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Abstract 

This systematic review explores the use of artificial intelligence (AI) and machine learning (ML) during the 

COVID-19 disease outbreak. AI/ML models may interpret medical images, auditory input, and patient 

records to diagnose early enough, thus enhancing the likelihood of positive patient outcomes. Coupled with 

optimization algorithms, deep learning methods have predicted COVID-19 from chest X-rays and CT scans 

with unprecedented high accuracy. This review, therefore, synthesizes the existing literature and looks at the 

significant emphases, gaps, and potential trends of applying AI in diagnosing COVID-19 and forecasting 

outbreaks. Further, the advancement of AI and ML in this domain needs to be known to enhance global 

preventive diagnostic techniques for future pandemics. 
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1. Introduction 

The COVID-19 pandemic, resulting from the new coronavirus SARS-CoV-2, can be described as one of the 

most dangerous crises in international public health in recent years. This new virus emanated in late 2019 

and has fiercely penetrated several parts of the globe, claiming the lives of millions of its infected persons. 

By demanding better and more accurate testing methods, there has been a focus on the effects of COVID-19 

on patients and how they can be slowed down. The standard methods of diagnosing COVID-19 include the 

Reverse Transcription Polymerase Chain Reaction (RT-PCR). Nevertheless, these methods have several 

disadvantages; they are relatively expensive, often inaccessible, and the time required to achieve the results 

is extended. Moreover, expectations for high frequency and large scale to accommodate the surge during the 

‘wave’ also reveal the inefficiency of the existing concept of healthcare facilities [1]. 

Due to such challenges, scholars have found possible AI and ML remedies to enhance COVID-19 diagnosis. 

In this way, the successful application of AI and ML technologies allows the processing of significant 

amounts of diverse and often seeming data: medical images, audio signals, and patients’ records – for 

detecting such patterns that are difficult to recognize otherwise. Such technologies have proven to perform 

well in several areas within the health sector, such as diagnosing diseases, considering treatment, and 

predicting epidemics. Such systems enable faster diagnosis and help diagnose COVID-19 cases at an early 

stage, especially where adequate resources are lacking [2]. 

Deep learning has been a promising diagnostic tool in detecting COVID-19 from medical images, chest X-

rays (CXR), and CT scans. These models can also change suddenly between COVID-19 pneumonia and 

others and can be bacterial or viral. Transfer learning CNNs and Feature extraction were used to train models 
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that provide nearly inconceivable mistakes in classifying infected and healthy patients. For this reason, 

several of the mentioned sources have demonstrated that AI solutions can accompany traditional diagnostic 

tools when options are scarce or when timely disease recognition is possible [3]. 

Furthermore, optimization algorithms, especially when integrated with AI models, are principal in enhancing 

those diagnostic methods and tools. The previous methods, such as data augmentation, feature selection and 

inclusion of hybrid models in the AI systems, have again improved the reliability and effectiveness of the 

systems. For example, many optimization algorithms, such as the Firefly algorithm, Whale Optimization 

Algorithm, and Genetic Algorithms, were employed to select features from the medical datasets and improve 

the models' performance indicators. This optimization also enhances diagnostic accuracy and helps reduce 

the computational demand as the model becomes more realistic and retrievable in definite healthcare settings 

[4]. 

It is noteworthy that AI and ML technologies have been widely used not only to identify the disease but also 

to predict its further spread. Forecasting models help understand the data and distinct trends, including 

infection incidence, human mobility, and healthcare facilities' capability to contain the infection and manage 

the human impact. This predictive capability also enables governments and health organizations to make 

strategic decisions concerning resources, restrictions, and vaccines. Due to the effectiveness of utilizing 

machine learning for outbreak forecasting, the approach has shown appreciable promise in not only coping 

with COVID-19 but also other epidemic diseases [5]. 

This systematic review seeks to present a detailed literature review on COVID-19 diagnosis and outbreak 

prediction using AI and ML. Categorizing the research papers of the last few years, the study will illustrate 

different AI approaches, data and optimization for improving COVID-19 detection systems. Besides, the 

review will consider the achievements, challenges and future trends of using AI in public health. The target 

is to present statements for which subsequent studies and development are to be provided, creating the path 

towards more accurate, reproducible, and available diagnosis resources that are valuable in present and future 

imminent epidemics. 

In conclusion, The COVID-19 pandemic has exposed the necessity of developing more effective diagnostic 

modalities than the now familiar and seemingly overburdened RT-PCR test. AI and ML have proved viable 

options for the healthcare industry, which they use to diagnose ailments through diverse, complicated images 

and patient data. The CNNs competently detect COVID–19 from CXR and CT scans with high accuracy 

rates, even more so when combined with optimization models. Furthermore, the studies of the ML models 

have shown accuracy in forecasting a virus and, as a result, its impact on resource management and public 

policies. This review will review the latest achievements, issues, and prospects of using AI for COVID-19 

diagnostics and prognosis. 

2. Literature Reviews 

COVID–19 has brought into sharp focus the importance of accurate diagnostic techniques for detecting 

communicable diseases. Problems associated with existing approaches, including limited access to RT-PCR, 

its high cost, and the long time needed to provide results, have led researchers to look for alternatives. The 

emergence of AI and ML technologies has created a new line of research to integrate into creating automated 

systems that help predict COVID-19 outbreaks. These technologies utilize medical images, sounds, and IT 

data to improve diagnostic abilities and speed. This paper provides a brief of empirical research done in the 

last five years on using AI/ML methods for efficient COVID-19 diagnosis with specific details on the method 

used and the nature of data used next. 

According to the study described in [6], an optimized deep learning (DL) scheme was proposed to 

differentiate infected COVID-19 patients from healthy ones by using CT scans. The study answers the 

difficulties related to proving the authenticity of classifiers for precise diagnosis, an issue considered for 

many years in computer vision, becoming the focus again during the COVID-19 pandemic. Many clinical 

diagnoses entail an extended processing time and comparatively low sensitivity, particularly in the early stage 

of the disease; in contrast, the proposed approach applies contrast enhancement techniques, improving CT 

image quality. The DenseNet-201 model was pertained; fine-tuning was done using the transfer learning 

technique, and feature extraction was done with 2 fully connected layers and 1 average pool. For these 

features, the Firefly algorithm was used to select the best features in learning that give the best accuracy. The 
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study also developed a new parallel high index technique to integrate two optimal vectors, and an extreme 

learning machine classified the vectors. Experimental results, based on a 70: and 30 training and testing Split, 

showed that the proposed approach achieved 94.76% average classification accuracy, and the result shows 

that this approach is considerably good compared to other DL models. 

As highlighted in [7], our study emphasizes the need to rapidly and accurately diagnose COVID-19 to prevent 

the spread of the disease through isolation and medical management rather than with a vaccine that has not 

yet been developed. As new cases of COVID-19  infection continue to rise every day, and testing kits remain 

scarce, the study presents a diagnostic model for COVID-19 based on chest X-ray images and deep neural 

networks. The approach involves four phases: data augmentation, preprocessing, and the two-stage deep 

network model architecture. By training a deep network on an online dataset comprising 1215 images and an 

augmented dataset of 1832 to enhance generalization and prevent overfitting, the network learns to 

distinguish COVID-19 pneumonia from other pathologies such as bacterial and other viral pneumonia. The 

model was also tested using training-validation-testing and 5-fold cross-validation techniques. We got high 

classification accuracy rates of 97.77% for both techniques, while recall and precision rates were 97.14%. 

The architecture also revealed similar favorable results with averaged metrics of 98.93% accuracy, 98.93% 

sensitivity, 98.66% specificity, 96.39% precision and an F1 score of 98.15, which underlines the practical 

statistical capacity in identifying COVID-19 using X-ray images. 

In the research presented in [8], Coronavirus, which manifests itself in several respiratory diseases such as 

pneumonia, was identified via deep learning, an artificial intelligence component. The study employed a 

dataset comprising COVID-19, influenza, bacterial pneumonia, and healthy control chest X-rays. To increase 

the amount of data that has to be analyzed, the Fuzzy Color technique was used as the initial step of data 

preprocessing; the preprocessed images were merged with the initial ones to create a second dataset. This 

data set was then used to build two deep learning models: MobileNetV2 and SqueezeNet. The features 

obtained from these models were then fine-tuned using the Social Mimic optimization method through which 

the right features were sourced. Support Vector Machines (SVM) then again classified these optimized 

features, and an overall classification accuracy of 99.27% was achieved. The proposed method shows the 

applicability of deep learning models in the early identification of COVID-19-positive individuals, a valuable 

resource for diagnosing and controlling outbreaks. 

As pointed out in [9], COVID-19 is a new virus topping both the upper respiratory tract and lungs; thus, there 

is a need for efficient diagnostic techniques due to the increasing number of cases and deaths caused by the 

virus across the globe. Chest X-ray imaging used in tracking lung diseases has been employed in identifying 

COVID-19. This study used different DL algorithms to distinguish COVID-19 and healthy CXR images: 

deep features’ extraction, adjustment of the structure of the pre-trained CNNs and end-to-end training of the 

new CNN model. In particular, ResNet18, ResNet50, ResNet101, VGG16 and VGG19 were used for feature 

extraction, and the classification process was performed using SVM with Linear, Quadratic, Cubic, and 

Gaussian Kernels. The research also extended to retraining these pre-trained models and trying a few 

experiments using the custom CNN model for end-to-end learning. After analyzing the chest X-rays of 180 

COVID-19 and 200 regular patients, the study determined that the deep features extracted from the ResNet50 

and support vector machine with linear kernel algorithm had the highest accuracy percentage of 94.7%. 

Specifically, when transferring the fine-tuned ResNet50 model derived from the CIFAR-10 data set, the 

picture recognition accuracy reached 92.6%. In contrast, the new CNN model developed based on this paper 

only obtained 91.6%. For further benchmarking, local texture descriptors were employed together with SVM 

classifiers, and these results established that deep learning techniques offered much higher accuracy than 

these conventional methods, confirming the effectiveness of the proposed approaches for identifying 

COVID-19 from lung X-ray images. 

, as is brought out in [10]. Finally, early diagnosis of COVID-19 is vital in containing the spread of the disease 

and proper management of affected patients" Cele et al. (2020). The study created a combination of an 

artificial intelligence model named COVID-19 AIMDP, with the main aim of diagnosing COVID-19 cases 

and differentiating them from other types of viral pneumonia by analyzing chest CT scans. CNNs are applied 

in AIMDP to analyze numerous CT images for COVID-19 case prediction to help in early containment. For 

feature selection, the whale optimization algorithm (WOA) was used so that only the most appropriate patient 

signs were used for diagnosis. AIMDP was used in several experiments to test its performance, and it was 
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shown that its use improved AUC-ROC, PPV, NPR, and NPV. AIMDP was used in an experimental setting 

on a 100 real patient data dataset, and CT images; its diagnostic accuracy reached 96% based on the AUC 

and overall accuracy of 98%. Overall, these results evidence AIMDP's potential and demonstrate that AIMDP 

exhibits higher accuracy in identifying COVID-19 cases than other recent diagnostic and predictive models. 

Following the work of [11], COVID-19, now the WHO-declared pandemic, quickly spread across the globe. 

Therefore, quick diagnosis was paramount to prevent the contagious spread of the virus, test individuals with 

the virus and attend to them accordingly. Due to the shortcomings of diagnostic kits and the high virus 

infection rates, auxiliary detection tools have become crucial. This paper presents a new deep-learning model 

that improves COVID-19 detection to augment CT scan images. The pooling layer involves standard and 

Squeeze Excitation Block (SE-block) pooling to enhance feature extraction efficiency. To improve the model 

performance and converge faster, batch normalization and the Mish activation function were used. The 

proposed model's performance was evaluated on a dataset from two public hospitals and compared with other 

selected typical DNNs. Experimental results revealed that the specificity was 99.03 %, while the recognition 

time was 0.069 milliseconds, and it was a GPU-based algorithm. The analysis of the results obtained in the 

study shows that the proposed model surpasses other networks in classification criteria and real-time usage, 

providing an opportunity to use the model as an effective and fast means of COVID-19 identification. 

In the analysis carried out in [12], the study relates to COVID-19, a virus that originated from Wuhan, China, 

in early 2020 and infected many dollars; lives were lost. Besides the diagnostic test kits, images like X-rays 

have helped diagnose COVID-19, especially for persons with lung complications. The research proposed a 

novel deep learning approach named DeepCovNet, designed to classify chest X-ray images into three 

categories: Classification of images: COVID-19, normal (healthy), and pneumonia. The method uses a 

convolutional-autoencoder, which comprises convolutional layers in both the encoder and decoder to extract 

deep features from the processed chest X-ray image data. SDAR, a robust algorithm, was used to choose the 

most discriminant features from the extracted set. A Support Vector Machine (SVM) with a range of kernel 

functions was applied for classification. Then, the hyperactive parameters of that model were tuned using a 

Bayesian function to improve the classification results. The performance measurement indicators used are 

specificity, sensitivity, precision, F-score, and accuracy. The above-stated method offered an accuracy of 

99.75%, which outcompeted other deep-learning diagnostic methods in establishing its efficiency in 

diagnosing COVID-19 based on chest X-rays. 

As outlined in the paper [13], the number of deaths caused by the SARS-CoV-2 virus has increased 

worldwide, and researchers have sought technological enabling approaches that may help physicians treat 

COVID-19 cases. Sensitive and effective AI methods are now required to assess the potential severity and 

mortality rates of the COVID-19 virus to ensure timely treatment and appropriate usage of the models' 

computational capacities in hospitals. This case aims to develop a risk prediction model that predicts different 

severity risks of COVID-19 patients based on X-ray images using machine learning for clinicians' decision-

making. The proposed model, therefore, integrates a CheXNet DL model with a hybrid extraction of 

handcrafted features. To improve the feature selection process, the authors used PCA with RFE and showed 

that using features selected by both methods (PCA + RFE) achieved better results than using only one. Six 

classifiers were applied, revealing that XGBoost yielded the highest accuracy of 97 percent, precision of 98 

percent, and recall of 95 percent, F1-score of 96 percent and ROC-AUC of 100 percent when the features 

were merged. Similar results were obtained with the SVM classifier, slightly different, where the accuracy 

was 97% while the precision, recall, F1-score, and ROC-AUC were 96%, 95%, 95%, and 99, respectively. 

For feature extraction using the pre-trained CheXNet model, it was found that Extra Tree and SVM classifiers 

with RFE had near-ceiling performance across all metrics—with a 99.6% accuracy success rate. Based on 

these discoveries, it can be stated that a hybrid system based on deep learning and machine learning can be 

used to predict COVID-19 severity from chest X-ray images while providing new approaches to managing 

severe cases at the early stage. 

As stated in [14] Footnote 4 below, Infectious diseases – including COVID-19, are risky due to their potential 

to infect many people across the globe. The COVID-19, or coronavirus disease of 2019, was attributable to 

the SARS-CoV-2 virus, began in Wuhan, China, in December of 2019, and shortly became an ongoing 

pandemic that threatened the capacities of overall healthcare systems across the globe. After the outbreak of 

the COVID-19 virus, there has been increased pressure towards achieving fast and effective diagnoses. Chest 
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X-ray (CXR) and computed tomography (CT) scans are now primary diagnostic tools in discovering this 

disease at an early stage. This work aims to determine the best approach to deep transfer learning to develop 

a highly accurate COVID-19-positive patient classifier using CT and CXR imaging. Some of the difficulties 

outlined include issues related to overfitting. Therefore, to handle this problem, several data augmentation 

methodologies were applied to the training data set. While using data augmentation, the research investigated 

several pre-trained deep neural architectures, such as ResNet50, InceptionV3, VGGNet-19, and Xception. 

These showed that deep learning models working in healthcare did an excellent work of diagnosing COVID-

19. When each imaging modality was analyzed separately, the_vggnet19, The proposed model performed 

well in detecting tumors from CT images with a precision of 88.5 %, recall of 86 %, F1 score of 86.5, and 

accuracy of 87%. For CXR images, the updated model of Xception provided them with the best outcomes 

for precision, recall, F 1-score, and accuracy, which were all 98% each. The performance of all four models 

improved when the results of both CT and CXR were combined; the VGG-19 showed the highest scores in 

the experiment: accuracy=0.905, F1-score=0.905, recall=0.903, precision=0.915. These outcomes show the 

possibilities of utilizing deep transfer learning for automating the evaluation of chest CT scans and x-ray 

images where access to the RT-PCR tests may be limited. 

According to the study discussed in the paper [15], the World Health Organization as a Public Health 

Emergency of International Concern characterized the COVID-19 outbreak. The sickness mainly impacts the 

lungs; hence, precise identification from other lung disorders is challenging due to respiratory system 

complications and infections. In particular, healthcare practitioners must gauge the true extent of the patient’s 

condition to provide potentially life-saving aid. This research developed a two-stage pipeline for identifying 

COVID-19 cases and predicting the severity of the illness based on lung CT images. First, feature extraction 

was done with the transfer of feature extractor pre-trained models comprising Alex Net, DenseNet-201, and 

ResNet-50. COVID-19 identification was carried out using an Artificial Neural Network (ANN) model to 

distinguish if a patient was infected. After the detection phase, the level of infection was determined. This 

was achieved by combining image features with clinical data, classifying the severity into three categories: 

High, Moderate, and Low and was classified using a Cubic Support Vector Machine (SVM). This 

classification increases the identification of high-risk diabetic patients so they can be offered more "intensive 

care." The method was first tested on a publicly available dataset and gave an accuracy of 92.0%, a sensitivity 

of 96.0% and an F1-Score of 91.44% in COVID-19 detection. Accuracies for the model were 96.0% for the 

distinction of moderate and mild levels and 90.0% for the severity classification across the three levels. The 

findings of this study not only validate the use of deep learning algorithms in conjunction with clinical data 

for COVID-19 diagnosis but also offer a promising future for assessing illness severity and improving patient 

care. 

In the publication [16], machine learning is used to detect Coronavirus from CT lung scans, a severe acute 

respiratory disease associated with a deadly virus that quickly spreads. According to WHO, over half a 

million people have died, while the global infection rate stood at more than twelve million? Since the 

development of an effective vaccine has not been realized, early detection has become one of the main 

strategies to combat the virus and reduce potential damage to the patient's lungs. RT-PCR testing has been 

implemented as a primary diagnostic method in COVID-19 cases. However, in some circumstances, CT has 

served as a potential diagnostic and screening modality with even better sensitivity and cost-effectiveness. 

This has led researchers to seek ways of creating a CAD system that could help radiologists diagnose the 

virus in lung images. This paper aims to design a CAD system to detect and categorize COVID-19 in CT 

images using machine-learning approaches. The proposed system consists of four main phases: It comprises 

the following steps: (1) data acquisition of CT lung screening data; (2) preprocessing to increase the contrast 

and make nearly invisible GGOs easily distinguishable; (3) identification of ROIs using an improved K-

means clustering algorithm; and (4) classification using the machine learning techniques such as RBFs and 

SVM. Specifically, the study evaluates false negatives by proposing to analyze typical features after 

thresholding and filtering functions. Finally, this CAD system envisions better identifying COVID-related 

lesions on lung CT images, improving patient management and care. 

In the work described in [17], a new approach using Reinforcement Learning is introduced for detecting 

COVID-19 alongside cases of viral pneumonia and standard cases from chest X-ray images. The proposed 

work uses a Fuzzy Reinforcement Learning algorithm, optimized by JAYA, with Wavelet Transform for 

feature extraction and PCA for feature reduction in developing the proposed classifier; COVID-19: 87.75%, 
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Viral Pneumonia: 95.63%, Normal Cases: 96.89%, giving an overall classification accuracy of 93.43%. 

These results mean that the proposed JAYA-Optimized Fuzzy Reinforcement Learning approach is not only 

accurate but also better or at least comparable to several state-of-art classifiers such as Support Vector 

Machines, Artificial Neural Networks, Tree based algorithms, and K-Nearest Neighbors. Therefore, the main 

idea of the work is to develop a classifier that can classify COVID-19 cases and regular and viral pneumonia 

from chest X-ray images. This classifier must be online, adaptive, accurate, and fast; it has significant 

diagnostic potential for healthcare professionals during the pandemic. The findings demonstrate that the 

adoption of high-level machine learning methods in diagnostic processes and decision-making can become 

beneficial during focused mass-related disease pandemics. 

2020 will remain a record for humanity when the world had to deal with a pandemic that affected people on 

the entire planet. The COVID-19 pandemic changed people's social and daily lives, posing severe threats to 

economies and international relations. Against this unpredictable calamity, healthcare facilities worldwide 

struggled to deal with high patient cases at the emergency wards and intensive care units. Conventional tests 

for COVID-19, therefore, were expensive, slow, inaccurate, and widely available. Most importantly, they 

failed to isolate infected persons quickly and promoted the high transmission rate of the virus. In the 

publication discussed in [18], a new approach suggests using affordable X-ray imaging to diagnose patients 

with COVID-19. Many patients in healthcare facilities undergo X-ray imaging since it is more accessible 

than other imaging techniques. In this proposal, feature learning and classification will be done through a 

multi-stream Convolutional Neural Network. The model effectively extracts and concatenates features from 

three input images: LSB and HoG. Many experiments were performed using five-fold cross-validation for 

the tested dataset, which had 3886 X-ray pictures in three classes of images made available to the public. The 

proposed model showed better performance than the existing one and with better accuracy of 97.76 percent. 

These findings show evidence that the model could significantly reduce the growing burden on HC systems 

by offering an AI-based automatic diagnostic system that improves the population's COVID-19 diagnosis 

and control. 

COVID-19 has caused a global health problem, and several protective measures have been taken to minimize 

the virus transmission. The WHO also advises wearing a facemask outside the house, one of the measures 

acknowledged as most efficient. The paper [19] presents a deep learning and classical machine-learning 

model for facemask detection to meet this public health need. The proposed model is composed of two major 

streams. The first component is part feature extraction using ResNet50 architecture, the model that extracts 

deep features from images. The second component is inherent to classifying the usage of facemasks wherein 

various classifiers such as Decision trees, Support Vector Machines (SVM), and Ensemble algorithms are 

used. To evaluate the performance of the model, three distinct face mask datasets were utilized: The real-

world nature of the same is higher that is evident from the Real-World Masked Face Dataset (RMFD), 

Simulated Masked Face Dataset (SMFD), the Labeled Faces in the Wild (LFW). These outcomes also show 

a high accuracy level in facemask detection, where Region-Based Classifier SVM yields a testing accuracy 

of 99.64% on a thousand datasets of RMFD, 99.49% on hundred datasets of SMFD and one hundred 

percentage of accuracy on one dataset of LFW. This study suggests that integrating deep learning and 

classical machine learning models can significantly improve facemask identification and may be a powerful 

tool in combating COVID-19 infection. 

In the present era of increased transmission of [20] COVID-19, the ability to identify COVID-19 cases has 

emerged as a challenge to the scientific community, the medical profession, and policymakers. It could be 

sad to establish that by April 23, 2020, the situation was so seemingly bad, with about 2,7 million confirmed 

cases, over 190000 deaths and about 750000 cases of recovery all over the world. However, a problem is the 

need for more transparent information about the tests, which can contribute to the uncontrolled spread of the 

virus and make the fight against the pandemic more difficult. One of the most discussed challenges has been 

the case of false-negative test results. Such inaccuracies give a wrong perception to the general public and 

health officials; infected individuals may continue to transmit the virus without their knowledge. Factors that 

explain false negatives are sample size, test time, and diagnostic tool types. Therefore, improvement in the 

methods used in detecting these challenges is vital. This can entail enhancing the efficacy of the present 

detection methods, enhancing the accessibility of the test and expanding the use of technologies such as 

machine learning and artificial intelligence to complement diagnostic procedures. Moreover, regular and 

open reporting of the testing data is needed for greater transparency and better strategy development 
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regarding the COVID-19 crisis. Solving the dilemma of detection accuracy will involve all sectors of society, 

including healthcare, information technology and government, especially in ministries of health, to support 

timely and appropriate responses to this world health issue. 

As discussed in the paper [21], the progression of COVID-19 escalated the need for complementary methods 

other than PCR and resulted in the integration of X-ray imaging and AI. Several techniques have been widely 

used in medical image analysis, such as the convolutional neural network (CNN) and deep learning models, 

which are proven to produce valuable features from medical images to diagnose accurately. The study 

proposed a method involving an Xception neural network enhanced by a genetic algorithm to achieve that. 

Therefore, the GA uses different depth levels for the given type of layers, parameters, and other options to 

fine-tune network architecture to reach higher efficiency. The proposed optimized network was then tested 

on the COVID-19 X-ray image dataset, and its performance was compared to other models proposed in the 

existing literature. The results proved that the GA-optimized Xception network has better recognition 

accuracy, and it gained 0.996 for the two-class datasets, 0.989 for the three-class datasets, and 0.924 for class 

datasets. Geographically, the implication of utilizing enhanced neural network optimization is increasing the 

diagnostic outcomes on COVID-19 from x-ray images. 

A new diagnostic strategy was proposed in the presented study in [22] to improve the sensitivity of the 

COVID-19 diagnosis by integrating Dense Net architecture into the OTLS strategy for the transfer-learning 

environment. These included data initialization steps such as brightening, contrast stretching, and separating 

chest CT images to encompass more training data through data augmentation. A composite learning factor 

(CLF) was used to control the learning rate of frozen, middle, and new layers, ensuring more effective feature 

extraction and model learning. The proposed OTLS strategy fine-tuned the learning process more, and the 

precomputation technique was employed to reduce the RAM utilization and enhance the speed of the process. 

In the optimization setting, it was seen that “201-IV” was useful and provided excellent diagnostic 

performance. It gave a sensitivity of 96, 35 ± 1,07, specificity of 96,25 ± 1,16, precision of 96,29 ± 1,11, and 

accuracy of 96,30 ± 0,56 and hence corroborated the capability to diagnose COVID-19 using CT images 

compared to plethora of state-of-art techniques. 

A new global virus called coronavirus disease-2019 (COVID-19) emerged recently, creating unprecedented 

challenges for human society in China and worldwide. According to the findings in the paper [23], COVID-

19 infected the lungs of human hosts and tended to spread quickly. More of the patients who were infected 

by the virus would suffer severe symptoms, and some could develop significant organ failure or die. In this 

work, the authors employed machine-learning algorithms to develop a model for diagnosing the severity of 

COVID-19 cases. In this case, a Support Vector Machine instrument was used, which showed good accuracy 

after the author identified 32 features with a significant relation to the severity of the disease. After filtering 

out features that are redundant between features, the model was optimized for an accuracy of 81.48% using 

only 28 features. This study may aid in evaluating the probability of developing severe symptoms in COVID-

19 patients. Furthermore, the reported 28 reporters might point to the pathways in the course of the 

development of the infection. 

As mentioned [24], classifying early lesions can help diagnose COVID early, possibly preventing 

complications like severe pneumonia. The study proposed a Hybrid Classification Optimization (HCO) 

approach using Recurrent Learning and Fuzzy (RLF) methods to detect infections in CT scan images of lung 

regions. The neural network determines the infected and non-infected regions using the statistical distribution 

of pixels and their standard deviation. This entails missing features that are not apparent and missing regions 

that are learned using recurrent networks. Recurrent learning, in turn, knows the region based on training 

correlations and input datasets. 

In contrast, fuzzy logic fills in the gap of the features using the clinical data with other derivatives of that 

population out in the variability range. Attempts to predict the infected regions of interest with this method 

incorporate maximum fuzzy derivatives while omitting minimal ones to reduce the incidence of false positive 

reports. Such a combined approach leads to better uniformity during training, which resulted in improvements 

in detection, classification accuracy and precision rates of 11.96%, 9.98% and 13.42%, respectively, over 

existing ones like DR-MIL, DSAE and BS-FSA. 
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Because of the work undertaken in [25], a novel solution was found for one of the significant issues in the 

fight against COVID-19: the early diagnosis of the disease using cough audio signals. Most traditional 

diagnostic techniques need a relatively long turnaround and, therefore, are tricky for early screening. Thus, 

this research presented an ensemble deep learning model based on heuristic evolution purposefully deployed 

for quick and precise diagnosis. The approach starts with capturing audio signals from a source and shifts to 

further refining or analyzing these signals by subsequent application of Empirical Mean Curve 

Decomposition (EMCD). After this decomposition process, Mel Frequency Cepstral Coefficients (MFCC) 

and some spectral and statistical features are extracted. Later, these features are combined, and the optimal 

weights for each are determined from the combination provided by Modified Cat and Mouse Based Optimizer 

(MCMBO). The last stage includes fitting these optimally weighted features into the Optimized Deep 

Ensemble Classifier (ODEC), where classifiers such as Radial Basis Function (RBF), Long-Short Term 

Memory (LSTM) and Deep Neural Network (DNN) are included. The parameters of the ODEC are optimized 

using the MCMBO algorithm to improve detection efficiency. The validation results showed that the method 

reached 96% accuracy and 92% precision, which indicates the method's usefulness for timely and accurate 

COVID-19 diagnosis that would assist healthcare providers in proactive measures. 

Table 1 presents a detailed list of numerous studies, and the ML and DL models applied in improving the 

identification, diagnosis, and prognosis of COVID-19. All the studies use different forms of data, such as CT 

scans, chest X-rays, and cough audio signals, which shows the flexibility required for the AI model to handle 

medical data. The four identified techniques, feature extraction, data augmentation, optimization algorithms 

and Hybrid model, are highlighted, suggesting their importance in enhancing accuracy and resilience. For 

example, DenseNet-201, ResNet50 and CheXNet were employed in the analysis because they can identify 

rich features from the medical images. Other methods, including Firefly, Whale Optimization, and Genetic 

Algorithm, were also incorporated into the feature selection and the model. Admittedly, the indicated 

accuracy rates vary from 81.48% to 99.75%, as well as precision, recall, and ROC-AUC scores and suggest 

that the AI models can improve early and accurate diagnosis of COVID-19, which will contribute to proper 

management of the disease. 

Table 1: Summary of Literature Revie 

Study AI/ML Method Data Type Key Findings 

[6] 
Optimized Deep Learning 

(DL) scheme 
CT scans 

94.76% average classification accuracy using 

DenseNet-201 and Firefly algorithm. 

[7] Deep Neural Networks 
Chest X-ray 

images 

97.77% classification accuracy, 98.93% 

sensitivity, 98.66% specificity, 96.39% 

precision, and 98.15% F1 score. 

[8] 
Deep Learning 

(MobileNetV2, SqueezeNet) 

Chest X-ray 

images 

99.27% overall classification accuracy using the 

Fuzzy Color technique, Social Mimic 

optimization, and Support Vector Machines. 

[9] 

Deep Learning (ResNet18, 

ResNet50, ResNet101, 

VGG16, VGG19) 

Chest X-ray 

images 

94.7% accuracy using ResNet50 and SVM with 

linear kernel. 

[10] 

COVID-19 AIMDP 

(Artificial Intelligence 

Model) 

Chest CT 

scans 

96% diagnostic accuracy using CNNs and 

whale optimization algorithms. 

[11] Deep Learning Model 
CT scan 

images 

Using standard and Squeeze Excitation Block 

pooling, 99.03% specificity and 0.069 

milliseconds recognition time. 
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[12] DeepCovNet 
Chest X-ray 

images 

99.75% accuracy using convolutional-

autoencoder, SDAR, and SVM. 

[13] CheXNet DL model 
Chest X-ray 

images 

97% accuracy, 98% precision, 95% recall, 96% 

F1-score, and 100% ROC-AUC using 

PCA+RFE and XGBoost. 

[14] Deep Transfer Learning 

CT and 

CXR 

images 

98% accuracy, 98% precision, 98% recall, and 

98% F1-score using the Xception model for 

CXR images. 

[15] 
Two-stage pipeline (feature 

extraction and classification) 

Lung CT 

images 

92.0% accuracy in COVID-19 detection, 96.0% 

accuracy in distinguishing moderate and mild 

levels, and 90.0% accuracy in severity 

classification. 

[16] 
CAD system using machine 

learning 

CT lung 

scans 

High accuracy in detecting COVID-related 

lesions using K-means clustering and 

RBFs/SVM. 

[17] 
JAYA-Optimized Fuzzy 

Reinforcement Learning 

Chest X-ray 

images 
93.43% overall classification accuracy. 

[18] 
Multi-stream Convolutional 

Neural Network 

X-ray 

images 
97.76% accuracy in diagnosing COVID-19. 

[19] 
Deep Learning and Classical 

Machine Learning 

Face 

images 

99.64% accuracy in face mask detection using 

the RMFD dataset. 

[20] 

Xception neural network 

enhanced by a genetic 

algorithm 

X-ray 

images 

0.996 accuracy for two-class datasets, 0.989 for 

three-class datasets, and 0.924 for class datasets. 

[21] 
OTLS strategy with Dense 

Net architecture 

Chest CT 

images 
96.30% accuracy in diagnosing COVID-19. 

[22] Support Vector Machine 
Clinical 

data 

81.48% accuracy in predicting the severity of 

COVID-19 cases. 

[23] 
Hybrid Classification 

Optimization (HCO) 

CT scan 

images 

11.96% improvement in detection, 9.98% 

improvement in classification accuracy, and 

13.42% improvement in precision rates 

compared to existing methods. 

[25] 
Ensemble deep learning 

model 

Cough 

audio 

signals 

96% accuracy and 92% precision in diagnosing 

COVID-19. 

Reviews presented in this section prove that AI-based methods can be helpful in the diagnosis of COVID-19 

and the management of the disease. A range of approaches, including deep learning, feature extraction, and 

optimization techniques, leads to high accuracy and better differential performance across different datasets. 

However, it is clear that there are some limitations; future studies should achieve larger data sets, future 

studies should be replicated in other populations, and future work needs to embed these markers into clinical 
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practice. More studies must show how to address these problems while investigating novel AI technologies 

to strengthen pandemic readiness and management. In general, AI and ML have great potential for 

development in the field of Public Health, including the prevention and control of the present and potential 

future epidemic diseases. 

3. Conclusion 

Altogether, the application of AI and ML has seen promising prospects in diagnosing COVID-19 and 

predicting the outbreak of such diseases. Standard procedures such as RT-PCR are as effective but costly and 

timely as current rapid antigen tests. Other possible models include artificial intelligence (AI) accompanied 

by the DL approach, which has more apparent advantages since it is capable of handling Big Data, which is 

characterized by its heterogeneity, as well as medical images, such as CT scans and X-rays, and audio signals 

in order to diagnose the patient more accurately and quickly. Several papers indicated that convolutional 

neural networks (CNNs) could accurately diagnose COVID from chest X-rays and CT scans. Furthermore, 

better diagnostic performance was achieved by incorporating the Firefly and Whale Optimization algorithms 

to formulate the feature selection stage. AI has also been used to predict the number of infected people and 

has assisted government and health organizations in planning how to allocate their resources best. 

Nonetheless, limitations exist today, including data input, external validity, and adoption of the models in 

practice. The following research areas are recommended: broadening datasets, enhancing models' resilience 

to adversarial variations, and guaranteeing more ethical and transparent approaches to AI usage. Altogether, 

the application of AI and ML exhibits potential in public health as new strategies for controlling present and 

future emerging infectious immunopathological outbreaks. 
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