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Te COVID-19 pandemic has plunged the world into a health and economic crisis never seen before since the Spanish fu
pandemic in 1918.Te closure of schools and universities, the banning of rallies, and other social distancing in countries have been
done to disrupt the transmission of the virus. Governments have planned to reduce restrictions on corona management by
implementing vaccination programs. Tis research aims to better understand the Coronavirus disease’s behavior, identify the
prevalent factors, and adopt efective policies to control the pandemic. Tis study examines the diferent scenarios of releasing the
constraints and returning to normal conditions before Corona to analyze the results of diferent scenarios to prevent the oc-
currence of subsequent peaks. Te system dynamics approach is an efective means of studying COVID-19’s behavioral
characteristics.Te factors that afect Coronavirus disease outbreak and control by expanding the basic SEIRmodel, interventions,
and policies, such as vaccination, were investigated in this research. Based on the obtained results, the most critical factor in
reducing the prevalence of the disease is reducing the behavioral risks of people and increasing the vaccination process. Ob-
servance of hygienic principles leads to disruption of the transmission chain, and vaccination increases the immunity of in-
dividuals against the acute type of infection. In addition, the closure of businesses and educational centers, along with government
support for incomes, efectively controls and reduces the pandemic, which requires cooperation between the people and the
government. In a situation where a new type of corona has spread, if the implementation of the policy of reducing restrictions and
reopening schools and universities is done without planning, it will cause a lot of people to sufer.

1. Introduction

OnDecember 31, 2019, COVID-19 was identifed inWuhan,
China. With the Coronavirus disease outbreak and its high
transmission rate, China quarantined the city of Wuhan and
took strict measures to prevent the further spread of the
virus to other parts of the country. Nevertheless, on March
11, 2020, COVID-19 was declared a global pandemic by the
World Health Organization (WHO) due to its rapid spread
to other parts of the world. According to reports, 118,000
positive cases were reported in 114 countries on the men-
tioned date, and about 4,000 people lost their lives. Te
WHO issued statements on the outbreak, calling all coun-
tries to take control measures to deal with the world’s
biggest-ever public health emergency. Te frst case of

Coronavirus disease in Iran was ofcially announced on
February 18, 2021. Te government initially tried to control
and fght against the unknown virus by closing schools and
universities. Over time, new restrictions were imposed, but
the apparent decrease in patients convinced the authorities
to reduce the restrictions.

On the other hand, the reduction of health protocols,
taking the disease for granted, and the adoption of wrong
policies again increased the number of patients, so Iran
passed the fourth peak of the disease and is now dealing with
the ffth wave of the pandemic. Te government has
implemented various policies to prevent and reduce the
incidence of COVID-19, but these policies have not been
sufcient or have been poorly implemented. As of January
17, 2022, the number of patients in Iran and worldwide was
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about 6,221,000 and 329,000,000, respectively. Also,
COVID-19 has taken the lives of some 132,000 people in
Iran and 5,557,000 patients worldwide. Table 1 shows in-
formation about patients, recoveries, and deaths from the
beginning of the coronavirus disease outbreak until mid-
January 2022 worldwide.

Virologists have conducted extensive studies on the virus
genome to discover efective drugs for treating coronavirus
disease patients. However, according to the Ministry of
Health, no drug has been 100% efective in treating the
disease. On the other hand, vaccination has always been one
of the fundamental ways to deal with the pandemic.
Terefore, with extensive research, several countries have
successfully produced efective vaccines against the disease.
According to the latest global statistics on coronavirus
disease vaccination, until the frst of 2022, 9 billion 326
thousand 391 doses of COVID-19 vaccine have been injected
in diferent countries, among which in terms of the highest
percentage of the vaccinated population, China stands at
86.1%, the USA at 62.9%, and India at 48%. Te statistics of
vaccine injections in Iran are about 60 million and 490
thousand frst doses, 53 million and 586 thousand second
doses, and around 14 million and 563 thousand third doses
by January 23, 2022.

Although published statistics such as Figure 1 show that
not all vaccines discovered are 100% safe against COVID-19,
they noticeably reduce the incidence of the acute form
leading to death. Although mutations in the primary virus
may reduce the vaccine’s efectiveness, vaccination is the best
way to increase human immunity and reduce the costs
associated with coronavirus disease.

Te frst mutation of the coronavirus disease, the alpha
variant, known as the British Corona, was identifed in
September 2020 in southeast Britain. Te new coronavirus
disease entered and adhered to the respiratory cells, causing
the virus to observe a higher transmission rate and faster
spread. Te frst case of British Corona in Iran was recorded
on January 4, 2021. Te Alpha variant is so far spread across
the UK and at least 70 countries. Another variant of the
coronavirus disease mutation beta virus was frst spread in
October 2020 in South Africa. Beta has now spread
throughout South Africa and more than 30 other countries.
A new type of disease, the delta variant, spread in India in
October 2021 and became more widespread with two mu-
tations in the virus genome. An important feature of the
Delta variant is its very high transmission rate, which is 60%
higher than the alpha variant. Patients with the infection
have been found in more than 80 countries. Researchers still
do not know whether the delta strain causes more severe
disease and is more deadly than other variants and how
efective are the available vaccines?

Studies have shown that existing vaccines are still ef-
fective against mutated strains of the coronavirus disease,
including the delta variant. Te world is currently facing
another type of coronavirus disease. Te virus, called
lambda, was frst seen in Peru and has been reported in at
least 40 countries. Tis is a substantially more contagious
mutation than the Corona Delta. It is also highly resistant to
antibodies and causes more infections than the alpha and

delta variants. Lambda is three times more resistant to the
vaccine and is more common in people with chronic dis-
eases. No case of this variant has been observed in Iran yet.
Another strain of the disease, called Mu, was frst identifed
in January 2021 in Colombia, South America. Tis strain is
now recognized in 39 countries, including the United States
and European countries. Te Mu variant has several char-
acteristics that make it more resistant to vaccines, but more
research is needed to understand its features better.

In November 2021, the World Health Organization
(WHO) warned of a new strain of the coronavirus disease
called Omicron. Tis species was frst reported to the WHO
in South Africa. Evidence suggests that Omicron has a
number of mutations that afect how it behaves, such as the
rate at which it spreads or the severity of the disease it causes.
It is also predicted that this variable will reduce the efec-
tiveness of public and social health measures or existing
diagnoses, vaccines, and treatments. In less than a month
after the ofcial report, Omicron has spread to more than
100 countries, such as Canada, the United States, Spain,
France, India, and so on. Figure 2 shows the countries that
have been infected with the virus. A study of Omicron
infections shows that this type has a shorter incubation
period. After contact with the infected person, it takes less
than three days for the symptoms to appear in the person
and the test result is positive. Te frst case of coronary heart
disease in Iran was registered on December 19, 2021. Since
then, 1162 people have been infected with this variant, and
three people have lost their lives.

Figure 3 shows this variant spread more rapidly than
others and is expected to become a common variant in the
entire world in a short time. While COVID-19 is still
prevalent around the world, some countries have decided to
remove COVID restrictions, such as wearing masks, not
holding rallies, and closing schools and universities, after
implementing a vaccination plan and increasing the vac-
cinated population, reducing the number of cases and
deaths. Terefore, with the advent of the new Omicron
variant, infection rate and morbidity and mortality rates will
rise. France and South Korea, for example, repealed hygiene,
telecommuting, and anti-assembly laws after 75% and 84%
vaccination, respectively. Still, with the outbreak of the new

Table 1: COVID-19 disease world statistics according to theWorld
Health Organization on January-17-2022 report.

Identifed
328,844,451

Fatalities 5,557,893 Recovered
267,726,222

Country Identifed Fatalities Recovered
USA 66,995,533 873,564 43,090,644
India 37,380,253 486,482 35,237,461
Brazil 23,006,952 621,099 21,710,831
UK 15,217,280 151,987 11,389,181
France 14,172,384 126,967 9,019,484
Russia 10,803,534 312,320 9,858,615
Turkey 10,457,164 84,758 9,665,504
Germany 7,991,432 116,268 7,000,000
Argentina 7,094,865 118,040 6,081,081
Iran 6,221,033 132,075 6,064,646
Pakistan 1,328,487 29,019 1,263,791
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Omicron variant, the number of COVID-19 patients in
these countries has increased. Governments sought to
impose new restrictions, requiring employees to do their
work at home if possible. Figure 4 shows a diagram of daily
infection cases in France, South Korea, and other countries.
Te European governments are worried about the fourth
Corona peak in these areas. According to Figure 4, the
incidence of the disease in some countries is increasing with
a steep slope.

Concerns have risen internationally due to the high
prevalence and consequent increase in deaths from COVID-
19 disease.

Figure 5 represents the rate of decline of corona disease
after the sixth wave; the decreasing trend of this graph can be
a promise of the end of this disease in Iran. According to the
fgure, the sixth wave of this disease started in January 2022,
and with a steep increase on February 8, 2022, we have
witnessed the peak and highest death rate in this wave. Te
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Figure 1: Graph of the number of daily vaccinations in Iran from February 2021 to mid-January 2022 (Source: ourworldindata.org).
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Figure 2: Countries where the Omicron type is identifed by the end of 2021 (Source: fortune.com).
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disease process is improving after the peak; so the number of
deaths caused by Coronavirus disease is decreasing and
fortunately, the statistics of this variable have tended to zero.

In addition to virologists, researchers in other felds have
studied the COVID-19 pandemic from various perspectives.
Some researchers have used mathematical modeling and
simulations to understand the dynamics of the pandemic to
provide valuable advice to physicians and politicians. One of
the tools is to simulate the system dynamics approach, which
focuses on the feedback behavior of variables in the closed-
loop of the system and deals with how the behavior of in-
ternal feedback loops creates behavior in the system

structure. Te power of system dynamics lies in analyzing
the impact of information feedback on decision-making in a
complex system. Detailed modeling methods such as sys-
tems dynamics can be used to illustrate the dynamics of the
outbreak and to simulate disease behavior with explicit
assumptions. Public health practitioners believe that sys-
temic approaches, such as systems dynamics, are valuable
when developing efective policies.

In a study, researchers at the beginning of the COVID-19
pandemic used a dynamic system to model efective be-
haviors and policies for corona outbreak and control. Te
efect of factors such as quarantine, hospital availability, the

Share of SARS-CoV-2 sequences that are the omicron variant
Share of omicron variant in all analyzed sequences in the preceding two weeks.
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Figure 3: Speed of transmission of omicron variant in countries.
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Figure 4: Increased infection rate of COVID-19.
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proportion of hospital beds for corona patients, visits between
sick and susceptible people on the number of infections, and
deaths due to COVID-19 were investigated.Tey also reviewed
the model results by presenting diferent scenarios. In other
studies, various arrangements such as travel bans, social dis-
tancing, masks, telecommuting, and the closure of commercial
centers were introduced to control the spread of the disease and
prevent new cases of infection [1].

As mentioned above on the benefts of using SD in the
behavior of epidemic diseases, in this study, we were able to
better identify the factors afecting the prevalence and
control of this disease with the efective use of the dynamic
system. Te purpose of this study was to investigate the
outbreak of COVID-19 by removing the restrictions si-
multaneously with the emergence of a new Omicron variant
in the world to examine the diferent scenarios for imple-
mentation of this decision and show the results to prevent
acute difusion conditions. In this study, the data from Iran
has been used to examine the model. It was selected as the
case study because it had access to the vaccine later due to
sanctions against some countries and faced many difculties
in the preparation of the vaccine. In addition, due to the
many national-religious ceremonies in this country, the
impact of communities and health reduction principles in
increasing the incidence of this disease can be well studied.
Also, by examining the trend of previous peaks, it was
observed that with the decrease in the number of patients
and deaths due to coronary disease and psychological
pressure afected by reduced social communication and
staying at home, gatherings increased, and the country faced
the next peak. Terefore, the results and scenarios were
designed by examining the patients’ information and deaths
in Iran. In the proposed model, we look at the conditions of

Omicron release in Iran by taking into account the booster
dose.

By studying the previous researches and examining the
Corona conditions of the Iranian society, a dynamic system
model was presented in this research.Te innovations of the
proposed model are as follows:

(i) Considering vaccination in modeling
(ii) Investigating the efect of vaccination on R0
(iii) Adding parameters afecting the vaccination rate

according to Iran’s conditions, for instance: import
of vaccines, access to vaccine

(iv) With the increasing trend of people contracting the
disease and the increase in new patients, booster
dose injections have been considered in the pro-
posed model

(v) Simultaneous consideration of the parameters that
have directly or indirectly afected the rate of disease
outbreak, such as supportive income, business
closure, and economic pressure, can be mentioned.

(vi) Predicting the occurrence of the sixth wave due to
the reduction of observance of health principles and
providing management solutions.

Tis paper suggested a comprehensive and integrated
model that can simultaneously consider the three basic
factors of service capacity facilities and the social and
economic dimensions in the behavior of the people in the
society in predicting the pandemic disease. Tese factors
are among the important and efective parameters in
changing the spread of a pandemic that in literature is
ignored.Terefore one of our motivations in this study is to
cover this gap.
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Figure 5: Declining rate of COVID-19.
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Existing studies that utilize various approaches in ana-
lyzing the behavior of epidemic diseases have been examined
in the literature review section. Te research method and
modeling algorithm are described in Section 3. In Section 4,
the developed model and the stock-fow diagram of the
proposed model are described in detail. In Section 5 of the
working method, the model and research data formulation is
presented. Te validity of the suggested model will also be
investigated by comparing the historical data method with
the extreme condition test in Section 6. Section 7 presents
the sensitivity analyses, while Section 8 presents the diferent
scenarios for the developed model. Section 9 describes the
scenario analysis. is the last part. It shows the proposed
model results and makes suggestions for how to improve the
model and make it work better in the real world. Ten the
last section describes the results of the proposed model and
makes suggestions for how to improve the model and make
it work better in the real world.

2. Literature Review

COVID-19 disease is a contagious disease that has caused
much damage in various dimensions. More than four
million people have died since the outbreak through mid-
September 2021.

By examining the conditions of the Iranian society due to
the sanctions and the late conclusion of the experiments
related to the production of the vaccine in the fourth wave
and the emergence of the delta strain, the number of infected
increased sharply. At this time, the eforts of the Iranian
government and the Ministry of Health, due to the lack of
sufcient access to the vaccine and also based on the ex-
periences gained from previous waves, to reduce the in-
tensity of the upcoming waves, focused more on observing
health principles and increasing social distance. In their
paper, the researchers also focused on identifying factors
afecting the outbreak, and in a limited number of studies,
vaccination was considered. Also, in the investigated re-
searches, factors afecting the prevention of outbreaks, such
as supportive income, social distance, hospital capacity, etc.,
have not been considered at the same time. Also, many
researches ignore the impact of vaccination on the outbreak
rate. Terefore, by studying the circumstance of the number
of patients after vaccination in other countries, in this re-
search, the efect of vaccination and the factors afecting the
vaccination rate in Iran were investigated, and the efect of
the mentioned factors such as supportive income and social
distance, etc., was considered simultaneously in this study.

Te prevalence of the COVID-19 crisis has focused the
attention of experts in various felds on fnding a way to
contain the crisis and study and control people’s behavioral
responses to the disease. Understanding the system’s be-
havior is vital to providing appropriate planning to deal with
the spread of epidemics [2]. In this regard, understanding
the dynamics of the prevalent disease’s behavior is critical for
preparing health systems, equipment, and medical per-
sonnel. In recent years, the use of mathematical and sta-
tistical models, simulations, artifcial intelligence, and data
mining has helped us understand how epidemic diseases

spread. Tis has helped us come up with efective ways to
prevent and control the spread of such diseases. In the
literature, extensive studies with a mathematical modeling
approach have been conducted to investigate the efects of
COVID-19 from various viewpoints. Te mathematical
model–based analysis is a powerful tool for understanding
how the disease is transmitted and applying cost-beneft
analysis in various functional scenarios. In this regard, many
articles have reviewed various strategies to reduce the disease
and its parameters for scenario-based analysis and active
control methods to fght against COVID-19 disease. Tese
articles give an overview of important epidemiological
factors, such as how easy it is to spread, what happens when
people move away from each other, how bad the disease is,
how many people die from it, and so on.

One of the basic challenges in the development of human
societies is to predict the real world in the future [3]. Because
system dynamics (SD) analysis is a very efcient and well-
known method for studying system behavior in disease
outbreaks, researchers have used it to study the behavior of
pandemic diseases. A study stated that the system dynamics
modeling method is suitable for studying health issues and
predicting the underlying systemic behavior. Te possibility
of using feedback, preparing scenarios, and analyzing the
system’s sensitivity to any factors involved are reasons for
the tool’s efectiveness [4]. A study presented one of the frst
system dynamics models as a new way of understanding how
complex health care systems work. Since then, applying
system dynamics or systems thinking to the study of public
health services has been successful [5]. In studies performed
on patients who initially develop the disease, after a while,
the symptoms appear, and then they are treated. Tis
method of examining patients is known as the susceptible,
infected recovery (SIR) model [6–8]. In this model, the
disease is transmitted during an incubation period. How-
ever, in some diseases, especially those that have spread in
recent years, such as SARS in 2002 and COVID-19 in 2019,
the disease appears after an incubation period, and in that
period, the patient is rarely a carrier. For such diseases, it is
necessary to review the SIR models again and develop SEIR
[1] models accordingly. In the next section, we will look at
the studies that were done to fgure out how and how much
COVID-19 is spread using the methods we have already
talked about. Tis will help us group the models that are
already out there.

3. Mathematical Models for COVID-19

In a study, they formulated a mathematical model for avian
infuenza and investigated the essential dynamics of the
model through an equilibrium analysis [9]. By studying
COVID-19 patients in India, the efects of social distancing
and quarantine were analyzed, and coronavirus disease
control strategies were examined using the SEQIR (S-Sus-
ceptible, E-Exposed, Q-Quarantine, I-Infected, R-Recov-
ered) model [10]. In a study on epidemic evolution in
Wuhan, China, a mathematical model evaluated the epi-
demiological features of the virus. Te result showed that
while Chinese intervention has efectively controlled the
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transmission of the disease, sustained global eforts are
needed to contain the pandemic [11]. A study highlighted
the role of mathematical modeling in COVID-19. It ex-
amined the challenges related to data availability, uncer-
tainty, and the application of modeling-based approaches to
help make decisions to control the disease [12]. An article
presented a mathematical model for evaluating COVID-19
behaviors under diferent scenarios. It is discussed that
scenarios can be an efective tool for convincing the society
of the need for a comprehensive efort to reduce the
prevalence of the disease. Also, by investigating diferent
scenarios, it was observed that the application of quarantine
and social distancing strategies has a remarkable efect on
reducing the disease [13]. In another study, an SEIR-based
model was proposed to predict the prevalence of the disease
by considering existing policies such as transportation re-
strictions, reduced service levels, and social distancing [14].
An advanced model based on the SUQC [1] approach was
developed using daily data to estimate the prevalence rate in
Wuhan and four other cities in China [15]. A study using
data from Brazil modeled the early evolution of the COVID-
19 pandemic and predicted that the government’s social
distancing policy could control the prevalence of COVID-19
[16]. A study is presented using mathematical modeling and
nonstandard to analyze and assess the impacts of envi-
ronmental factors on Avian Infuenza Virus type A infec-
tion. Tis model is formulated in terms of the nonlinear
ordinary diferential system [17]. Examining a new advanced
SIV [2] model concerning known aspects of coronavirus
disease behavior for the COVID-19 pandemic, a study
established that with the help of simulation and suscepti-
bility analysis, the sensitive parameters of the model have a
more signifcant impact on disease prevalence and can be
identifed and controlled [18].Tese parameters signifcantly
reduced the number of patients and thus inhibited the
disease. Using a mathematical model, another paper ex-
amined the relationship between control measures such as
mask use and social distancing during the COVID-19
pandemic and economic reopening time [19]. Also, a model
is formulated in the form of a system of diferential equa-
tions, where the population is included in seven compart-
ments: susceptible population, exposed, asymptomatic
infection population, symptomatic infection population,
recovered population, susceptible populations previously
infected, and a quarantined population. According to the
results, the outbreak will lessen if a strict social distancing
policy is enforced like a quarantine [20].

3.1. COVID-19 Dynamics Models. System dynamics can be
adopted as an approach to the behavior evaluation of the
COVID-19 pandemic [21]. With the emergence of COVID-
19 at the beginning of 2019, many studies attempted to
model the factors afecting the prevalence and control of the
disease and its efect on various aspects of life using the
systems dynamics approach [22]. A study using systems
dynamics modeling investigated the conditions of corona-
virus disease inhibition in Iran. In Indonesia, to predict the
peak of COVID-19, it was shown that considering various

intelligent scenarios will strengthen the system’s forecasting
result. Te study showed that observing social distancing,
implementing health protocols, adequacy of health facilities
and medical equipment, spraying, disinfection, quarantine,
or telecommuting can reduce the development of the disease
[23]. In China, by estimating the system parameters from the
Particle Swarm Algorithm (PSO) according to the data of
Hubei Province, they presented the SEIR model for mod-
eling and predicting the condition of COVID-19 disease. In
this study, quarantine has been described as the most ef-
fective way to control the disease [24]. An article presenting
a dynamic model for the prevalence of COVID-19 disease
predicted the impact of policies such as social distancing in
diferent scenarios [25]. In Spain, they used SD data to
develop an SD simulation model to examine proposed
policies in STELL software [26]. In Iran, COVID-19 was
studied using the SEIR-based system dynamics method and
the available data in the country. As of March 20, 2020, the
cumulative infected patients were estimated at 916,000, and
the death toll was 15,485 [27]. In their study, they investi-
gated the efects of therapeutic interventions and preventive
measures on the coronavirus disease pandemic using a
system dynamics approach based on the SEIR model. Te
proposed model analyzed the efects of people’s behavior,
contact with them, and general quarantine on the spread of
the disease. Using data collected by the Iranian Ministry of
Health, they examined the efect of hospital limitations and
public health capacity on the rate of transmission and death.
Te study results showed that interventionist policies play an
essential role in reducing the infection rate and the number
of deaths, and thus, controlling the pandemic [28]. A dy-
namic system model is used to examine policy innovation,
the emergence of innovative health technology, and their
implications for a health system.Temixing of public health
decisions and economic interests makes it hard to put in-
novation policy into action.Tis leads to the development of
new health technologies that require the health system to be
improved [29]. Organizations in charge of health need to
implement blockchain technology because the blockchain
platform guarantees that no part of the information is
changed, so the checks and results are true [30]. Nowadays,
disease control like COVID-19 requires diferent manage-
ment methods. Machine learning, artifcial intelligence, and
information science have a great contribution in the fght
against this disease [32]. Terefore, blockchain technology
can help humanity in the fght against diseases such as
COVID-19 by implementing a blockchain-based platform
that connects local hospitals and health organizations in
infected areas to those that are being infected, recording
medical data of patients who have certain symptoms and
examining these data to predict the spread of the virus, etc.
Tese are the advantages blockchain technology brings [31],
and machine learning techniques have been proposed to
predict the death rate of corona patients in India, and based
on the results, it has been proven that the proposed model
performs better compared to other models such as support
vector machine(SVM), decision tree, etc. [33]. Jamil et al.
(2021) presented a comprehensive analysis of the socio-
economic efects of COVID-19 on public health through
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data mining strategies including correlation coefcient
matrix, ARIMA, data mining techniques, decision trees, and
statistical performance evaluation for the development of
predictive models in Iran. Te socioeconomic efects of this
pandemic were investigated through quantitative analysis of
stock market index, money infation, gasoline price, interest
rate, consumer price index, and crude oil price. Also, with
the correlation matrix, they discovered the nature and in-
tensity of interdependence of these features and fnally
developed a regression estimation model to predict the
values of features related to each other [34].

A systematic review on COVID-19 demonstrates auto-
mated artifcial intelligence applications based on data mining
andmachine learning (ML) algorithms to diagnose COVID-19
[35]. By examining the increasing exponential trend of patients
with COVID-19 by comparing the neural network prediction
models (NN) and ARIMA [1], they were able to predict the
incidence of the disease if the previous pattern of disease spread
is repeated [36]. A COVID-19 disease prediction study was
performed using a machine learning approach. Tis study
proposes a hybrid machine learning method for COVID-19
prediction, using data from Hungary and examining its ap-
plicability potential [37]. A study was conducted to predict the
spread of COVID-19 using daily data from machine learning
and regressionmethods in India. Social distancing, curfew, and
quarantine policies were introduced as critical factors in
suppressing the transmission of COVID-19 [38]. Te factors
associated with death in patients with COVID-19 were in-
vestigated in a statistical approach and post-regression analysis.
Old age, diabetes, hypertension, kidney disorders, and car-
diovascular disease were cited as the main factors in increasing
death in COVID-19 patients [39]. In a study on the prediction
of COVID-19 in Iran, linear regressionwas used to estimate the
number of positive cases of COVID-19 [40]. In Brazil, they
combined the particle flter (PF)methodwith the SIRU [2] base
model to detect and predict the disease from February to
September 2020. According to studies, the disease will reach a
peak of 25,000 new cases in mid-June 2020 [41]. Univariate
analysis and multiple logistic regression were used to inves-
tigate the factors predicting COVID-19 [42] in Iran. Table 2
summarizes the articles reviewed in this section. A paper
presents a two-part stochastic modeling procedure that ex-
plores the COVID-19 pandemic and the concurrent economic
situation as functions of historical pandemic data and mobility
control. Tis approach allows the formulation of an efcient
social distancing policy as a stochastic feedback control
problem that minimizes the aggregated risks of disease
transmission and economic volatility. Furthermore, this study
has presented the use of a deep learning algorithm to solve this
control problem. Finally, by applying that framework to U.S.
data, we empirically examine the efciency of the U.S. social
distancing policy [44].Te efects of coronavirus disease on the
Iranian economy are examined with a systems dynamics ap-
proach. First, the relationships of important variables afecting
GDP in SPSS software are obtained and then the data are
analyzed using Vensim software. [3] In this study, we present a
system dynamics model to investigate the efects of various
factors on the prevalence of COVID-19 and ways to control or
reduce transmission and infection. Reviewing the literature on

this subject, we found many research gaps that require the
attention of researchers. An existing study gap is a lack of
studies on the efects of hospital bed capacity limitations and
hospital medical stafng on the epidemic system.Te proposed
model examines the efects of some of the policies announced
by the WHO on controlling the transfer rate, the impact of
workplace closures, and the allocation of supportive income to
reduce economic pressure on population density at the
community level. Also, worldwide vaccination and its com-
mencement in Iran, the efect of vaccination, and the infuential
factors in the vaccine injection rate of the model are investi-
gated. Vaccine availability, people’s thinking pressure, and
current patient deductions afect vaccination rates. Te efec-
tiveness of general vaccination on R0will also be evaluated.Te
data for this study came from ofcial sources, including the
WorldHealthOrganization, the IranianMinistry ofHealth and
Medical Education, and other relevant literature. With the
emergence of a new variant and the coincidence with the
decision to reopen schools and universities and reduce re-
strictions, we examine the situation by considering the booster
dose injection. With the previous corona wave in Iran dying
out, normalization, and reduced compliance with health
protocols, the occurrence of the sixth peak is predicted by
examining diferent scenarios. To prevent the country from
entering this stage, encouraging public vaccination and ob-
serving health principles, informing the population who resist
vaccination, and educating and informing the public in the
national media are among the strategies in this study.

4. Methodology

System dynamics is a method for modeling and simulating
complex systems. In defning this approach, the creator of
the systems dynamics method states that the system dy-
namics method studies data feedback characteristics to
prove how the organization interacts structurally, develops
policies, delays actions and decisions, and infuences success
within the organization [45]. From another perspective,
system dynamics is used as a way to optimize learning in
complex systems. Based on the defnitions of systems dy-
namics, the method is used to study many issues, including
industry, economics, and health services [46]. Because the
outbreak of the new coronavirus disease has complex and
unpredictable behaviors and is strongly infuenced by hu-
man behavior, modeling the prevalence of COVID-19 using
systems dynamics allows us to examine the efect of control
parameters on its prevalence. By means of systems dy-
namics, this paper looks into the factors that afect the spread
of the disease and how it is controlled.

In this research, frst, by studying the basic model and
discovering the existing gaps, the vaccination issue is se-
lected to complete and develop the model. Second, the
current behavioral theories such as population aggregation
and population density that lead to epidemics and many
consequences such as increasing the infection rate are ex-
amined. Also, fxed or auxiliary parameters are added to the
model as needed to make the model more adaptable to the
real world. Te structure is plotted based on data from the
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IRI Ministry of Health and WHO databases based on fow
diagrams of crucial variables and reference behaviors. Tird,
the epidemic simulation model is formulated. Ten, the
model’s validity and its behavioral process are studied. In
addition, the model’s sensitivity will be analyzed by changing
the model parameters, initial conditions, and boundaries.
Last, diferent scenarios are used to look at how to stop
diseases, how the model responds to changes in feedback,
and what happens as a result. Te primary variables in this
study include death rate, infection rate, morbidity rate,
hospital bed capacity, available staf, and vaccination rate
over a 210-day horizon from June 22, 2021. Te primary
purpose of this study was to investigate the interventions of
policymakers, including general education to comply with
health protocols, informing the community about the
COVID-19 disease to control the prevalence of the disease;
the time to see a doctor in case of infection; and extensive
vaccination of the population.

5. Problem Definition

In response to the outbreak of the coronavirus disease in
February 2020, strategic decision-makers in every country, in-
cluding Iran, endeavored to reduce the transmission of the
disease by temporarily closing educational centers and reducing
ofce hours. Tey also raised community awareness about the
disease through the media and introduced ways to prevent and

fght against it. At the beginning of the outbreak, these measures
could control the prevalence rate of the disease to some extent.
However, the country entered a new peak of epidemics within a
short time due to the lack of a comprehensive plan for control
and prevention policies. Figure 3 shows that the number of
infections has been rising at an exponential rate since September
2020. Te average number of infections will be highest in mid-
August 2021, when there are over 39,000 cases per day.

Based on Figure 6, the number of daily COVID-19 pa-
tients in Iran in mid-August 2021 reached more than 38000
people per day. Also, according to Figure 7, the number of
COVID-19 deaths in mid-August 2021 reached more than
540 people per day. What can be concluded from this situ-
ation is that without principled and coherent planning,
government intervention cannot produce accurate future
outcomes in controlling the disease. For example, public
quarantine reduces people’s contact with job closures, but
without supportive income, it creates social and economic
crises in the long run. Te implementation of quarantine
policies without considering the relevant protection aspects
will lead to its nonacceptance in the long term.

On the other hand, people’s risky behaviors and the use
of personal protective equipment (PPE) efectively prevent
the spread of the disease. Terefore, fghting against this
disease is considered a joint project between the people
and the political government [28]. With a considerable
delay compared to developed countries, vaccination was

Table 2: Existing studies on diferent approaches to modeling COVID-19.

Method Article
Approach

Country
Vaccination

SEIR
model

SIR
model

Other
approach Yes No

System dynamics

[24] ✓ PSO China ✓
[27] ✓ Iran ✓
[11] ✓ China ✓
[13] ✓ Germany ✓
[26] Spain ✓
[25] ✓
[23] Australia ✓
[28] ✓ Iran ✓
[43] ✓ Tailand ✓
[29] Indonesia ✓

Data mining, artifcial
intelligence, and blockchain

[32, 35] ML ✓ ✓
[37] ML Hungary ✓
[36] NV-ARIMA Iran ✓

[34, 38] Regression- ML data mining India, Iran ✓ ✓
[31, 44] Deep learning blockchain U.S. ✓ ✓

Mathematical modelling

[16] ✓ Brazil ✓
[10] SEQIR India ✓
[15] SUQC China ✓
[14] ✓ ✓
[12] ✓ ✓ Australia ✓
[20] Indonesia ✓

Statistical methods

[40] Linear regression Iran ✓
[41] PF SIRU- Brazil ✓
[39] Regression ✓

[42] Univariate analysis and
multiple logistic regression Iran ✓

SD Tis research ✓ Iran ✓

Journal of Healthcare Engineering 9



implemented in Iran in February 2021 as a radical solution
alongside interim policies. Figure 8 compares vaccination
trends in Iran, Asia, and the world. As can be seen, the
vaccination process in Asia is very similar to the world, but
the vaccination pattern in Iran does not match the situ-
ation on the continent. Tere can be diferent reasons for
this deviation. Te most important thing is to note that the
vaccination process registered in Asia and the world
portrays the overall picture of vaccination in all countries.
Terefore, the vaccination process in Iran presents a

relatively similar pattern that somewhat difers from the
vaccination process in a particular country.

Figure 9 compares the daily vaccination rates in Iran and
neighboring countries, Turkey and Pakistan. In general, the
vaccination situation in Iran is lower than in Pakistan and
Turkey. Tis issue can have several reasons, including delays
in the start of the vaccine injection process in Iran due to
several reasons, such as sanctions and delays in the clearance
of equipment related to mass production of vaccines, bar-
riers to vaccine imports, and so on. It is noteworthy that
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Figure 6: Te number of daily COVID-19 patients in Iran (Source: ourworldindata.org).
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Figure 7: Te number of daily COVID-19 deaths in Iran.
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since many people receive more than one dose of vaccine,
this chart does not necessarily correspond to the number of
vaccinated individuals. Figure 10 compares the daily death
rate in Iran and neighboring countries, Turkey and Pakistan,
since mid-January 2021. As can be seen, on average, the daily
death rate in Iran is higher than in neighboring countries.

Comparing the vaccination process and the death rate in
Iran and neighboring countries, it is inferred that vacci-
nation as a core solution can signifcantly reduce death.
Nonetheless, it is necessary to prove this position accurately
and scientifcally by presenting a simulation model. Also,
according to the studied information and diagrams, it is

necessary to design a model under the conditions of the
country to study the behavior of the virus in the presence of
vaccination in Iran. Terefore, in this study, the efect of
vaccination has been considered to ofer an efcient model.

To reduce the number of daily confrmed deaths in Iran, the
government decided to reopen most of the public places. After
near completion of the ffth wave of COVID-19 in Iran, the
reopening of the educational centers was done. Public places such
as dormitories, hotels, cinemas, theaters, and gyms reopened and
started their activities again. On the other hand, with the in-
troduction of a new variant of the disease calledOmicron and the
possibility of the formation of the sixth wave of COVID-19,
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concerns about releasing of restrictions have increased.
According to theHealthMinistry of Iran, compliance with health
protocols is less than 45%; this rate is not the same in all parts of
the country; in some parts, compliance with protocols is up to
60%, and in some other cities is less than 40%.Te release of the
restrictions by the government hasmade people consider that this
disease is over and it is okay to give up the protocols. In such
cases, the injection of the third dose as a reminder dose seems
necessary and useful to control mortality due to the introduction
of the new variant because the government can no longer
continue to lockdown and close the ofces and the public.

5.1. Te Basic Model. Te efective parameters in the disease
outbreak process are determined through reliable scientifc
sources and medical evidence involved in the crisis. Specifc
categories of models related to epidemiological articles have
formed models. Tese models are used to describe the preva-
lence of infectious and epidemic diseases. Teir approach was
laid out by Ross, Hammer, McKendrick, and Kermack from
1900 to 1935 [47]. In this model, members of a host population
are categorized based on their disease status or other charac-
teristics. A change in the value of each characteristic is described
as a dynamic system. In this type of model, members of a host
population are categorized based on their disease status or other
characteristics, and a change in the value of each characteristic is
described as a dynamic system [48]. One of these models is the
SEIR model, the diagram of which is shown in Figure 11. Tis
model is a modifed version of the Kermack and McCendrick
(1927) SIR model [49]. It is known as the world’s primary
epidemicmodel. In this paper, we considered the SEIRmodel as
the core of the base model. Ten, according to the modeling
algorithm described, we developed and completed the model
until the proposed model was created. Te SEIR model com-
prises four variables:

(1) Susceptible individuals: due to the nature of the disease,
we consider the initial population, which is assumed to
be the total current population of Iran on a scale of one-
thousandth, as susceptible individuals, which is deducted
from this accumulation rate in the basic model.

(2) Exposure individuals: there is an accumulation of the
rate of people at risk of infection, but the number of
patients decreases with the help of the disease pro-
gression rate.

(3) Infected individuals: the accumulation of infected
individuals entering the country (importing in-
fected) and the rate of disease progression (Ad-
vancing) mean eventually becoming infected.
However, the rate of recovery and the number of
deaths reduce this accumulation.

(4) Recovered individuals: it is the accumulation of the
number of people whose disease is eliminated by the
course of recovery.

At the end of the SEIR model diagram, afected individuals
are divided into dead populations (Dying) and recovery
populations (Recovering) through the two variables, recovery
rate and death rate (Deaths). In the process, active patients
(active infected) can infect new people. Relative risk behaviors,
initial uncontrolled transmission rate, deduction of susceptible
individuals (fraction susceptible), and population density
(relative contact density) afect the transmission rate.

Te greater the number of patients, the greater the
number of patients with severe conditions (serious cases),
increasing the pressure on the medical center (hospital
strain). Capacity constraints afect the pressure on medical
centers, and thus, infuence the death rate. Te infux of
infected people entering the country increases the total
number of infected people.
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5.2. Te Developed Model. As mentioned earlier, policies
such as quarantine, job closures, and personal protective
equipment are acceptable as a short-term solution because,
in the long run, these policies are very costly and practically
impossible for the government and the people. So, to get rid
of the cause of the outbreak, we need a fundamental solution
that works for a long time.

Tis study aimed to investigate the factors afecting the
prevalence of the COVID-19 virus and methods to control
the spread of the pandemic. Various gaps were observed in
the published literature on the factors afecting the spread of
the coronavirus disease during the worldwide pandemic.
Our proposed model was presented to adapt the model to
real-world conditions and investigate the efect of vacci-
nation on the epidemic. Te stock-fow diagram of the
developed model will be described in the following.

Equitable access to safe and efective vaccines is critical
to ending the COVID-19 pandemic, so diferent countries
have begun to immunize themselves through vaccination by
studying and researching vaccine production. Te WHO
emphasizes that vaccination does not mean immunity to
disease if exposed to the disease, especially since research is
still ongoing on how vaccines protect against disease and
infection and transmission. Terefore, masks, hygienic hand
disinfection, ensuring proper ventilation inside the house,
observing physical distancing, and avoiding crowds are still
mandatory. According to theWHO, about 9.37 billion doses
of the vaccine were injected worldwide on January 17, 2022.
Vaccination-related data in Iran from the date of vaccination
(i.e., February 9, 2021) to January 17, 2022, can be reviewed
in Table 3 (IRI Ministry of Health and Medical Education).

5.2.1. Vaccination Rate. Tree factors directly afect the
vaccination rate.

(1) Public thinking pressure: the type of opinion people
have about the vaccine is very efective in agreeing and
disagreeing with the vaccine and, consequently, the
vaccination rate. Having a mental background, the type
of advertising that people are exposed to, the level of
education and awareness, and culture are among the
factors that generally shape the type of view people have
about receiving the vaccination. As the death toll rises, so
does the community’s demand for the vaccine. Con-
sidering an index between 0 and 1, we applied the efect
of this qualitative parameter on the vaccination rate.

(2) Vaccine availability: the most critical factor infu-
encing the vaccination rate is its availability, which
according to the current situation in which the

model is being studied; this amount cannot be more
than the demand. So, the least access equals zero, and
the maximum will equal the existing demand, which
we also considered an index between 0 and 1.

(3) Vaccine imports: in the current situation, the import of
vaccines is a valid policy due to the need for a rapid
increase in vaccination rates and insufcient domestic
production. Terefore, the model considered this pa-
rameter as an indicator with a value between 0 and 1.

5.2.2. Fraction Infected. Apart from the two factors men-
tioned above, the number of infected individuals concerning
the total number of susceptible individuals afects the vac-
cination rate, which we considered through a variable called
fraction infected, which is equal to the ratio of patients to
people exposed to the disease. As the incidence rate in-
creases, the vaccination rate decreases by a ratio.

5.2.3. Vaccinated People. Tis variable determines the
number of people protected by vaccination.

5.2.4. Total Recovered. Te number of recovered people is
calculated from the number vaccinated and recovered from
the disease.

5.2.5. Economic Strain. Another topic of discussion in this
article is to examine the efect of economic pressure on the
presence of people in the workplace, thus changing the
disease transmission rate. Te WHO database examines the
anticoronavirus disease policies used by diferent countries
in the form of measurable indicators. In this model, we
examined the efect of two indicators entitled supportive
incomes allocated to the people on the amount of economic
pressure due to the pandemic crisis and the impact of job
closures on reducing the disease transmission rate.

5.2.6. Working Place Closing. Te disease transmission rate
decreases with the closure of various ofces and occupations.

An article states that vaccination of more than half of the
population reduces the person-to-person transmission of
the disease to less than half. We applied this reduction as a

Susceptible Exposed Infected Recovered
Infecting Advancing

Incubation TimeInitial Population

Recovering

Figure 11: Te basic SEIR model.

Table 3: Vaccination statistics in Iran until January 17, 2022.
Total injected doses 125, 973, 179
Total frst injected doses 60, 321, 108
Total second injected doses 53, 130, 215
Total booster injected doses 12, 521, 856
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parameter of the efect of vaccination on reducing R0
(Vaccination efect on reducing R0) and considered the
initial value of this reduction as 50% [43].

Income support: paying subsidies to households as
supportive income relieves economic pressure on individ-
uals. As a result, people’s presence in the workplace, and
consequently, the transmission rate is reduced.

Booster Dose: this parameter indicates the percentage of
booster dose that increases the overall vaccination rate.Terefore,
it is applied as Booster Dose +1 in the vaccination rate formula.

Also, in the developed model, the amount of pressure on
medical centers and hospitals and the number of available
beds as hospital capacity depends on the number of available
nurses (available personnel) and the length of inpatient stay
(admission duration). Te stock-fow diagram of the pro-
posed model is shown in Figure 12.

Te presented model has been compiled using real data
obtained from Ministry of Health and Education website
and referring to the data and formulas of previous research
studies. Also, in the validation section of the text, the validity
of the model has been verifed by analyzing the sensitivity of
key parameters and checking the results. Due to the validity
of the data and formulas used and the random selection of
the studied time period, as well as the verifcation of the
model by creating diferent scenarios, the model is valid and
applicable to predict the behavior of other pandemics. Te
references of the formulas are papers [28, 50].

5.3.WorkingMethod and Data. Given the high data mining
capabilities in data analysis and the use of raw data and the
predictive value of data mining, it can be helpful in con-
trolling the quality of statistical data [51]. In solving the

proposed model, information about some parameters and
infuential variables in the problem is considered without
any modifcations from the basic paper [50]. Also, infor-
mation about the parameters that externally afect the model
is collected from reliable sources and used under the model
scale. Given that we are still witnessing the prevalence of
COVID-19 at the time of publication of this article, the data
used in the new parameters are constantly changing.
Terefore, to obtain this information, the data available on
the WHO and the IRI Ministry of Health websites and the
estimates of the current data trend have been used.
According to the latest data available on the WHO website,
the population of Iran is about 84 million people, which on a
scale of one-thousandth, we considered 84,000. Also,
according to the WHO, the number of nurses and beds
available in Iran is equal to 21.3 people and 16.2 beds per ten
thousand people, which we calculated per 84,000 people.
Indicators related to supportive income and job closures are
also taken from theWHOwebsite with the values mentioned
in the table.

After developing the system dynamics model based on
SEIR models and formulating the problem, Vensim software
was used to implement the model. Te model was calibrated
after validation, and its input parameters were analyzed by
developing diferent scenarios. In this step, by examining the
values of the target variables to the changes of the input
variables, the model’s sensitivity to each of the input vari-
ables was investigated. Further in this section, information
about the new variable formulas added to the model or
previous variables whose formula has been updated fol-
lowing the development of existing parameters is presented.

R0 � 3.3 − STEP(3.3∗Vaccination effect on reducingR0, 40),

Relative Contact Density �
1

(1 + ContactDensity Decline∗ (1 − Fraction Susceptible))
,

Transmission Rate � Initial Uncontrolled Transmission Rate∗Relative Behavioral Risk(

∗ Fraction Susceptible∗Relative ContactDensity ∗ 1 −
Working place closing

1000
 ,

Susceptible � Integ(−Infecting − Vaccination rate), Initial,

Hospital Strain �
Serious Cases∗Admission rate

(Hospital Capacity ∗Available Personnel)
 ,

Vaccination rate �
((2 + Import)∗ vaccine availability ∗ (1 + people thinking pressure)∗ (1 + BoosterDose))

(1 + fraction infected)
,

Vaccinated people � Integ(Vaccination Rate), Initial,

Economic strain � 1 −
Income Support

500
 ,

Total recovered � Recovered + Vaccinated People,

Vaccination effect on reducingR0 � 0.5,

VaccineAvailability � 0.9,

BoosterDose � STEP(0.1, 120) + STEP(0.2, 150) + STEP(0.4, 210).

(1)
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 . Validation

Te validity of the results of studies based on system dy-
namics depends on the validity of their models [52]. To
achieve this goal, a model should present real-world
problems more simply so that some real-world variables and
structures are eliminated. Hence, it is necessary to check the
model’s validity to establish that the designed model can
provide practical results. Tere are diferent methods for
validating models of system dynamics. For this purpose, we
will refer to two standard methods of comparison with
historical data and limit behavior tests in this study. In the
frst method, we compare the trend of the model results with
historical data. If the trends are the same, we can rely on the
model results. In the second method, we examine the model
under certain conditions. If the model behaves appropriately
in these conditions, we can be assured of its accuracy.

Figure13 represented the validity of the proposed model
in Vansim software.

6.1. Comparison with Historical Data. One method for an-
alyzing the model’s validity is to compare the results of
implementing the proposed stock-fow diagram with his-
torical data. In this study, if the trend of the graphs is the
same, it can be concluded that the model is valid, and it is
possible to plan and provide a solution based on the pre-
dicted results. Accordingly, in this study, historical data are
used to analyze the model behavior in order to demonstrate
the validity of the developed model. Te results of the model
are compared with historical data in the following section.

Te considered model review period is seven months, from
the beginning of summer, from June 29, 2021, to January 25,
2022. Te ffth wave of the coronavirus disease pandemic in
Iran happened during the time frame given.

Figure 14 shows the vaccinated population resulting
from the implementation of the proposed model. As can be
seen, there is an upward trend in the growth of the vacci-
nated population by the end of the year.

Figure 15 shows the vaccinated population in Iran from
the start of vaccination by January 5. By comparing Fig-
ures 14 and 15, the incremental trend of the graphs promises
the model’s validity.

Te number of patients resulting from implementing the
developed model is shown in Figure 16. Te peak of this
chart is on the 30th day, with the highest number of patients
on this day. Te behavioral pattern of the diagram follows
the overshoot and collapse pattern.

Figure 17 shows the coronavirus disease incidence rate
since its outbreak. Te ffth peak point in the diagram
represents the ffth pandemic wave in Iran. Te model’s
validity is shown by comparing the graphs of vaccinated
people and the COVID-19 patients with related historical
data and observing the same trend in the graphs in the
period from June 29, 2021 to January 25, 2022. Terefore,
one can rely on the model’s results and act on the proposed
policies to control the pandemic. Figure 16 shows the peak
points of the coronavirus disease peaks, which have the
highest incidence and death rates. Activating the balancing
loops in the model prevents the increasing trend of the
number of deaths from diverging to infnity. It can be said
that the chart trend follows the overshoot and collapse
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Figure 13: Validation of proposed model in Vensim software.
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pattern.Te bearing capacity decreases over time in the leaps
and bounds pattern. As can be seen in the historical data
graphs, these graphs follow an oscillating pattern. So, ad-
justment loops like hospitals, vaccines, people following
health rules, etc., keep the graph from going of in a diferent
direction toward infnity.

6.2. Extreme Condition Test. Te purpose of the limit be-
havioral test is to examine the model in limit conditions.
Based on this test, the values of some parameters are set
according to their upper and lower boundaries, and the
model is executed. Tis test shows how the model behaves
under certain conditions. If the test results are in line with
expectations, we can be assured of the model’s reliability. In
this test, we have examined the transfer rate variable (R0)
under limit conditions. We expect the death rate to increase
as the rate of disease transmission increases. By entering
diferent values of this parameter according to Table 4 and
implementing the model, the results show that the death rate

increases with an increased transmission rate, and with a
decreasing transmission rate, the death rate also decreases.
Te transmission rate for coronavirus disease is 3.3. Fig-
ure 18 shows the death trend concerning diferent trans-
mission rates.

In the other limit behavior test, the values of public
thinking pressure parameters, income support, admission
duration, vaccine availability, and workplace closing were
changed in the three conditions: worst, normal, and best.
Te values of the three modes defned are presented in
Table 5. In the frst case, when all parameters are in the worst
condition, we expect the death rate to increase and the
number of recovered and vaccinated populations to de-
crease. In the third case, which is the best case, we expect the
death trend, the number of patients, and the number of
vaccinated people to be the opposite of what they were in the
frst case, and we do see a big drop in the death trend.

Figures 19–21 show the model implementation results
based on three conditions, namely, pessimistic, normal, and
optimistic conditions of death, patients, and vaccinated
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people. In the frst case, with the simultaneous reduction of
the values of the parameters, the number of patients in-
creases, and consequently, the vaccination decreases, and the
death rate also increases. Te third condition, which is better
than normal, increases death and morbidity and increases
vaccination. Based on the diagram trend in Figures 19–21,

the model implementation results align with our
expectations.

7. Results

7.1. SensitivityAnalysis. Te purpose of sensitivity analysis is
to examine and analyze the variables that have the most
signifcant impact on the model results. In the proposed
model, the efect of these changes on death and recovery is
examined by changing the value of the behavioral risk
variable. Tese changes in the vaccinated population are also
evaluated by considering diferent values for the parameters
afecting vaccination, such as public opinion pressure and
vaccine availability.

Te behavioral risk variable values for sensitivity analysis
are 0, 0.3, 0.5, 0.7, and 1 for the frst to ffth case scenarios,

Table 5: Values of other variables.

Variable name
States

1 2 3
People thinking pressure 0.1 0.3 0.7
Income support 5 50 95
Inpatient period 13 10 2
Job closures 5 100 150
Vaccine availability 0.1 0.9 1
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Figure 21: Vaccinated population in the extreme condition test.

Table 4: Diferent transmission variable values.

Variable name
Modes

1 2 3 4 5 6
Disease transmission rate 1 2 2.5 3.3 3.7 4
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Figure 18: Extreme condition test with transmission rate variable.
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Figure 19: Te death rate in the limit behavior test.
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respectively. As shown in Figure 19, the more people take
care of their health, the lower the death rate.Terefore, based
on the death chart in Figure 22, we conclude that the be-
havioral risk variable signifcantly afects death and epidemic
control. Terefore, the government can devise appropriate
policies to encourage people to observe hygienic protocols
such as the use of masks and social distancing to prevent
further outbreaks of the disease. Te curfew policy can also
have a good efect as one of the appropriate policies in this
area.

Since vaccination is the shortest route to increase im-
munity against acute COVID-19, we investigate the fve
diferent modes of sensitivity of vaccine-dependent variables
by changing the numerical value of public thinking pressure
parameters and the vaccine availability that afects vacci-
nation rate. Te sensitivity of the vaccinated population was
evaluated by considering the values of people thinking
pressure and vaccine availability as 0, 0.2, 0.5, 0.7, and 1
simultaneously. Given that vaccine availability and public
thinking pressure have a positive relationship with the
variable of vaccination rate, increasing access to vaccine and
public thinking pressure increases. For this reason, in Fig-
ure 23, by increasing the values of the two auxiliary variables,
the vaccinated population variable has increased. As a result,
to increase the vaccinated population, it is necessary to
infuence its afecting variables. In general, to change a state
variable, we need to change its associated rate variables; thus,
a state variable cannot be changed directly.

7.2. Scenarios. In this article, we have examined diferent
scenarios to examine the possible trends of the coronavirus
disease in Iran. Also, we should be ready to face the new
conditions in the event of any of the scenarios. In this
section, we consider fve scenarios.

Scenario 1. In this scenario, we examine the difusion of the
omicron variant. One of the most critical features of this
variant is its high transfer rate, which increases the transfer
rate variable. Tis scenario refects the actual situation of the
community in which the vaccination process, especially the
injection of the third dose, the observance of health pro-
tocols, and other parameters in the model are based on the
actual values in the target community. Te purpose of de-
signing this scenario is to show Corona’s progress in the real
world and compare other plans with this one.

Scenario 2. Te second scenario is based on the observance
of hygienic principles and adherence to restrictive laws by
the people. As the onset of the sixth wave of the disease
intensifes, the government enforces strict laws to force
people to observe hygienic principles, wear masks, and
prevent ceremonies and gatherings. One of the most critical
communities mentioned in the instruction is face-to-face
education centers. At the same time, the other parameters of
the model remain unchanged.

Scenario 3. In this scenario, according to statistics published
by the Ministry of Health, almost 40% of the population

follows health protocols, and due to the increase in patients
and increasing public pressure on the government, the speed
of vaccination and the process of injecting the third dose will
increase. It fnds that the government is put under this kind
of pressure through cyberspace or other means.

Scenario 4. Tis scenario shows that most people in the
community follow the health instructions, vaccination is
done at the highest rate per day, and the government’s f-
nancial support is improved. Since adherence to hygiene
principles and vaccination is a signifcant factor in reducing
the incidence and mortality rate, we expect the incidence
rate to decrease signifcantly in this scenario. As the number
of patients decreases, hospitals will face less pressure, which
will allow them to provide better services. Tis scenario is
considered an ideal scenario.

Scenario 5. Te declining trend in compliance with health
protocols and the release of some restrictions in the country
have unfortunately paved the way for the sixth wave of
corona. Tis scenario is specifc to compliance with health
protocols and the relaxation of restrictions. In this scenario,
educational centers and business districts are opened. Te
daily contact of people increases, which is due to the release
of regulations; on the other hand, injecting the third dose
continues to work faster.

Terefore, the import of vaccines in their place is of
particular importance and should be given the utmost at-
tention. Of course, the increase in vaccination should not
prevent the observance of health protocols, for which, in
addition to importing and increasing the speed of vaccines in
this scenario, we also increase the variable of contact density
decline in society.

7.3. Scenario Analysis. In this study, vaccination and ad-
herence to health protocols, considered variables of be-
havioral risks, have been introduced as two critical factors in
reducing the prevalence and incidence. Hygiene is the most
important and least expensive way to prevent a COVID-19
infection. Te prevalence rate increases as the use of masks,
handwashing, and social distancing decreases. Te infection
and death rates decrease with proper hygiene. Te vaccine is
also considered one of the essential tools to control COVID-
19, which requires more accurate and precise planning for
timely injection. According to published statistics from
other countries that promptly started general vaccination,
the inpatient and death rates have signifcantly decreased. In
Iran, the country faced challenges due to the late completion
of domestic vaccine production tests, sanctions, and the lack
oftimely import of vaccines. Te fourth wave in Iran started
at the beginning of April 2021 and then quickly reached its
ffth peak with the arrival of the Delta variant at the be-
ginning of the summer of 2021. Due to the unavailability of
the required vaccine, the vacancies in the hospitals were
quickly replenished, and the death toll increased dramati-
cally. Nonetheless, the government could have prevented the
fourth and ffth waves with proper planning, timely imports,
and access to vaccines. Despite many problems, vaccination
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in the country increased from September, and after
5months, the vaccinated population reached over 60%. Due
to concerns about the spread of the new type of Omicron, the
booster dose has been included in the WHO program due to
the high rate of infection. So, in the last section, diferent
scenarios were set up to look at the status of COVID-19
control and infection under diferent vaccination and hy-
giene conditions. Te results of these scenarios are shown in
Figure 24.

In the frst scenario, R0 for the Omicron variant is as-
sumed to be 3.9. In general, the amount of hygiene has
decreased from about 80% to about 45% compared to last
year, which has increased the incidence of the disease. As we
have seen, even in societies where widespread vaccination
has taken place, there is still an emphasis on health protocols,
mask use, and social distancing. However, despite the
Omicron mutation infecting the entire country of Iran,
people do not use the mask well, travel, and participate in
community gatherings. Terefore, in such circumstances, an
increase in infection and death rates is inevitable. Escaping
this crisis requires the cooperation of the government and
the people. Te government should help the vulnerable by
creating appropriate conditions for individuals by making

timely decisions and adjusting the proper restrictions. By
following health rules, people can also play an important role
in breaking the chain of infection.

In the second scenario, in contrast to the frst, people are
forced to follow the health directives of the government, but
the vaccination rate is normal. In this scenario, according to
Figure 24, it can be seen that the number of patients in this
condition has decreased. Scenarios 1 and 2 show the im-
portance of public health principles and the vaccination rate
by the government. So, the most important policies that can
help control the disease are those that pay attention to
behavioral risks, like travel bans, making religious cere-
monies and meetings illegal, encouraging health protocols,
sending support packages, letting people work from home,
and reducing the number of people who take public
transportation.

Te third scenario is defned based on the conditions of
the society in which about 40% of the people in the society
follow the health protocols, and the infection and death rate
increase sharply. Terefore, public pressure on the gov-
ernment has increased vaccine imports and increased vac-
cination rates. According to Figure 24, the results of this
scenario show that, compared to Scenario 1, the number of
patients has gone down as the rate of vaccination has gone
up.

In the fourth scenario, in addition to the fact that all
members of a society observe health protocols, the vacci-
nation rate is also at its maximum, and supporting people’s
incomes is also highlighted. Because many people in our
society are forced to leave their homes and live in densely
populated areas to earn a living, this increases the rate of
virus transmission and, consequently, infection and deaths.
Hence, one way to stop this trend is for the government to
support people’s incomes so that they do need to leave home
to maintain their livelihood. In this scenario, the trans-
mission rate is reduced by observing the hygienic principles.
People are less present in communities due to fnancial
support, and increasing the vaccination rate reduces the
incidence of acute illness and death.

Scenario 5 involves discussing the release of some re-
strictions, such as in-person training. Reducing regulations
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Figure 22: Sensitivity analysis of the behavioral risks variable.
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increases people’s contact and therefore increases disease
infection between people. With the introduction of the new
Omicron variant, the infection rate has increased, doubling
the power of disease infection. Tis scenario clearly shows
that nonobservance of health issues causes irreparable
damage to public health. Terefore, adhering to the pro-
tocols and not releasing restrictions until complete vacci-
nation is achieved should be the government’s plan until we
reach an acceptable level of safety population to prevent
further outbreaks. Also, with the introduction of the omi-
cron variant, the need to increase vaccination and its import
is felt more. Terefore, a larger vaccinated population can be
reached by importing the vaccine.

7.4. Odd Ration. In recent years, odds ratios have been
widely used in health studies for the following reasons. First,
they provide an estimate (with a confdence interval) for the
relationship between two binary variables. Second, they
enable us to examine the efects of other variables on that
relationship using logistic regression. Tirdly, case studies
have a special and very appropriate interpretation. (∗A
case-control study is a method of designing scientifc studies
in which the history of independent variables is compared in
two groups with a dependent variable (case) and without it

(control)) Chance is the ratio of the probability of the event
of interest to the probability of its nonoccurrence. It is often
estimated as the ratio of the number of times the event of
interest occurs to the number of times it does not [53].
Terefore, odds ratio has been used in this study to deter-
mine the efect of corona disease on mortality and also to
investigate vaccination on mortality.

7.5. Investigating the Efect of Corona Disease on Mortality.
Odds ratio helps us to obtain the size of the relationship
between a specifc characteristic with another characteristic in
the community and the strength of the relationship between
two events [54]. Due to the epidemic crisis of the corona virus
disease in diferent parts of the world and the spread of this
disease in Iran from 30th of February 2018 until today,
according to the announced statistics, 6,196,721 people out of a
population of 84million people of Iran have been infectedwith
the corona disease during this period, with 132,075 fatalities.
To calculate the chance of people dying due to Coronavirus
disease and other factors, we need to introduce parameters and
values based on the target population, the population of Iran.
Te whole population of Iran is considered as the sample size.
Corona disease patients are represented with CE parameter
and those who died due to this disease are shown with DE
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parameter. According to the website of the Ministry of Health
of Iran, 6,064,646 people recovered completely and remained
healthy (HE) and 77,803,279 people did not get this disease
(CN), of which 879,607 people died due to various reasons
other than Coronavirus disease (DN) and 76,923,672 non-
coronavirus people are alive and healthy (HN). Tis infor-
mation is summarized in Table 6.

And in Table 7, the population that died due to Corona
virus and other factors and the living people are represented
separately.

To calculate the chance of people dying due to corona
and other factors, we frst obtain the percentage of death due
to corona disease and the percentage of death due to other
factors as follows. Te percentage of death due to COVID
disease is equal to

DE

CE

�
132.075
6.196.721

� 0.021 � %2.131. (2)

Te percentage of noncoronavirus death is also equal to
DN

CN

�
879.607

77.803.279
� 0.011 � %1.130. (3)

Te relative risk obtained from the diference between
these two ratios is equal to

0.021 − 0.011 � 0.010 (4)

Te resulting relative risk is calculated as follows:

Relative Risk �
DE/DE + HE

DN/DN + HN

�
DE/CE

DN/CN

�
0.021
0.011

� 1.909.

(5)

Te odds are diferent. Te probability of death if a
person contracts this disease is equal to

DE

HE

�
132.075
6.064.646

� 0.0217. (6)

And, the probability of death if a person does not
contract this disease is equal to

DN

HN

�
879.607

76.923.672
� 0.01143. (7)

Te odds ratio of these two are equal to

Odd ratio �
DE/HE

DN/HN

�
132.075/6.064.646
879.607/76.923.672

�
0.0217
0.01143

� 1.9.

(8)

As a result, the probability of death of people with corona
disease is 1.9 times the probability of death in noncorona
disease.

7.6.Te Importance of Vaccination and its Efect on the Death
RateofPeople. According to Table 8, 62,037,154 people from
the whole population have injected at least one dose of
vaccine (VE), and of these, 11,031 people died as a result of
this disease (DV). 62026123 people have received at least one
dose of vaccine, but they are healthy and have been spared

from the corona virus (HV) And, 21962846 people have not
received at least one dose of vaccine. (VN) based on Table 9,
62,5088 people have died (Dd). Also, 21,900,338 people have
not been vaccinated and are healthy.

Te death rate of vaccinated people is equal to
DV

VE

�
11031

62037154
� 0.000177 � %0.017. (9)

Te death rate of people not vaccinated is equal to
Dd

VN

�
62508

21962846
� 0.00284 � %0.284. (10)

Te relative risk obtained from the diference between
these two ratios is equal to 0.00284 − 0.000177 � 0.00266

Te resulting relative risk is equal to

Relative Risk �
Dd/DN + Hd

DV/DV + HV

�
Dd/VN

DV/VE

�
0.00284
0.000177

� 0.0626.

(11)

Te odds are diferent. Te probability of death if a person
has received at least one dose of the vaccine is equal to

DV

HV

�
11031

62026123
� 0.000177. (12)

And the probability of death if a person has not received
at least one dose of the vaccine is equal to

Dd

Hd
�

62508
21900338

� 0.00285. (13)

Te odds ratio of these two are equal to

Odd ratio �
Dd/Hd

DV/HV

�
62508/21900338
11031/62026123

�
0.00285
0.000177

� 16.1.

(14)

As a result, the death rate of people who did not receive
their vaccine is 16.1 times that of people who did Te fol-
lowing Table proposed the variables, formulations, and
parameters of the model..

Table 6: Needed information on odds ratios of the efect of Corona.

CE: 6.196.721 HE: 6.064.646 DN: 879.607

DE: 132.075 CN: 77.803.279 HN: 76.923.672

Table 7:Te healthy population and those who died due to Corona
and other factors.

Death Healthy
Coronavirus 132,075 6,064,646
Noncoronavirus 879,607 76,923,672

Table 8: Required information on odds ratios for vaccination
(Source: Ministry of Health & Medical Education).

VE: 62037154 HV: 62026123 Dd: 62508
DV: 11031 VN: 21962846 Hd: 21900338
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Table 10: Variables, parameters, and formulation of the model.

Variables Type Formulas
Susceptible Level INTEG (-infecting-vaccination rate, initial population)
Exposed Level INTEG (-infecting-vaccination rate, initial population)

Infected Level INTEG (Advancing + importing infected-dying-
Recovering, 416)

Recovered Level INTEG (Recovering,355)
Deaths Level INTEG (Dying,24)
Vaccinated people Level INTEG (vaccination rate, 40)
Infecting Rate Active Infected ∗ Transmission rate
Advancing Rate Exposed/Incubation time
Recovering Rate Infected/Infection Duration ∗ (1-Fatality rate)
Dying Rate Infected ∗ Fatality Rate/Infection duration

Vaccination rate Rate
((2+Vaccine import) ∗ vaccine availability ∗ (1+people
thinking pressure) ∗ (1 + Booster Dose))/(1 + fraction

infected)
Admission duration Exogenous 10
Available personnel Exogenous 180
People thinking pressure Exogenous 0.3
Vaccine import Exogenous 0.6
Booster dose Endogenos STEP(0.1, 120)+STEP(0.2, 150)+STEP(0.4, 210)
Vaccine availability Exogenous 0.9
Income support Exogenous 50
Economic strain Endogenos 1-(Income Support/500)
Vaccination efect on reduce R0 Exogenous 0.3
Working place closing total recovered Exogenous 100
Total recovered Endogenos Vaccinated People + recovered
Fraction susceptible Endogenos Susceptible/Initial population
Initial population Endogenos 84000-(0.0001 ∗ (total recovered-deaths))
Active infected Endogenos Infected ∗ (1-Isolation efectiveness)
Behavior reaction time Exogenous 20
Behavioral risk reduction Exogenous 0.1
Contact density decline Exogenous 0

Fatality rate Endogenos
Untreated fatality Rate + (Treated fatality rate-untreated

fatality rate)/(1 +Hospital Strain̂ hospital capacity
sensitivity)

FINAL TIME Exogenous 210
Fraction infected Endogenos Infected/Susceptible
Fraction requiring hospitalization Exogenous 0.1
Untreated Fatality rate Exogenous 0.04
Treated Fatality rate Exogenous 0.01

Transmission rate Endogenos
(Initial uncontrolled transmission Rate ∗ Relative

behavioral Risk ∗ Fraction susceptible ∗ relative contact
Density ∗ (1-working place closing/1000))

TIME STEP Exogenous 0.125
Serious cases Exogenous Infected ∗ Fraction requiring hospitalization

Relative contact density Endogenos (1 + economic strain)/(1 +Contact density Decline ∗ (1-
Fraction susceptible))

Relative behavioral risk Endogenos SMOOTH3(1-STEP(Behavioral risk reduction, import
Time),Behavior reaction time)

R0 Endogenos 3.3-STEP(3.3 ∗ Vaccination efect on reduce R0, 40)
Public health strain Endogenos Infected/Public health capacity
Public HealthCapacity sensitivity Exogenous 2
Public health capacity Exogenous 1000
Potential Isolation efectiveness Exogenous 0
N Imported infections Exogenous 3

Table 9: Healthy population and death due to vaccine (Source: Ministry of Health & Medical Education).

Death Healthy
Vaccinated 11031 62026123
Not vaccinated 62508 21900338
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8. Discussion

Te people and the government must work together to
prevent the next wave and control the disease. Based on the
defned scenarios, the efect of hygiene and vaccination in
diferent conditions was investigated. Observations and
analysis show that reducing risky behavior has a signifcant
efect on reducing the number of patients, and increasing the
observance of health protocols increases the impact of
vaccination. Today, with its focus on vaccinating individuals,
the government has a signifcant role in controlling the
disease by vaccinating all members of society as soon as
possible by increasing access to vaccines. In addition to
vaccination, one of the most important things to consider is
enhancing public awareness about the disease.

In some patients, it is observed that they often visit the
hospital after a signifcant part of the lung is involved and the
patient’s condition has become more acute. In this case, they
mainly require admission to the intensive care unit.
Meanwhile, the patient could have been admitted to the
hospital for short-term hospitalization and may not require
intensive care before the acute phase of the disease.
Terefore, it can be said that the national media has not
performed well in educating people and has been unable to
provide the necessary information about observing health
and hygiene principles to coronavirus disease patients.
Unfortunately, the national media is one step behind the
virtual media in raising awareness and does not convey
appropriate information to patients and individuals.
Terefore, it is necessary for education in the national media
to be more coherent, not only to encourage the use of masks
but also to inform the public with more accurate details. In
addition, the necessity and importance of observing hygienic
principles after vaccination should be clarifed. It has also
been observed in society that some people refuse to be
vaccinated for unscientifc reasons. Terefore, it is necessary
for the national media, with the help of trusted and spe-
cialized people in the IRI Ministry of Health, to increase
public trust and proper awareness and encourage people to
get vaccinated. Also, according to the data and results of

sensitivity analysis and diferent scenarios, it is necessary to
focus on behavioral risk control and vaccination to control
and reduce coronavirus disease infections. Te government
should continue to work to maximize vaccine injections and
encourage people to adhere to health directives. Because
using a vaccine is the shortest way to recovery, the vaccine
can be considered a temporary solution. Terefore, en-
couraging the implementation of health directives can be
regarded as a basic solution, and fnally, the two proposed
solutions should be considered complementary.Te efect of
the income support variable on this chart is also unavoid-
able. With the right solutions, the government can provide
adequate support for individuals’ incomes during the
pandemic. Providing a supportive income to people reduces
problems of daily living and compensates for reduced in-
comes, ultimately reducing illness. Another infuential
variable in this feld is the closure of high-risk jobs markets
and public places, including schools, mosques, and sports
clubs, which directly deal with the rate of disease trans-
mission. As the transmission rate decreases, the incidence
also decreases, which ultimately reduces COVID-19 deaths.
However, we must have the necessary infrastructure to take
this path. For example, with the closure of educational in-
stitutions such as schools and universities, we turn to vir-
tualization, which we observe today. Providing a suitable
environment for businesses in cyberspace and tele-
commuting employees in some jobs can also be on the
government’s plan to prevent an increase in disease trans-
mission by reducing face-to-face communication.

9. Conclusion

Identifying the behavior of a phenomenon and providing an
appropriate model for it is a prerequisite for designing in-
terventions that can potentially infuence the phenomenon’s
behavior. Te COVID-19 epidemic has plunged the world
into a health and economic crisis that is perhaps unprece-
dented since the 1918 Spanish fu epidemic. Te virus was
frst identifed in Wuhan, China, in late 2019 and has spread
with multiple mutations worldwide, turning COVID-19

Table 10: Continued.

Variables Type Formulas
Isolation reaction time Exogenous 2

Isolation efectiveness Endogenos
SMOOTH3(STEP(Potential Isolation efectiveness, import
Time), Isolation reaction Time)/(1 + Public health Strain̂

public health capacity sensitivity)
Initial uncontrolled transmission rate Endogenos R0/Infection duration
Initial time Exogenous 0
Infection duration Exogenous 10
Incubation time Exogenous 5

Importing infected Endogenos N Imported Infections ∗ PULSE(Import time, TIME
STEP)/TIME STEP

Import time Exogenous 10

Hospital strain Endogenous (Serious Cases ∗ Admission duration/(Hospital
Capacity ∗ Available personnel))

Hospital capacity sensitivity Exogenous 2
Hospital capacity Exogenous 137
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disease into a pandemic. Te pandemic was followed by the
closure of schools and universities, the banning of rallies,
and other social distancing policies in countries to disrupt
the transmission of the virus. Many types of research have
been done in the literature to understand better the behavior
of pandemic diseases such as the coronavirus disease and the
relevant, efective policies. One of the approaches to
studying the behavioral characteristics of COVID-19 is to
use the systems dynamics approach. By developing the basic
SEIR model and considering interventions and policies such
as vaccination, we investigated the factors afecting the
spread and control of the coronavirus disease.Te developed
model was simulated using Vensim software. Te desired
parameters and variables were formulated according to
previous research. We also used the statistics available from
the IRI Ministry of Health and the World Health Organi-
zation for model data. In this research, vaccination was
modeled, and the efect of vaccination on R0 was investi-
gated. Import of vaccine, accessibility to the vaccine, booster
dose injections, supportive income, business closure, and
economic pressure were considered. Terefore, the occur-
rence of the sixth wave due to the reduction of observance of
health principles and providing management solutions was
predicted.

We designed fve scenarios based on diferent conditions
and implemented the model. According to the obtained
results, the most critical factors in reducing the prevalence of
the disease are reducing the behavioral risks of people and
increasing the vaccination rate of the booster dose. Ob-
servance of hygienic principles leads to the disruption of the
transmission chain, and vaccination increases people’s im-
munity against the acute type of infection. In addition, the
closure of businesses and educational centers, along with
government support for income, efectively controls and
reduces the epidemic, which requires cooperation between
the people and the government.Te factors afecting the rate
of vaccination in this study were examined according to the
information provided by the IRI Ministry of Health. Despite
fuctuations in the vaccination process in Iran, the vacci-
nation rate and vaccine availability have increased. Based on
the experience of the last few months, with the government’s
eforts to easily access the vaccine and inject a booster dose, it
can be predicted that the next peak of the coronavirus
disease in Iran will be prevented. Given the community’s
economic conditions and the government’s decision to relax
the restrictions, it is necessary to plan appropriately to
implement this plan. By teaching people how to practice
good hygiene after getting vaccinated, eradicating the dis-
ease, and giving everyone all their doses, we can control and
reduce the disease and stop it from happening again.

In this study, a single type of vaccine was analyzed; future
research could evaluate a variety of vaccines from diferent
brands, which would be a more realistic approach. In ad-
dition, some vaccination recipients have unfavorable reac-
tions to the vaccine injected, and they are admitted to a
hospital that includes people who are elderly or who are
asymptomatic patients with COVID-19 disease. Tese
people, by using a parameter, can be separated from the
overall number of improvements [55].
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“Understanding COVID-19 spreading through simulation
modeling and scenarios comparison: preliminary results,”
MedRxiv, vol. 12, 2020.

[27] N. Ghafarzadegan and H. Rahmandad, “Simulation based
estimation of the early spread of COVID 19 in Iran: actual
versus confrmed cases,” System Dynamics Review, vol. 36,
no. 1, pp. 101–129, 2020.

[28] M. A. Abdolhamid, M. S. Pishvaee, R. Aalikhani, and
M. Parsanejad, “A System Dynamics Approach to COVID-19
Pandemic Control,” A Case Study of Iran, vol. 51, no. 8, 2021.

[29] E. Aminullah and E. Erman, “Policy innovation and emer-
gence of innovative health technology: the system dynamics
modelling of early COVID-19 handling in Indonesia,”
Technology in Society, vol. 66, Article ID 101682, 2021.

[30] J. Shaf, A. Waheed, and P. Venkata Krishna, “Emerging role
of block chain technology inmaintaining the privacy of covid-
19 public health record,” in Advances in Computing, Infor-
matics, Networking and Cybersecurity, P. Nicopolitidis,
S. Misra, L. T. Yang, B. Zeigler, and Z. Ning, Eds., vol. 289,
Cham, Springer, 2022.

[31] A. Waheed, J. Shaf, and P. Venkata Krishna, “Enabling and
enforcing social distancing measures at smart parking in-
frastructures using blockchain technology in COVID-19,” in
Advances in Computing, Informatics, Networking and
Cybersecurit Lecture Notes in Networks and Systems,

P. Nicopolitidis, S. Misra, L. T. Yang, B. Zeigler, and Z. Ning,
Eds., vol. 289, Cham, Springer, 2022.

[32] A. Waheed and J. Shaf, “Successful role of smart technology
to combat COVID-19,” in Proceedings of the Fourth Inter-
national Conference on I-SMAC (IoT in Social, Mobile, An-
alytics and Cloud) (I-SMAC), pp. 772–777, Palladam, India,
October 2020.

[33] P. Guleria, S. Ahmed, A. Alhumam, and P. N. Srinivasu,
“Empirical study on classifers for earlier prediction of
COVID-19 infection cure and death rate in the Indian states,”
Healthcare, vol. 10, no. 1, p. 85, þ, January, 2022.

[34] A. Jamil, M. F. Ijaz, and A. Shahid, “Leveraging data mining
strategies for predictive modeling of COVID-19 outbreak and
its socio-economic impacts: a simulation for public health in
Iran,” in Proceedings of the 2021 IEEE Region 10 Symposium
(TENSYMP), pp. 1–8, IEEE, Jeju, Korea, Republic of, 2021,
August.

[35] A. S. Albahri, R. A. Hamid, J. K. Alwan et al., “Role of bio-
logical data mining and machine learning techniques in
detecting and diagnosing the novel coronavirus (COVID-19):
a systematic review,” Journal of Medical Systems, vol. 44, no. 7,
pp. 122–211, 2020.

[36] L. Moftakhar, M. Seif, and M. S. Safe, “Exponentially in-
creasing trend of infected patients with COVID-19 in Iran: a
comparison of neural network and ARIMA forecasting
models,” Iranian Journal of Public Health, vol. 49, no. Suppl 1,
pp. 92–100, 2020.

[37] G. Pinter, I. Felde, A. Mosavi, P. Ghamisi, and R. Gloaguen,
“COVID-19 pandemic prediction for Hungary; a hybrid
machine learning approach,” Mathematics, vol. 8, no. 6,
p. 890, 2020.

[38] R. Sujath, J. M. Chatterjee, and A. E. Hassanien, “A machine
learning forecasting model for COVID-19 pandemic in In-
dia,” Stochastic Environmental Research and Risk Assessment,
vol. 34, no. 7, pp. 959–972, 2020.

[39] M. Sepandi, M. Taghdir, Y. Alimohamadi, S. Afrashteh, and
H. Hosamirudsari, “Factors associated with mortality in
COVID-19 patients: a systematic review and meta-analysis,”
Iranian Journal of Public Health, vol. 49, no. 7, pp. 1211–1221,
2020.

[40] S. M. Ayyoubzadeh, S. M. Ayyoubzadeh, H. Zahedi,
M. Ahmadi, and S. R Niakan Kalhori, “Predicting COVID-19
incidence through analysis of google trends data in Iran: data
mining and deep learning pilot study,” JMIR Public Health
and Surveillance, vol. 6, no. 2, Article ID e18828, 2020.

[41] J. C. S. Dutra, W. B. da Silva, and J. M. J. da Costa, “Mon-
itoring and Forecasting the Number of Reported and Un-
reported Cases of the COVID-19 Epidemic in Brazil Using
Particle Filter,” medRxiv, 2020.

[42] M. Navayi, A. Fanoodi, F. Salmani, F. Abedi, S. Shetty, and
S. M. Riahi, “Over 60 years of age as an independent prog-
nostic factor of in-hospital mortality among COVID-19 pa-
tients: a cohort study in an Iranian high-incidence area,”
Public Health, vol. 200, pp. 33–38, 2021.

[43] R. Suphanchaimat, N. Nittayasoot, P. Tammawijaya,
P. Teekasap, and K. Ungchusak, Predicted Impact of Vacci-
nation and Active Case Finding Measures to Control Epidemic
of Coronavirus Disease Disease 2019 (COVID-19) in a Mi-
grant-Populated Area in Tailand, 2021.

[44] K. Chen, C. S. Pun, and H. Y. Wong, “Efcient social dis-
tancing during the COVID-19 pandemic: integrating eco-
nomic and public health considerations,” European Journal of
Operational Research, 2021.

26 Journal of Healthcare Engineering



[45] J. W. Forrester, World Dynamics, Wright-Allen Press,
CAMBRIDGE, MA, 1971.

[46] J. Sterman, Business Dynamics, McGraw-Hill, Inc, New York
City, 2000.

[47] F. Brauer, “Compartmental models in epidemiology,”
Mathematical Epidemiology, pp. 19–79, Springer, Germany,
2008.

[48] M. H. J. Roberts,Mathematical Models in Epidemiology, 2004.
[49] W. O. Kermack and A. G. McKendrick, “A contribution to the

mathematical theory of epidemics,” in Proceedings of the
Royal Society of london Series A, Containing Papers of a
Mathematical and Physical Character, vol. 115, no. 772,
pp. 700–721, 1927.

[50] T. Fiddaman, A Community Coronavirus Disease Model for
bozeman, p. 11, MetaSD (Blog), Kerobokan, 2020.

[51] N. Safaie, M. R. Saadatmand, and S. A. Nasri, “Providing A
model for predicting and detecting destructive processes to
prevent the production of waste and defective products: a data
mining approach,” Iranian Journal of Energy and Environ-
ment, vol. 12, no. 3, pp. 241–254, 2021.

[52] Y. Barlas, “Formal aspects of model validity and validation in
system dynamics,” System Dynamics Review, vol. 12, no. 3,
pp. 183–210, 1996.

[53] A. Vulli, P. N. Srinivasu, M. S. K. Sashank, J. Shaf, J. Choi, and
M. F. Ijaz, “Fine-tuned DenseNet-169 for breast cancer
metastasis prediction using FastAI and 1-cycle policy,” Sen-
sors, vol. 22, no. 8, p. 2988, 2022.

[54] J. M. Bland and D. G. Altman, “Statistics Notes: the odds
ratio,” Bmj, vol. 320, no. 7247, p. 1468, 2000.

[55] N. Safaie, N. ghazavi, A sarabadani, and S Nasri, “Analysis of
the efects of covid-19 virus on the import, export and labor in
Iran using system dynamic approach,” Journal of Control,
vol. 14, no. 5, pp. 107–120, 2021.

Journal of Healthcare Engineering 27




