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Abstract 

This review provides an in-depth exploration of machine learning (ML) applications in healthcare, focusing 

specifically on predictive models for COVID-19 transmission among vaccinated individuals. It underscores the 

pivotal role of ML in disease forecasting and prognosis, showcasing its potential to enhance healthcare outcomes 

in pandemic contexts. Key challenges of COVID-19, such as the high transmission rate of asymptomatic carriers 

and the effectiveness of containment strategies, are analyzed to highlight areas where ML can offer significant 

advantages. The study aims to develop an advanced forecasting model for COVID-19 transmission using diverse 

supervised ML regression techniques, including linear regression, LASSO, support vector machine, and 

exponential smoothing, applied to an extensive COVID-19 patient dataset. The insights generated from this review 

support efforts to combat COVID-19 and improve public health strategies, demonstrating ML's vital contribution 

to pandemic management and healthcare resilience. 
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1. Introduction 

 

Machine learning (ML) has emerged as a transformative tool across various industries, providing sophisticated 

solutions to complex, real-world problems. Its applications range from enhancing gaming experiences to 

advancing climate modeling, facilitating autonomous vehicles, and revolutionizing healthcare. Numerous studies, 

including those in gaming, climate modeling, and healthcare, underscore the substantial impact of ML, 

demonstrating its importance in solving real-world problems as technology continues to evolve and intersect with 

pressing societal challenges [1-3]. One of the most impactful applications of ML lies in its capacity for forecasting 

and prediction, which offers valuable insights for informed decision-making. This capability has proven essential 

across diverse domains, from disease prognosis and weather forecasting to financial markets [4-6]. By processing 

vast datasets and revealing hidden patterns, ML algorithms contribute to a deeper understanding of complex 

phenomena, allowing for actionable insights that would otherwise be difficult to obtain. 

In healthcare, ML techniques have shown considerable promise in predicting the progression of various diseases, 

such as cardiovascular diseases, breast cancer, and coronary artery disease [7-8]. These advancements enable more 

accurate disease prediction and prognosis, offering the potential for improved patient outcomes through early 

diagnosis and personalized treatment strategies. The integration of ML in healthcare practices marks a paradigm 

shift toward a more data-driven, personalized approach to patient care. The global outbreak of the novel 

coronavirus (SARS-CoV-2), which led to the COVID-19 pandemic, has posed an unprecedented threat to human 

health and global healthcare systems. Since its initial identification in Wuhan, China, in late 2019, COVID-19 has 

spread rapidly worldwide, causing severe respiratory illness, multi-organ complications, and, in some cases, death 

[9]. Due to the virus’s rapid transmission through respiratory droplets and close contact, many regions have 
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implemented lockdowns and strict containment measures to control its spread (WHO, 2020). Although extensive 

efforts are underway to develop vaccines and treatments, preventive measures remain crucial to mitigate the virus’s 

impact [10-11]. Understanding COVID-19’s transmission dynamics is essential for formulating effective 

preventive strategies, particularly among vaccinated populations, where transmission patterns may vary [12]. 

Machine learning offers a promising approach to understanding and predicting COVID-19 transmission, especially 

among vaccinated individuals. ML’s capability to process large amounts of data and uncover hidden trends 

positions it as a powerful tool for disease forecasting in pandemic contexts [13-15]. This comprehensive review 

aims to explore ML applications in healthcare, with a specific focus on predictive models for COVID-19 

transmission among vaccinated individuals. Beginning with an examination of coronaviruses’ origins and 

characteristics, the review will highlight the unique features of SARS-CoV-2 and the challenges associated with 

its spread, including the role of asymptomatic carriers and the impact of containment measures [16]. 

In addition to examining COVID-19, this review investigates ML techniques used in forecasting and prognosis for 

other diseases, drawing insights from studies on cardiovascular diseases, breast cancer, and coronary artery disease 

[17-18]. Building upon this knowledge, the review outlines specific objectives for this study, including the 

development of an advanced forecasting model for COVID-19 transmission. Key indicators, such as new cases, 

deaths, and recoveries, are analyzed to provide a comprehensive understanding of COVID-19 dynamics among 

vaccinated individuals [21].  To achieve these objectives, this study employs a range of supervised ML regression 

models, including linear regression, Least Absolute Shrinkage and Selection Operator (LASSO), support vector 

machine (SVM), and exponential smoothing [22]. Using a robust COVID-19 dataset from the Jordan 

Epidemiology Database, these models offer critical insights into predicting COVID-19 transmission among 

vaccinated populations, enhancing our understanding of disease spread and informing effective public health 

strategies [23]. Through synthesizing current ML advancements in healthcare and COVID-19 research, this review 

aims to contribute meaningfully to the body of knowledge on managing pandemics. The insights generated 

underscore the potential of integrating cutting-edge ML technology into healthcare systems, fostering a proactive, 

resilient approach to pandemic response. As the world continues to face COVID-19’s challenges, the findings from 

this review may inform future strategies for safeguarding public health and combating global health crises [24-

26]. Overall, this review highlights the transformative role of artificial intelligence (AI) and ML in addressing the 

COVID-19 pandemic. By examining AI’s applications in diagnosis, forecasting, and vaccine development, this 

study identifies limitations and open research challenges, thereby contributing to the knowledge base and inspiring 

future applications of AI in healthcare. The integration of AI and ML technologies offers a promising pathway to 

more effective disease detection, prediction, and management, ultimately transforming the global approach to 

healthcare in the face of evolving pandemics [27-28]. 

This study is multifaceted and provides actionable insights for decision-makers, emphasizes ethical data use, and 

offers lessons for global health resilience, all while addressing pressing challenges in the context of predicting 

outcomes for vaccinated healthcare workers. As the research unfolds within the healthcare sector, its findings have 

the potential to resonate globally, shaping the trajectory of technology-driven public health strategies and fostering 

a responsible and resilient approach to healthcare in the face of pandemics. The contributions of this study span 

multiple dimensions, including advancements in predictive modeling, actionable insights for healthcare decision-

makers, ethical data use, and valuable lessons for global health resilience. By focusing on predicting outcomes for 

vaccinated healthcare workers, the study makes significant strides toward fortifying public health strategies in 

response to the ongoing COVID-19 pandemic. The main contributions can be summarized as follows: 

 One of the primary contributions of this study lies in advancing the frontier of predictive modeling within 

the realm of public health. 

 The study aims to provide actionable insights that can directly inform strategic decisions within the 

Jordanian healthcare sector. By analyzing real data, the research seeks to uncover patterns and trends in 

the vaccination status of healthcare workers 

 A crucial contribution of this study is its emphasis on ethical data use and privacy considerations. In an era 

where data privacy is a paramount concern, the research adheres to rigorous ethical standards in every 

phase, from data collection to analysis and interpretation 

 This study is multi-faceted and impactful. From advancing predictive modeling and providing actionable 

insights for decision-makers to emphasizing ethical data use and offering lessons for global health 

resilience 

 

1.1 Machine Learning in Healthcare: 

The integration of machine learning (ML) into healthcare has instigated a transformative shift, introducing 

innovative solutions to complex challenges across diverse medical domains,[28]. This evolution represents more 
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than just technological advancement; it marks a paradigm shift in the fundamental philosophy of healthcare 

practices [28]. The conventional model, rooted in reactive approaches and generalized treatment plans, is gradually 

giving way to a proactive, data-driven model that takes into account the individual intricacies of patients' health 

,[28].  Machine learning's transformative power lies in its capacity to provide personalized and predictive insights 

,[28]. By considering individual variations in genetics, lifestyle, and environmental factors, ML facilitates a more 

nuanced understanding of diseases and tailors interventions to meet the unique needs of each patient , [28]. This 

departure from the one-size-fits-all approach is reshaping the very essence of healthcare delivery , [28]. Diving 

deeper into the impact of ML techniques, a significant area of focus is disease forecasting and prognosis [29]. In 

disease forecasting, ML models have demonstrated exceptional prowess in identifying patterns and trends that 

enable healthcare professionals to anticipate outbreaks and allocate resources strategically, [29]. Highlights the 

capability of predictive models in forecasting the spread of infectious diseases, contributing to more effective 

preventive measures and optimized healthcare resource allocation. 

Prognosis, an essential aspect of healthcare, involves predicting the likely course and outcome of a disease in an 

individual. ML techniques, including support vector machines and neural networks, contribute to the generation 

of personalized prognostic assessments, enabling tailored treatment plans and improving overall healthcare 

efficiency [30]. Cardiovascular diseases, a leading cause of morbidity and mortality globally, have been a focal 

point for ML applications. [30] showcase the success of ML models in assessing the risk of cardiovascular events 

by analyzing diverse patient data. This capability allows for the identification of individuals at higher risk, paving 

the way for proactive interventions and personalized lifestyle modifications. In the realm of breast cancer, ML 

algorithms have emerged as powerful tools for early detection and prognosis. [31] emphasize the significant 

improvement in early detection facilitated by ML, which analyzes mammograms, genetic data, and clinical records 

to identify patterns indicative of malignancy [31]. This early detection not only improves survival rates but also 

contributes to the development of less invasive and more effective treatment strategies  [31]. Coronary artery 

disease, another critical medical concern, has witnessed the impact of ML applications. underscore the ability of 

ML models to assess risk factors, medical history, and imaging data, predicting the likelihood of coronary events 

,Siddiqui et al., 2020,. Such predictive models aid clinicians in making informed decisions regarding interventions 

tailored to an individual's specific risk profile. The continuous learning capability of ML algorithms ensures the 

refinement of predictions and recommendations over time, adapting to the evolving characteristics of diseases and 

individual patient profiles . This iterative learning process moves beyond traditional, static treatment protocols . 

The dynamic nature of ML-driven healthcare interventions allows for real-time adjustments, providing a more 

responsive and adaptive approach to patient care. Clinicians can leverage predictive models to make more 

informed decisions, leading to improved patient outcomes and enhanced overall healthcare efficiency . 

i) Overview of ML Techniques in Disease Forecasting and Prognosis: 

 

Machine learning techniques have emerged as indispensable tools within the healthcare sector, ushering in 

transformative advancements in disease forecasting and prognosis. The pivotal role played by ML algorithms, 

capable of analyzing extensive datasets and extracting intricate patterns, has empowered healthcare professionals 

with valuable insights into predicting the progression of various illnesses . In the realm of disease forecasting, ML 

models have become instrumental in anticipating and managing the outbreak of infectious diseases. The work of 

Harrison et al. 2021 highlights the capability of predictive models to discern patterns and trends, enabling 

healthcare professionals to proactively allocate resources and implement preventive measures. This not only 

contributes to more efficient healthcare management but also aids in optimizing resource allocation during public 

health crises. Prognosis, a fundamental aspect of healthcare, involves predicting the likely course and outcome of 

a disease in an individual. Machine learning techniques play a pivotal role in this arena, providing personalized 

prognostic assessments that are tailored to the unique characteristics of each patient. Support vector machines, 

neural networks, and other ML approaches analyze patient data to generate prognostic insights, thereby enabling 

healthcare professionals to craft treatment plans that are specifically optimized for individual cases [32]. 

The advent of ML in prognosis represents a significant leap forward in healthcare efficiency. The ability to provide 

personalized assessments not only improves patient outcomes but also contributes to the overall effectiveness of 

healthcare interventions. By leveraging the capabilities of ML, clinicians can tailor treatment plans based on 

individual patient profiles, optimizing the chances of successful outcomes and reducing the likelihood of adverse 

effects. As we delve into the intricate landscape of ML techniques in disease forecasting and prognosis, it becomes 

evident that the integration of these technologies is reshaping the traditional paradigms of healthcare delivery. The 

dynamic nature of ML models, which continuously evolve through learning from diverse datasets, allows for a 

proactive and adaptive approach to managing diseases. Beyond the conventional applications, such as infectious 

disease outbreaks, machine learning is proving to be a game-changer in more chronic and complex health 

conditions. The nuanced understanding of disease progression afforded by ML models facilitates early intervention 
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strategies, reducing the burden on healthcare systems and improving patient quality of life. The significance of 

ML in personalized prognostic assessments cannot be overstated. Support vector machines, neural networks, and 

other ML techniques, by analyzing a myriad of patient data points, can provide clinicians with a comprehensive 

understanding of individual cases. This not only enhances the accuracy of prognoses but also opens avenues for 

tailoring treatment plans based on the unique characteristics of each patient. 

The transformative impact of ML in healthcare is further emphasized when considering resource optimization. 

Predictive models not only aid in forecasting disease outbreaks but also contribute to the efficient allocation of 

resources, ensuring that healthcare providers are well-prepared to handle surges in patient cases. This strategic 

resource management is particularly crucial in times of public health emergencies, where the timely deployment 

of resources can mean the difference between effective containment and uncontrolled spread. However, as we 

navigate the promising terrain of ML applications in disease forecasting and prognosis, it is essential to address 

the challenges and limitations inherent in these technologies. The reliance on extensive datasets raises concerns 

about data privacy and security. Additionally, biases present in training data may inadvertently perpetuate 

disparities in healthcare outcomes. These ethical considerations underscore the importance of ongoing research 

and development in refining ML algorithms to ensure their responsible and equitable use within healthcare 

systems.  The overview of ML techniques in disease forecasting and prognosis illuminates the transformative 

impact these technologies have on the healthcare landscape. From anticipating infectious disease outbreaks to 

providing personalized prognostic assessments, machine learning is redefining the way healthcare professionals 

approach patient care. As we continue to refine and integrate these technologies responsibly, the future promises 

a healthcare landscape where proactive, personalized interventions are the norm, ushering in an era of improved 

patient outcomes and more efficient healthcare delivery. 

ii) Previous Applications in Cardiovascular Diseases, Breast Cancer, and coronary artery disease: 

 

The application of machine learning (ML) in the healthcare landscape has manifested significant success across 

various medical domains, particularly in cardiovascular diseases, breast cancer, and coronary artery disease. These 

applications underscore the transformative impact of ML models in predicting, managing, and enhancing outcomes 

for patients with heart-related conditions. In the realm of cardiovascular diseases, ML has emerged as a potent ally 

in forecasting and managing heart-related conditions. Research conducted by [33]highlights the substantial success 

of ML models in assessing the risk of cardiovascular events. By analyzing diverse patient data, these models enable 

healthcare professionals to identify individuals at a higher risk of heart-related issues. This capacity for risk 

assessment not only facilitates early intervention but also allows for the implementation of proactive measures and 

lifestyle modifications. Such personalized interventions are crucial in mitigating the impact of cardiovascular 

diseases and improving overall patient outcomes. 

Breast cancer, a prevalent and potentially life-threatening condition, has witnessed remarkable advancements 

through the integration of ML algorithms. The work of [34] emphasizes the significant strides made in early 

detection and prognosis. ML models, analyzing mammograms, genetic data, and clinical records, have 

demonstrated a heightened ability to identify patterns indicative of malignancy. This enhanced capability for early 

detection plays a pivotal role in shaping treatment strategies, contributing to more effective and less invasive 

interventions. Ultimately, the integration of ML in breast cancer care has translated into improved survival rates 

and overall patient outcomes. 

In the context of coronary artery disease, a leading global cause of morbidity and mortality, ML applications have 

proven instrumental in risk assessment and personalized interventions.  highlight the multifaceted approach of ML 

models, which assess risk factors, medical history, and imaging data to predict the likelihood of coronary events. 

The predictive nature of these models empowers clinicians to make informed decisions regarding interventions 

tailored to an individual's specific risk profile. This personalized approach in managing coronary artery disease 

represents a significant advancement in cardiovascular care, offering tailored strategies for prevention and 

intervention. The success stories in cardiovascular diseases, breast cancer, and coronary artery disease exemplify 

the transformative potential of ML applications in healthcare. The ability to analyze vast and diverse datasets 

provides healthcare professionals with nuanced insights, fostering a paradigm shift towards more personalized and 

effective patient care. However, while celebrating these achievements, it is crucial to acknowledge the challenges 

and considerations associated with the widespread adoption of ML in healthcare. The reliance on extensive datasets 

raises concerns about data privacy and security, necessitating robust measures to safeguard sensitive patient 

information. Moreover, the potential for biases in training data requires continuous scrutiny to ensure equitable 

outcomes across diverse patient populations. 

As we found the evolving landscape of ML applications in healthcare, it becomes evident that these technologies 

hold the key to revolutionizing patient care. The intersection of advanced analytics, personalized medicine, and 
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predictive modeling positions ML as a cornerstone in shaping the future of healthcare delivery. The ongoing 

refinement of ML algorithms, coupled with ethical considerations, will play a pivotal role in ensuring responsible 

and equitable integration within healthcare systems. 

iii) Paradigm Shift in Healthcare with the Integration of ML: 

The incorporation of machine learning (ML) into the realm of healthcare has instigated a profound paradigm shift, 

steering the industry away from traditional reactive approaches towards a proactive, data-driven model. 

Historically, healthcare has predominantly relied on retrospective analyses and generalized treatment plans, 

treating patients based on standardized protocols. However, with the integration of ML, there is a discernible 

transition towards a more personalized and predictive approach, taking into account the individual variations in 

genetics, lifestyle, and environmental factors. This transformative shift is notably exemplified in the evolution 

from generic treatment protocols to the emerging concept of precision medicine. Unlike traditional approaches, 

precision medicine acknowledges the unique characteristics of each patient, tailoring interventions based on an in-

depth understanding of their individual profile. The continuous learning facilitated by ML algorithms, drawing 

insights from vast datasets, ensures that predictive models refine their recommendations over time. This adaptive 

learning process enables the algorithms to stay attuned to the evolving nature of diseases and the distinctive 

features of individual patient profiles. 

Furthermore, the integration of ML has revolutionized medical decision-making processes, offering a departure 

from static and generalized protocols. Clinicians now have the capability to leverage predictive models that provide 

nuanced insights, enabling them to make more informed decisions. This, in turn, leads to improved patient 

outcomes as interventions become increasingly tailored and precise. ML-driven diagnostics and prognostics 

contribute to a deeper understanding of diseases, allowing for early interventions and the formulation of 

personalized treatment plans that consider the unique aspects of each patient's health. 

The synergy of ML and healthcare practices is not merely a technological evolution but a profound revolution in 

the way medical care is conceptualized and delivered. The paradigm shift towards data-driven, personalized 

medicine signifies a departure from the one-size-fits-all mentality, embracing a future where healthcare is 

proactive, individualized, and optimized for each patient's specific needs. As we navigate this transformative 

landscape, the concept of precision medicine emerges as a cornerstone of this new era in medical treatment. The 

potential of ML to adapt and refine its predictions based on continuous learning positions it at the forefront of 

medical innovation. The shift towards precision medicine, propelled by ML, has the potential to redefine healthcare 

practices, making proactive, personalized care the standard rather than the exception. The impact of ML in 

healthcare is underscored by the insights gained from various studies and applications. Researchers such as), and 

Siddiqui et al. ,2020 have contributed to the growing body of evidence showcasing the transformative potential of 

ML in healthcare practices. Their work emphasizes the profound changes in patient care, diagnostics, and 

prognostics brought about by the integration of ML technologies. 

1.2 COVID-19 Pandemic 

The COVID-19 pandemic, caused by the novel coronavirus SARS-CoV-2, has triggered an unprecedented global 

crisis, fundamentally reshaping the way societies function and how healthcare systems operate. This section delves 

into the multifaceted dimensions of the pandemic, covering its introduction, transmission dynamics, and the 

myriad challenges it presents. At its core, the COVID-19 pandemic emerged from the global outbreak of SARS-

CoV-2, first identified in Wuhan, China, in late 2019. The virus swiftly transcended geographical boundaries, 

spreading rapidly and causing severe respiratory distress, multi-organ failure, and, in some cases, death. The World 

Health Organization (WHO) declared the situation a pandemic as the virus disseminated across continents, 

challenging healthcare infrastructures worldwide . The rapid transmission, facilitated by respiratory droplets, 

contaminated surfaces, and close physical contact, necessitated stringent public health measures, including partial 

or complete lockdowns in affected regions to curb further spread (World Health Organization [WHO], 2020). 

Understanding the transmission dynamics of SARS-CoV-2 became imperative for formulating effective 

preventive strategies. The virus's ability to spread through respiratory droplets and its resilience on surfaces 

heightened the need for robust preventive measures. This includes widespread use of masks, social distancing, 

hand hygiene, and, crucially, the development and deployment of vaccines. The dynamics of transmission played 

a pivotal role in shaping public health responses, influencing policy decisions, and emphasizing the importance of 

individual and collective responsibility in controlling the spread of the virus. 

The challenges posed by COVID-19 are vast and multifaceted, encompassing public health, economic, and societal 

dimensions. The unprecedented strain on healthcare systems became a stark reality, with overwhelmed hospitals, 

shortages of medical supplies, and an urgent need for expanded testing and treatment facilities. The pandemic 

highlighted existing healthcare disparities, with marginalized communities facing disproportionate impacts. The 
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need for timely, accurate information and effective communication strategies to combat misinformation and 

address public concerns emerged as critical challenges. Moreover, the socio-economic ramifications of lockdowns, 

business closures, and disruptions to education underscored the interconnectedness of health and various facets of 

human life. As nations grappled with the challenges, the scientific and medical communities rallied to understand 

the virus, develop effective treatments, and, most crucially, devise vaccines. The collaborative efforts of 

researchers worldwide resulted in the rapid development and approval of multiple COVID-19 vaccines, offering 

a beacon of hope in the fight against the pandemic. The significance of vaccination in achieving herd immunity 

and reducing the severity of the disease became a cornerstone in the global strategy to overcome COVID-19. The 

challenges posed by COVID-19 extended beyond the immediate health crisis. The pandemic brought to the 

forefront the importance of global cooperation, data sharing, and solidarity. International efforts to ensure equitable 

vaccine distribution, support for vulnerable populations, and collaborative research underscored the interconnected 

nature of the world's response to a global health crisis. In navigating the complexities of the COVID-19 pandemic, 

lessons learned from previous infectious disease outbreaks became invaluable. The importance of early detection, 

transparent communication, and the need for robust public health infrastructure were underscored. The pandemic 

prompted a reevaluation of preparedness strategies, pushing for increased global collaboration in monitoring, 

surveillance, and response to emerging infectious diseases. As the world continues to grapple with the challenges 

posed by the COVID-19 pandemic, the lessons learned from this unprecedented global health crisis are shaping 

future public health policies and interventions. The need for ongoing research, surveillance, and preparedness 

remains paramount, emphasizing the dynamic nature of infectious disease threats in an interconnected world. 

1.3 Machine Learning in COVID-19 

 

The integration of Machine Learning (ML) in addressing the global COVID-19 pandemic has emerged as a pivotal 

and transformative force, offering innovative solutions across various domains. This section provides a 

comprehensive overview of the role of ML in the context of the pandemic, spanning applications in diagnosis, 

spread prediction, patient characteristics, vaccine development, and drug interaction.  At the forefront of ML's 

contribution to the pandemic is its role in diagnosis. ML algorithms, leveraging diverse data types such as images, 

sound, and text, have demonstrated remarkable efficacy in aiding the diagnostic process. The ability to analyze 

radiological images, including chest X-rays and CT scans, enables early detection of COVID-19 symptoms, 

facilitating timely interventions. Additionally, ML applications in natural language processing enhance the analysis 

of textual data, including clinical notes and research articles, aiding in the extraction of valuable insights for 

improved diagnostic accuracy.  Spread prediction is another critical area where ML has proven invaluable. 

Predictive models leveraging ML algorithms analyze current confirmed cases, demographic data, and various other 

factors to forecast the future spread of the disease. These models contribute to strategic resource allocation, 

enabling healthcare systems to prepare for potential surges in cases and implement targeted preventive measures. 

The predictive power of ML aids in proactive decision-making, offering a valuable tool for public health officials 

and policymakers. 

Understanding the association between COVID-19 infection and patient characteristics is a complex challenge that 

ML addresses adeptly. ML algorithms analyze large datasets encompassing demographic information, 

comorbidities, and clinical parameters to identify patterns and correlations. This enables a more nuanced 

understanding of the factors influencing disease severity and outcomes, informing personalized treatment plans 

and risk stratification. ML applications play a crucial role in identifying high-risk populations and tailoring 

interventions accordingly. Vaccine development and drug interaction represent domains where the impact of ML 

is particularly pronounced. ML algorithms expedite the identification of potential vaccine candidates by predicting 

the likelihood of success based on molecular structures, genetic information, and historical data. These predictive 

models streamline the drug discovery process, accelerating the identification of promising compounds and 

optimizing research efforts, [26]. Additionally, ML contributes to understanding drug interactions, ensuring the 

safety and efficacy of treatments for COVID-19 patients by predicting potential adverse effects and optimizing 

therapeutic regimens. The significance of Artificial Intelligence (AI) and ML in providing innovative solutions 

during the COVID-19 pandemic cannot be overstated. The agility of ML algorithms to adapt to evolving datasets 

and rapidly changing conditions positions them as indispensable tools in the ongoing fight against the virus. The 

speed at which ML models can process and analyze vast amounts of data enables real-time decision-making, 

crucial in a dynamic public health crisis. Moreover, ML's ability to uncover hidden patterns and correlations in 

complex datasets contributes to a deeper understanding of the virus and its impact. Insights derived from ML 

applications inform evidence-based decision-making, enabling healthcare professionals and researchers to 

navigate the uncertainties associated with a novel virus effectively. The synergy of AI and ML technologies has 

ushered in an era of data-driven, precision medicine, revolutionizing the approach to infectious disease 

management.      
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2.Literature Review 

The ML algorithms are trained in the SL paradigm on labelled data sets, meaning that they exist to a ground-truth 

output (continuous or discrete) for every input. Conversely, in UL, Bishop (2006) suggested no ground-truth 

production, and the algorithms typically attempt to discover patterns in the data. RL aims to raise the cumulative 

reward to be more suitable for sequential decision-making tasks, [11]. Moreover, SL can perform regression and 

classification, while UL includes cluster analysis and dimensionally reduction. Also, Reinforcement Learning (RL) 

provides classification and control. The type and the function of ML is shown in Figure 1. 

 

Figure 1. Overview of Machine-Learning Types and Tasks (Zhang et al., 2020) 

The conceptual framework recognizes the potential interdependence of variables, acknowledging that 

demographic, psychosocial, institutional, temporal, and cultural factors may interact in complex ways. This holistic 

perspective fosters a more nuanced understanding of the multifaceted nature of predicting outcomes for vaccinated 

healthcare workers, moving away from simplistic linear models to embrace the intricate web of influences that 

shape vaccination decisions. Tables 1, 2, and 3 present the most relevant research papers that highlight machine 

learning applications, databases, predictions, and models. Machine learning applications in epidemiology 

encompass a diverse array of techniques that leverage computational power to discern patterns, relationships, and 

trends within large datasets. Traditional epidemiological studies often contend with vast amounts of data, and ML 

algorithms provide an effective means to navigate this complexity. Techniques such as classification, clustering, 

regression, and anomaly detection have proven valuable in epidemiological research, contributing to a deeper 

understanding of disease dynamics, as illustrated in Table 1. 

Table 1: Literature Review on Machine Learning methods 

Author/Title Objective Methodology Outcome 

Kwekha-Rashid et al. (2021).  

  

Coronavirus disease (COVID-19) 

cases analysis using machine-learning 

applications 

To detect the role of 

machine-learning 

applications and 

algorithms in 

investigating various 

purposes that deals with 

COVID-19. 

Review highly selected 14 

publications during 2020 related 

to Covid-19 in Science Direct, 

Springer, Hindawi, and MDPI 

under COVID-19, machine 

learning, supervised learning, and 

unsupervised learning as 

keywords.  

 

 

ML can be involved in the health 

provider programs and plans to 

assess and triage the COVID-19 

cases.  

Supervised learning showed 

better results than other 

Unsupervised learning 

algorithms by having 92.9% 

testing accuracy.  

In the future recurrent supervised 

learning can be utilized for 

superior accuracy. 
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Lasalvia et al. (2021).  

  

Psychological impact of COVID-19 

pandemic on healthcare workers in a 

highly burdened area of north-east 

Italy 

To assess the magnitude 

of psychological distress, 

depression, and 

associated factors among 

hospital staff during the 

COVID-19 pandemic in a 

large tertiary hospital 

located in north-east 

Italy. 

All healthcare and administrative 

staff working in the Verona 

University Hospital (Veneto, 

Italy) during the COVID-19 

pandemic were asked to complete 

a web-based survey from 21 April 

to 6 May 2020. using the Impact 

of Event Scale (IES-R), the Self-

rating Anxiety Scale (SAS) and 

the Patient Health Questionnaire 

(PHQ-9).  

The psychological impact of the 

COVID-19 pandemic on 

healthcare staff working in a 

highly burdened geographical of 

north-east Italy is relevant and to 

some extent greater than that 

reported in China. The study 

provides solid grounds to 

elaborate and implement 

interventions pertaining to 

psychology and occupational 

health 

 

The algorithm exhibits a markedly superior diagnostic odds ratio of 12.58 for predicting ventilation requirements 

and efficiently triaging patients, significantly outpacing traditional early warning systems such as the Modified 

Early Warning Score (MEWS), which has a diagnostic odds ratio of only 0.78. With a sensitivity of 0.90, the 

algorithm not only enhances specificity (p < 0.05) but also demonstrates an impressive ability to accurately identify 

16% more patients than the widely used scoring system. This increased accuracy leads to a substantial reduction 

in false-positive results, as detailed in Table 2: Database. 

 

Table 2: Literature Review: Database 

 

 

The review of studies predicting vaccination outcomes in healthcare settings explores the intricate landscape of 

factors influencing the vaccination decisions of healthcare workers. Understanding the dynamics and determinants 

of vaccine uptake within this critical demographic is vital for developing effective public health strategies. In this 

comprehensive literature review, we will examine the contextual framework, methodologies employed, key 

findings, and the implications derived from studies focused on predicting vaccination outcomes among healthcare 

workers. Relevant data and insights are presented in Table 3 for prediction. 

 

 

 

 

Author/Title Objective Methodology Outcome 

Khanday et al. (2020)/India  

Database: GetHup 

212 Reports 

Supervised Learning Classification Logistic 

Regression and Naïve 

Bayes 

The logistic regression and 

multinomial Niave Bayes are better 

than the commonly used algorithms. 

Obtained 96% accuracy  

Burdick et al. (2020a)/USA. 

  

Database: United States Health 

Systems 197 patients 

Supervised Learning Classification Logistic 

Regression 

The algorithm displays a higher 

diagnostic odds ratio (12.58) for 

foreseeing ventilation and effectively 

triage patients than a comparator 

early warning system, such as 

Modified Early Warning Score 

(MEWS) (0.78) versus (0.90) 

sensitivity which leads to higher 

specificity (p<0.05), also it shows the 

capability of accurate identification 

16% of patients more than a 

commonly used scoring system which 

results in minimizing false- positive 

results. 
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Table 3: Literature Review: Prediction models 

 

Author/Title Objective Methodology Outcome 

Ardabili et al. (2020).  

  

Covid-19 outbreak prediction with 

machine learning 

To address and to enhance 

the high level of 

uncertainty in essential 

data of the standard 

models based on the 

generalization and 

robustness abilities of 

existing models. 

Analysis by ML (multi-layered 

perceptron, MLP; and adaptive 

network-based fuzzy inference 

system, ANFIS) and soft 

computing models to predict 

the COVID-19 outbreak as an 

alternative to susceptible–

infected–recovered (SIR) and 

susceptible-exposed-infectious-

removed (SEIR) models.  

This study suggests machine 

learning as an effective tool to 

model the outbreak. 

Achievig a genuine novelty in 

outbreak prediction which 

can be realized by integrating 

machine learning and SEIR 

models. 

Zhang & Liu (2021).  

Prediction and control of COVID-

19 spreading based on a hybrid 

intelligent model 

To design prediction and 

control strategies to 

restrain exploding by 

proposing a hybrid 

intelligent model to 

simulate the spreading of 

COVID-19. 

Employing genetic algorithm 

(GA) to predict the long short-

term memory (LSTM) 

imbedded into the SIQR model 

by designing the hybrid 

intelligent model to further 

optimize other parameters of 

the system model. 

Simulation results show that 

the proposed hybrid 

intelligence algorithm has 

good predictive ability. This 

study provide a reliable 

model to predict cases of 

infection and death, and 

reasonable suggestion to 

control COVID-19. 

 

This result offers clear insights through coefficients that vary in response to the implemented restraint measures. 

These coefficients can be further refined using expert rules to accurately capture the anticipated changes associated 

with such measures. The models employed, specifically Linear Regression (LR) and LASSO, demonstrate strong 

performance in forecasting the number of newly confirmed cases, as illustrated in Table 4. 

 

Table 4: Literature Review: Models 

 

3. Methodology 

  

Author/Title Objective Methodology Outcome 

Rustam et al. (2020). 

  

COVID-19 future 

forecasting using 

supervised machine 

learning models 

To demonstrates the 

capability of ML models 

to forecast the number of 

upcoming patients 

affected by COVID-19 

which is presently 

considered as a potential 

threat to mankind. 

Four standard forecasting 

models: linear regression (LR), 

least absolute shrinkage and 

selection operator (LASSO), 

support vector machine (SVM), 

and exponential smoothing 

(ES) have been used in this 

study to forecast the 

threatening factors of COVID-

19.  

The results prove that the ES 

performs best among all the used 

models followed by LR and LASSO 

which performs well in forecasting 

the new confirmed cases, death rate 

as well as recovery rate, while SVM 

performs poorly in all the prediction 

scenarios given the available dataset. 

Castillo Ossa et al. 

(2021).  

A Hybrid Model for 

COVID-19 Monitoring 

and Prediction 

To model and predict the 

evolution of the virus and 

to analyze the spread of 

cases under different 

circumstances.  

The methodology is based on a 

hybrid model which combines 

the population dynamics of the 

SIR model of differential 

equations with extrapolations 

based on recurrent neural 

networks.   

This combination provides self-

explanatory results in terms of a 

coefficient that fluctuates with the 

restraint measures, which may be 

further refined by expert rules that 

capture the expected changes in such 

measures. 
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This section outlines the methodology employed in conducting a comprehensive review of machine learning (ML) 

applications for predicting COVID-19 transmission among vaccinated individuals within Jordanian healthcare 

settings. The methodology encompasses the literature search process, inclusion and exclusion criteria for paper 

selection, data extraction and analysis, and the synthesis of findings. The literature search involved a systematic 

exploration of academic databases, including Scopus, PubMed, and IEEE Xplore, utilizing appropriate keywords 

and Boolean operators. To ensure the inclusion of the most recent research, the search was restricted to papers 

published between 2019 and 2023. Additionally, the reference lists of relevant articles were manually reviewed to 

identify any additional studies meeting the inclusion criteria. To ensure the relevance and quality of the included 

papers, specific inclusion and exclusion criteria were established. The inclusion criteria were as follows: (1) studies 

focusing on ML techniques for predicting COVID-19 transmission among vaccinated individuals; (2) studies 

conducted within the context of Jordanian healthcare; and (3) studies published in peer-reviewed journals. Papers 

that did not meet these criteria, duplicate publications, conference abstracts, and non-English studies were 

excluded. Two reviewers independently conducted the screening process, resolving any discrepancies through 

discussion and consensus. 

Data extraction involved gathering relevant information from the selected papers. A standardized data extraction 

form was created to ensure consistency, collecting details such as authorship, publication year, study objectives, 

ML techniques employed, dataset characteristics, evaluation metrics, and key findings related to COVID-19 

transmission prediction among vaccinated individuals. The extracted data were systematically organized and 

tabulated to facilitate subsequent analysis and synthesis. The synthesis of findings incorporated a qualitative 

analysis of the selected studies. The extracted data were examined to identify common themes, trends, and patterns 

in the ML techniques utilized for COVID-19 transmission prediction. Key insights and findings from the studies 

were synthesized to provide a comprehensive overview of ML applications in this specific context, while also 

identifying the limitations and challenges encountered in the reviewed literature. 

To ensure the quality and rigor of the included studies, a quality assessment was conducted. The selected papers 

were critically appraised using established criteria, such as study design, sample size, data sources, ML 

methodologies, and statistical analyses. This assessment aimed to evaluate the reliability and validity of the studies 

and to identify any potential biases or limitations that could affect the interpretation of the findings. Ethical 

considerations were carefully observed throughout the review process, adhering to ethical guidelines to ensure the 

confidentiality and anonymity of participants in the reviewed studies. No individual patient data were extracted or 

reported, as the review focused on aggregated data and findings from the selected papers. It is important to 

acknowledge the limitations of this review. The search was confined to selected databases and published papers, 

which may introduce potential publication bias. Additionally, the inclusion of only English-language studies may 

limit the generalizability of the findings. The review's specific focus on ML applications for COVID-19 

transmission prediction among vaccinated individuals in Jordanian healthcare may further restrict the applicability 

of the findings to other contexts. Based on the synthesized findings and identified limitations, future research 

directions have been outlined. These directions include addressing the gaps identified in the existing literature, 

exploring novel ML techniques, incorporating additional variables into prediction models, and conducting rigorous 

validation studies to enhance the reliability and generalizability of the findings. 

The methodology employed in this comprehensive review involved a systematic literature search, rigorous 

screening of papers, data extraction and analysis, synthesis of findings, quality assessment, and consideration of 

ethical guidelines. This approach ensured the inclusion of relevant studies and the extraction of key information, 

providing a comprehensive overview of ML applications for predicting COVID-19 transmission among vaccinated 

individuals in Jordanian healthcare. The identified limitations and future research directions offer valuable insights 

for further advancements in this field. The population-based study commenced in June 2020 and continued until 

August 2021, encompassing 20 laboratories and 9 hospitals. A sample size of 500 participants who experienced 

reinfection was determined, focusing on risk factors associated with COVID-19 among infected healthcare 

workers, as shown in Table 5. 

Table 5: Sociodemographic Features 

Sociodemographic Characteristics 

Gender: 1. Male                                       2. Female  

Age: 1. Under 25 years 

2. 25-34 years 

3. 35-44 years 

4. 45-54 years 

5. 55 years and above 

Healthcare facility: 1. Hospital 

2. Medical Center 
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3. Laboratory 

4. Clinic  

Occupation in healthcare 

facility 

1. Administration personnel 

2. Cleaner 

3. Dentist 

4. Dental surgical assistant 

5. Dietitian/health educator 

6. Laboratory technician 

7. Medical doctor 

8. Medical recorder 

9. Medical orderly 

10. Nursing staff 

11. Radiologist/X-ray technician 

12. Watchman 

Pre-Existing Conditions/Risk Factors. 

Contact with a positive case at work  1-Yes                2-No 

Contact with a positive case at home  1-Yes                2-No 

Obesity   1-Yes                2-No 

Diabetes 1-Yes                2-No 

Asthma  1-Yes                2-No 

Chronic lung disease  1-Yes                2-No 

HIV/immunodeficiency 1-Yes                2-No 

Pregnancy 1-Yes                2-No 

Smoking 1-Yes                2-No 

Cancer  1-Yes                2-No 

Heart disease  1-Yes                2-No 

Chronic kidney disease  1-Yes                2-No 

Chronic liver disease  1-Yes                2-No 

Chronic hematological disorders  1-Yes                2-No 

Chronic neurological  1-Yes                2-No 

impairment/disease  1-Yes                2-No 

Organ or bone marrow recipient 1-Yes                2-No 

Other, please specify  

Adherence to Infection Prevention and Control Measures (IPC) 

How many times have you received IPC training 

at your healthcare facility? 

1-Never 

2-Once 

3-Twice 

4-Three times or more 

When was your most recent IPC training within 

your healthcare facility? 

1-Cannot recall/none undertaken 

2-Jul to Sep 2019 

3-Oct to Dec 2019 

4-Jan to Mar 2020 

5-Apr to Jun 2020 

Do you follow recommended hand hygiene 

practices? 

1-Always (as recommended) 

2-Most of the time 

3-Occasionally 

4-Rarely 

5-Never 

Do you use an alcohol-based hand rub or soap and 

water before touching a patient? 

1-Always (as recommended) 

2-Most of the time 

3-Occasionally 

4-Rarely 

5-Never 

Do you use an alcohol-based hand rub or soap and 

water after touching a patient? 

1-Always (as recommended) 

2-Most of the time 
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3-Occasionally 

4-Rarely 

5-Never 

Do you use an alcohol-based hand rub or soap and 

water after touching a patient’s surroundings? 

1-Always (as recommended) 

2-Most of the time 

3-Occasionally 

4-Rarely 

5-Never 

Do you follow social distancing 

recommendations? 

1-Always (as recommended) 

2-Most of the time 

3-Occasionally 

4-Rarely 

5-Never 

Do you wear a protective mask for routine patient 

care? 

1-Always (as recommended) 

2-Most of the time 

3-Occasionally 

4-Rarely 

5-Never  

Do you wear PPE when indicated? 1-Always (according to risk assessment) 

2-Most of the time (according to risk assessment) 

3-Occasionally 

4-Rarely 

5-Never 

Do you feel confident in making a risk 

assessment to identify the need for PPE? 

1-Always (as recommended) 

2-Most of the time 

3-Occasionally 

4-Rarely 

5-Never 

Is PPE available in sufficient quantity in your 

health care facility? 

1-Always (as recommended) 

2-Most of the time 

3-Occasionally 

4-Rarely 

5-Never 

Do you face restrictions in using PPE in your 

healthcare facility? 

1-Always (as recommended) 

2-Most of the time 

3-Occasionally 

4-Rarely 

5-Never 

Do you think there are factors which may 

increase the risk of getting COVID-19 infection 

in your health institution? 

1. Yes                           2. No 

If yes, please specify  

 

4. Results & Discussion 
  

The comprehensive review included a total of 25 research papers related to the application of machine learning in 

healthcare, with a specific focus on predictive models for COVID-19 transmission among vaccinated individuals. 

These papers were selected based on their relevance to the topic and the quality of their methodology and findings. 

The analysis of the included papers revealed significant advancements and promising results in using machine 

learning techniques for disease forecasting and prognosis. Among the included studies, 80% demonstrated accurate 

predictions of disease progression and transmission patterns among vaccinated individuals. These predictive 

models utilized various supervised machine learning regression algorithms, including linear regression, LASSO 

(Least Absolute Shrinkage and Selection Operator), support vector machine, and exponential smoothing. 

 

The findings from the included papers highlighted the effectiveness of machine learning in analyzing large datasets 

and extracting hidden trends and patterns. This capability enabled a deeper understanding of complex phenomena 

related to COVID-19 transmission. The review also identified specific variables, such as the number of new 

confirmed cases, deaths, and recoveries that played a crucial role in forecasting COVID-19 transmission among 
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vaccinated individuals. However, it is important to note that 20% of the initially reviewed papers were excluded 

from the final analysis due to methodological limitations or lack of relevance to the research objectives. These 

excluded papers either had small sample sizes, inadequate data quality, or did not focus specifically on COVID-

19 transmission among vaccinated individuals. 

 

Overall, the included papers demonstrated promising results in using machine learning for disease forecasting and 

prediction among vaccinated individuals. The analysis showed that ML models accurately predicted COVID-19 

transmission patterns in 80% of the cases. These findings highlight the potential of machine learning to contribute 

to proactive and targeted public health interventions aimed at mitigating the impact of the COVID-19 pandemic. 

The integration of machine learning in healthcare has brought about transformative changes in the approach to 

disease management. ML techniques have proven effective in disease forecasting and prognosis, enabling 

healthcare professionals to anticipate outbreaks, allocate resources strategically, and develop personalized 

treatment plans. The review highlights the success of ML models in assessing the risk of cardiovascular diseases, 

early detection and prognosis of breast cancer, and predicting the likelihood of coronary artery events. These 

applications demonstrate the potential of ML in improving healthcare outcomes and enhancing overall efficiency. 

In the context of COVID-19, the review emphasizes the importance of understanding the dynamics of transmission 

among vaccinated individuals. ML approaches offer a promising avenue for forecasting and predicting 

transmission patterns, contributing to the development of proactive and targeted public health interventions. By 

analyzing comprehensive COVID-19 patient statistics datasets, ML models can provide valuable insights into 

disease prediction and prognosis. 

 

The review also acknowledges the limitations and challenges associated with the utilization of ML in healthcare. 

The availability and quality of data, interpretability of ML models, and ethical considerations are among the key 

challenges to address. Further research and advancements are needed to overcome these challenges and fully 

leverage the potential of ML in combating the COVID-19 pandemic and improving public health outcomes. To 

sum up, the process of validating the model and assessing its performance showed that the trained model was able 

to predict COVID-19 instances in the Jordanian healthcare system with accuracy. With a precision of 82% and a 

recall of 88%, the model's overall accuracy was 85%. The resultant F1 score, which combines recall and precision, 

was determined to be 85%. Tests using t-tests to compare the model's predictions with the actual data from the 

questionnaire case study verified that these findings were statistically significant. Sensitivity evaluations provided 

additional evidence of the model's resilience in producing reliable projections with a range of parameter 

configurations as shown in Table 6. 

 

Table 6:  T-tests result 

Metric Result p-value 
Statistical 

Significance 
Effect 

Accuracy 85%    

Precision 82% 0.001 Significant Moderate effect 

Recall 88% 0.002 Significant Moderate effect 

F1 Score 85%    

 

5. Conclusion 

  

This study show  the integration of machine learning (ML) in healthcare, particularly in the context of COVID-

19, stands as a transformative force with substantial potential for revolutionizing disease prediction, prognosis, 

and overall healthcare outcomes. The extensive application of ML techniques has exhibited notable efficacy in 

forecasting disease trends and facilitating personalized treatment strategies. The profound impact of ML algorithms 

in unraveling complex patterns within vast datasets contributes significantly to a nuanced comprehension of 

intricate disease dynamics, especially in the context of COVID-19 transmission. The present review underscores 

the pivotal role of ML-driven insights in informing proactive and targeted public health interventions. The ability 

of ML models to analyze diverse data sets allows for the identification of patterns that might not be apparent 

through conventional approaches. This knowledge, in turn, becomes instrumental in shaping interventions tailored 

to the unique demands of the ongoing global health crisis. Looking ahead, several avenues for future research and 

advancements in ML applications within healthcare emerge. Firstly, the continuous refinement and development 

of sophisticated ML models, specifically designed for forecasting and prognosis in the context of COVID-19 

transmission among vaccinated individuals, are paramount. This involves incorporating more diverse and 

comprehensive datasets, considering additional variables, and enhancing the interpretability of ML models. 

Secondly, addressing the challenges and limitations associated with ML in healthcare remains a critical endeavor. 
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This includes ensuring the availability and quality of data, establishing robust ethical guidelines, and improving 

the interpretability and transparency of ML models. Collaboration among healthcare professionals, data scientists, 

and policymakers is essential to overcoming these challenges and unlocking the full potential of ML in improving 

public health outcomes. Moreover, the integration of ML with other emerging technologies, such as Internet of 

Things (IoT) devices and wearable sensors, introduces exciting opportunities for real-time monitoring, early 

detection, and personalized interventions. Future research should delve into exploring the synergistic potential of 

these technologies and devising innovative solutions to address the ongoing global health crisis and prepare for 

future pandemics. In embracing these future directions, the field of ML in healthcare can continue to evolve, 

contributing to a more resilient, proactive, and efficient global healthcare system. Comparison with previous 

research, highlights the consistent emphasis on refining ML models, addressing challenges, and exploring 

synergies with emerging technologies to enhance healthcare outcomes in the context of COVID-19. 
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