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The novel Coronavirus disease has increased rapidly in the Wuhan city of China in December 2019. This
fatal virus has spread across the whole world like a fire in different stages and affecting millions of pop-
ulation and thousands of deaths worldwide. Therefore, it is essential to classify the infected people, so
that they can take the precaution in the earlier stages. Also, due to the increasing cases spread of
Coronavirus, there are only limited numbers of polymerase change reaction kits available in the hospitals
for testing Coronavirus patients. That why it is extremely important to develop artificial intelligence-
based automatic diagnostic tools to classify the Coronavirus outbreak. The objective of this paper is to
Machine learning know the novel disease epidemiology, major prevention from spreading of Coronavirus Severe Acute
Deep learning Respiratory Syndrome, and to assess the machine and deep learning-based architectures performance
CNN that is proposed in the present year for classification of Coronavirus images such as, X-Ray and computed
SVM tomography. Specifically, advanced deep learning-based algorithms known as the Convolutional neural
network, which plays a great effect on extracting highly essential features, mostly in terms of medical
images. This technique, with using CT and X-Ray image scans, has been adopted in most of the recently
published articles on the Coronavirus with remarkable results. Furthermore, according to this paper, this
can be noted and said that deep learning technology has potential clinical applications.

© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

Viruses are a submicroscopic agent, which are made up of
genetic substances inside of a protein coating and it can be
found anywhere such as air, water, and soil. A virus can cause
different infectious types of diseases such as common flu, cold,
and warts. They also cause severe illnesses such as Acquired
Immunodeficiency Syndrome (AIDS), Ebola, Smallpox [1], etc.
Viruses are akin to hijackers; they enter normal cells and from
those cells to replicate themselves. This process destroys or
damages the cells and makes us sick, and this kind of virus is
called “Pandemic virus”. Various viruses attack and harm certain
cells of the human body such as our respiratory system, liver, or
blood. When we get a virus, it will not always affect us to get ill
from the virus. The immune system of us may be capable to

Abbreviations: WHO, PCR; SARS, CT A
* Corresponding author.
E-mail address: solan.gaurav@gmail.com (G. Gupta).

https://doi.org/10.1016/j.matpr.2020.06.245
2214-7853/© 2019 Elsevier Ltd. All rights reserved.

fight with it. For most epidemiologic infections, the only method
to help is the treatment of symptoms as you should wait for the
immune system to confront against or fight off the virus. For
viral infections, the antibiotics cannot work, there are antiviral
drugs and medicines to cure or heal some of the viral infections.
The vaccines help to prevent us from getting various viral
diseases.

A pandemic is an occurrence of a disease or wide-scale out-
break of any infectious disease, which can rapidly increase mor-
tality and morbidity rate on a large-scale, over a large area.
Even crossing the international boundaries, which can disturb a
large population of the world and that can cause a significant
social, economic, and political disturbance. Previous studies indi-
cate that the chances of pandemics have risen in the past cen-
turies [2]. This pandemic outbreak can happen when a novel
virus turns out to be capable of circulating or spreading rapidly
globally, wherein an epidemic can be in a specific region or city.
In one and other cases, there is a serious illness that can rapidly
spread out from one to another individual quickly. Evidence
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shows that the death rate of the epidemic is generally lesser than
a pandemic outbreak. For example, the unfavorable pandemic in
the history that caused the death of more than a hundred million
people, was the Spanish flu [3].

Coronavirus has rapidly spread to almost all countries of the
world to date. Coronavirus is a big family of viruses, which causes
illness or sickness starting from the very common cold to very
more acute or severe disease. SARS-CoV-2 showed about 80% iden-
tity of SARS-CoV-1 and 50% to the Middle East Respiratory Syn-
drome (MARS-CoV) from the genetic sequence and both have
their origin from bats. According to the phylogenetic reports and
genetic sequence, Coronavirus is adequately similar to SARS-
CoV. Most likely this disease has spread from bats, as proof sup-
ports that this virus has a high grade of homology of ACE2 (Angio-
tensin Converting Enzyme 2) receptor from a variety of animal
species [4]. The common sign of the Coronavirus infection consists
of high and consistent fever, Persistent dry cough, respiratory syn-
dromes such as breathing difficulties, and breath shortness [5]. The
Coronavirus infection has spread like a fire and transitioned into a
globally pandemic in which, as if now, know medical researchers
found any therapeutic vaccine or drug. Because of this serious
issue, it is very significant to identify the diseases at its early stage,
and quickly isolate people who are infected from the non-affected
population.

The Coronavirus should be the starting of an exciting time or
decade in science and medicine because with the development
and improvement of numerous digital technologies they can be
applied and used to tackle different diseases and major clinical
problems. These are the technologies that include Big-data analyt-
ics, IoT (Internet of things), Blockchain, Al which uses machine
learning (ML) and deep learning (DL), etc. These are the advanced
technologies that are being used in many aspects of healthcare,
especially Al and machine learning systems to predict the out-
comes and understanding healthcare trends [6] and how Al-
based technology and deep learning can help and enhance in the
diagnosis of this Coronavirus? By using a different kind of radio-
graphical images. CT and X-ray scans of the chest can be used in
diagnosing the pneumonia. There are Al-based automated CT or
X-ray images analysis techniques for the detecting, monitoring,
and quantifying of Coronavirus, and to find out the patients from
the healthy person have developed [7].

1.1. Coronavirus outbreak: its epidemiology and pathogenesis

As of 14 April 2020, the total number of confirmed cases is 1 776
867, the confirmed number of deaths is 111,828 and the overall
number of countries affected by this virus is 213 as reported by
WHO. The USA, China, Italy, Spain are the most affected countries.
Initially, in European countries, the very fast and worst affected
country was Italy, where the public health departments, hospitals,
emergency medical systems are struggling to deal with the surge
of affected patients. The fatality rate of the Coronavirus was increas-
ing in the outbreak region of China. The first 17 deaths reported by
the National Health Commission of China was on 22nd January
2020 and 56 deaths on 25th January 2020 [4]. From the initial case
in Dec 2019 to the rise of new incidents outside the city of Wuhan
by 13th January 2020, 41 number of cases or incidents were con-
firmed. The epidemiologic analysis has shown which already in this
early stage, human-to-human space and transmission have been
happened by close interaction. On 13 January 2020, in Thailand,
the first case which was outside China had been reported. This was
caused by ax resident of Wuhan who traveled to Thailand, and 19
cases were reported in January from outside Wuhan City, in Beijing
City [8].

Furthermore, 85.8% of 37 269 confirmed cases had either lived
in or traveled to Wuhan or had close contact with persons who
had been to Wuhan. The Fig. 1 depicted above shows the outbreak
of the disease till 9th April [8]. The Coronavirus varies widely, from
the range of infection asymptomatic to severe condition and seri-
ous pneumonia along with the high number of fatality rates. The
main Disease Control Centers of the Chinese reported that the
majority of the number of infected people were classified as a
symptom of mild to moderate condition, 13.8% as severe condition,
and only 4.7% classified as critical condition. The total rate of mor-
tality for Coronavirus confirmed cases were detected higher in
males as compared to the female patients and high risk of death
in both cases with rising age. The maximum fatality rate of the
aged started from the 80 and above [10] (Fig. 2).

1.2. Major prevention for controlling Sars-Cov-2

It was very important to control the epidemic and lift the
quarantine, but only if specific measures could have been taken
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Fig. 1. Coronavirus outbreak over the time [9].
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as much as possible usage of facial masks and restricting public
contact is the most effected precaution that people can take until
the vaccine is not available. Apart from these, WHO announced
other very significant measures to be taken by everyone such as
frequent hand washing, use of disinfectants, avoid from touching
the eye, face, nose and mouth, use gloves to name a few which
are adopted worldwide to reduce the probability of 2nd wave
of this pandemic.

In the recent report of WHO, 78% of infected cases were because
of household spread or transmission and in the recent clinical
report, 5% of hospital-acquired infections from patients and medi-
cal staff. Until the vaccine is made available, the studies recom-
mended that keeping a reduction in person to person contact
(less than the pre-quarantine level) is very important to contain
the spread of the virus.

The study has shown that from the previous experience, Coron-
avirus symptoms are mainly highlighted by checking the travel
history rather than radiography of chest. The treatment and detec-
tion for the isolation of Coronavirus patient cases at an early stage
are very important. All hard works are being made to decrease the
fast spreading of the disease and to provide time for better prepar-
ing of healthcare systems and also to the general public. It is
important to clearly characterize Coronavirus to guide and help
general public health recommendations and to build vaccines,
therapeutics, and timely diagnostics.

Lastly, with the improvement and advancement of internet
communication, it increases the availability and broadcasting of
knowledge. The Internet has the possibilities in terms of develop-
ment and the spreading of fake news or misinformation. So, the
government sector must be responsible for providing and deliver-
ing the accurate information and clarifying misinformation to help
the general public to face this Coronavirus infection. The below fig-
ure depicts the percentage of the Coronavirus symptomes.

2. Literature review

In this article, we have selected publications for review of liter-
ature that have assessed machine and deep learning algorithms
applied in medical images to solve a clinical problem and com-
pared each algorithm regarding their output and performance.

Machine learning is the branch of Al which is based on how the
system can learn from previous data, recognize patterns, and to
make decisions with minimum human intervention, for example,
algorithms includes Support Vector Machine (SVM), logistic regres-
sion, clustering, etc. Deep learning (DL) is a subset of machine
learning, and in terms of medical images, it can be defined as a
computational model [20,21] which is composed of several pro-

cessing layers to learn data representation and extract the features
with multiple abstraction levels. An example of a deep learning
type is CNN [11].

In [12] has proposed a deep learning-based technique called
deep transfer learning, which can predict patients with Coron-
avirus disease automatically. It uses images of chest X-ray obtained
from patients with Coronavirus and from a healthy person. Dataset
of 50 patients, with Coronavirus, images of X-Ray were taken from
a shared GitHub repository and 50 X-ray images of healthy humans
have taken from a repository in Kaggle. In this study, results
showed that the pre-trained model, ResNet50, yielded 98% accu-
racy among the other three models. They have also stated that
we believe in our findings and this can help the public health care
workers to make decision in clinical practice because of its high
performance and accuracy. Also, for patients with Coronavirus,
early prediction of the infection can avoid the rapid spreading of
the disease.

This paper study [13] presented automated techniques are used
for classifying the X-Ray of chest into pneumonia and the class of
disease-free by using nine architectures of deep learning, which
includes the following,

e Baseline CNN

e DenseNet201

e VGG16, VGG19

e Inception_ResNet_V2, Inception_V3
e Xception

e Resnet50

e MobileNet_V2

Experiments have been conducted using a CT scan and X-Ray
dataset that includes 5856 images with 1583 normal and 4273
pneumonia, and the performance was evaluated using different
performance metrics. The result shows that the MobileNet_V2,
Inception_Resnet_V2, and Resnet50 have given more accurate
results, which is more than 96%. In addition, they have suggested
that with the bigger datasets and more sophisticated techniques
of feature extraction based upon deep learning image segmenta-
tion may improve the performance.

In [14] established a deep learning paradigm for the screening
of Coronavirus patients at an early stage. The main aim of this
paper is to distinguish Coronavirus from Influenza-A viral pneu-
monia and normal cases with the use of CT images. CT samples
have taken from three hospitals designated to Coronavirus from
China, Zhejiang Province. The total number of 618 samples was
collected, which includes 219 from 110 Coronavirus patients,
224 samples of CT from patients with the viral pneumonia
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Influenza-A and CT samples of 175 healthy people. The experi-
ments result of this study shown an overall 86.7% accuracy from
the viewpoint of CT cases as a whole. They demonstrated that it
can be a promising accompanying diagnostic tool for the clinical
frontline doctors.

As in [15] introduced a new approach of deep learning called
COVIDX-Net to help radiologists to automatically diagnose
patients with Coronavirus using X-ray images. This technique is
built on seven Deep CNN classifiers, which consists of Dense-
Net121, VGG19, ResNetV2, InceptionResNetV2, Xception, Incep-
tionV3 and MobileNetV2. In this model, they have successfully
experimented and evaluated the result which is based on 80%
training phase, 20% testing phase of X-ray images. The VGG19
and the Dense CNN (DenseNet) models have shown a better and
similar functioning of automated classification of Coronavirus with
0.89 f1-scores for normal and 0.91 for Coronavirus, respectively. X-
ray images of the public dataset used in this work, which consists
of 50 images, divided into two classes as normal cases of 25 and
positive Coronavirus images of 25.

Another paper implements an automated detection system of
Coronavirus diseases using Deep learning Convolutional neural
network and chest X-ray images. In this paper, they have imple-
mented three different CNN based models such as ResNet50,
Inception- ResNetV2, and InceptionV3 for the identification of
Coronavirus cases using X-ray images. The dataset of 50 Coron-
avirus patients has been taken from the open-source GitHub repos-
itory (Dr. Joseph Cohen) and 50 images of normal chest X-rays have
been selected from a repository in Kaggle (Chest X-Ray images).
The overall performance out of three models shows that the best
results obtained from the pre-trained model of ResNet50 with an
accuracy rate of 98% and the other two models accuracy rate from
Inception-ResNetV2 and InceptionV3 are 87% and 97%. In future
work, they have mentioned that the different CNN models classifi-
cation performance can be tested by adding the greater number of
images in the dataset [7].

In this study [16] they present earlier detection of Coronavirus
using CT Scan images by using machine learning methods and the
dataset is taken from ‘“Societa-Italiana di Radiologia Medica-e
Interventistica”, which belongs to the 53 Coronavirus cases and
data involving CT abdominal images of 150 and 150 CT images.
Then, patch regions of the images were cropped, and four different
subsets of the patch were created. The feature extraction tech-
niques used in this study are the following,

e Grey -Level Co-Occurrence Matrix,
e Local Directional Pattern

e Grey-Level Size-Zone Matrix

e Grey-Level Run-Length Matrix

e Last-Discrete Wavelet Transform

The SVM classifier was applied to classify the extracted fea-
tures and the best classification outcomes were obtained from
GLSZM future extraction techniques with an accuracy rate of
99.68%. In future work more classification and segmentation,
studies should be done on Coronavirus disease by increasing
the dataset.

As in [17] used different deep learning-based techniques for
Coronavirus detection diseases by using X-ray images. Different
classification models, based on SVM, using deep features of various
deep learning architectures as follow,

o AlexNet

e VGG16, VGG19

e GoogleNet

e ResNet18, ResNet50, ResNet101
e InceptionV3

e Inception ResNetV2
e DensNet201
e XceptionNet

are used for detecting the Coronavirus patients. For experimen-
tal work they have been conducting, they use an X-ray images
dataset that includes 50 images with 25 Coronavirus cases from
GitHub (Dr. Joseph Cohen) and 25 normal cases from Kaggle (X-
ray Images of Pneumonia). The results show that SVM + ResNet50
obtained high accuracy (FPR=95.52%, F1 score=95.52%,
MCC =91.41% and Kappa = 90.76%) for detecting the Coronavirus
patients as compare to the other models.

3. Result analysis

Various ML and DL-based algorithms and techniques used for
classification of the novel disease known as Coronavirus 2019 have
been studied and reviewed. Different papers are studied in which
the majority of the related paper used different deep learning
architecture. According to the literature review, it is demonstrated
that deep learning with convolutional neural networks might have
remarkable impacts on the automatic detection and automatic
extraction of highly essential features from chest images which is
related to the diagnosing of Coronavirus. The below Figs. 3, 4
demonstrated the accuracy of different models using CT, X-Ray
images used for the detection of this virus.

As in the following table on the next page, we have categorized
each paper with their what technique, data modality, data source
they have used, and the result they obtained, respectively with
the given references.

Techniques used

Fig. 3. Comparison between techniques and accuracy.
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Fig. 4. Comparison between data type and accuracy.
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Table 1
Comparison of various techniques used for COVID-19 detection.
Ref  Technique Data Data Source Accuracy
Type
[12] Transfer Deep Learning for automatically predicting COVID- ~ X-Ray Kaggle and GitHub 98%
19
[13] Automated Technique for Detecting and Classifying CT and X-Ray, CT Dataset publicly 96%
Pneumonia-based using Deep Learning X-Ray available on the internet
[14] Deep Learning for Screening COVID-19 pneumonia CT Hospital of Zhejiang, China 86.7%

[15] Deep CNN X-Ray
[7]  Automated Deep Convolutional Neural Network X-Ray
[16] Support Vector Machine CT

[17] Support Vector Machine based on deep learning approach X-Ray

(Deep Features)

X-ray images of a public dataset

50 Coronavirus patients (GitHub)
50 normal X-ray (Kaggle)

Total = 150 CT images
Coronavirus = 53

Coronavirus cases = 25

Normal cases = 25

(GitHub, Kaggle)

VGG19, DenseNet models:
f-scores = 0.89

normal & Coronavirus-19 = 0.91
98%

Classification accuracy result obtained from
GLSZM = 99.68%

Accuracy: SVM + ResNet50

(FPR =95.52%, 1 score = 95.52%,

MCC = 91.41% and Kappa = 90.76%)

4. Conclusions and discussion

For the treatment of Coronavirus patients, there is no effective
drug present until now and due to the rapid increase in the number
of cases of Coronavirus patient’s effectual medicinal approach is
urgently needed to treat the patients worldwide [18]. Earlier detec-
tion and prediction of Coronavirus cases can decrease the spread of
diseases [7]. Worldwide patients of Coronavirus data will be a
great source and useful for the researchers working on Al and ML
to develop an automatic diagnostic tool, therapeutic strategy
against Coronavirus patients, and for the same type of pandemics
for the coming future [18,19].

In this study, we have summarized different Al-based
approaches and the current situation of spreading Coronavirus.
According to the results and studies reviewed, it is indicated that
using convolutional neural networks, which is the deep learning-
based technique, might have significant effects on automatic tools
in terms of detection, distinguishing, and extraction of essential
features automatically from the X-Ray images that are related to
Coronavirus diagnosis.

Due to the early stage of Coronavirus, there are still some lim-
itations of the related studies that can be conquered or overcome
in the future researches. Specifically, an in-depth analysis requires
a lot more patient data, particularly those patients suffering from
the novel Coronavirus. So, the main point of focus for research
work in the future could be distinguishing the patients indicating
mild symptoms, instead of pneumonia symptoms, whereas these
symptoms might not be visualized on X-rays more accurately, or
even not at all to be visualized. As more authentic dataset will
be available in the near future, a more accurate Al-based predic-
tion model can be formed. We are working in this direction to pro-
cure a more authentic dataset as on today after reviewing all the
papers mentioned in Table 1, we are working to develop CNN
based deep learning methods for the prediction of Coronavirus
patients.

Al-based approaches are very useful for the automatic detection
of Coronavirus patients using X-ray and CT images. The important
point is to increase the number of datasets for Coronavirus patients
and using advance deep learning algorithms to achieve better per-
formance for the detection and prediction of Coronavirus. Also, in
spite of the fact that proper treatment or cure cannot be deter-
mined only from an X-Ray or CT image, these techniques would
be useful as an initial screening of the patients. Appropriate use
of quarantine actions should be implemented on the positive sam-
ples, until a specific treatment and a complete examination proce-
dure is followed.
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