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The spread of COVID-19 is very fast because it is transmitted
from human to human. Non-pharmaceutical control is one of the important actions in reducing
the spread of COVID-19, such as the use of masks and physical distancing. This study aims to
model COVID-19 by incorporating people’s habits as a non-pharmaceutical preventive measure.
The model formed emphasizes the importance of preventing with masks and physical distancing.
The implication of this action is that the infected population is decreasing, resulting in less
interaction between the susceptible and the infected. In this case, the virus has not vanished
from the community, but the use of masks in certain populations or subpopulations is lower than
before, which can reduce mask waste in the environment

This study expands on a previous MERS-CoV research model using the susceptible-
exposed-infected-quarantine-recovery model by incorporating behavioral control, specifically
the use of masks and physical distancing as preventive measures. The susceptible population
that interacts with the carrier/exposed and infected population is used to calculate mask use.
The susceptible population was divided into two subpopulations based on their willingness to
wear masks. The following breakthrough is the application of the same system to the infected
population, which is required to wear masks at all times during their self-isolation period. The
model-generated equation system is a nonlinear system of differential equations. The developed
model is examined by determining the equilibrium point and the basic reproduction number.

The model resulted an asymptotically stable disease-free equilibrium and endemic
equilibrium. The disease-free stability is only examined if the compliance with physical distancing
exceeds 0.55 and the compliance with the use of distancing exceeds 0.55. This compliance
condition resulted in a decrease in basic reproduction number ranging from 0.48 to 0.07. The
endemic stability is only investigated if compliance with physical distancing is 0.1 and compliance
with use of distancing is 0.2. The endemic condition can arise if masks and physical separation
are not used. Physical distancing compliance and mask use have values less than 0.1 and 0.2,
respectively

The analysis of the equilibrium points and basic reproduction numbers, show that
increasing compliance in carrying out the health protocol measures of physical distancing and
mask use causes a decrease in the spread of COVID-19, so that the disease will disappear over
time. Meanwhile, ignoring health protocols has an effect on the long existence of the virus in the
community.

©2022 GJESM. All rights reserved.
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The world is currently dealing with a pandemic of
a mysterious pheunomia disease known as
Coronavirus Disease 2019 (COVID-19), which was
discovered in December 2019 in Wuhan, Hubei
province, China. COVID-19 has rapidly spread to all
other countries around the world (Harapan et al.,
2020; WHO, 2021a). COVID-19 spreads quickly
because the virus is transmitted from person to
person via droplets that come out when talking,
coughing, or sneezing, as well as direct contact with
infected individuals (Eikenberry et al., 2020). Based
on this, the best way to limit the spread of COVID-19
cases is to avoid direct contact between humans
(Soewono, 2020). Several steps have been taken to
reduce human-to-human contact and prevent the
spread of the COVID-19 virus. Lock downs (staying at
home) have been imposed by governments all over
the world as the primary and most effective means of
reducing human contact. Other measures include
travel restrictions (Wilder-Smith and Freedman,
2020), hand hygiene (washing hands) (Lin et al.,
2020), isolation, physical distancing (Chintalapudi et
al., 2020), avoiding public places or crowds, closing
schools and offices, and wearing face masks (Li and
De Clercq, 2020). Lock down activities (staying at
home) can help to reduce the spread of COVID-19,
but it will cause the economy to fall and a crisis to
occur. As a result, governments in various countries
that have implemented lockdown measures have
been forced to lift the restrictions and allow people to
resume their normal activities while still adhering to
health protocols. Community behavior should adhere
to applicable health protocols, such as avoiding public
places or crowds (Garnett et al.,, 2021), physical
distancing (Sasmita et al., 2020), hand hygiene
(washing hands), and wearing face masks (Tran et al.,
2020). A person who has been exposed to COVID-19
will not develop symptoms right away because the
severe acute respiratory syndrome coronavirus 2
(SARS-Cov-2) virus has an incubation period after
entering the human body. The SARS-Cov-2 virus has
an average incubation period of 5.1 to 5.8 days, and
symptoms appear after 11.5 to 15.6 days. If a person
becomes infected with the virus, he or she must self-
isolate for 14 days due to the virus’s incubation period
(Laeur et al., 2020). Infected patients’ initial
symptoms, which range from flu and cough to chronic
phase, can result in shortness of breath, acute
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complications, and even death (Phan et al., 2020).
According to (WHO, 2021a), 85% of positive cases
infected with COVID-19 have mild symptoms or do
not cause any symptoms at all, but they can still
transmit the virus to others. According to the most
recent WHO announcement (WHO, 2021b), the
SARS-Cov-2 virus, which causes COVID-19 disease,
can spread through the air produced by infected
individuals’ aerosol production. According to Arslan
et al. (2020), droplets that come out of infected
individuals within a certain distance range (1 m) can
enter the mucosal surface, so that face-to-face
conversation, coughing, sneezing, and breathing can
cause the spread of droplets from the respiratory
tract. The droplets will combine to form an aerosol,
which will spread over a long distance (> 1 m) and last
for a long time in the environment. The SARS-Cov-2
virus can also survive in aerosols for 3 hours and is
even more stable when attached to plastic (72 hours),
steel surfaces (48 hours), copper (4 hours), and
cardboard (24 hours) (Doremalen et al., 2020). As a
result, WHO (2020a) stated that one of the steps to
prevent the spread of COVID-19 is to use masks,
particularly in public places where physical distancing
measures are not possible. However, the use of masks
must be part of a comprehensive COVID-19
prevention strategy that includes other health
protocols. The use of masks is widely believed to
prevent droplets from escaping from infected
individuals and carriers. Based on this, it makes sense
to recommend the use of masks for vulnerable
individuals in order to avoid infection (Maclntyre et
al., 2021). Masks serve a dual purpose: if worn by
susceptible individuals, they provide protection
against infectious or non-infectious diseases
transmitted by infected individuals, and if worn by
infected individuals, they provide source control
against disease transmission or do not transmit
disease to other individuals (Lo et al. 2021; Bagepally
et al., 2021). Surgical masks reduce P. Aeruginosa-
infected aerosols produced by coughing by more
than 80% in cystic fibrosis patients (Driessche et al.,
2015). According to the findings of Stockwell et al.
(2018), N95 masks outperform surgical (medical)
masks. Eikenberry et al. (2020) estimate that the
efficiency of cloth masks is between 20% and 80%,
and possibly higher (well made and tightly fitted and
made of good material). For surgical masks, the
percentage ranges from 70% to 90%, while for N95



masks, the percentage ranges from 95% to 100%.
Because non-medical masks are more commonly
used than other types of masks by the general public,
understanding the characteristics of non-media
masks that are suitable for use to protect themselves
from COVID-19 is critical. According to the WHO
(2020b), non-medical masks should have three layers:
1) an innermost layer of a hydrophilic material (such
as cotton or cotton blends); 2) an outer layer of a
hydrophobic material (such as polypropylene,
polyester, or a combination of both) that can limit
contamination from outside penetrating the wearer’s
nose and mouth; 3) a hydrophobic middle layer made
of a synthetic non-woven material such as
polypropylene or cotton lining that can improve
filtration or retain droplets. As time passes, countries
around the world continue to struggle against
COVID-19, and governments continue to encourage
their citizens to wear masks when visiting public
places or crowds in order to be protected. This has
resulted in the widespread use of masks all over the
world (Lyu et al, 2020). Each month, the WHO
estimates that nearly 89 million procedural masks will
be required to control COVID-19 (WHO, 2021a).
According to a press conference study on the Control
Mechanism of the State Council of China in 2020,
approximately 468.9 tonnes of medical waste are
generated every day as a result of COVID-19. In
Jakarta, Indonesia, however, it was discovered that
the amount of medical waste had reached 12,740
tons approximately 60 days after people were first
infected with the corona virus (Kojima et al., 2020).
The use of masks is indeed critical in order to protect
indiviuals from COVID-19, but the increased use of
masks has resulted in an increase in mask production.
As a result, new environmental challenges emerge,
such as the growing accumulation of medical mask
waste. If the virus can be eradicated in the community,
the use of masks can be reduced, potentially reducing
mask waste in the environment. This study is based
on the development of a mathematical model by
adding community behavior as a non-pharmaceutical
preventive measure (using masks and physical
distancing) as well as having quarantine classes as a
place to treat diseases that can minimize the spread
of COVID-19. In this study, the susceptible-exposed-
infected-quaratine-recovery (SEIQR) model was used
by separating the susceptible and infected population
into two subpopulations, respectively. There are

susceptible subpopulation not using masks (s, ), the
susceptible subpopulation using masks (s,), the
infection subpopulation not using masks () and the
infection subpopulation using masks (7,). The
addition of a quarantine population to the model is
the same as that done by Mandal et al. (2020). Based
on the motivation above, this study aims to model
COVID-19 by including community behavior
(adherence to using masks and physical distancing) in
the SEIQR model as a non-pharmaceutical preventive
measure. This study is simulated at the Modeling and
Simulation Laboratory, Department of Mathematics,
Syiah Kuala University, Indonesia in 2021.

This study expands on the Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) distribution
model developed by Managqib et al. (2019), in which
the MERS-CoV modelisan SEIRtype modelthat divides
the population into four populations: susceptible,
exposed, infected, and recovered. To create the SEIQR
model, the SEIR model was modified by incorporating
a new population class, quarantine (Q). Several non-
pharmaceutical controls, such as mask use and
physical distancing, were also added to reduce the
spread of COVID-19. Each susceptible and infected
population is subdivided into two subpopulations.
As a result, the SEIQR’s five populations are divided
into two susceptible subpopulations, one exposed
population, two infected subpopulations, one
guarantine population, and one recovery population.
The total population at time t is denoted as N(7),
and there are seven population/subpopulations:
susceptible individuals who do not use masks (S1 (1) ),
susceptible individuals who do use masks ((Sz(t))’
exposed individuals ((£(¢) ), infected individuals who
do not use masks (/,(¢)), infected individuals who
use masks (7, (¢)), quarantine individuals (Q(¢)), and
recovery individuals ( R(¢)). With the total population
studied is defined using Eq. 1.

N(t)=58,(t)+S,(t)+E(1)+
L(0)+ 1, (1)+ (1) +R(¢) (1)

The birth and death rates of individuals in the
subpopulation are assumed to be equal in this model
(u). Newborns will be included in the subpopulations
of susceptible individuals who do not use masks g, .
In Susceptible s, and infected I, who use masks, all

153



of whom are considered uninfected and COVID-19
free. If susceptible 5, and infected 7, people who
wear masks stop wearing them, they will be included
in the subpopulation of susceptible g and infected
1, people who did not wear masks, and vice versa.
Furthermore, if susceptible S, and infected I,
individuals do not take physical distance measures,
they have the potential to become infected and infect
others, making them the exposed E. Individuals in the
quarantine subpopulation ¢ have been determined
to be unable to transmit the disease and are receiving
treatment. Individuals who have been exposed to
COVID-19 carry the SARS-Cov-2 virus but have not
transmitted it. Individuals who have been exposed
E and infected 1,1, can then be identified as having
a SARS-CoV2 virus in their bodies using rapid tests,
antigens, and swabs, and they are added to the
quarantine individual sub-population ¢. Quarantine
individuals are people who have tested positive
for COVID-19 via rapid, antigen, or swab tests, and
guarantine facilities are places of care for people who
have tested positive for COVID-19 via rapid, antigen,
or swab tests. If any quarantined individuals recover
from the disease, they will be added to the recovered
sub-population R. Individuals infected 7 7, can
recover naturally without disease treatment and are

classified as part of the recovered subpopulation R.
The recovery population R can be re-infected, but not
to population /. The re-infected path is R to S with
the number regulated by the reinfected parameter.
Death occurs only naturally in each populations/
subpopulations. Based on this, a mathematical model
diagram of the spread of COVID-19 and the Eq. 1 are
obtained in Fig. 1.

The non-linear differential equation of Fig. 1 is
defined using Egs. 2 to 8.

45, =uN +xR+u,S, —u,sS, -

dt (2)
B(1-€)S1, - uS,

d—Stz =, R +u,S, —u,S, — uS, 3)
‘;—fzﬁ(l—g)slll—aE—aE—yE (4)
% =0E+u,l, —ul, —cl —nl — ul, (5)
% =ul, —u,l,—ol,—nl, - ul, (6)

Ky R
nl,
uS, ul\
al
S; I, 2
Iy
U252 [uySy WE Uala| |yl
L
H—N’ 5, ﬁ(l—E)Slfl; E SE N 1, aly N R uR
» A
I
nSy u/ nl;
¥Q
akE > 0 »
ne
KR

Fig. 1: Diagram of the process of spreading COVID-19 with the use of masks and physical distancing
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%=QE+7711+7712_7Q_/1Q (7)
CZ—R:JIl+al2+7Q—(K1+K2+y)R (8)
t

The parameter S(1-¢) in Egs. 2 and 4 quantifies
the extent to which susceptible individuals S, will
be included in the exposed subpopulation E due to
a lack of physical distancing measures. The level of
transmission of COVID-19 diseaseisdenotedby s, and
0< e <1 isthe proportion of people who physically
distance themselves from others. The parameter §
represents the number of people who have been
exposed to the SARS-CoV2 virus during its incubation
period and are included in the subpopulation of
infected people who are not wearing a mask, whereas
the parameter ¢ represents the number of people
who have had a positive rapid, antigen, or swab test
and are included in the quarantine subpopulation to
receive treatment. 5 is the proportion of infected
people who receive disease treatment and are
included in the quarantine subpopulation. In Egs.
2,3,5and 6, 0<u, +u, <1 is the level of individuals
who use masks and do not use masks. Susceptible g,
and infected ; individuals who begin implementing
the health protocol using masks will be included in
the subpopulation of susceptible s, and infected 7,
individuals as y, . In turn, susceptible g, and infected
1, individuals who begin to discontinue the use of
masks in the health protocol will be included in the
subpopulation of susceptible s and infected ]1
individuals as 4. Furthermore, parameter 7 in Eq.
7 denotes infected and exposed individuals who
recovered by receiving treatment in the quarantine
subpopulation and were then included in the cured
subpopulation R, whereas infected individuals who
recovered naturally without receiving treatment
were included in the cured subpopulation R as
much as & (Eg. 8). Egs. 2 to 8 can be simplified by
forming the proportion of the number of individuals
in a subpopulation with the total population, which is
expressed using Eq. 9.

S S, E

1 11
§; =8, =— —
N N NN
L 0
“NITN

)

Where, Eq. 9 is substituted into Egs. 2 to 8, the
Egs. 10 to 16 are obtained.

ds,

—L=u+rr+us, —us,

dt (10)
-B(1-&)s,i, — ps,

ds

7;=K2F+ulsl —U,S, — 1S, (11)
@:,B(l—g)sli1 —de—ae— pe (12)
dt

di

i=5e+142i2 —u,i, — o, — i, — i, (13)
dt

d, ..

— =i, —u,i, — O, — i, — i (14)
di ih Tl 2 T, — ML

dq . .

e —yq - g (15)
d—’;=0il+ai2+7q—(lq+1(2+y)r (16)

The symbols of variables and parameters used in
the model are summarized in Tables 1 and 2.

The parameter values used in this study were
derived from publicly available COVID-19 data as well
as literature sources such as journals, articles, and so
on. The parameter values were set to be §=0.3 from
exposed to infected individuals (Mandal et al., 2020).
Individuals who have been exposed to COVID-19
will not immediately show symptoms, because the
COVID-19 virus will experience an incubation period.
Some studies estimate that if someone is exposed to
COVID-19, they must isolate themselves for 14 days,
where the average incubation period of the virus is
5.1 to 5.6 days and some start showing symptoms on
days 11.5 to 15.6 (Laeur, 2020). Parameter value of
recovered individuals after quarantine ,=1/14 (Tang
etal., 2020). Furthermore, the parameters of exposed
individuals that were included in the quarantine
subpopulation ¢ =0.1326 (Resmawan et al., 2021).
Individuals infected with COVID-19 have a healing
process against the disease by =025 (Mandal et
al., 2020). Given that the average time for infected
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Table 1: COVID-19 spread model variable symbol

Symbol Explanation
N Total population in the system
S1 Number of subpopulations of susceptible individuals not wearing masks
S, Number of subpopulations of susceptible individuals using masks
E Number of individual subpopulations exposed
I Number of subpopulations of infected individuals not wearing masks
I, Number of subpopulations of infected individuals wearing masks
Q Number of quarantined individual subpopulations
R Number of subpopulations of recovered individuals

Table 2: COVID-19 spread model parameters

Symbol Explanation Value Source
The birth or death rate of individuals in the Determined
H population 0.002116268 (Sasmita et al., 2020)
£ physical distancing (0.1,0.55,0.9) Assumption
Uy Mask usage rate (0.2, 0.55, 0.88) Assumption
Uy The rate of not/stopping using a mask (0.8, 0.45, 0.12) Assumption
. . Determined
B Disease transmission rate 0.75 (zhu and Zhu, 2021)
The rate of individual exposed to quarantine 0.1326 Determined
a individual ’ (Resmawan et al., 2021)
s The rate of individual is exposed to an infected Determined
individual (Mandal et al., 2020)
The rate of infected individuals being 0.025 Determined (Eikenberry et al., 2020;
n quarantined individuals Ferguson et al., 2020)
The rate of infected individual recover without 0.25 Determined
g treatment ’ (Mandal et al., 2020)
The rate of quarantine individual recover with Determined
14 treatment 0.07142857142 (Tang et al., 2020)
The rate of recovered individual back to
Ky ) . 1/120 Determined k; + k, = 1/60
susceptible not wearing masks -
H te of dindividual back t (Batistela et al., 2021; Dwomoh et al.,
X e rate of recovered individual back to 1/120 2021)

susceptible wearing masks

individuals is 7 days before dyspnea (difficulty
breathing), 9 days before sepsis (complications
due to life-threatening infection), and a range of
1-10 days before receiving treatment, »=0.025 is
determined (Eikenberry et al., 2020; Ferguson et al.,
2020; Eubank et al., 2020). The rate of transmission
of COVID-19 disease varies greatly due to the actions
taken to reduce COVID-19. The lower the level of
action taken, the higher the transmission rate; we set
the parameter value p=0.75 where no preventive
measures were taken so that the rate of transmission
was high; the value of this parameter is taken from
Zhu and Zhu (2021). Individual birth and death rates
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are regarded as equal. Then, for the parameter
values of physical distancing measures and mask use,
there are several variations caused by the possibility
of individuals in the population performing these
actions:  £=[0.1,0.55,0.9], u, =[0.2,0.55,0.88], and
u, =[0.8,0.45,0.12]

Figure illustration

The study describes the impact of compliance
with COVID-19 disease control policies such as the
use of masks and physical distancing on the spread of
COVID-19. This illustration involves three important
parameters in COVID-19 prevention measures, ¢,u,,



and y, with the values of the three parameters being
different based on the data obtained as described
previously. This illustration depicts the amount of
spread of COVID-19 in a population over time (in
day). The illustrations performed on this model
include only for asymptotically stable conditions. The
illustration is obtained by substituting the parameters
in Table 2, initial values of stated variables, and the
parameter values g4, and ,, that have been set
to Egs. 10 to 16. Initial values were obtained from
Indonesia’s COVID-19 conditions on June 22, 2021
(Satgas, 2021), there are  (0)+s,(0)=269451481,
¢(0)=124918, i,(0)+i,(0)=13668, ¢(0)=4958, and
r(0)=8375-

Equilibrium points

The equilibrium point is the point where each state
variable does not change in value, marked by the first
derivative of each variable equal to 0 (Safitri et al.,
2019). The equilibrium value is obtained from every
first derivative of the SEIRQ variable with the condition
that it must be equal to 0. Egs. 10 to 16 have two
equilibrium points. One of the equilibrium points is
the disease-free equilibrium point, where the infection
will disappear from the system (infected #; and i, are
disappear). The point is obtained using Eq. 17.

Ey(s,s,',0,0,0,0,0) (17)

« M+, I u,
2

Where, '~ f+u +u, and gt -
Another equilibrium point is the point where the
infection will continue to exist in the system which
is called the endemic equilibrium point. The point is
obtained using Eq. 18.
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The asterisk in each state variable is referred to as
the optimal value obtained from the first derivative
which is equated with 0.

Basic reproductive number

The basic reproduction number is one of the most
important parameters in epidemiological models, and
it is useful in determining the nature of disease that
occurs in a population. According to Driessche and
Watmough (2002), the basic reproduction number is
the expected value of the number of infections per
unit time caused by one infected individual case that
occurs in a population at a given time. R, represents
the basic reproduction number. g can be calculated
in a variety of ways, but we will us