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ABSTRACT: With many successful 

stories, machine learning (ML) and deep 

learning (DL) have been widely used in 

our everyday lives in a number of ways. 

They have also been instrumental in 

tackling the outbreak of Coronavirus 

(COVID-19), which has been happening 

around the world. The SARS-CoV-2 virus-

induced COVID-19 epidemic has spread 

rapidly across the world, leading to 

international outbreaks. The COVID-19 

fight to curb the spread of the disease 

involves most states, companies, and 

scientific research institutions. In this 

research, we look at the Artificial 

Intelligence (AI)-based ML and DL 

methods for COVID-19 diagnosis and 

treatment. Furthermore, in the battle 

against COVID-19, we summarize the AI-

based ML and DL methods and the 

available datasets, tools, and performance. 

This survey offers a detailed overview of 

the existing state-of-the-art methodologies 

for ML and DL researchers and the wider 

health community with descriptions of 

how ML and DL and data can improve the 

status of COVID-19, and more studies in 

order to avoid the outbreak of COVID-19. 

Details of challenges and future directions 

are also provided. 

KEYWORDS: COVID-19; diagnosis; 

treatment; artificial intelligence; machine 

learning; deep learning 

1.INTRODUCTION 

Severe Acute Respiratory Syndrome 

Corona-Virus 2 (SARS-CoV-2) is 

currently a considerable infectious 

worldwide disease. Corona-virus 2019 

(COVID-19), which was caused by a virus 

named SARS-CoV-2, was very first 

apprised in Wuhan, China in December 

2019 and later in many parts all over the 

world; on 3 January 2020, the World 

Health Organization declared that COVID-

19 is a Public Health Emergency of 

International Concern (PHEIC), and 

confirmed it as an epidemic on 11 March 

2020 [1]. This disease has been accounted 

for in 216 countries and regions all around 

from 16 May 2020. The disease has spread 

and prompted momentous side effects, 
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with 86,159,886 cases of confirmed 

coronavirus and 1,861,764 deaths on 5 

January 2021. The health industry is 

eagerly looking for new technologies and 

techniques to track and control the growth 

of coronavirus epidemic in this 

international health crisis. One of the 

greatest uses global technology right now 

is Artificial Intelligence (AI), which can 

track the speed and detect the growth rate 

of the corona virus, and identify the risk 

and severity of Corona virus patients. AI 

can also anticipate the possibility of death 

by adequately analysing previous patient 

data. Artificial intelligence can assist us in 

battling the virus by testing individuals, 

medical assistance, data and information, 

and recommendations regarding disease 

control.In order to solve complex problems 

in our lives, AI is a broad umbrella that 

consists of many sub-areas. These sub-

areas include learning, preparation, 

thinking, representation of information, 

and searching. Machine Learning (ML) 

and Deep Learning (DL) are a subset of AI 

areas that consist of several algorithms that 

provide intelligent models to identify or 

cluster particular tasks. ML is a subset of 

AI that consists in the algorithmic 

modeling culture of statistical models [2], 

and only needs a small amount of 

knowledge to learn how to solve problems. 

Logistic Regression (LR), Decision Tree 

(DT), Random Forest (RF), K-nearest 

Neighbor (KNN), Adaboost, K-means 

clustering (KC), Density clustering (DC), 

Hidden Markov Models (HMM), Support 

vector machine (SVM), Naive Bayes 

(NB), Restricted Boltzmann Machines 

(RBM), and Artificial Neural Network 

(ANN), such as Recurrent Neural 

Networks (RNN), including Long-short-

term-memory (LSTM), Autoencoder (AE), 

and Generative Adversarial Network 

(GAN), are ML techniques. DL, on the 

other hand, is a subset of ML that focuses 

on building deep structural NN models 

that learn from data using algorithms of 

feedforward and backprobagation. After 

ML, the DL emerged and outperformed it 

in the last two decades in several 

activities[11][12][13]. Nevertheless, it 

takes a huge amount of data to understand. 

Exceptional cases of DL, where large-scale 

data are not needed to train, have been 

transfer learning and generative models. 

DL algorithms usually involve Deep Belief 

Networks (DBN), Deep Neural Network 

(DNN), and Deep Convolutional Neural 

Networks (Deep CNN)[14][15][16]. 

Appreciatively, research works in industry, 

medical, technological, and military 

sectors have victoriously introduced 

advanced AI-based ML and DL methods 

in the COVID-19 war within a short period 

after the outbreak of COVID-19 and 

attained substantial progress. For example, 

across medical image analysis, ML and 
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DL help COVID-19 diagnosis as well as 

provide non-invasive detection measures 

to avoid medical personnel from 

contracting pathogens and, for further 

treatment, the patient’s severity score is 

also given. In virology studies, ML and 

DL are used to examine SARS-CoV-2 

protein-related genetics and predict novel 

combinations that can be used for drug 

production and vaccination. In addition, on 

a large-scale, COVID-19 case data and 

social media data, AI intelligent models 

that are based on ML and DL learn to 

construct disease transmission models that 

accurately predict outbreaks, transmission 

path, transmission list, and effects. ML and 

DL are also vastly used in epidemic 

protection and public monitoring, such as 

security check-ups in airports, patient 

tracking, and epidemic detection. In this 

survey, we introduce the main scope of AI 

focusing on ML and DL towards COVID-

19 research incorporates the sides of 

disease diagnosis and drug and vaccine 

developments. Note that, due to the fast 

evolution of the COVID-19 epidemic, we 

have quoted many published research 

works before a thorough investigation, 

where these works should actually be 

surveyed for their precision and quality in 

peer review. Figure 1 shows a taxonomy of 

our survey on ML and DL research works 

towards COVID-19 diagnosis and 

treatment 

 

Fig:A taxonomy of our survey on Machine 

Learning (ML) and Deep Learning (DL) 

research works towards Corona-virus 2019 

(COVID-19) diagnosis and treatment. 

2. MEDICAL IMAGE INCEPTION 

USING AI-BASEDML and DL for the 

Detection of COVID-19 Nationally and 

internationally, the Coronavirus (COVID-

19) outbreak is increasing. In the universal 

battle against COVID-19, for example, 

medical imaging, X-ray, and computed 

tomography (CT) play a key role, and the 

latest AI developments tend to improve the 

capacity of imaging tools and facilitate 

healthcare personnel. Medical imaging 

research is commonly used for the 

identification of COVID-19 by clinicians. 

Chest X-ray and lung CT image samples 

are mostly used in COVID-19 clinical 

imaging trials. AI innovation plays a 
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significant role in medical imaging testing. 

It has produced enormous results in image 

identification, organ recognition, 

geographic infection classification, and 

disease classification. It not only decreases 

the picture diagnostic time of the 

radiologist, but it also increases the 

accuracy and execution of the diagnosis. 

AI can enhance work performance through 

correct diagnostic precision in X-ray and 

CT imaging, which makes it easier to test, 

as follows. The computer-aided networks 

also assist radiologists in making clinical 

decisions, i.e., for the identification, 

monitoring, and prognosis of diseases. We 

will address the innovations of AI 

techniques to chest X-ray and CT imaging 

in depth. 2.1. Chest CT Image Detection A 

valued feature of the assessment of 

patients with doubtful SARS-CoV-2 

infection is the chest CT picture. There is a 

growing research on the role of COVID-19 

imaging for treatment and diagnosis. The 

infection triggers a huge spectrum of CT 

scan imaging discoveries, most commonly 

ground-glass opacities and lung periphery 

consolidations. Chest CT sensitivity to 

diagnose COVID-19 has been found to be 

significantly higher and it can occur prior 

to a positive viral lab test. Therefore, 

hospitals with a large quantities of 

admissions use CT for the fast emergency 

of patients with conceivable COVID-19 

disease in epidemic territories, where the 

basic healthcare system is under pressure. 

Chest CT plays a vital role in the 

estimation of COVID-19 patients with 

severe and compound respiratory 

symptoms. Based on scans, it is possible to 

determine how badly the lungs are 

compromised and how the illness of the 

individual progresses, which is effective in 

making medical decisions.There is a 

growing understanding of the sudden 

incidence of lung defects that are induced 

by COVID-19 in CT scans that were 

conducted for many other clinical 

indications,such as abdominal CT scans 

for bowel disorders or patients without 

respiratory symptoms [3]. In this 

pandemic, by reducing the strain on 

clinicians, the evaluation of AI may 

become the most significant factor. 

Although it can take up to 15 min. to 

manually interpret a CT scan, AI can 

analyse the images in 10 s. [3]. Therefore, 

advanced image processing with artificial 

neural network has the possibility to 

significantly improve the function of CT in 

COVID-19 detection by allowing a large 

proportion of patients to identify disease 

easily and rapidly with accuracy. The 

continuation of AI-based CT imaging tests 

usually involves the following steps: 

regional division of the Region of Interest 

(ROI), removal of pulmonary tissue, 

identification of regional infection, and 

classification of COVID-19. A basic basis 
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for analysing AI-based imagery is the 

recognition of lung organs and ROIs. ROI 

has been demonstrated for further testing 

and analysis in CT imaging in lungs, lung 

lobes, bronchopulmonary segments, and 

regions with infection or ulcers. For CT 

image classification, different types of DL 

networks, e.g., U-Net, V-Net, and VB-Net, 

VNET-IRRPN, had been used. From an 

overall of 905 patients assessed with real-

time RT-PCR assay and next-generation 

RT-PCR, 419, approximately (46.3%), 

were confirmed by an AI device with 

SARS-CoV-2. The AI method consists of 

deep CNN for the primary CT scan to 

evaluate the image characteristics and 

attributes of individuals with SARS-CoV-

2. Subsequently, according to clinical 

knowledge, SVM, RF, and MLP classifiers 

were used in order to identify SARS-CoV-

2 patients[11][12][13]. To foresee 

COVID-19 status, the AI system operates 

on radiological data and medical factors. 

The deep CNN-based AI system obtained 

an AUC of 92% and it had a comparable 

sensitivity relative to the senior thoracic 

radiologist in the experimental set of 279 

patients. Furthermore, the Artificial 

Intelligence (AI) system enhanced the 

detection of patients, who aimed for RT-

PCR detected COVID-19 who submitted 

standard CT scans, which correctly 

classified 17 out of 25 patients (68%), and 

all of these patients were graded by 

radiologists as COVID-19 negative [4]. 

The training dataset also included 25 

COVID-19 positive cases with a chest CT 

marked as negative by the two reading 

radiologists during display. The CNN-

based model categorized 13 out of 25, 

about (52%) of images, as positive for 

COVID-19. The clinical model 

categorized 16 out of 25, about (64%) of 

images, as positive for disease, and the 

joint model categorized 17 out of 25 (68%) 

as positive for disease, while the senior 

radiologist and their fellows classified 0 

out of 25 (0%) of these images as being 

positive for disease [4] . In an attempt to 

discover the answer that could rapidly 

decompose images from deep learning and 

recognize COVID-19 features, researchers 

are trying to develop several AI resources. 

A research team led by Bo Xu of the 

Tianjin Medical University Cancer 

Institute and Hospital involved CT scans 

of 180 patients that were confirmed to 

have severe viral pneumonia even before 

epidemic of COVID-19 and 79 patients 

with certified COVID-19 to establish an 

AI method to classify COVID-19 [5]. 

They gave pictures of patients at random 

to train and test a deep CNN-based 

algorithm. In the findings that were 

released in medRxiv [6], the researchers 

stated that their model detected COVID-19 

with 89.5% accuracy from CT images. An 

accuracy of approximately 55% was 
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reported by two radiologists who analysed 

the images. The team confirms the 

findings indicate that from a CT scan, AI 

can provide an exact analysis. Another 

algorithm, named as RADLogics 

algorithm [7], managed to detect and assist 

in initiating a COVID-19 patient’s 

improvement. Two studies, published in 

[4,8], advance this thought by utilising DL 

trained on CT scans as a fast symptomatic 

instrument to search for COVID-19 

infection in sufferers who were admitted to 

the hospitals and required medical image 

processing. In [8], researchers at Macau 

University of Science and Technology 

applied 532,000 CT images from 3777 

patients in China to train and test their AI-

based models, concentrating on the tell-

tale lesions observed in COVID-19 patient 

lungs. The AI model successfully 

diagnosed coronavirusinduced pneumonia 

no less 85% of the time when it was used 

in a database of 417 patients in four 

separate groups in a pilot study across 

many Chinese hospitals. There seems to be 

a big problem in distinguishing whether 

the signs are COVID-19 and pneumonia 

detected in CT images by radiologists. A 

company, VIDA Diagnostics [9],has 

developed a LungPrint device that utilises 

AI to analyse CT scans to accurately 

identify respiratory disorders, including 

COVID-19 signs and symptoms. In [10] 

NIH and NVIDIA researchers attempted to 

create a DL technique to detect COVID-19 

using chest CT images utilising datasets 

from four hospitals across China, Italy and 

Japan. In total, in this study, researchers 

used 2724 samples from 2619 patients, 

including two models (i.e., Full 3D, 

Hybrid 3D) that were used in series to 

establish the final prediction model for 

COVID-19. These two models work. The 

first model implemented a fixed input size 

(full 3D) of the entire lung area. At fixed 

image resolutions (hybrid 3D), the second 

model used an average score for a few 

regions in each lung. The hybrid three-

dimensional (3D) model achieved 92.4% 

validation accuracy when detecting 

COVID-19 as well as other pneumonia, 

whereas the full 3D model achieved 91.7% 

accuracy. In order to retrieve ROIs from 

each CT image and acquire a training 

curve for suspected lesions, Chen et al. 

[11] constructed a U-Net++ deep learning 

structure. 46,096 anonymous images were 

collected and processed for model creation 

and validation from 106 patients already 

admitted, including 51 laboratory patients 

who had reported COVID19 pneumonia 

and 55 other disease control patients at 

Renmin Hospital of Wuhan University in 

China. On 5 February 2020, twenty-seven 

consecutive patients experiencing CT 

scanning were grouped at Renmin Hospital 

of Wuhan University in order to estimate 

the effectiveness of radiologists as 
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compared to the 2019-CoV pneumonia 

model. The U-Net++ model achieved an 

overall of sensitivity of 100%, specificity 

of 93.55%, accuracy of 95.24% while 

using retrospective dataset. Huang et al. 

[12] used the AI-based InferReadTM CT 

pneumonia method to accurately assess 

improvements in the lung burden of 

COVID-19 patients. Three modules are 

incorporated into the tool: pulmonary and 

lobe extraction, classification of 

pneumonia, and measurable analysis. The 

CT image characteristics for COVID-19 

pneumonia are divided into four 

modalities: mild, moderate, severe, and 

critical. A professional deep learning 

software automatically calculated the level 

of CT lung natural action of the overall 

lung and five lobes, and compared CT 

scans over follow-up. A total of 126 

COVID-19 patients, including six mild, 94 

moderate, 20 severe, and six critical cases, 

were assessed. The rate of CT-based 

natural action was entirely diverse among 

the initial clinical groups, progressing 

gradually from mild to severe (all p < 1%). 

71 CT scans from 52 COVID-19 approved 

patients in five hospitals were obtained by 

Qi et al. They used the Pyradiomics 

methodology to excerpt 1218 traits from 

each CT image. The models of CT 

radiomics focused on LR and RF 

algorithims. They were built on 

pneumonia lesion extracts during training 

and interactions. At the lung lobe and the 

patient level, predictability efficacy was 

also evaluated in the experimental 

database. The types of CT Radiomics are 

focused on six second order. They were 

successful in distinguishing short-term and 

long-term stays in patients with SARS-

CoV-2-related pneumonia, with 97% AUC 

and 92% LR and RF, respectively. The LR 

model showed 100% and 89% sensitivity 

and specificity, while the RF model 

showed 75% and 100% similar sensitivity 

and specificity.  

CONCLUSION 

The introduced conceptual structures and 

platforms in the research field of AI-based 

techniques, which are suitable for dealing 

with COVID-19 issues, have been studied 

in this paper. Different techniques have 

been developed, incorporating COVID-

19's diagnostic systems, such as RNN, 

LSTM, GAN, and ELM. The geographical 

issues, high-risk people, and recognizing 

and radiology were the main problems 

with COVID-19 and have been studied and 

discussed in this work. Also, we showed a 

mechanism for selecting the appropriate 

models of estimation and prediction of 

desired parameters using a number of 

clinical and non-clinical datasets. 

Considering these platforms assists AI 

experts to analyze huge datasets and help 

physicians train machines, set algorithms 
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or optimize the analyzed data for dealing 

with the virus with more speed and 

accuracy.We discussed that they are 

desirable because of their potential for 

creating a workspace while AI experts and 

physicians could work side by side. 

However, it should be noted while AI 

speeds up the methods to conquer COVID-

19, real experiments should happen 

because a full understanding of advantages 

and limitations of AI-based methods for 

COVID-19 is yet to be achieved, and novel 

approaches have to be in place for 

problems of this level of complexity. 

Succeeding in the combat against COVID-

19 toward its eventual demise is highly 

dependent on building an arsenal of 

platforms, methods, approaches, and tools 

that converge to achieve the sought goals 

and realize saving mor 
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