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Abstract
Coronavirus disease 2019 (COVID-19) is a major threat throughout the world. The latest advancements in the field of 
computational techniques based on Artificial Intelligence (AI), Machine Learning (ML) and Big Data can help in detect-
ing, monitoring and forecasting the severity of the COVID-19 pandemic. We aim to review the detection of the COVID-19 
pandemic empowered by AI, major implications, challenges and the future of smart health care at a glance. The AI plays a 
pioneering role in rapid and improved detection of the disease. It helps in modeling the disease activity and predicting the 
severity for better decision making and preparedness by healthcare authorities and policymakers. It is a promising technology 
for automatic and fully transparent monitoring system to track and treat the patients remotely without spreading the virus 
to others. The future application areas of AI-based healthcare are also identified. The role of AI in tackling the COVID-19 
pandemic is reviewed in this paper. AI proves beneficial in early detection with improved results. It also provides solution 
for contact tracing, prediction, drug development thus reducing the workload of medical industry.
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1  Introduction

The recent 2019 novel coronavirus disease (COVID-19) 
caused by the infection of severe acute respiratory syndrome 
Coronavirus 2 (SARS-CoV-2) has emerged as a major pub-
lic health issue worldwide [1]. The epidemic started with 
patients reporting pneumonia-like symptoms of unknown 
etiology, in Wuhan, China (Hubei Province), and has been 
declared a pandemic by the World Health Organization 
(WHO) on March 11, 2020 [2]. To date, it has been spotted 
in over and above 200 countries, infecting more than 171 
million people and caused approximately 3.5 million deaths 
[3]. SARS-CoV-2 is an enveloped RNA virus belongs to the 
Betacoronavirus group, Sarbecovirus subgenus of Corona-
viridae family. Spike glycoproteins cover the outer surface 

of CoV-2 thus creating a look of a crown, therefore named 
corona (Corona means crown in Latin). It shares the same 
group of 2003 SARS-CoV and hence named SARS-CoV-2. 
It is the third novel Coronavirus (CoV) that developed into 
a pandemic in the twenty-first century following the SARS-
CoV in 2003 and thereafter the Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV) in 2012. Since the 
report of its very first case, the genomic sequence of SARS-
CoV-2 has mutated and evolved over the years. Scientists 
and researchers now believe that these changes have aug-
mented the virulence of the virus as a result of which no 
specific antiviral treatments or vaccines are available for 
COVID-19 at present [4]. Treatments are mainly based on 
the management of symptomatic and respiratory support as 
stated by the respective health authorities of the individual 
country, where many countries are sticking to protocols 
issued by WHO [5]. COVID-19 disease has brought the 
world to a complete standstill affecting the lives of thou-
sands. This global pandemic has spread very rapidly and has 
tumbled the global economy [1, 4].

The latest advancements in the field of computational 
techniques, information and communication technologies 
(ICTs), Artificial Intelligence (AI) and Big Data can exten-
sively help in handling the huge, unprecedented amount of 
data derived from public health surveillance and real-time 
epidemic outbreak monitoring and forecasting systems and 
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will also provide an option of instant regular situation brief-
ing and updating by governmental institutions and organi-
zations as well as better health resources utilization [2, 6]. 
Recently, many companies are using AI to fight COVID-19 
namely Deargen, Insilico Medicine, Benevolent AI, SRI 
Biosciences, and Iktos [7]. Moreover, deep learning (DL) 
models can predict old and new drugs that might success-
fully treat COVID-19 [8]. It is indeed a powerful tool to 
help the world to fight against the COVID-19 pandemic. 
Thus, the article intends to review the scope of AI to com-
bat against COVID-19 pandemic and also summarize recent 
prospects and challenges in this upcoming field.

2 � Brief on COVID‑19

SARS-CoV-2 are zoonotic pathogens that originate from 
animals and can be transmitted to humans through direct 
contact. Nevertheless, in the majority of cases, these viruses 
have been reported to be transmitted to humans through 
an intermediate animal host. It is believed that CoVs that 
caused epidemics including COVID-19 have originated from 
bats [4, 9]. Bats are the primary hosts of most CoVs. These 
viruses can cause gastrointestinal illnesses in animals and 
respiratory illnesses in humans. Typical CoV symptoms 
include runny nose, cold, cough, sore throat, headache fever, 
and fatigue to name a few. Hemoptysis and diarrhoea have 
also been observed in patients with severe illness [10]. How-
ever, in immune-compromised patients, there is a chance 
that these viruses could aggravate and trigger lower respira-
tory illnesses like pneumonia and bronchitis causing Acute 
Lung Injury and Acute Respiratory Distress Syndrome 
which leads to pulmonary failure and ultimately results in 
a fatality [4, 9].

In regards to the structure of CoVs, these are small in 
size and belongs to the order of Nidovirales, family Coro-
naviridae, and subfamily Coronavirinae. These are a group 
of enveloped, positive-sense single-stranded RNA Viruses 
[1, 10]. Their diameter size ranges 65–125 nm and length 
varies from 26 to 32 kilobases. It has been reported that 
CoVs carry the largest genomes for RNA viruses. CoVs have 
been classified and categorized into four major groups based 
on their genetic and antigenic criteria. These are α-CoVs, 
β-CoVs, γ-CoVs, and δ-CoVs. The γ-CoVs and δ-CoVs 
infect birds and might infect mammals, but never been 
reported to cause any illnesses in humans. On the contrary, 
α-CoVs and β-CoVs are capable of causing respiratory ill-
nesses in humans and gastrointestinal illnesses in animals 
[4, 9]. The genome of CoVs encodes four main fundamental 
proteins: the spike protein (SP), nucleocapsid protein (NP), 
membrane protein (MP), and the envelope protein (EP) 
that are essentially involved in the formation of structurally 
complete CoVs particle (Fig. 1). The S protein facilitates 

attachment of the virus to the host cell surface receptors 
angiotensin-converting enzyme-2 (ACE2) that mediates the 
endocytosis of the virus into the host cell [4]. After inter-
nalization inside the host cell the ssRNA ( +) genome of 
CoVs release into the cytoplasm. The ssRNA ( +) genome 
makes the dsRNA genome which is then transcribed/repli-
cated to form viral mRNAs/new ssRNA( +) genomes. The 
subgenomic mRNAs translates the major structural proteins. 
In this regard, the formation of viral nucleocapsids proteins 
in the cytoplasm takes place and then followed by the assem-
bly and budding into the lumen of the endoplasmic reticu-
lum and Golgi intermediate compartments. Ultimately the 
assembled mature virion is released from the infected host 
cell by the process of exocytosis [11]. The life cycle and 
multiplication of SARS-CoVs inside the infected host cell 
is illustrated in Fig. 2.

3 � General procedure to identify 
the COVID‑19 symptoms

There are two broad categories of SARS–CoV-2 identifi-
cation procedures that were followed and applied for the 
rapid monitoring of the pandemic disease [12]. One is a 
conventional laboratory-based testing procedure and the 
other is AI-based application (Fig. 3). In the former case, 
the symptomatic persons with influenza-like illness were 
categorized from the quarantine centre. At the facility level, 
the symptomatic patients were generally tested with rapid 
antibody tests[13]. This test identifies the presence of the 
virus but does not fully confirm if the person is positive. 
Subsequently, the suspected person or negative COVID-19 
persons further tested by real-time reverse transcription-
polymerase chain reaction (RT-PCR) using throat/nasal 
swab [9]. Sometimes, patients are subjected to stay under 
quarantine for about 10 days followed by an antibody test 
again without the RT-PCR test. Similarly, the COVID-19 

Spike glycoprotein (SP)

Membrane protein (MP)

Envelope glycoprotein (EP)

Nucleocapsid protein (NP)

Viral RNA

Fig. 1   Schematic figure of the SARS-CoV-2. The SP, MP, and NP are 
the viral surface proteins that are embedded in a lipid bilayer enve-
lope (EP). The genome is a single-stranded positive-sense viral RNA 
that is associated with the nucleocapsid protein (NP)
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positive patients are given hospital assessment and treatment 
or isolation as per protocol [9, 12].

The conventional testing procedure based on the RT-
PCR test is becoming difficult as it is dependent on the 
preparation of samples and quality control measures. The 
encountered false-negative RT-PCR test is another hindrance 
and professionals confirm more than the new coronavirus 
variant(s), faulty swab sample collection by untrained staff 
and wrong timing of testing is likely to be the main reasons 
[14]. Thus, besides conventional testing, other technologies 
like the use of AI-empowered analysis techniques includ-
ing image segmentation, classification, and forecasting can 
result in improved diagnosis of the COVID-19 cases. The 
AI-based testing procedure mainly focuses on medical imag-
ing such as X-ray and Computed Tomography (CT), Radiol-
ogy, and predictive analysis procedure. The automatic image 
acquisition and remote scanning help the lab technicians to 
perform their jobs with minimal contact with the suspects. 
After the contact-less image acquisition, the image is seg-
mented to detect the infection in the lungs which help in 
quantitative analysis and diagnosis of COVID-19. The DL 

models such as UNet, UNet + + , VB-Net are used for image 
segmentation [6]. Further, the severity of the disease is also 
predicted and the AI-aided treatment and monitoring start 
for the quarantined patient. During the recovery phase, the 
above procedure is followed for retests until the patient tests 
negative. The computer-aided tools help the clinicians and 
medical specialists to take quick decisions improving their 
work efficiency and reducing workload [15].

4 � Implication of AI for detecting COVID‑19

AI is something that is considered to revolutionize this world 
making our work easier, be it from serving food to doing 
complex works like full automation of industrial works with-
out any human intervention. AI is an approach to make the 
machines take the decisions on their own with the help of 
economics, statistical methods, computational intelligence, 
and traditional coding. It's basically the thinking, learning, 
working, and decision-making capabilities that a system 
learns from a human's approach to a problem. It is believed 

Fig. 2   Schematic diagram 
showing the replicating cycle of 
SARS-CoVs-2
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that AI has a solution to every problem. It is one of the most 
growing fields with a lot of challenges and opportunities 
[2]. AI is not only making our work easy but also able to 
work within a limited time constraint. The following sections 
elucidate the major applications of AI that can contribute 
to combating against COVID-19 pandemic and the major 
points listed in Table 1 [2, 12, 15].

I. Diagnosis, treatment, and prognosis
For diagnosis of COVID-19, a SARS-CoV-2 virus-spe-
cific RT–PCR test is routinely used but it takes a maxi-
mum of up to two days to give the result, and often serial 
testing might be necessary to rule out the false results. 
In today's date, there is a heavy shortage of PCR test 
kits. Chest CT is a valuable component in the evalua-
tion of patients with suspected SARS-CoV-2 infection 
[6]. Nevertheless, CT alone may have limited negative 
predictive value for ruling out SARS-CoV-2 infection, 
as some patients may have normal radiological findings 

at the early stages of the disease but, might be corona 
infected. The AI techniques integrated with the conven-
tional diagnosis can provide robust solution during the 
screening process [16, 17]. The thermal face scanners, 
analysis of medical imaging reports by AI-enabled tools 
and COVID-19 voice detection platforms are the different 
ways in which AI is revolutionising COVID-19 screen-
ing and diagnosis. We can use AI algorithms to get the 
dataset of clinical symptoms, exposure history, and labo-
ratory testing to rapidly diagnose patients who are posi-
tive of COVID-19 infection. This way we can reduce the 
workload on our overworked medical staff [15]. We can 
make use of various modules of AI like machine learn-
ing (ML), data science, TensorFlow, neural networks, 
and various other techniques to help our medical experts 
in taking accurate decisions using CT scan images. As 
this method is quite fast and accurate, the results can be 
obtained in seconds, it can be very useful in diagnosing 
corona infected patients [18].

Fig. 3   Schematic diagram showing the conventional general procedure and AI-based applications that generally followed by clinicians to detect 
the COVID-19 patients
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II. COVID-19 genome analysis
The process of identifying the sequence of a genome is 
known as Genome Sequencing. The size of SARS-CoV-2 
genome is of approx. 30 kilobyte. AI techniques have 

been potentially used to retrieve interesting information 
from COVID-19 genome sequences. The field of pattern 
analysis provides effective computer-based tools that 
allow humans, particularly bioinformaticians, to exam-

Table 1   Application areas of AI to combat COVID-19

AI and its implications in different area Status/report of applications References

Diagnosis and treatment The AI-based testing procedure mainly focuses on medical imaging such  
as X-ray and computed tomography (CT), radiology, and predictive 
analysis procedure. The deep learning models such as UNet, UNet + + , 
VB-Net are used for image segmentation, classification, and assessing the 
severity of the disease with high accuracy. AI4COVID-19 app helps in 
preliminary diagnosis using cough samples. Bluedot and InferVision are 
the medical AI-based enterprises, help in early detection of COVID-19

[24, 32, 48–50]

COVID-19 genome analysis Genome sequencing of hCOV-19 is available via Global Initiative on  
Sharing All Influenza Data (GISAID) enabling rapid and open access to 
virus data

[49, 51, 52]

COVID-19 vaccine development Using the Vaxign reverse vaccinology-machine learning platform, suitable 
vaccine candidates can be predicted and COVID-19 High Performance 
Computing (HPC) Consortium is engaged in providing advanced  
computing resources for such projects

[25]

Infection tracking The abnormal respiration pattern classifier based on Respiratory Simulation 
Model can help in large scale screening and tracking of COVID-19  
patients. The ML-based prediction model deployed using the FogBus 
framework can predict the growth and trend of the pandemic. HealthMap 
helps in tracking and monitoring COVID-19 spread by gathering data in 
daily basis

[28, 53]

Prediction of patient outcome XGBoost based machine learning platform can predict the survival rate of 
highly critical COVID-19 patients. EpiRisk is another such tool used for 
prediction of infection

[29]

Computational biology and medicines perspective Baricitinib is identified by Benevolent AI’s knowledge graph as a potential 
drug to combat COVID-19

[33]

Protein structure predictions Google's AI platform DeepMind-based protein structure prediction tool 
AlphaFold has predicted and released the 3D structures of several  
understudied proteins of the CoV-2 as an open-source. Antivirals/ 
vaccines can be designed to combat the forthcoming COVID-19  
pandemic. DeepTracer, a DNN based software can predict protein  
structure of SARS-CoV-2

[37]

Drug discovery and digital health Structure-based virtual screening for drug discovery and drug repurposing. 
Data mining, machine learning, high-level quantum mechanical  
(QM), quantum- mechanical/ molecular—mechanical (QM/MM), and 
quantitative structure–activity relationship (QSAR) techniques are useful 
to accelerate the drug discovery program. AI-based inclProject IDentif.AI 
and PolypharmDB helps in

identifying drugs against COVID-19

[2, 32, 38] [20]

Awareness and social control through the Internet AI-enabled social media (Facebook and Twitter) survey enables monitoring 
and forecasting the spread of COVID-19 and thus helps in better  
preparedness and control. The range of apps like Arogya Setu(India), 
CloseContact (China), HaMagen (Israel), Mawid (Saudi Arabia), Tabaud 
(Saudi Arabia), Tawakkalna (Saudi Arabia), Sehha (Saudi Arabia),  
TraceTogether (Singapore), Covid Safe(Australia), Immuni(Italy),  
COVID Symptom Study(UK), NHS COVID-19(UK), COVID Watch 
(USA) & PathCheck SafePlaces (USA)

gives information about the vicinity of a corona positive patient, risk 
assessment, test reports, educational resources, personalized health 
services and vaccination information

[17, 42, 54]

Reducing the workload of the medical staffs The COVID-19 related inquiries of the public are addressed by medical 
'chatbots' like Zini and Clara from the Centre for Disease Control. CovNet 
is developed to extract visual features from a CT scan predicting the con-
tamination. CRUZR robot assist in high exposure tasks at hospitals

[2, 44] [20]
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ine complicated and huge genetic and genomic data sets. 
Sequential pattern mining (SPM) is a technique of Data 
Mining that is used on computer understandable corpus 
of COVID-19 genome sequences to look for the hidden 
patterns which reveals frequent patterns of nucleotide 
bases and their relationships with each other [19]. Various 
sequence prediction models are applied on the obtained 
corpus so as to evaluate if any nucleotide base(s) can be 
predicted. Then further algorithms are designed such that 
they can accurately find the change in nucleotide base 
positions so that the mutation rate can be predicted and 
if possible the next variants can be predicted. For muta-
tion analysis in genome sequences, algorithm have been 
designed to find the locations in the genome sequences 
where the nucleotide bases are changed and to calculate 
the mutation rate. Thus, SPM data can effectively disclose 
new information on virus mutations, strains, pathogenic-
ity, and clinical symptoms [19, 20]. For instance, the 
dynamics of genome sequencing of different variants of 
hCOV-19 is available via Global Initiative on Sharing 
All Influenza Data (GISAID) enabling rapid and open 
access to pandemic virus data. It is an initiative in which 
tens of thousands of COVID-19 virus samples taken 
from patients around the world and have been genetically 
sequenced and analyzed using AI algorithms to conquer 
COVID-19 [21].
III. COVID-19 vaccine development
AI has proven to have a revolutionary impact in the 
development of Covid-19 vaccine by predicting prob-
able epitopes which might have the prime antigenic 
property. AI methods have been successfully assist tackle 
new COVID-19 mutations. Some of the machine learn-
ing approaches which helps in identifying the protein 
sequences are Support Vector Machine, Random Forest, 
Recursive Feature Selection but they have low efficiency 
in predicting the epitopes so more advanced tools like 
Deep Convolutional Neural Networks are being used 
for this purpose. Some of the supervised neural network 
algorithms such as MARIA [22] and NetMHCPan4 [23] 
and Linear Regression Model known as Disco Tope, sug-
gested a number of probable epitopes which can be eas-
ily recognized by the T cells. Using the Vaxign reverse 
vaccinology-machine learning platform. SARS-CoV-2 
has a structural spike protein (SP) and five non-structural 
proteins (nsp3, 3CL-pro, and nsp8-10). These proteins 
has crucial role for viral adhesion and consequence host 
invasion. These proteins can be predicted by Vaxign and 
the newly developed machine learning-based Vaxign-
ML reverse vaccinology tools to predict COVID-19 vac-
cine candidates. In similar approach, Ong et al. used the 
Vaxign-ML reverse vaccinology technology, which relied 
on supervised classification models, to forecast potential 
vaccine candidates for COVID-19 [20]. AI has been play-

ing a major role since the outbreak of the pandemic and 
is now helping in vaccination by determining the specific 
age group as well as the region, thus enhancing the deci-
sion making capability of humans. It is playing a major 
role in the vaccine supply chain reducing the risk factors, 
enables predictions of revenue loss, and keeps a track 
of the supplies delivered as well as supplies available in 
inventory, monitoring the temperature control of the vac-
cines and continuous analyzing of the real-time data [24]. 
The analyzing of real-time data with previously collected 
data and models enables to predict the next specific tar-
gets for vaccination. In order to provide computing power 
for learning and validating vaccine response models, to 
accelerate understanding and modelling of the patient’s 
response and evaluate the therapies, the COVID-19 High 
Performance Computing (HPC) Consortium is engaged in 
providing advanced computing resources such as power-
ful data analytics, machine learning and AI [25].
IV. Infection tracking and prediction
CoV has already done a hugely destructive impact on 
mankind and the world economy, and now it's of urgent 
need to bring this under control. Till now the only way is 
to "Track And Quarantine" and this is where AI can be 
very useful. AI can keep track of the persons who came 
in close contact with the infected person and the data 
available can be used to quarantine the suspected con-
taminants [9, 26]. Contact tracing is a process that is used 
to identify, educate, and monitor individuals who have 
had close contact with someone who is infected with the 
virus. These individuals are at a greater risk of becoming 
infected with the deadly CoV and with the help of AI we 
can protect them by contact tracing the persons who have 
come in contact with the recently infected persons and 
thereby limiting the speed of the spread of the virus [27].
V. Prediction of patient outcome
CoV has attracted the attention of every field of science 
and AI is not an exception to this. Researchers are try-
ing to find out ways in which they can mitigate and eas-
ily track the spread of this virus and their AI took the 
place because it has been found from the studies that 
using technologies like AI we can identify the high-risk 
patients, providing the best medical help, proper screen-
ing, controlling their spread in real-time, the future course 
of the disease and many more. Doctors are also looking 
for new automatic and fully transparent monitoring sys-
tems to track and treat the patients and AI is expected 
to fill this need [28, 29]. AI can learn from records of 
patients and can predict better planning, medical facili-
ties, and the future spread of this virus.
VI. Medicines perspective and repurposing
AI can link the datasets which a human brain can take years 
to do, hence it can be used for finding the correct combina-
tion of drugs that would be most effective in combating the 
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COVID-19 disease [9]. The practice of an existing drug 
to treat a new disease is called Drug Repurposing [30]. It 
is the best, fastest, and quickest hope against COVID-19. 
Recently, The AI system recognized approximately 80 
marketed drugs that presume to be effective against SARS-
CoV-2 [31]. Drugs like bedaquiline, brequinar, celecoxib, 
clofazimine, conivaptan, gemcitabine, tolcapone, and 
vismodegib have shown potent in vitro activities against 
the proliferation of feline infectious peritonitis (FIP) 
virus in Fcwf-4 cells. The most potent existing drugs like 
boceprevir, chloroquine, homoharringtonine, tilorone, and 
salinomycin were found potent during the workouts of AI 
methods [32]. In this regard, we can have computing simu-
lations to speed up the ability to screen billions of exist-
ing drugs for their interactions with and ability to disrupt 
SARS-CoV-2 proteins. Then the shortlisted drugs can be 
put into the trial to check which is most effective on the 
viral proteins and then can be used on the patients for better 
treatment and quick recovery [33].
VII. Protein structure prediction
At the time of viral infection, the virus enters into the 
host cell and interacts with its protein-making machin-
ery, utilizing it to produce a group of proteins that can 
copy the viral RNA molecule. These RNA-duplicating 
proteins are known as polymerase, an alluring target for 
viral infection. By inhibiting these RNA polymerases, the 
virus cannot reproduce thereby stopping an infection [34]. 
Protein structure prediction can be done by two methods: 
template modeling and template-free modeling. The for-
mer one predicts the structure of a protein by utilizing 
similar proteins as a template sequence and the latter one 
predicts structure for proteins that have unknown related 
structures [35, 36]. AlphaFold algorithm predicts diver-
sity of membrane protein structures linked with CoV2 
like protein 3a, nsp2, nsp4, nsp6, and papain-like C- 
terminal domain. The prediction about the protein structure  
and its ducking site could open up new drug discovery to 
combat COVID-19 [37].
VIII. Drug discovery and digital health
AI is an incredible tool used by researchers to discover 
new drugs, for disease diagnosis and prediction thereby 
promote digital health technology to manage CoVs related 
public health challenges. The verity of data related to 
CoVs has been analyzed immensely by various researchers 
with the aid of AI, ML, and DL [24, 36]. Quick identifica-
tion of drugs that could target to CoVs was now feasible 
with the assistance of AI and ML [35, 36]. Furthermore, 
this technology rampantly used to narrow down in select-
ing the best target drug among numerous to fasten the clin-
ical study. In a view to targeting CoVs, AI has accelerated 
the new drug discovery procedure and recently reported 
its novel intervention to select possible target drugs for 

repurposing [38]. In this regard, Beck et al. and Stebbing 
et al. have potentially repurposed the drug atazanavir and 
Baricitinib respectively in a separate study using Machine 
Learning to treat COVID-19 [39, 40]. AI platform can 
be used to study the three-dimensional structure of the 
drug, its specificity to predict chemical interactions with 
a potential target. Currently, the synergy of COVID-19 
related health information, drug discoveries, and digital 
technologies play a crucial role to tackle the COVID-19 
pandemic. The collection of databases through Electronic 
Health Records and the Internet of Things (IoT) has led 
to a demand for big data analytics and AI integration in 
healthcare services [5]. Thus, current Healthcare IT News/
HIMSS Analytics survey, healthcare organizations con-
firmed that AIs play a substantial role in the areas of popu-
lation health, clinical decision support, patient diagnosis 
and precision medicine [2, 39, 40].
IX. Awareness and social control through the Internet
The live updates about the status of the COVID-19 cases 
are reported through official websites as well as through 
digital media platforms. The precautionary measures and 
helpline numbers are broadcast through social media by 
authentic government accounts [41]. The public is made 
aware of the various initiatives of policymakers through 
the internet and phone calls. AI plays a crucial role to iden-
tify and delete the fake news circulated on social media. 
The AI-empowered apps warns the individual about the 
proximity of COVID-19 case if it is within the vicinity of 
the person. Also, a person can self-assess his/her health 
condition by answering certain questions put forward by 
the AI-empowered app. This GPS and Bluetooth enabled 
app such as Arogya Setu (India), Close Contact (China) 
and many new app have mentioned in Table 1 that helps 
to track the COVID-19 infection and makes an individual 
aware of real-time data [42]. The smartphone thermometer 
also helps in self-assessing the level of fever of an infected 
person. Also, AI-aided cough type detection by audio call 
recording is helpful to detect symptomatic cases [43].
X. Reducing the workload of the medical staffs
The healthcare professionals are in total burnout with this 
sudden surge in the number of cases of novel CoV as it has 
increased the challenges for them to keep themselves safe 
and treat the patients. AI has successfully enhanced the 
image processing techniques by designing the chest X-ray 
system which can auto-scan the CoV patient's lungs within 
a few seconds thus reducing doctor's intervention. An AI-
based deep learning model named COVID-19 detection 
neural network (COVNet) is also developed to extract vis-
ual features from CT scan of CoV patients thus predicting 
the contamination. In this way, AI is helping healthcare 
professionals to do their job seamlessly and providing them 
with more smart tools to deal with this pandemic [2, 44].
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5 � Future opportunity and challenges 
at a glance

As we all know the CoV can spread from human to human 
so medical staff is at high risk of being infected but medi-
cal robots are preventable to cross infections and this can 
be revolutionary in cases of viral outbreaks. The world has 
witnessed one case in the US already where a man who was 
infected with the CoV was being treated by a robot [2]. The 
robot has a visual screen like TV which allows physicians 
to communicate with the patients and it is also equipped 
with stethoscope helping doctors take the man's health report 
while minimizing exposure of medical staffs to the patients 
and of course patients who are in quarantine could be treated 
better with medical robots. Further drones can also play a 
vital role in stopping the outbreak of this infection by sup-
porting the medical deliveries in quarantine zones as they 
can safely collect the medicine and deliver it to people who 
are in need [29]. In the last decade, AI has gained remarkable 
momentum in smart healthcare and if harnessed in the right 
way, it can contribute to efficiently fighting the COVID-19 
pandemic. On the other hand, along with positive contribu-
tions, many challenges need to be worked on [45]. The appli-
cation of AI in COVID-19 diagnosis is in the nascent stage. 
In DL, numerous and quality data sets of chest X-ray or CT 
scan are required for training the system. But, the system-
atic collection of these data sets is difficult in this pandemic 
situation. The automatic image acquisition system is to be 
more precise to capture high-quality images with reduced 
radiation exposure. Moreover, it needs AI-literate lab tech-
nicians to handle the case. Though AI-based diagnosis is 
faster and safe, it gives partial information about COVID-19 
patients and may give negative results in the early stage, so 
the clinical testing methods need to be integrated for better 
detection and diagnosis of COVID-19 patients [6]. Also, 
there are ethical, social and human rights challenges of AI 
in public health. The diagnostic data sharing needs consent 
of the involved population and trust towards different entities 
involved. Since AI is mainly data-driven, the privacy and 
genuineness of the data sets can be challenging. For exam-
ple, in India assigning a unique identification code to every 
individual and linking it for medical records and relating it 
for health benefits pose a social and legal challenge. The 
challenges of privacy, transparency, consent, and trust need 
to be managed by consensus-based guidelines [46]. Another 
important challenge is that AI-based techniques such as Arti-
ficial Neural Network, ML and DL are considered as ‘black-
box’, hence the internal parameters cannot be tuned rather 
only the outputs are obtained according to the input datasets. 
Hence, it is difficult to translate highly sensitive AI models 
according to the clinical situation. Also, the efficacy, fairness 
and stability of the AI models need to tested rigorously to 

ensure its validity before the actual deployment. Adequate 
availability of the data sets for training and validation is an 
inherent limitation of the AI-based models. Another chal-
lenge is that even though the AI based design programs are 
powerful functions, these are vulnerable to security attacks 
which can lead to error and hamper the health of the patient. 
AI-based contact tracing and surveillance system also raises 
the privacy issues. Hence, responsible deployment of the AI-
based techniques and robust modeling can help to overcome 
such limitations [20, 47].

6 � Conclusion

The pandemic of COVID-19 has crumbled the public 
healthcare system and has become a global threat. This 
paper surveys the potential applications of AI in fighting 
the COVID-19. The AI-aided detection is safe, accurate, 
and faster compared to the conventional procedure. The 
overall efficiency of medical professionals is increased with 
AI-empowered diagnosis, tracking, and treatment of the 
patients. The implications of AI in tackling COVID-19 are 
identified which include protein structure prediction, moni-
toring of the treatment, awareness and social control, devel-
opment of drugs, and digital health. The AI-enabled imaging 
gives partial information about the COVID-19 which should 
be integrated with the laboratory examination for better 
diagnosis and screening. In this scenario, AI can assist in 
integrating the data from both sources and provide rapid and 
more accurate results. Thus, AI proves as an innovative tech-
nology for fighting against the COVID-19 pandemic and can 
revolutionize the smart-health care industry in near future.
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