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ABSTRACT

Objectives: To clarify the work done by using Al for identifying the genomic sequences, development of
drugs and vaccines for COVID-19 and to recognize the advantages and challenges of using such technology.
Methods: A non-systematic review was done. All articles published on Pub-Med, Medline, Google, and
Google Scholar on Al or digital health regarding genomic sequencing, drug development, and vaccines of
COVID-19 were scrutinized and summarized.

Results: The sequence of SARS- CoV-2 was identified with the help of Al It can help also in the prompt
identification of variants of concern (VOC) as delta strains and Omicron. Furthermore, there are many drugs
applied with the help of Al These drugs included Atazanavir, Remdesivir, Efavirenz, Ritonavir, and

Drugs Dolutegravir, PARP1 inhibitors (Olaparib and CVL218 which is Mefuparib hydrochloride), Abacavir,
Vaccines Roflumilast, Almitrine, and Mesylate. Many vaccines were developed utilizing the new technology of
Challenges bioinformatics, databases, immune-informatics, machine learning, and reverse vaccinology to the whole
SARS-CoV-2 proteomes or the structural proteins. Examples of these vaccines are the messenger RNA and
viral vector vaccines. Al provides cost-saving and agility. However, the challenges of its usage are the dif-
ficulty of collecting data, the internal and external validation, ethical consideration, therapeutic effect, and
the time needed for clinical trials after drug approval. Moreover, there is a common problem in the deep
learning (DL) model which is the shortage of interpretability.
Conclusion: The growth of Al techniques in health care opened a broad gate for discovering the genomic
sequences of the COVID-19 virus and the VOC. Al helps also in the development of vaccines and drugs
(including drug repurposing) to obtain potential preventive and therapeutic agents for controlling the
COVID-19 pandemic.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences.
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Introduction Journey of COVID-19 genomic sequencing through the help of Al

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
causing COVID-19 is one of the most important devastating emer-
ging infectious diseases. COVID-19 pandemic leaves enormous
overwhelming loads on wellbeing, survives, economy, with limita-
tion of the globe’s social activities, closing borders, banning travel,
shutting schools and businesses, applying strict isolation and quar-
antines, and others [1,2].

Artificial Intelligence (Al) helps on identifying the genomic se-
quencing of the SARS-CoV-2 virus. Furthermore, there are many strains
of SARS-CoV-2. The latest Omicron (B.1.1.529) variants of concern (VOC)
has been accompanied by panic responses around the world due to its
contagious and vaccine escape mutations. The essential infectivity and
antibody resistance of the SARS-CoV-2 variant is determined by its
mutations on the spike (S) protein receptor-binding domain (RBD) [3].
Al can help in the rapid discovery of new variant strains. For example, a
complete experimental evaluation of the Omicron variant might take
weeks or even months, if Al was not applied. Omicron variant mutations
are widely distributed on multiple proteins of SARS-CoV-2 such as non-
structural protein (NSP) as (NSP3, NSP4, NSP5, NSP6, NSP12, NSP14, S,
envelope, membrane, and nucleocapsid proteins [3].

For the quickly increasing pandemic as COVID-19, Al can also
make vaccines and drugs more efficient [4]. The morbidity and death
results from COVID-19 can be declined through a rapid intervention,
which is possible through an accurate and prompt prediction of
disease advance. Progressions in Al algorithms assist to analyze a
countless volume of data and create significant predictions, deci-
sions, and automation [5]. Nowadays, several target drugs have been
identified and listed to be potential inhibitors of SARS-CoV-2 [6,7].
For the development of drugs and vaccines for COVID-19, Al can
improve the identification of genetic materials [6]. Al technology has
become a digital arming in the development of new drugs, vaccines,
diagnostic methods, and forecasting programs [7]. COVID-19 is the
most important global health problem nowadays. However, scanty
studies were conducted for reviewing the research done on use of Al
for helping in the controlling COVID-19 pandemic. In consequence, a
review on Al application for identifying the genomic sequence, de-
velopment of drugs and vaccines for COVID-19 is essential.

The objective of the current study was to clarify the work done by
using Al for identifying the genomic sequences, development of
drugs and vaccines for COVID-19 and to recognize the advantages
and challenges of using such technology.

Methods

A non-systematic review was done. All articles published on Pub-
Med, Medline, Google, Google scholar on the use of Al and/or digital
health for identifying the genomic sequencing, drug development,
and vaccine discovery for SARS-CoV-2 were scrutinized and sum-
marized. Results of the advantages, challenges and the limitations of
using such methods were also summarized.

Results

A total of 38 papers fitting the objectives of the study were se-
lected. The results are presented in the following sections.
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Regarding the genomic sequencing of the SARS-CoV-2 virus,
Lopez-Rincon et al. [8] used the deep learning (DL) method for
DNA sequences classification using Convolutional Neural Networks
(CNN). The training of CNN has been used to separate different
viral genome strains from the family of Coronaviruses. Then, Al
techniques have been applied to find representative sequences. In
this method the network was utilized to identify SARS-CoV-2
genomic sequence. The discovered sequences have been validated
using different experiments and different repositories (Datasets)
such as the National Center for Biotechnology Information (NCBI),
the Global Initiative on Sharing All Influenza Data (GISAID), and
the National Genomics Data Center (NGDE). This is done to prove
the ability to separate the complementary DNA (cDNA), which is
the DNA synthesized from a single-stranded RNA template in a
reaction catalyzed by the enzyme reverse transcriptase. The use of
the cDNA sequence of SARS-CoV-2 from different virus strains was
done for being near to the perfection accuracy, and to create an
innovative set of viral sequence features. Twelve sequences of 21-
base-pairs (bps) of SARS-CoV-2 were specified using this proce-
dure. One of these feature sequences is nominated to create a
primer set. The primer sets are tested versus the state-of-the-art
primer sets, synthesized, and hence used for laboratory testing. It
is observed that this primer set has a high specificity for the de-
tection of SARS-CoV-2. In addition, it was found that this proce-
dure evaluates SARS-CoV-2 with an accuracy of more than 99%.
However, in Quantitative reverse transcription PCR (RT-qPCR), the
accuracy is around 70%. Meanwhile, the CT scan coupled with DL to
reach an accuracy of 83% [8]. In 2021, a viral reverse engineering
design was done to find out the similarity in viral protein &
genomic sequences, and the additional mutations were extracted
depending on the phylogenetic tree for capturing the evolutionary
behavior [5].

Concerning the Omicron VOC, an Al model has been trained with
tens of thousands of experimental data points data on SARS-CoV-2
[3]. An efficient and reliable in-silico analysis is imperative and va-
lued for such an urgent situation. A comprehensive topology-based
Al model called TopNetmAb was used to predict the binding free
energy (BFE) changes of S and ACE2/antibody complexes induced by
mutations on the spike RBD. The positive BFE change induced by a
specific RBD mutation indicates its potential ability to strengthen
the binding of an S protein-ACE2/antibody complex, while a negative
BFE change suggests a likely capacity to reduce the binding strength
of an S protein-ACE2/antibody complex. Since the S protein, parti-
cularly its RBD, plays a vital role in viral infection, it has been a key
target of vaccines and antibody drugs. The study of Omicron’s 15
RBD mutations, and based on a well-tested and experimentally
confirmed DL model trained with tens of thousands of experimental
data, the impacts of Omicron’s RBD mutations on its infectivity were
investigated. Results found that Omicron is about ten times more
infectious than the original virus or about twice as infectious as the
Delta variant. Using the structures of 132 known antibody-RBD
complexes, it was found that Omicron’s vaccine-escape capability is
nearly twice as high as that of the Delta variant. Omicron may sig-
nificantly reduce the efficacy of the Eli Lilly antibody cocktail. Omi-
cron RBD mutations may also compromise monoclonal antibodies
(mAbs) [3].
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Journey of COVID-19 drugs discovering through the help of Al

Several studies report the usage of Al to generate modern drug
compounds. Zhavoronkov et al. [9] used an Al-based drug discovery
pipeline to generate a new drug compound that is cost-effective and
with time productivity. Those compounds are inhibitors for the SARS-
CoV2 3C-like protease (3CLP™). Tang et al. [ 10] developed an advanced
deep Q-learning network with the fragment-based drug design
(ADQN-FBDD) (a model-free reinforcement learning algorithm) to
generate novel lead compounds. Based on their Al methodology, dif-
ferent derivatives were obtained from the generated lead compounds
(47 lead compounds). Gao et al. [11]| used an Al-based generative
network complex to generate 15 potential drugs. When those drugs
were compared with HIV inhibitors, it was found that it has enhanced
drug properties [11]. Hofmarcher et al. [12] used a deep neural net-
work protocol on three drug discovery databases to generate small
compounds that are SARS-CoV-2 inhibitors. Firstly, they screened
around one billion compounds from a database and then reduced
them to 30 thousand compounds. Those compounds are accessible in
the ZINC Database (collection of commercially available chemical
compounds prepared especially for virtual screening). Furthermore,
those 30,000 compounds are available in the library on: https://github.
com/ML-jku/sars-cov-inhibitors-chemai.

Zhang et al. created a DL protocol and used four chemical com-
pounds and tripeptides databases to identify potential drugs for
COVID-19. A list of chemical ligands and peptide drugs was pro-
vided [13].

It is generally believed that the development of a new drug for
the therapy of COVID-19 takes a long time. It is commonly con-
sidered that the therapeutic shortcut is to use the drug repurposing
technique to find new uses of the already existing drugs [13]. Con-
cerning drug repurposing, several studies used such a strategy based
on DL algorithms. Beck et al. used the DL-based architecture to es-
timate drug-target interactions that could disturb the component of
SARS-CoV-2 using the model called ‘Molecule Transformer-Drug
Target Interaction (MT-DTI). Based on their procedure, a list of an-
tiviral drugs was identified (Atazanavir, Remdesivir, Efavirenz, Rito-
navir, and Dolutegravir). The best chemical compound is Atazanavir,
which is used to prevent HIV/AIDS. Compared with other listed
drugs, Atazanavir is shown to be effective for the COVID-19 treat-
ment as it has a high ability to bind to six proteins of SARS-CoV-2;
including the replication component of SARS-CoV-2, 3CLP™, and
RNA-dependent RNA polymerase (RARP, RDR). However, the in vitro
and in vivo experimental study is required to validate the findings for
safety and efficacy [ 14]. Meanwhile, in another study, Ge et al. used a
drug repurposing strategy based on machine learning (ML) and
statistical analysis to retrieve data related to coronavirus and the
drug candidates followed by experimental validation. Based on the
computational framework, a list of drug candidates was observed. It
is discovered that poly-ADP-ribose polymerase 1 (PARP1) inhibitors
showed antiviral activities against SARS-CoV-2. Two PARP1 in-
hibitors were selected, Olaparib, which is Food and Drug Adminis-
tration (FDA) approved drug, and CVL218, which is Mefuparib
hydrochloride and is still under clinical trial. Experimental studies,
both in vitro and in vivo, have been conducted on these two drugs
and several other tested drugs. Results revealed that CVL218 is a
potential and effective drug that can be used for COVID-19 treat-
ment. In vitro studies revealed that 3 pM and 30 pM doses of CVL218
showed successful inhibitory activity against SARS-CoV-2 replication
by 35.16% and 99.68%, respectively. The results showed no evidence
of a cytopathogenic effect. Furthermore, pharmacokinetic and tox-
icokinetic studies, in vivo, indicated that the high concentration of
CVL218 showed no sign of toxicity [15].

Previous conducted studies illustrated that patients with SARS-
CoV-2 have a significant increased level of interleukin-6 (IL-6), and
hence an outrageous stimulated immune response [16-18].
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According to Ge et al. [15] the in vitro studies done showed that
CVL218 has the ability to suppress the production of IL-6 that in-
duced by CpG DNA (regions of DNA) in peripheral blood mono-
nuclear cells. Hence, it was suggested that it might have an anti-
inflammatory effect to prevent immunopathology generated by the
infection of SARS-CoV-2. In addition, a molecular docking simulation
was conducted and showed that CVL218 binds more effectively than
Olaparib. Hence, it decreases its RNA binding and inhibits viral re-
plication.

In another study, Hu, and his colleagues used a computational-
based methodology for in silico screening (that may decrease the
time and expense of discovering treatment). They found that the
drug abacavir is expected to have a high affinity to bind to numerous
proteins of SARS-CoV-2. Abacavir is a nucleoside analog reverse-
transcriptase inhibitor (NRTI) which applied for the treatment of
HIV/AIDS. It is also discovered that roflumilast and almitrine mesy-
late are expected to show an inhibitory outcome. Furthermore, ac-
cording to the procedure of Hu et al. a list of ten target drugs that
showed a potential inhibitory effect against SARS-CoV-2 are gener-
ated [19]. In March 2020, an integrative, antiviral drug repurposing
methodology implementing a systems pharmacology-based net-
work medicine platform was applied for drug repurposing. Sixteen
candidate drugs were identified and suggested to be potential drugs
that can be used for the treatment of the COVID-19 virus [20].

In July 2020, another study using a network-deep learning
methodology in which a medical knowledge graph named CoV-KGE
was constructed. It consisted of 15 million edges crosswise different
types of relationships between drugs, proteins, diseases, genes,
protein expression, and pathways. In addition to the computing re-
sources of Amazon Web Service (AWS), which is a cloud provider
where 41 repurposing drugs have been discovered. These drugs were
then authenticated via three transcriptomic and one proteomics data
set in COVID-19 infected human cell-line as well as data from the
current clinical trials [21].

A similar study was reported in August 2020. It constructed a
comprehensive graph neural network. The authors utilized the de-
velopments of the network medicine for defining 81 drug re-
purposing candidates for the treatment of COVID-19 by using in vitro
data. They reported that such drugs affected the biological processes
targeted by the virus [22].

Traditional Chinese Medicine (TCM) can be considered as a pro-
mising treatment for COVID-19. However, it has been reported that
there are many side effects. Hence, the ontology-based side-effect
prediction framework (OSPF) was developed. This protocol will se-
parate the ingredients of TCM into two main categories; either hot or
cold. After that, a database was established to convert each TCM
prescription into a vector that contains ingredients dosage according
to the two categories and label as safe and unsafe. Artificial Neural
Network (ANN)-based DL used this database to evaluate the TCM
prescription in which the safety indicator (SI) is given (High to Low).
SI is the percentage of the possibility of occurrence of side effects.
Then, the list of proposed TCM prescriptions is re-arranged from
high to low. It was stated that seven of them have an indicator of
more than 0.8 in which will consider in the therapeutics of SARS-
CoV-2 [23].

In Egypt, a new framework called DL for prediction drug-target
affinities (DeepH-DTA) was proposed for predicting DT binding af-
finities for heterogeneous drugs. Heterogeneous graph attention
(HGAT) model was developed to learn topological information of
compound molecules and bidirectional ConvLSTM layers for mod-
eling spatio-sequential information in simplified molecular-input
line-entry system (SMILES) sequences of drug data. For protein se-
quences, a squeezed-excited dense convolutional network for
learning hidden representations within amino acid sequences was
proposed; while utilizing advanced embedding techniques for en-
coding both kinds of input sequences. A study using FDA-approved
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drugs from the Drug Bank database is performed using DeepH-DTA
to predict the affinity scores of drugs against SARS-CoV-2 amino acid
sequences. The results showed that the model can predict some of
the SARS-Cov-2 inhibitors that have been recently approved in many
clinical studies [24].

Currently, one way to predict the treatment of viral diseases is to
identify the MicroRNAs (miRNAs). They are non-coding and small
RNAs that have an essential role in gene expression regulation.
Demirci and Adan [25] used a machine learning-based miRNA pre-
diction methodology for the SARS-CoV-2 for predicting the pre-
miRNA and mature miRNA. They searched for the interaction be-
tween human genes and viral miRNAs as well as between viral genes
and human miRNAs for studying the mechanism of SARS-CoV-2
infection. They concluded that when the level of human miRNAs is
increased in a way that targets the structural protein of SARS-CoV-2,
the viral entry and replication would be blocked. Meanwhile, when
the level of human miRNAs is decreased, the viral entry and re-
plication would be increased, and hence it will be more visible for
the human immune system. This could build a new window for the
development of new therapeutics. However, it was stated that more
in vivo and in vitro experiments are needed to validate the miRNAs
candidate [25].

Journey of COVID-19 vaccine discovery through the help of Al

The types of vaccine discovered for COVID-19 until now are ei-
ther: the whole virus (inactivated or attenuated), viral vector (re-
plicating and non-replicating), nucleic acid (RNA and DNA), and
protein-based (protein subunit, virus-like particle) [26]. The main
advantages of Al are rapid and accurate discovery with which it
recognizes cases and efficacy in screening for vaccine production. Al
modalities are utilized for effective vaccine development and for
evaluating the safety of such vaccines. Some of the vaccines that had
emergency use approval (EUA) during the pandemic were Mes-
senger RNA (mRNA) BNT162b2 from Pfizer-BioNTech (Pfizer/BioN-
Tech), mRNA-1273 (Moderna), Covishield (Oxford-AstraZeneca), and
JNJ-78436735/Ad26. COV2. S (Johnson and Johnson), etc. [5].

On the 2nd of March 2020, epitope vaccines (T cell epitope-based
peptide vaccines) against SARS-CoV-2 were designed by using pro-
tein E as antigenic site [27]. The vaccine was designed by firstly
determining the antigenic target in order to determine the peptides
in which it performs as ligands. Sophisticated bioinformatics tools
and databases were used and determined 20 peptides in protein E as
a candidate for SARS-CoV-2. Firstly, the whole genome of SARS-CoV-
2 was analyzed by using the comparative genomic method. Then, a
comparison between human coronavirus and COVID-19 sequences
was carried out using Artemis Comparison Tool (ACT). A high mu-
tation rate was found in the four structural proteins in coronavirus.
Those four proteins are the S, Membrane (M), Nucleocapsid (N), and
Envelope (E) proteins. These proteins were analyzed by Vaxijen
Software (for Prediction of Protective Antigens and Subunit Vac-
cines) to find the highest possibility of antigenic protein. Protein E
was chosen at that time as an immunogenic target. After that,
binding affinities to the major histocompatibility complex (MHC)
which are the MHC class I and Il were evaluated to select the pep-
tides that can be used for vaccine design. Three peptides (SLVKPSFYV
and LAILTALRL and YVYSRVKNL) were selected with high potenti-
ality for vaccine design. In this study, a recommendation was stated
to validate the designed vaccine for safety and immunogenic report.
On the 6th of March 2020, a study used the methodology of im-
mune-informatics and reverse vaccinology to design an epitope-
based subunit vaccine against COVID-19. Three vaccines were suc-
cessfully constructed, meanwhile only one vaccine was designated
as the greatest vaccine according to the molecular docking ana-
lysis [1].
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In early March 2020, a computational methodology was also carried
out to identify several epitopes in SARS-CoV-2. The viral genome of
SARS-CoV-2 was analyzed for identifying several epitope candidates
that can be used for the development of potential vaccines. It has been
reported that 405T-cell epitopes with strong MHC-I and II scores and
two B-Cell epitopes were identified near spike protein. Moreover, while
analyzing the 68 viral genome mutation profiles, it is stated that there
is no mutation found near the S protein. Consequently, it is identified as
an immunogenic and effective vaccine candidate [28]. Hence, the spike
protein has been discovered nowadays as the most intergenic gene
used for vaccine discovery.

Ong et al. has predicted a vaccine against COVID-19 using the ML
and reverse vaccinology to the whole SARS-CoV-2 proteomes as well
as the structural and non-structural proteins. Accordingly, they have
found six proteins that are predicted to be adhesions (one structural
protein S-protein and five non-structural proteins (nsp3, 3CL-pro,
nsp8, nsp9, and nsp10)). In addition, they reported that three of
these proteins (S protein, nsp3, and nsp8 proteins) have high pro-
tective antigenicity scores. The nsp3 protein has not been tested
before, and hence, in their study, they investigated more about this
protein using ML methodology. It has been found that nsp3 is more
conserved between Middle East Respiratory Syndrome (MERS-CoV),
SARS-CoV, and SARS-CoV-2. Adding to that, it is predicted to have
promiscuous MHC-I and MHC-II T-cell and B-cell epitopes.
Therefore, it is indicated that many of the non-structural proteins
can be applied as potential vaccine candidates. Furthermore, they
proposed a cocktail vaccine with structural and non-structural pro-
teins; such as the S protein/nsp3 cocktail vaccine in order to cover
the different sides of protection, and it would accelerate efficient
complementary immune responses [29].

A multi-epitope-based chimeric vaccine design against structural
proteins of SARS-CoV-2 was constructed. Rahman et al. used an
advanced bioinformatics technique (an immune-informatics meth-
odology) alongside comparative genomics to develop an effective
chimeric vaccine and named CoV-RMEN |[30]. Susithra Priyadarshni
et al. [31] used an in silico approach to design a multi-epitopic
vaccine candidate targeting the non-mutational immunogenic re-
gions in envelope protein and surface glycoprotein of SARS-CoV-2.

The emerging of lethal and new VOC of COVID-19, such as the
delta variants and Omicron puts the health systems under a burden,
and yields hesitancy concerning the upcoming efficacy of the ex-
isting vaccines. Adding to prevention, the therapy of COVID-19 is also
affected by emergent strains. So, Al modalities have been established
as a fundamental method for tracking, and forecasting the muta-
tional sites and for rapid and adequate application of prevention and
control measures of COVID-19 [5].

Concerning Omicron and based on 132 three-dimensional (3D)
structures of antibody- RBD complexes, it was found that Omicron is
maybe twice more likely to escape current vaccines than the Delta
variant. The Food and Drug Administration (FDA)-approved mAbs
from Eli Lilly may be seriously compromised by this variant.
Omicron may also diminish the efficacy of mAbs from Celltrion and
Rockefeller University. However, its impact on the Regeneron mAb
cocktail appears to be mild [3]. The combined use of both molecular
prediction tools and computer simulation in the development or
regulatory evaluation of medical intervention is making the differ-
ence to better predict the efficacy and safety of new vaccines. An
integrated bioinformatics pipeline that merges the prediction power
of different software that act at different scales for evaluating the
elicited response of the human immune system against every pa-
thogen is proposed. The authors applied a problem-solving protocol
to predict the cross-reactivity of pre-existing vaccination interven-
tions against SARS-CoV-2. This study sheds the light on the fact that
they can support the ‘3 Rs’ principles (replace, reduce, refine) in drug
development and better predict the efficacy of new vaccines.
Moreover, in the context of the VOC, the proposed in silico pipeline
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can be applied to predict the potential cross-reactive immunity in-
duced by existing vaccinations against SARS-CoV-2 new emerging
variants (e.g. B.1.1.7, B.1.351, and other lineages). Together with the
possibility to use this problem-solving protocol to estimate the de-
gree of the induced immune response by completely newly devel-
oped vaccines, it can speed up the development of vaccines tailored
to the emerging antigenic variants [32]. Table 1.

Discussion

Many types of Al were used in the journey of genomic sequen-
cing discovery, development of drugs and vaccines for COVID-19. The
Al types used in the current work are ML, DL, and ANN [5].

The Al approaches open a new gate for all scientists in a different
discipline to retrieve a huge amount of useful biomedical data in a
short time to identify genomic sequence, design and discover a vaccine
or a new therapy for emerging diseases. In addition, Al is a core of
advanced technologies where the discovered therapy would be avail-
able for a clinical trial, and when it is approved it uses for health care
[33]. Al provides cost-saving and agility methods in Covid-19 when it is
approved it can be used for health care [34]. Genomic surveillance and
Al are the main weapons for the early detection of new VOC of SARS-
CoV-2. Detecting VOC and developing an evidence-based and timely
public health response to mitigate the spread of the new variants, re-
quires a robust genomic surveillance program. Monitoring is also re-
quired for assessing the effectiveness of vaccines against the circulating
virus. Data need to be publicly available to drive real-time decision-
making, enhance transparency, and fuel relevant research by national
and international institutions [35]. However, other factors should be
taken into account as challenges and limitations for the use of Al. Some
of these challenges are represented by the forecast of the side effects,
the rate of drug production, the therapeutic effect and the drug costs
[19]. DL is used to classify virus species dividing the sequences into a
fixed-length that varies from 300 bps to 3000 bps cannot be filled
completely [8]. The data should also be reliable and of high quality to
ensure accurate result prediction. During the occurrence of disease, the
amount of data about it is not always enough to o retrieve information
and predict algorithms (Al-based algorithms) needed to implement
further analysis about the disease or to discover specific vaccines or
drugs. Takes also further time, hence the time to discover the new
vaccines and drugs is very crucial. The external validation should be
performed in different geographical regions. Hence, the algorithms will
be more accurate for those specific populations rather than in other
geographical regions [36-38].

Conclusion

The growth of Al techniques in health care opened a broad gate
for discovering the genomic sequences of the COVID-19 virus and the
VOC. Al helps also in the development of vaccines and drugs (in-
cluding drug repurposing) to obtain potential preventive and ther-
apeutic agents for controlling the COVID-19 pandemic. The Al types
used in the current study are ML, DL, and ANN |[5] are the com-
monest used methods. Al provides cost-saving and agility methods
for prevention and control of Covid-19. However, the challenges of
its usage are the difficulty of collecting data, the internal and ex-
ternal validation, ethical consideration, therapeutic effect, and the
time needed for clinical trials after drug approval.
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