 8BNSau + 8NSac + 88N5Oa + 8ONSau + 8ONSao + 8Nudac
+ 24BN?u?0 + 24BN?u?0 + 12%N?ub + 12*N?uo + 128N?uc? + 128N?ub?
+ 4B%NSa + 240N?u%0 + 120%2N?uoc + 120N?uc? + 40°NSa + 4Nu?Sa + 4No?Sa
+ 12B8N?%u3 + 128%N?u? + 4B3N2u + 1202N?u? + 403N?u + 12N?u30 + 12N? p?o?
+ 4N203u + AN?p*+8%a? + 12u3ON?)1/2

C =—8a+ (24BN?ubo + 88NSau + 88NSac + 8NSOa + 80NSau + 80NSac + 8Nudac
+ 24BN?u20 + 24BN?u?0 + 12B%N?ub + 128%N?uoc + 128N?uoc? + 12 N?u6?
+ 4B%NSa + 240N?u%0 + 120%2N?uoc + 120N?uc? + 40°NSa + 4Nu?Sa + 4No?Sa
+ 128N?u3 + 12B%N?u? + 4B3N?u + 120°N?u? + 403N?u + 12N?u30 + 12N?p?o?
+ 4N203u + AN?p*+8%a? + 12u3ON?)1/2

Based on the results obtained, it can be seen that the real part of the eigenvalues A,, 15, 1, is negative
while the real part of the eigenvalue A4 is positive. Then, according to Theorem 1, the equilibrium point W, =
(§*,I",L*, R™) is not stable.

3.5 Simulation of the Stability of the Endemic Equilibrium Point of the Covid-19 Spread Model with
Isolation

The parameter values given to make a simulation of the endemic equilibrium point of the Covid-19
spread model with isolation are presented in Table 1 as follows:

Table 1. Endemic Equilibrium Point Simulation Parameter Value

Parameter Scores
(S(0), 1(0), L(0), R(0)) (29639, 1446, 1257, 645)

N S+I+L+R
1) 1000
a 0.8
u 0.01
B 0.2
0 0.3
o 0.01
¢ 0.6
R, 1.54

By using the assistance of the MATLAB GUI, a simulation of the endemic equilibrium point of the
Covid-19 spread model with isolation can be obtained, which is presented in Figure 1 below:
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Figure 1. Graph of S(t), I(t), L(t), R(t) against Time for Endemic Equilibrium Point

Covid-19, susceptible humans become infected humans), namely:

Based on Figure 1, it can be seen that the number of susceptible humans has decreased from time to
time. Furthermore, after the 15th time, it will increase again. The number of infected humans has increased
until the 10th time, then it decreased. In proportion to the number of isolated humans, it increased until the
10th time and decreased to 0. Meanwhile, the number of recovered humans continued to increase. The
following will present a graph with a different parameter value of (Probability of successfully spreading
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Based on Figure 1-3, it can be seen that the greater the value of « parameter or the chance of successful
spread of Covid-19 of susceptible humans become infected humans (if the other parameter values remain),
the greater value of R will be. As a result, the number of susceptible humans is decreasing rapidly. It means
that the parameter’s value is very influential on the population. Thus, there is a need for prevention efforts.
The chances of successful spread of Covid-19 are getting smaller, namely by implementing the 5M health
protocol (Wearing masks, washing hands with soap, keeping a distance, staying away from crowds, and
Reducing Mobility).

Several simulations of the Covid-19 model are presented to determine the isolation effect on the
system, as shown in Figures 4, 5, and 6 below:

coba2 - X

Simulasi Model Covid-19 dengan Isolasi

Probabilitas sukses (a) 08 Tingkat Kesembuhan (b} 02 Ro

111111
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0.5 Ro>1=> terjadi epidemi penyakit

Tingkat Kematian Alami (m) Tingkat Kematian Covid19 (s) Ro<1 == tidak terjadi epidemi penyakit
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Figure 4. Graph of S(t), I(t), L(t), R(t) against Time for Endemic Equilibrium Point with 6=0.5
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Figure 5. Graph of S(t), I(t), L(t), R(t) against Time for Endemic Equilibrium Point with 6=0.7
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Figure 6. Graph of S(t), I(t), L(t), R(t) against Time for Endemic Equilibrium Point with 6=0.8
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Based on Figure 4-6, it can be seen that the greater parameter value 0 or the isolation level of infected

humans (if the other parameter values remain), the value of Ro will be smaller. As a result, the number of
susceptible humans grows continually, while the value of infected human’s declines continually. It means
that the parameter value 6 is very influential on the population. Thus, there is a need for strict isolation efforts
for people who are confirmed positive for Covid-19. The form of isolation for people who are confirmed
positive for Covid-19 can be in the form of isolation in hospitals, independent isolation in their respective
homes, or isolation in places that have been provided by the government while still complying with existing
health protocols.

4. CONCLUSIONS

Based on the results of research on the Covid-19 spread model with isolation, it can be concluded that:

1.

2.

The spread of Covid-19 by isolation can be made into a model in the form of a system of non-linear
differential equations.
The model of the spread of Covid-19 with Isolation has a disease-free equilibrium point W, =

(S,0,0,0) which is asymptotically stable and the endemic equilibrium point W; = (§*,I*,L*, R*) is

unstable.
The basic reproduction ratio formula for the Covid-19 spread model with isolation is
a

Ro = B+6+u+o
The factors that affect the spread of Covid-19 per unit time are
Chances of successful spread of Covid-19, susceptible humans to become infected humans (a),
Natural human mortality rate (u),
The cure rate of infected humans (),
The isolation rate of infected humans (6),
Death rate due to Covid-19 (o).
The results of the model simulation and analysis of Rg by taking several different parameter values
indicate that the probability of a successful spread of Covid-19 (a) is the most significant controlled
parameter to reduce Ro. Thus, there is a need for prevention efforts. The chances of successful spread
of Covid-19 are getting smaller, namely by implementing the 5M health protocol (Wearing masks,
washing hands with soap, keeping a distance, staying away from crowds, and Reducing Mobility). It
is followed by the effectiveness of the isolation level of infected humans (#). The form of isolation
can be in the form of isolation in hospitals, self-isolation in their respective homes, or isolation in
places that the government has provided to increase the chances of eradicating Covid-19 from the
community
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