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ABSTRACT:The disease caused by SARS-CoV-2,
is called Covid-19, and has become pandemic that
must be considered in order to control its spread.
Covid-19 can be transmitted between humans
through mouth or nose when infectedindividuals
sneezes, coughs, or talks. In this paper, we develop a
mathematical model that introducing physical
distancing and self-precaution in the spread of
Covid-19. Dynamical model of Covid-19 spread in
this paper consist of five variables: Susceptible,
Traced, Quarantine, Infected, and Recovery. The
results of its analysis obtained are two equilibrium
points, called disease-free and endemic equilibrium
points. Analysis of stability at the equilibrium points
is determined by basic reproduction number. If the
value of basic reproduction number is greater than
one, then this dynamic model is asymptotically
stable in endemic equilibrium point. Numerical
simulation is provided to explain the behaviour of
the system and to understand the impact of the
physical distancingand self-precaution on the spread
of Covid-19 in a population using real data of
Covid-19 outbreak in Indonesia. Furthermore, if the
level of physical distancing and self-precaution in
the population is higher, then contact between
individuals is also reduced. Thus, the transmission
of Covid-19 infection can be controlled.
KEYWORDS:covid-19,physical  distancing,self-
precaution, dynamical model, stability

I. INTRODUCTION
The world has been facing an outbreak by
SARS-CoV-2 virus. This outbreak is called Covid-
19. It has been proven to be an infectious disease
that can transmitted between humans through mouth
or nose once the contaminated people sneezes,
coughs, or talks [1, 2, 3]. Based on World Health

Organization (WHO), the first identified case was a
case in Wuhan, China on 31th December 2019.
Then at the beginning

of 2020, Covid-19 was declared as pandemic and
had 88.828.387 confirmed cases worldwide in
January 2021 [4].

The existence of Covid-19 caused many
negative effect in people’s lives. Mathematical
modelling is incredibly useful to analyse the
behaviour of Covid-19 spread. As a result, the
policies taken to beat the spread of Covid-19 are
going to be a lot of effective[5, 6, 7]. There are
many studies of Covid-19 modelling explains the
dynamic of its spread in population. The general
model that is commonly used to predict epidemics
are SIR, SIS, and SEIR[8][9]. From several previous
studies that discussed the model of Covid-19
outbreak that are SEIR model considering about
vaccine and isolation as parameter [10], SEIR model
considering hospitalization, isolation, and the impact
of panic and anxiety [11, 12, 13], SPEIQRD
(Susceptible, Insusceptible, Exposed, Infective,
Quarantined, Recovered, Death) model based on
case in Italy[14], SEIAlIsRP (Susceptible, Exposed,
Asymptomatic Infectious, Symptomatic Infectious,
Recovered, Pathogen) model considering pathogens
in the environment and social distancing[15, 16],
STQIR model based on case in Central Java
Province, Indonesia[17, 18], etc.

In this paper, we modified model that
proposed by Fitriyani[17]. Model development is
done by adding parameters related to crowd impact
and the effectiveness of self-precaution by
individual. In this model is introduced that virus can
transmitted through the interaction between person
in monitoring (ODP) and healthy individuals.
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This paper is prepared as follows: in phase 2, we
describe the formulation model in this paper. In
phase 3, we discussed the positivity and
boundedness of solutions. In phase 4, we analyse the
global stability of the model. Then in phase 5 we
present numerical simulation to illustrate the
behaviour of this pandemic based on proposed
model. Finally, in phase 6 we put on conclusions
and discussion of this paper.

Il. DEVELOPMENT OF MODEL
FORMULARIZATION
In this phase, we describe the development
of mathematical model formulation using the
proposed model by Fitriyani[17] i.e. the spread
model of Covid-19 that divided the human
population into five compartments namely
susceptible (S) is healthy person who can be

0

—E

¢(l-a)

infected with the disease, then person who is being
monitored is individual who come into contact with
the pathogen (T), while person under surveillance is
individual who is infected the virus but not
confirmed yet and do quarantine (Q), infected (l) is
individual who have been confirmed to be infected
and is capable to transmit the virus to others, and
recovery is individual who was infected and is
immune to the disease (R). In this paper, model is
built by considering the crowd impact in populations
during pandemic. It shows by the contact between
person in monitoring (ODP) and healthy person,
also not taking personal precautions like washing
hands and wearing mask. Furthermore, we assumed
that quarantine person and isolated infectious cannot
transmit virus to healthy person. Figure 1 below
shows a flow scheme based on above description.

c1-p)pa-q)@

HotH1

Z(-p)-p(1-¢)8

— po+p2

R

|
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Figure 1: Scheme of Covid-19 spread model

Susceptible individuals are recruited from
natural birth rate 7 and ODP person with the
constant rateg(l-¢). They are removed from their
class with the infection rate £ (1— p)A(@L—q)@ and
natural death rate z,. It causes by the physical

contact (1-p) between the susceptible individuals

and ODP person, where p is the efficacy of physical
distancing intervention, and there is no self-
precautions (1—q) of the individuals, where q is the

effectiveness of self-precaution by individuals.
Average number of contacts between individuals
and the proportion of monitored individuals who are
able to transmit the infection to healthy person

respectively ¢ and €. The probability of successful

infection of healthy individuals from infectious
person is B. ODP person will be quarantine and

become PDP person with the constant rate go and
die at the rate 4, . PDP person is confirmed become
positive Covid-19 infectious individual at the rate §
, die at the rate z¢, + £¢,, Where g, is the death rate

of PDP individuals due to infected Covid-19, and
recovery due to quarantine at the ratey,. The

infectious individuals recovery due to treatment in
hospital at the rate y,and die at the rate 24, + 44, ,

where 4, is the death rate of positive Covid-19
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individuals. Recovery individuals die with the rate
Ho -

According to above assumptions and descriptions,
the development mathematical model equations are

ds
dt
dT
dt
dQ
dt
di
—
dr

E:%Q'F?/zl _/JoRa

5Q_(/U0+1U2+72)|

=7-S¢(1-p)AU-q)0T +(A1-)4T — 14,5
=S4(1-p)1-p)A1-a)0T —(A-a)p+ad+ u)T

=S{(1-p)SA-a)0T +gaT —(uy + 1 +5+7,)Q

given in (2.1) with the initial conditions are positive
and the parameters interpretation are presented in
Table 1.

21)

with $(0)>0,T(0)=0,Q(0)=0, 1(0)=0, R(0)=0 as the initial conditions.

Table 1: Interpretation of parameters

Notation | Interpretation Notation | Interpretation
the proportion of ODP
. individuals ~ but they are
T Recruitment rate of S class ¢ exposed and others become
healthy
The average of contacts number of
< each individuals My Natural death rate
The probability of successful the death rate of PDP
s infection of healthy individuals | g individuals due to infected
from infectious person Covid-19
The probability of successful .
. . L the death rate of positive
a !nfect!on of ODP individuals from | u, Covid-19 individuals
infectious person
. . . . the rate of PDP individuals
D '_the efflca}cy of physical distancing s become positive  Covid-19
intervention ) .
infection
. . the recovery rate of PDP
g the effectiveness of self-precaution 7, individual due treatment in
by individuals .
quarantine
the proportion of individuals in the recovery rate of infectious
o monitoring that can transmit the | 7, persons due to treatment in
infection to healthy person hospital
I11. BASIC REPRODUCTION NUMBER t>0. Let

Before finding the basic reproduction
number and analyzing the model, we need to verify
that all variables are bounded and positive for all

N(t) = S(t) +T(t) +Q(t) + 1 (t) + R(t) and for
all initial conditions are positive. Then we have,
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dN _ds dT dQ di dR

dt dt+dt dt  dt dt
=7+{(1-p)A-L)A-)OST — 14, (S+T+Q+1+R) -

14Q— 1,1
=7+ (1- p)L-B)L-q)OST — N — 14Q— g1, <7 —14,N So that we have,
dN (2.2)
Eﬁr—uoN

Next, by integrating the inequality (2.2), we obtain the solution

N(t) <~ + N(0)e "

Hoy

Letting t tends to infinity, we get 0< N(t) < L. Therefore, for system (2.1) is bounded.

Ho

Further, using integral factor we prove that system (2.1) is positive for all solutions.

We have,
& -4 PYAU-QYOST + )T - 1S

For t>0andlet j=<@— p)BQA—q)IT + 1,, we find the solution

Sty e O (j(f+¢(1—a)T) el 10 gt +c)

S(t) = Ce*j‘i(l)dt . effi(!)dtj'(r T 4-a)T) ejj(t)dtdt

. ¢ ¢
~[j(uydu —jj(u)du t j(udu

S(t):s(O)el e’ J(r+¢(l—a)T)e£ dt>0, vt>0

with the same method, we can find that
T(t), Q(t), 1(t), R(t) are positive.

Furthermore, we  will derive a
basicreproductionnumber. The
basicreproductionnumber is a parameter that used to
determine the extent of Covid-19 infection, which
determine whether the disease will disappears or
persist within the population andisstatedby %, .

Afterwards, we apply the next generation matrix

approach  to  determine Ry . MR >1,
dT

P CA-p)A-AA-OST —(p(l—a) + ap+ 1)T

dl

E:5Q_(ﬂo+/‘z+72)l

Then system (2.3) can be transformed into the form 3_):

Fo0= [ H _ F(l_ P/ q)eST}

y _{vl}_{(qs(l—a)mwﬂo)q
0 =| | = A
Vv, 0Q (/Jo"'/uz"'?/z)l

Since the model has DFE

DOI: 10.35629/5252-0401768778

(23

itmeansthatoneprimary
infectioncancausemultiplesecondaryinfectionsothedi
sease-
freeequilibriumisunsteadyanditcausestheoutbreak.
On the other hand, if % <1thedisease-

freeequilibriumisasymptoticallysteady. It means the
infection is under control. Now based on
explanation on the phase 2, we know that classes
T,and | are the only classes directly involved in the
spread of Covid-19 infection. Consequently we
have,

(F-V)(x), where x=[T,17
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E°=(s"T°Q"1°,R") = i,o,o,o,oj
Ho , SO we get Jacobian matrix of F(x) dan V(x) at the DFE and

compute FV ™, where

_|¢a-pa-pu-a,- o

F o
0 0
— 1 O
vl P+
0 1
Hot 1y + 7,

Thus, we obtain the solution as follows:
a, - S0-PUL-P-Q0r _ nr
Ho(P+ 145) Ho(9+ 1)
with 7=¢(1-p)1-B)1-9)6.

3.1 Equilibrium Point
System of this model has two equilibriums. The first one is disease free equilibrium point (DFE)

E°=(S°,T°,Q°,I°,R°)=[i,0,0,0,0j. The other one is endemic equilibrium point (EE)
Hy

(E")=(S",T",Q",1",R"), where

S* _ ¢+,Uo : -I—* — ,uo(¢+fuo)(g?o _l)

" 2@+ 1) —dl—a)y’
Q*:(l(¢+ﬂoj+f7¢aj 1 .
n n ) +m+5+y)
o 0Q o nQ+pl
(ﬂo"'ﬂz"'?/z)' Hy

According to the expression of EE above, E* is feasible if %, >1.
3.2 Stability Analysis of the Equilibrium Point
In this phase we verify the locally and globally asymptotic stability criteria with the following theorems.

nt

Theorem 3.1Let Ry=—F+——
Ho(P+ 1)

. DFE point of the system is locally asymptotically steady if %, <1and
unsteady if %, >1.

Proof.

The Jacobian matrix of the system at DFE is
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T
— 1t -B—+¢(1-a) 0 0
Ho
T
HEY) - 0 Ay—o—(;ﬁ(l—a)—qﬁa—yo 0 0
0 B +ga ~(tly + 4+ 5+7,) 0
Hy
0 0 s (o + 1, +7,)

(A+uy)(A%a, + A%a, + Aa, +a,) = 0, where

g, =1 81=71+72+5+2,u0+,ul+,u2+(y0+¢)(1—9§,)

8, =ty + o (1 + S+ 7, + 71+ 1) + 117, + 60y + Ity + Oty

147, + i)y + 2008 + toB) L= Ry) + (1ty + Py + 5+ 7, B = (4o +/lz+72)(/‘1+5+71+/”o)(¢+ﬂ0)(1_% )

0+ 1) A= %)

Since we get A = —y,and a,,a,,a, will be positive if % <1. Based on Routh-Hurwitzproperties, the
DFE(E,) is locally asymptotically steady if Ry < 1 and unsteady if Ry > 1.

_nr
Ho(P+ 14y)
system is locally as well as globally asymptotically
steady if %, >1and unsteady if % <1.

Proof.
Local stability of the EE point is verified by
Manifold Center Theory. We assumed that DFE is

lose its stability when &%, >1. Therefore, we can
state that bifurcation is occur around DFE in this
system when %, =1. We choose /3 as bifurcation

Theorem 3.2LetR, = . EE point of the

1
/‘05(/‘02 +ol-a)u, 7§(17 p)(17Q)9T)((
W (,”02+/‘o(/12+7z+71+‘5+:“1)+(ﬂ2+72)(71+5+/’1)
- o+ 7+ S+ 1) o+ (i + 7)1+ 5+ )
s S(u” +#l-a)uy —5 (1~ p)(L-0)0r)

(o + 72+ 1)
5
1

o +¢(2_a)/‘0)_§(1_ p)(l_ q)ﬂr)

And
1 0
HE 8(u’ +9-a)p, ~c(1-p)(1-q)or)
vz =l (1" + ol + 7+ 1+ 04 )+ (1 + 7)) (1 + 0+ 1))
v, 0
0
ds . dT

= f aQ _ fs,d_lz f,, we get
dt

dt Ydt P dt

(P + 1) .
s(-p)L-q)or
Then, from Jacobian matrix J (E®, g*), there is
eigenvalue 4, =0 .

parameter. So we have, g"=1-

Let W =[w, w, w, w,] is the right eigen
vectorand V =[v, v, v, v,]isthe lefteigen
vector. From the J(E°, g )yw=o0andv.J(E®’ g)=0,
we have

Then let S=x,T=x,Q=x,1=x, and
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n a1,
a= Yy vww,
KiTe OX;0X;

2 2
=V, W,W, oty 2 fy and
OX,0X,  OX,0%

1
=- - 2+ (o Ty O ) g+
108 (" + Pty — 7, 455

(1, +72)(n +5+/ﬁ))(#oz + gty + (L= ) 1o — pflfj,’”f)g(lf p)(1-a)o

< o° f,
b= Z Vi W;
Kim  Ox0p

=V.W. 62f2
T ax,08

_ c-p)a-qer
Ho

From the expressions above, we have a<0 and b <0. According to Manifold Center Theory [19], when
a<0 and b <0, then we conclude that EE is locally asymptotically steady.

Afterwards, we verify the global stability of EE by constructing Lyapunov function as

V(t):[S— S*—S*Inijq{T— T =T In T*j+
S T
[Q— Q*—Q*In§j+(l - I*—I*Inll—*j

- V(t) consist of logarithm function, so it is clear that its function is continuous.

- V() is definite  positive. It proved for V(S,T,Q,1)=V(S’, T ,Q", 17)and
V(S,T.Q1)=V(S,T,Q",1).

- V (t) is definite negative.

Using arithmetical mean (AM) and geometrical mean (GM), where define the two interdependent sequences

{a,}and {g,} by a,, :%(an +0,) and g,,, =/(a,+9,), and satisfy the inequality AM >GM [20]. Thus, we
have

S—+ S >2 and I_+L*22
S (I

- =

As aresult we get V (t) <0 when & >1 . Therefore, we can conclude that EE point is globally asymptotically
stable. Hence theorem is verified.

1V. NUMERICAL SIMULATION numerical simulation. The computational in this
We estimated the value of parameters using paper using the real Covid-19 data in Indonesia
least square method [21, 22, 23] in table 2 for from 11 July 2021 until 31 August 2021.

Table 2: Parameters estimation for Covid-19 case in Indonesia

Notation Value Source
T 3.99 Estimated
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g 8.8408x107* Estimated
7 0.99 Estimated
o 6.263x10* Estimated
Y 5.9448x10°° Estimated
q 0.11 Estimated
¢ 0.83051x107° Estimated
Hy 0.1199 Estimated
Hy 0.134 Estimated
M, 0.2065 Estimated
0 9.529x107? Estimated
71 8.99x1072 Estimated
Vs 6.097 x107? Estimated
2] 0.89 Estimated

Numerical simulation of model (2.1) with parameter value in Table 2 and the initial value is set to be

$(0)=17010; T (0)=147705%; Q(0) = 38079;

I(O):256763; R(O):211947- Simulations are used to verify the results of the analysis discussed in the
previous section. We depicted the model of the transmission of Covid-19 by using MATLAB R2019b.

Suscapitie hohtms

Time |Cy)

0 an A

Figure 2: Model Simulation of Covid-19 Spread in Indonesia

From Figure 2, it can be seen that the
susceptible compartment is increasing at the
beginning but then decreasing with time, because
healthy individual had contact with person in
monitoring (traced Individual) and there is crowd

in population. Then in quarantine class is
increasing because healthy person had contact with
ODP and the infection is successfully transmitted.
Therefore, person in monitoring (traced Individual)
is changed to, quarantined individual. It can be
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seen that the higher the crowd level, then the higher
contact between individual happens. Consequence,

the outbreak occurs within population with the
value of R, = 1.9319>1.

Figure 3: Effect of physical distancing intervention to the dynamics of Covid-19 on traced, quarantine,
and infected individuals

B

Figure 4: The effectiveness of self-precaution by individuals to the dynamics of Covid-19 on traced,
quarantine, and infected individuals

Furthermore, we observed the effect of
physical distancing intervention and self-precaution
by individuals such a wearing mask and washing
hands to the behavior dynamics model that has
been proposed. Figure 3 represent the result of the
efficacy of physical distancing intervention. This
simulation is carried out with various values of
p =0.028,0.35,0.673,0.936and the other
parameters constant. According to Figure 3, it said
that the greater p value, then it would reduce the
number of traced Individual, quarantined
individual, and infected individuals. If we look at
the difference between the numbers of population
in each value of p, we can state that physical
distancing intervention is significant to overcome
the spread of Covid-19 outbreak. It means, if the
level of crowd in the population is lower, then
contact between individuals are also reduced. Thus,
the transmission of Covid-19 infection can be
controlled. The second simulation, in Figure 4
represent the effect of the effectiveness of self-
precaution by individuals. To run this simulation,
we provide various value of

DOI: 10.35629/5252-0401768778

g=0.061,0.11,0.5731,0.9381and keep the other
parameters constant. As the result, it said that the
greater value of q then traced Individual,
quarantined individual, and infected individuals are
reduced. The difference number of population
between various ¢ can confirm that self-precaution
by individuals is significant to control the outbreak.
This means that if the individuals in population
take  self-precaution  obediently then the
transmission of Covid-19 can be controlled.

V. CONCLUSION OF RESULT

In this research, we developed a STQIR
model for Covid-19 outbreaks based on case in
Indonesia by considering the physical distancing
and self-precaution intervention and proved its
stability at equilibrium points. Theoretically, the
stability of the system has been proven depends on
the basic reproduction numbervalue. We have
shown that all properties necessary for
epidemiological relevance is verified. We
estimated parameters value using real data from
Indonesia. Numerical simulation show that the
epidemic occurs in the population. It can be seen
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from basic reproduction number value, that is
R, = 1.9319, which means that every one person

can infect two persons.

Furthermore, based on the simulation with
the various value of the efficacy physical
distancing intervention and effectiveness of self-
precaution by individuals parameters conclude that
these two parameters are significant to reduce the
Covid-19transmission. The higher efficacy physical
distancing intervention means that the crowd in the
population is lower thus the level contact between
individual is reduced. The higher effectiveness of
self-precaution by individuals means that every
individual in the population is taking seriously to
wear mask and washing hand to keep hygiene.
Finally we can conclude that Covid-19 outbreak
can be controlled by complying with the policy of
physical distancing and taking seriously to do self-
precaution.
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