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Abstract

Introduction: In late 2019, a large number of people across the globe became infected after
an outbreak, a pandemic, and an epidemic following COVID-19 spread. To this end,
researchers in various fields seek crisis management and solutions to control issues. The new
coronavirus's transmission potential has drawn experts' attention to using artificial
intelligence to identify and combat this epidemic. The term artificial intelligence (Al) refers to
a software that is capable of decision-making in addition to data analysis.

Method: For this review, we searched artificial intelligence, epidemic, and COVID-19 keywords
in PubMed, SID, Scopus, ScienceDirect internet databases, and Google Scholar search engine.
After applying inclusion and exclusion criteria to 37 articles, 11 were selected for review.

Result: The studies mentioned the description of artificial intelligence and its application in
medicine, coronavirus and its symptoms and mode of transmission, the benefits of using
artificial intelligence in the corona pandemic crisis, aid in the rapid diagnosis, treatment
monitoring, epidemiology, and tracking infected areas, drug system management, reduction
the workload of medical staff, methods for a definitive diagnosis of COVID 19 based on
artificial intelligence and laboratory programs with an emphasis on artificial intelligence.
Artificial intelligence can assist in rapid diagnosis, monitoring of COVID-19 patients,
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developing treatment, facilitating research, prevention, and designing drugs and vaccines.
Artificial intelligence-based software uses designed intelligent networks to mimic human
thought processes.

Conclusion: Artificial intelligence can recognize patterns beyond defined rules, allowing it to
analyze large quantities of information that humans cannot manage. Al-based software
provides the possibility of identifying suspected Covid-19 cases with the least amount of
contact between medical personnel and patients. Moreover, it monitors the progress of the
treatment.
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Introduction

In late 2019, following the emergence and spread of the new coronavirus (SARS-COV-2) in
Wuhan, China, the virus spread rapidly worldwide, resulting in the COVID-19 pandemic.
Currently, it has impacted the entire globe. COVID-19 has been causing an increasing number of
patients and deaths daily, with few regions in the world escaping its impact. This pandemic is still

not under control, requiring the use of the most advanced technologies to manage it (1).

Hospitals and all healthcare services providers have been receiving a large number of suspected
cases of COVID-19 infection. One of the problems is the need for more medical personnel,
additional facilities, and devices for COVID-19 diagnosis. Also, an increase in the volume of
samples, test requests, and personnel fatigue led to various systemic and non-systemic errors in
diagnosis and treatment. As the COVID-19 pandemic continues to spread, we need new methods

to reduce the workload and increase accuracy in the various stages of this disease (2).

A method for utilizing artificial intelligence for the coronavirus is data analysis, enabling real-time
monitoring of the disease's spread. With the experience of epidemic outbreaks and previous
pandemic outbreaks, reducing the analysis time is essential, and free and open access to the datasets
is necessary in the case of COVID-19, which allows mathematical modeling and artificial

intelligence to be combined (3).

We can predict the spread of a virus using computational techniques. In addition, data collected
through social networks and other unconventional data may provide insight into the early
epidemiological history of the outbreak. Using non-traditional datasets, researchers can better
understand the relationship between disease prevalence and community health literacy, healthcare-
seeking behaviors, and health resource utilization. Especially in the early stages of the outbreak,

real data and data flow can assist in designing and implementing effective public health measures

(4,5).
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Another use of these techniques is to predict the number of new suspected or confirmed cases of
COVID-19. However, a remaining challenge that public health authorities should pay special
attention to is the accuracy and validity of the collected data, i.c., their reliability for processing
and modeling (6). Training, validation, and continuous learning are three fundamental principles
in the healthcare system. A correct and prompt diagnosis is an essential therapy component, and

artificial intelligence can reduce errors and shorten diagnosis times (7).

This review study investigates how artificial intelligence can be used to detect and control the

COVID-19 pandemic.
Method

This review article has been performed by searching artificial intelligence, epidemic, and COVID-
19 keywords, in PubMed, SID, Scopus, and ScienceDirect internet databases as well as google
scholar search engine from the end of December 2019 to the end of October 2021. December
30th, 2019, was selected because it coincided with the onset of the COVID-19 epidemic. English-
language articles were included in this study. We excluded irrelevant and repetitive articles and
those without access to the complete text. From 37 articles, we selected 11 that cited the use of

artificial intelligence to identify and prevent the spread of COVID-19.
Result
1. Artificial intelligence

Today, as knowledge fields have expanded and decision-making has become more complex,
information systems, especially artificial intelligence systems, are becoming increasingly important
in supporting decision-making processes (8). The term artificial intelligence refers to systems
capable of displaying intelligent behaviors and reactions similar to those of humans. This includes
simulating human reasoning and thought processes, identifying complex situations and responding
effectively, learning, acquiring knowledge, and reasoning for solving problems (8-10). As medical
knowledge has expanded and decision-making regarding diagnosis and treatment has become more
complex (in other words, human life), decision-support systems in medicine have gained attention
among experts. Meanwhile, there has been an increase in the use of intelligent systems in medicine
(11,12). The impact of various intelligent systems on medicine has been studied nowadays (13—
18). Despite their numerous advantages, these systems face various challenges in medicine. Several
steps involved in the performance of artificial intelligence-based systems are illustrated in Figure 1.
The main advantage is that experts and intelligent systems can control and monitor these systems'
performance. Before confirming and documenting the final result, it is also possible to investigate
the feedback and operation of the artificial intelligence system under the influence of various
factors. The defined control can be reevaluated, and the intelligent system can automatically resolve

errors and problems (19).
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2. Using intelligent systems in medicine

In artificial intelligence systems, structures, components, and capabilities contribute to enhanced
decision-making abilities. Consequently, their use in medicine has been widespread, and we will
discuss some of them. Another study used artificial intelligence to diagnose headache types. The
evaluation showed that this system could correctly diagnose 94.4% of migraine types (including
tension headaches) and 93% of daily headaches. The overall diagnostic accuracy of this system was
89% (20). Furthermore, a study used the systems to diagnose and classify arrhythmic and ischemic
heartbeats. The study showed 90.4% accuracy in detecting ischemic beats and 94.4% in diagnosing
arrhythmic beats (21).

In another study, artificial intelligence was used to improve the quality of first aid. According to

its results, the group using the system performed better in almost all tasks, ranging from 3.8 to
70.1% (22).

In another study, a neural network was employed to diagnose and differentiate types of strabismus.
This system is web-based (www.strabnet.com), and the physician can simply enter patient
information into the system following an examination. The evaluation of this system has shown

that its accuracy is 100% for real data (23).

In another study, artificial intelligence determined and optimized treatment variables for new
patients. According to the study results, 96% of the radiation therapy programs recommended by

the system were acceptable compared to the treatment performed by the dosimetrist (24).

Artificial intelligence can be used to identify types of cancers, predict survival rates, analyze
cancerous tissue biopsy results, and predict recurrence and metastasis in other body organs,
allowing better management (25). For example, a study found that artificial intelligence can

distinguish benign from malignant breast cancers without a biopsy with 70% accuracy (26).
3. Coronavirus

Coronaviruses are a group of viruses belonging to the Coronaviridae family which cause respiratory
tract infections in birds and mammals (27). These viruses can cause some types of the common
cold to more severe diseases such as SARS, MERS, and COVID-19 (28,29). In the 1960s,
coronaviruses were discovered and studied continuously until the mid-1980s (30-32).
Coronaviruses have genomes ranging from 26 to 32 kilobases, one of the longest among RNA
viruses (33). These viruses occur naturally in humans, mammals, and birds, with millions of
human-transmitted coronaviruses detected to date. Their latest strain, the acute respiratory
syndrome coronavirus (SARS-CoV-2), emerged in Wuhan, China, in December 2019. After a

short period, this coronavirus spread worldwide and became a pandemic (34).
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4. Coronavirus infection symptoms

According to the type of coronavirus, the symptoms can be from common cold symptoms such as
loss of sense of smell (anosmia) and taste (ageusia) to fever, cough, shortness of breath, bad smell
in the nose (phantosmia) and acute respiratory symptoms. Moreover, the patient may cough for
several days without apparent cause. The MERS coronavirus, unlike SARS, affects not only the
respiratory system but also other vital organs of the body, such as the kidney and liver. In acute
cases, there are reports of digestive problems such as diarrhea, respiratory failure, coagulation

disorders, and renal failure which may require the patient to undergo hemodialysis (33).

Symptoms of SARS-CoV-2 (the virus that causes COVID-19 disease) infection usually appear a
few days after infection. It may, however, take longer for some people to develop symptoms. Based
on statistics and research, symptoms can include fever (in 8.43% of cases during admission and in
7.88% of cases during hospitalization), nonproductive cough (in 8.67% of cases), respiratory
disorder, fatigue, tiredness, and muscle pain (in 11 to 14 percent of cases), and diarrhea (in 3.8

percent of cases).

There was an average incubation period of four days for symptoms. Ground-glass opacity was seen
in 4.56% of chest CT scans. There were 9.17% of patients with non-severe symptoms and 9.2%
with severe symptoms who did not show abnormalities on their radiology or CT scans.
Lymphocytopenia, or a decrease in circulating lymphocyte number, was observed in 2.83% of
people at admission. Infected individuals may not exhibit any symptoms or may experience only
mild symptoms. However, this disease can lead to severe problems such as pneumonia, oxygen
deprivation, and even death in other people. Individuals who suffer from other underlying health

conditions are more likely to experience these symptoms (33).
5. Transmission mode

Coronaviruses transmit in a variety of modes depending upon their type. Occasionally, human-to-
human transmission occurs through coughing and sneezing, as in influenza. However, there is little
risk of disease transmission in the open space. Cases of human-to-human transmission have
occurred when people have been close to the sick person for a considerable time, such as people in
contact with patients in hospitals. As of now, it is unclear whether this disease was transmitted

directly to humans by animals or by contaminated surfaces (35).
6. Vaccines

Several efforts have been made to produce vaccines to prevent diseases caused by coronaviruses.
Several companies from the United States of America, England, Germany, France, China, Japan,
Russia, and Iran have developed and are injecting various types of COVID-19 vaccines. Antiviral

drugs, such as various antiviral proteases and polymerases, are also being investigated and tested
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(36). Also, vaccines are available for different types of animal coronaviruses, including the avian
coronavirus, contagious gastroenteritis virus, and canine coronavirus, which are not highly
effective. However, these vaccines have been able to minimize the rapid spread of the disease in

animals to a certain extent (27,37).
7. Advantages of utilizing artificial intelligence in the COVID-19 epidemy crisis

In general, today, societies are increasingly utilizing and developing artificial intelligence, as in the
case of COVID-19. They use artificial intelligence, for example, to estimate mortality, control,
identify symptoms and analyze test results. This has increased the speed and accuracy of treating

or diagnosing this discase (38,39).
Among the primary purposes are:

1. Rapid diagnosis and treatment: increasing the speed and accuracy of diagnosis makes the
decision-making process faster and helps develop the diagnosis and correct management of diseased

cases using the timely development of algorithms.

2. Predicting and monitoring the spread of COVID-19 automatically: a neural network can

rovide solutions, detect the disease's manifestation, and update its status.
p p

3. Follow-up of carriers: can determine the level of infection by identifying clustering and critical

points.

4. Planning: Based on the available information, it is possible to determine the nature, risk, and
prevalence of the disease. Furthermore, it can predict the number of cases of infection and death

in each area and determine the most vulnerable areas.

5. Drug and vaccine designing: Reducing the time required to design and develop drugs and

vaccines, as well as finding the best drugs for treating COVID-19 patients.
6. Reducing the number of personnel and the workload of health workers and physicians.

7. Prevention: Information is used to determine the characteristics and causes of outbreaks.

Anticipates places where they may be at risk or need medical attention.
8. Providing assistance with a quick diagnosis

With the help of artificial intelligence, there will be a new diagnostic system with integrated
management across clinical and paraclinical departments, enabling a definitive diagnosis through
the review of algorithms and giving the necessary warning to patients, medical staff, and health
centers as soon as possible (40,41). A virus-specific molecular test called RT-PCR is used to
diagnose COVID-19. It may take up to two days for the results of this test to be available. Also,
false negative results may occur. There is currently a shortage of RT-PCR test kits, which

emphasizes the urgent need for alternative methods to diagnose infected patients rapidly.
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High-resolution computed tomography (HRCT) is valuable in evaluating patients with suspected
SARS-CoV-2 infection. However, a CT scan alone cannot determine the diagnosis of the infection
as some patients may have normal radiological findings in the early stages of the disease. Artificial
intelligence algorithms have been used to integrate chest CT scan findings with clinical symptoms,
the history of disease exposure, and laboratory test results to diagnose patients quickly (42). In
2020, Mei et al. reported in Nature Medicine that among 905 patients tested by the RT-PCR
method, of which 419 were reported positive after two repetitions, 279 were diagnosed with
COVID-19 by radiologists. Using the artificial intelligence system for the definitive diagnosis of
COVID-19 showed an accuracy of 92%, with an average 67% reduction in time. Another essential
point was the elimination of false negative results in radiology. The results showed that HRCT,
with a comprehensive review of the clinical history by the suggested artificial intelligence system,

can assist in rapidly diagnosing COVID-19 patients (41).
9. Treatment monitoring

Artificial intelligence can create an intelligent platform for automatic monitoring and predicting
the spread of the COVID-19 pandemic and is an integrated network for extracting the
manifestations of this disease, enabling better monitoring and treatment of the affected individuals.
This intelligent system can be updated, reporting this mutating virus's latest symptoms and

characteristics and providing solutions for the COVID-19 pandemic.

Figure 2 shows an algorithm based on artificial intelligence compared to conventional methods.
The most crucial point of this comparison is developing an accurate method for screening
suspicious cases by artificial intelligence due to multiple surveillance at different stages (Figure 3).
Also, the process is faster with reduced direct contact, less conflict with patients, and the possibility
of monitoring after providing treatment through artificial intelligence-based systems. Artificial
intelligence will help general practitioners identify the symptoms of COVID-19 with more
confidence to refer them to a laboratory (43). Jamshidi et al. have suggested using artificial
intelligence to fight the new coronavirus. They introduced the Deep Learning (DL) method that
minimizes human intervention. DL can handle large, complex data sets and significantly challenge
traditional data analysis methods. DL consists of multiple layers of algorithms that provide
different interpretations of input data. However, DL fundamentally differs from ML because it
presents data differently in the system due to its use of an artificial neural network (ANN). While

algorithms or ML often depend on structured data (44).
Some subtypes of DL include:

Generative Adversarial Networks (GANs) (45),
Extreme Learning Machine (ELM) (46),

Long Short-Term Memory (LSTM) (47).
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These bioinformatics systems require specific inputs for each operating system, including different
forms of data, such as clinical data and medical imaging, which can be utilized in order to achieve

the best outcome (5).
10. Epidemiology and tracking of infected areas

By analyzing the level of contamination in different regions, artificial intelligence can classify and
identify critical regions. Also, an artificial intelligence-based application is used to track infected
individuals, monitor the traffic of high-risk individuals, and predict the probability of occurrence
in different populations (48). Gozes et al. presented a joint project between China and the US to
develop automated analysis tools based on artificial intelligence to diagnose, measure and track
patients. Their results show that it is possible to distinguish and track COVID-19 patients from
non-patients with the help of artificial intelligence. They identified contaminated areas in China,
mapped them in 2D and 3D, and then performed structural modification using artificial
intelligence and clinical data. Next, they evaluated the movement of 157 confirmed patients with
COVID-19 in different regions. In their report, the designed system had a 98% sensitivity, with
92% of patients being monitored. Altogether, they concluded that, due to the spread of infected
areas and numerous patients, it is necessary to employ 3D image analysis using artificial
intelligence. With this work, patients with COVID-19 can be diagnosed and tracked with high

accuracy, speeding up diagnosis and increasing quality (49).
11. Predicting the status of a pandemic

Artificial intelligence can also predict the number of infections and death rates in each region. As
a result, identifying the most vulnerable areas, people, and countries, allows treatment and
prevention measures to be applied in those areas in order to control the COVID-19 pandemic
(50,51). Due to the epidemic's approaching third and fourth waves in many countries and regions,
predictive researches are necessary to determine the spread and prevalence of the COVID-19

pandemic.

Zheng et al. presented an Al-based model for predicting COVID-19. They used an artificial
intelligence network that combined the natural language processing (NLP) model and long short-
term memory (LSTM) network to improve the efficiency of preventive measures and public
awareness of prevention. The initial results of this hybrid model showed that COVID-19 patients
have a higher level of contamination during the third to eighth days following infection, which
was in line with the actual transmission laws of the epidemics. The results of earlier research
conducted in this manner on pandemic data in several provinces and cities in China showed that
an artificial intelligence-based hybrid model is more effective than the classic models of epidemic
analysis, resulting in a significant reduction in prediction errors (1). LSTM networks are

distinguished by their learning ability and long-term correlation between inputs and outputs.
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12. Pharmaceutical system management

Artificial intelligence aids pharmaceutical research in this field by analyzing the data available in
various research centers for COVID-19, thereby facilitating drug development. In the COVID-
19 pandemic, the rapid development of new effective drugs is of utmost importance. Artificial
intelligence-based systems in pharmacies and referral and research hospitals may be helpful (52).
Figure 1 illustrates the use of artificial intelligence and how it relates to developing new drugs.
With this technology, it is possible to speed up drug testing and collect results quickly, whereas
standard testing usually takes a long time. Therefore, artificial intelligence accelerates this process.
The total potential of artificial intelligence has made it a powerful tool for designing diagnostic
tests and developing vaccines, as well as being useful for clinical trials during vaccine development

(50,53).
13. Reducing the workload of medical personnel

Due to the rapid and extensive increase in patients during the COVID-19 pandemic, healthcare
centers have excessive workloads, so artificial intelligence has been used to reduce the workload.
This technology enables quick, definitive diagnosis and early treatment using digital approaches
and services based on artificial intelligence for correct decision-making. Furthermore, it enables
the medical staff to receive the best training and consensus regarding this new disease. Therefore,
artificial intelligence can impact patient care and reduce the workload of medical personnel
(54,55). In the COVID-19 pandemic, reducing unnecessary tests is one way to reduce hospital
staff workload. Recent studies have shown that repeating laboratory tests does not necessarily yield

better results.

Cismondi et al. proposed processing and employing artificial intelligence and modeling to predict
and distinguish unnecessary laboratory tests from necessary ones. They aimed to process the data
and further assign and classify the tests needed to examine patients. The study involved 746
patients in intensive care units. Laboratory tests were classified as necessary or unnecessary with
more than 80% accuracy, and sensitivity and specificity were satisfactory for all results. Artificial
intelligence reduced laboratory tests by an average of 50%, better than previous similar studies,
with an average performance of 37% (56-58). Their overall result showed less repeated testing,
improved clinical outcomes, and decreased financial burden, reducing health care providers'

physical and mental workload.
14. Prevention

Artificial intelligence allows real-time, up-to-date data analysis to be available, thereby preventing
COVID-19. It can predict possible sites of infection, virus outbreaks, and the need for beds and
healthcare professionals during this crisis. It can potentially be used to prevent and treat many
other diseases. In the future, artificial intelligence will play an essential role in providing predictive

and preventative public health care (51,56). There have been unprecedented challenges to the
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classic control and prevention system. Traditionally, classical methods were used for prevention
and control in Wuhan. Shanghai is an international metropolis with a population of 20 million
people, equipped with an artificial intelligence analysis platform; Therefore, Wei Zhi population
monitoring and analysis technology can be implemented in this city to develop prevention and
scientific control strategies. This intelligent technology is evident from the difference in infection
and mortality rates between these two cities. A new system for controlling and preventing infectious

diseases across the country or even the globe may be possible with artificial intelligence (59).

Regarding definitive diagnosis methods for COVID-19 based on artificial intelligence, having a
reliable, sensitive, and specific diagnostic test is particularly important in preventing and
controlling infection-related complications. The diagnosis seems to depend on molecular tests or
chest HRCTs. These two methods are used to monitor the progression of the disease and changes

in severity and response to treatment.

Artificial intelligence can facilitate the diagnosis of COVID-19 cases. Infervision, for instance,
provides a rapid diagnosis of COVID-19 cases through medical imaging by recognizing specific
lung characteristics. Blockchain technology is a unique decentralized system that records and verifies
data and performs a series of computations. It is a highly secure technology that can provide services
in health centers, including medical diagnostic laboratories, thereby improving public health

surveillance.

During the COVID-19 pandemic, treatment and health services have slowed down due to a
limited supply of diagnostic kits, low capacity of radiology centers, and a high level of demand.
For this reason, healthcare systems in different countries collected information using advanced
techniques and computational methods to identify at-risk individuals. Infected individuals can be
recognized by a startup (MEGVII) using an advanced facial and body recognition system. It is
possible to detect fever in busy and passing environments using infrared and visible light cameras
that can serve as thermal scanners to detect fever and high temperatures. Some mobile phone
applications are designed to send health reports, record travel histories to high-risk areas, and track
contacts with suspected carriers of COVID-19. These programs also provide information

regarding the quarantine period.

It is an effective combination of artificial intelligence, information technology, and the healthcare
system, enabling alerts to be sent to medical clinics and health units so that they can visit and

confirm suspected or confirmed cases (55,60-62).
15. Al-based laboratory programs

Artificial intelligence has many potential applications in public health, disease prediction, and
pharmaceutical production. In terms of public health, these methods have been employed in

various settings. The settings include

e analyzing real-time data to diagnose diseases,
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e developing disease risk models based on mathematical calculations, and

e increasing the efficiency of health systems as a model and comparing them to human behavior

modeling (63).

Several promising studies have focused on predicting virus mutations before the emergence of a
new strain. A program developed by researchers can detect nucleotide substitutions in a pathogenic
virus's primary RNA sequences and predict the pathogenic gene's evolution using a particular
technique. An essential use of set theory is processing contradictory and incorrect information,
especially in artificial intelligence applications. The prototypes are produced using the RNA
sequence obtained from one virus generation as input and an output of the RNA sequence from
the next virus generation. An algorithm was developed to predict RNA sequences from successive
generations, and then the predicted sequences were compared with the observed sequences. This
group of algorithms in the virus data set can also be applied to predict the pathogenicity conditions

of the new coronavirus. South Korea and China have reported about 70% accuracy in predicting

mutated nucleotides (64—60).

Following identifying a virus strain with predicted or occurring mutations, the next step is

determining viral proteins that can predict pathogenic effects.

As a breakthrough in structural biology, bioinformatics scientists at Deep Mind, a British artificial
intelligence research laboratory, have developed a new method for predicting protein structures
using artificial intelligence (67). This program uses a neural network to predict the distance
between protein residues, which may have a significant impact depending on the prediction's
accuracy. After applying an optimized algorithm, it allows for the computation of the protein
structure. Such structural prediction can lead to broader access to structural information compared
with older methods and can be particularly useful in the absence of experimentally determined

homologous protein structures.

As a result of determining the structure of a protein, its function can be identified, providing
evidence for the structural and functional relationship between proteins. Drug development is the
next important task following determining viral structures and their functions. Discovering new
drugs is expensive and time-consuming. In the COVID-19 crisis, time is of greater significance,
yet Al can improve efficiency and productivity through intelligent networks. Artificial intelligence
will revolutionize the pharmaceutical process cycle from regulatory procedures to pharmaceutical

manufacturing (68,69).
Conclusion

Artificial intelligence can assist in rapid diagnosis, monitoring of COVID-19 patients, developing
treatment, facilitating research, prevention, and designing drugs and vaccines. Artificial
intelligence-based software uses intelligent networks designed to mimic the thinking process of

humans. Artificial intelligence can recognize patterns beyond defined rules, allowing it to analyze
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large quantities of information that humans cannot manage. Therefore, diagnostic informatics
technology will enhance and significantly improve current technological capabilities. For example,
we may refer to the simplification of laboratory operations, clinical analysis, the reduction of
unnecessary tests, the reduction of medical personnel, the prediction of contaminated areas for
preventive measures, and the facilitation of decision-making. All these advantages and capabilities
will solve a significant part of the problems caused by the COVID-19 pandemic for hospitals and
healthcare service providers. Artificial intelligence-based systems make it possible to identify
suspected cases of COVID-19 with minimal contact between medical personnel and patients and
to monitor treatment progress. It is essential to consider the high potential of Al-based systems for
monitoring COVID-19 patients throughout all stages of treatment and care following the

diagnosis of the infection.

While artificial intelligence systems have many advantages, several serious obstacles and challenges
are associated with their application in medicine. A few of these limitations include technology
and cost limitations. Moreover, their performance requires constant updating. Some believe relying
on intelligent systems may reduce innovation in the long run. Also, these systems require entering
the patient's data into the system to receive diagnostic or treatment recommendations. As a result,
the doctor must enter the patient's information once in this system and again in the patient's
medical records (manually or electronically). This repetition of entering information can be an
obstacle to using these systems; unless the patient's data is available electronically in the patient's

medical record enabling the use of the systems in conjunction with it.

Author contributions

All authors are equally involved in the preparation of this manuscript and endorse the manuscript.
Conflict of interests

None declared

Ethical declarations

I now declare all ethical standards have been respected in the preparation of the submitted article.
Financial support

Self-funding

Reference

1. Zheng Y-Y, Ma Y-T, Zhang J-Y, Xie X. COVID-19 and the cardiovascular system. Nat Rev
Cardiol. 2020;17(5):259-60.
2. DPooladi M, Entezari M, Hashemi M, Bahonar A, Hushmandi K, Raei M. Investigating the

efficient management of different countries in the COVID-19 pandemic. ] Mar Med.
2020:2(1):18-25.

324
Tob Regul Sci. ™ 2022;8(2): 313-330



Aryan Baghaei et al.
Identifying and combating the Covid-19 pandemic using Artificial Intelligence

3.

10.

11.

12.

13.

14.

15.

16.

17.

Tang Y-W, Schmitz JE, Persing DH, Stratton CW. Laboratory diagnosis of COVID-19:
current issues and challenges. ] Clin Microbiol. 2020;58(6):¢00512--20.

Gupta R, Misra A. Contentious issues and evolving concepts in the clinical presentation and
management of patients with COVID-19 infectionwith reference to use of therapeutic and
other drugs used in Co-morbid diseases (Hypertension, diabetes etc). Diabetes \& Metab
Syndr Clin Res \& Rev. 2020;14(3):251-4.

Shi F, Wang], ShiJ, WuZ, Wang Q, Tang Z, et al. Review of artificial intelligence techniques
in imaging data acquisition, segmentation, and diagnosis for COVID-19. IEEE Rev Biomed
Eng. 2020;14:4-15.

Pirouz B, Shaffiece Haghshenas S, Shaffiee Haghshenas S, Piro P. Investigating a serious
challenge in the sustainable development process: analysis of confirmed cases of COVID-19
(new type of coronavirus) through a binary classification using artificial intelligence and
regression analysis. Sustainability. 2020;12(6):2427.

Butt C, Gill J, Chun D, Babu BA. RETRACTED ARTICLE: Deep learning system to screen
coronavirus disease 2019  pneumonia. Vol. 53, Applied Intelligence (Dordrecht,
Netherlands). 2023. p. 4874.

McLeod R. Management information systems. Pearson Educacién; 1998.

Turban E, Rainer RK, Potter RE, others. Introduction to information technology. John Wiley
\& Sons New York, NY; 2001.

Zwass V. Management information systems—DBeyond the current paradigm. ] Manag Inf
Syst. 1984;1(1):3-10.

Sadoughi F. Decision support systems in health. In: Proceedings of the 3rd Health
Management Congress: Fara Organization. 2009. p. 18-9.

Sheikhtaheri A. Application of expert systems in clinical decisions. In: Proceedings of the 2nd
health Management Congress: Fara organization. 2008. p. 29-30.

Garibaldi JM, Ifeachor EC. Application of simulated annealing fuzzy model tuning to
umbilical cord acid-base interpretation. IEEE Trans Fuzzy Syst. 1999;7(1):72-84.

Goletsis Y, Papaloukas C, Fotiadis DI, Likas A, Michalis LK. Automated ischemic beat
classification using genetic algorithms and multicriteria decision analysis. IEEE Trans Biomed
Eng. 2004;51(10):1717-25.

Pedrycz W, de Oliveira JV. An algorithmic framework for development and optimization of
fuzzy models. Fuzzy sets Syst. 1996;80(1):37-55.

Babuska R, Verbruggen H. Neuro-fuzzy methods for nonlinear system identification. Annu
Rev Control. 2003;27(1):73-85.

Chi C-L, Street WN, Ward MM. Building a hospital referral expert system with a prediction

and optimization-based decision support system algorithm. ] Biomed Inform.
2008;41(2):371-86.

325

Tob Regul Sci. ™ 2022;8(2): 313-330



Aryan Baghaei et al.
Identifying and combating the Covid-19 pandemic using Artificial Intelligence

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Schmidt R, Gierl L. Case-based reasoning for antibiotics therapy advice: an investigation of
retrieval algorithms and prototypes. Artif Intell Med. 2001;23(2):171-86.

Dadério AMV, Paiva JPQ, Chate RC, Machado BS, Szarf G. Regarding" artificial intelligence
distinguishes COVID-19 from community acquired pneumonia on chest CT". Radiology.
2020;

Maizels M, Wolfe WJ. An expert system for headache diagnosis: the Computerized Headache
Assessment tool (CHAT). Headache ] Head Face Pain. 2008;48(1):72-8.

Exarchos TP, Tsipouras MG, Exarchos CP, Papaloukas C, Fotiadis DI, Michalis LK. A
methodology for the automated creation of fuzzy expert systems for ischaemic and arrhythmic
beat classification based on a set of rules obtained by a decision tree. Artif Intell Med.
2007;40(3):187-200.

Ertl L, Christ F. Significant improvement of the quality of bystander first aid using an expert
system with a mobile multimedia device. Resuscitation. 2007;74(2):286-95.

Fisher AC, Chandna A, Cunningham IP. The differential diagnosis of vertical strabismus from
prism cover test data using an artificially intelligent expert system. Med \& Biol Eng \&
Comput. 2007;45:689-93.

Wells DM, Niederer J. A medical expert system approach using artificial neural networks for
standardized treatment planning. Int J Radiat Oncol Biol Phys. 1998;41(1):173-82.

Abbod MF, Catto JWF, Linkens DA, Hamdy FC. Application of artificial intelligence to the
management of urological cancer. ] Urol. 2007;178(4):1150-6.

Niruii M, Abdolmaleki P, Giti M. A combine simulation model for ANN genetic algorithms
for differentiating benign and malignant breast lesions. Iran ] Med Phys. 2006;3(13):67-80.

Fehr AR, Perlman S, Maier HJ, Bickerton E, Britton P. An overview of their replication and
pathogenesis; section 2 genomic organization. Methods Mol Biol. 2015;1282:1-23.
Ezzikouri S, Noutlil ], Benjelloun S, Kohara M, Tsukiyama-Kohara K. Coronavirus disease

2019—Historical context, virology, pathogenesis, immunotherapy, and vaccine development.
Hum vaccines \& Immunother. 2020;16(12):2992-3000.

Jackson B, Boni MF, Bull MJ, Colleran A, Colquhoun RM, Darby AC, et al. Generation and
transmission of interlineage recombinants in the SARS-CoV-2 pandemic. Cell.
2021;184(20):5179-88.

Pollitt KJG, Kim J-H, Peccia ], Elimelech M, Zhang Y, Charkoftaki G, et al. 1, 4-Dioxane as

an emerging water contaminant: State of the science and evaluation of research needs. Sci

Total Environ. 2019;690:853—66.
Visy JM, Le Coz P, Chadefaux B, Fressinaud C, Woimant F, Marquet J, et al. Homocystinuria

due to 5, 10-methylenetetra-hydrofolate reductase deficiency revealed by stroke in adult

siblings. Neurology. 1991;41(8):1313.

Tyrrell DAJ, Bynoe ML. Cultivation of a novel type of common-cold virus in organ cultures.

Br Med J. 1965;1(5448):1467.

326

Tob Regul Sci. ™ 2022;8(2): 313-330



Aryan Baghaei et al.
Identifying and combating the Covid-19 pandemic using Artificial Intelligence

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Woo PCY, Huang Y, Lau SKP, Yuen K-Y. Coronavirus genomics and bioinformatics analysis.
Viruses. 2010;2(8):1804—20.

Liu T, Gong D, Xiao J, Hu J, He G, Rong Z, et al. Cluster infections play important roles in
the rapid evolution of COVID-19 transmission: a systematic review. Int ] Infect Dis.
2020;99:374-80.

Chen Y, Liu Q, Guo D. Emerging coronaviruses: genome structure, replication, and
pathogenesis. ] Med Virol. 2020;92(4):418-23.

Dong L, Hu S, Gao J. Discovering drugs to treat coronavirus disease 2019 (COVID-19).
Drug Discov \& Ther. 2020;14(1):58—-60.

Kumar SU, Priya NM, Nithya SR, Kannan P, Jain N, Kumar DT, et al. A review of novel
coronavirus disease (COVID-19): based on genomic structure, phylogeny, current shreds of

evidence, candidate vaccines, and drug repurposing. 3 Biotech. 2021;11:1-22.
Salman FM, Abu-Naser SS, Alajrami E, Abu-Nasser BS, Alashqar BAM. Covid-19 detection

using artificial intelligence. 2020;

Naudé W. Artificial intelligence vs COVID-19: limitations, constraints and pitfalls. Al Soc
[Internet]. 2020;35(3):761-5. Available from: https://doi.org/10.1007/s00146-020-00978-0
Luo H, Tang Q, Shang Y, Liang S, Yang M, Robinson N, et al. Can Chinese medicine be
used for prevention of corona virus disease 2019 (COVID-19)? A review of historical classics,

research evidence and current prevention programs. Chin J Integr Med. 2020;26:243-50.

Mei X, Lee H-C, Diao K, Huang M, Lin B, Liu C, et al. Artificial intelligence--enabled rapid
diagnosis of patients with COVID-19. Nat Med. 2020;26(8):1224-8.

Allam Z, Jones DS. On the coronavirus (COVID-19) outbreak and the smart city network:
universal data sharing standards coupled with artificial intelligence (AI) to benefit urban health

monitoring and management. In: Healthcare. 2020. p. 46.

Haleem A, Vaishya R, Javaid M, Khan IH. Artificial Intelligence (AI) applications in
orthopaedics: an innovative technology to embrace. ] Clin Orthop trauma. 2020;11(Suppl
1):580.

Jamshidi M, Lalbakhsh A, Talla J, Peroutka Z, Hadjilooei F, Lalbakhsh P, et al. Artificial

intelligence and COVID-19: deep learning approaches for diagnosis and treatment. leee
Access. 2020;8:109581-95.

Bi L, Kim ], Kumar A, Feng D, Fulham M. Synthesis of positron emission tomography (PET)
images via multi-channel generative adversarial networks (GANs). In: Molecular Imaging,
Reconstruction and Analysis of Moving Body Organs, and Stroke Imaging and Treatment:
Fifth International Workshop, CMMI 2017, Second International Workshop, RAMBO
2017, and First International Workshop, SWITCH 2017, Held in Conjunction . 2017. p.
43-51.

327

Tob Regul Sci. ™ 2022;8(2): 313-330



Aryan Baghaei et al.
Identifying and combating the Covid-19 pandemic using Artificial Intelligence

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Liang N-Y, Huang G-B, Saratchandran P, Sundararajan N. A fast and accurate online
sequential learning algorithm for feedforward networks. IEEE Trans neural networks.
2006;17(6):1411-23.

Hochreiter S, Schmidhuber ]. Long short-term memory. Neural Comput. 1997;9(8):1735—
80.

Biswas K, Sen P. Space-time dependence of corona virus (COVID-19) outbreak. arXiv Prepr
arXiv200303149. 2020;

Gozes O, Frid-Adar M, Greenspan H, Browning PD, Zhang H, Ji W, et al. Rapid ai
development cycle for the coronavirus (covid-19) pandemic: Initial results for automated
detection \& patient monitoring using deep learning ct image analysis. arXiv Prepr
arXiv200305037. 2020;

Chen S, Yang ], Yang W, Wang C, Birnighausen T. COVID-19 control in China during
mass population movements at New Year. Lancet. 2020;395(10226):764—6.

Elavarasan RM, Pugazhendhi R. Restructured society and environment: A review on potential
technological strategies to control the COVID-19 pandemic. Sci Total Environ.
2020;725:138858.

Bouhamed H. Covid-19 cases and recovery previsions with deep learning nested sequence
prediction models with long short-term memory (LSTM) architecture. Int J Sci Res Comput
Sci Eng. 2020;8(2).

Sohrabi C, Alsafi Z, O’neill N, Khan M, Kerwan A, Al-Jabir A, et al. World Health
Organization declares global emergency: A review of the 2019 novel coronavirus (COVID-
19). Int J Surg. 2020;76:71-6.

Hu Z, Ge Q, Li §, Jin L, Xiong M. Artificial intelligence forecasting of covid-19 in china.
arXiv Prepr arXiv200207112. 2020;

Allam Z, Dey G, Jones DS. Artificial intelligence (AI) provided early detection of the
coronavirus (COVID-19) in China and will influence future Urban health policy
internationally. Ai. 2020;1(2):156-65.

Cismondi F, Celi LA, Fialho AS, Vieira SM, Reti SR, Sousa JMC, et al. Reducing unnecessary
lab testing in the ICU with artificial intelligence. Int ] Med Inform. 2013;82(5):345-58.
Fialho AS, Cismondi F, Vieira SM, da Costa Sousa JM, Reti SR, Howell MD, et al. Predicting
Outcomes of Septic Shock Patients Using Feature Selection Based on Soft Computing
Techniques. IPMU. 2010;81:65-74.

Fialho AS, Vieira SM, Kaymak U, Almeida R]J, Cismondi F, Reti SR, et al. Mortality
prediction of septic shock patients using probabilistic fuzzy systems. Appl Soft Comput.
2016;42:194-203.

Chen Y, Bai W, Liu B, Huang ], Laurent I, Chen F, et al. Re-evaluation of retested nucleic

acid-positive cases in recovered COVID-19 patients: report from a designated transfer hospital

in Chongging, China. J Infect Public Health. 2020;13(7):932—4.

328

Tob Regul Sci. ™ 2022;8(2): 313-330



Aryan Baghaei et al.
Identifying and combating the Covid-19 pandemic using Artificial Intelligence

60.

Sussman GJ. Electrical design: A problem for artificial intelligence research. 1977;

61. Kricka L], Polevikov S, Park JY, Fortina P, Bernardini S, Satchkov D, et al. Artificial
intelligence-powered search tools and resources in the fight against COVID-19. Ejifcc.
2020331(2):106.

62. Minsky M, Papert SA. Artificial intelligence progress report. 1972;

63. Kumar D, Meeden L. A robot laboratory for teaching artificial intelligence. ACM SIGCSE
Bull. 1998;30(1):341-4.

64. Huang S, Yang J, Fong S, Zhao Q. Mining prognosis index of brain metastases using artificial
intelligence. Cancers (Basel). 2019;11(8):1140.

65. Li S, Yamashita K, Amada KM, Standley DM. Quantifying sequence and structural features
of protein--RNA interactions. Nucleic Acids Res. 2014;42(15):10086-98.

66. Makino M. Clinical laboratory and expert system. Rinsho Byori. 1992;40(4):333-8.

67. Dzobo K, Adotey S, Thomford NE, Dzobo W. Integrating artificial and human intelligence:
a partnership for responsible innovation in biomedical engineering and medicine. Omi a ]
Integr Biol. 2020;24(5):247-63.

68. Yu K-H, Beam AL, Kohane IS. Artificial intelligence in healthcare. Nat Biomed Eng.
2018;2(10):719-31.

69. Hamet P, Tremblay J. Artificial intelligence in medicine. Metabolism. 2017;69:S36--540.

Figure

Figure 1. Artificial intelligence and its applications in the development of new pharmaceuticals.
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Figure 2. Artificial intelligence applications compared to

conventional methods.
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Figure 3. multiple surveillance at different stages by artificial intelligence.
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