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Abstract: Background: The COVID-19 pandemic created unprecedented challenges for healthcare systems worldwide, 

accelerating the adoption of Artificial Intelligence (AI) for diagnosis and prediction. AI has emerged as a valuable tool for enhancing 

the global response to the pandemic. 

Objective: This thematic narrative review synthesizes published literature on the applications of Artificial Intelligence in diagnosis 

and prediction of COVID-19. 

Methods: Relevant literature published between 2020 and 2022 was reviewed and synthesized using a thematic narrative approach. 

The selected studies were examined to identify major trends and applications of Artificial Intelligence in addressing challenges 

associated with the pandemic. 

Results: The reviewed literature was organized into three thematic areas: (1) the indispensable role of AI in pandemic management, 

(2) AI as a paradigm shift in COVID-19 diagnosis, and (3) AI in COVID-19 prediction. The findings indicate that deep learning 

architectures, particularly Convolutional Neural Networks (CNNs), demonstrated high accuracy in identifying COVID-19 cases 

through medical image analysis. Furthermore, machine learning and deep learning models effectively supported disease 

forecasting, patient risk assessment, outcome prediction, and healthcare resource planning. 

Conclusion: Artificial Intelligence has demonstrated significant potential in addressing challenges related to COVID-19, offering 

innovative solutions for diagnosis and prediction. Future efforts should focus on the clinical validation, implementation, and 

integration of these technologies into standard public health infrastructure to enhance preparedness for future outbreaks. 
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1. Introduction 
The coronavirus, characterized by its genetic material encased in a spike protein envelope that resembles a 

crown under microscopic examination [1], is the agent behind one of the greatest health crises in modern history. 

Coronavirus Disease 2019(COVID-19), first identified in Wuhan, China, rapidly evolved from a localized outbreak 

into a worldwide pandemic, creating unprecedented chaos and challenging public health systems across the globe [2]. 

Initially designated 2019-nCoV the virus has profoundly impacted a substantial portion of global population [2]. In 

response to its devastating and rapid spread, the World Health Organization (WHO) designated COVID-19 a Public 

Health Emergency of International Concern on January 30, 2020, and subsequently characterized it as a global 

pandemic on March 11, 2020 [3]. 
Among the seven coronaviruses identified in humans, SARS-CoV-2 is the causative agent of COVID-19, 

alongside strains such as HCoV-229E, NL63, OC43, HKU1, SARS-CoV, and MERS-CoV [4]. The disease manifests 

with a range of symptoms, most commonly including fever (98%), cough (76%), and fatigue (44%) [5]. The principal 

driver of its swift global dissemination was international travel, which facilitated the transmission of the virus across 

borders through asymptomatic and pre-symptomatic individuals [6]. Despite efforts to control its spread through 

public health measures, the high rate of person-to-person transmission brought many countries to a standstill, 

overwhelming even the most robust and well-equipped healthcare systems [7]. The pathogen established a foothold 

worldwide, with 229 countries and territories affected as they battled to mitigate its impact [8]. The scale of the 
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pandemic is starkly illustrated by the substantial number of confirmed cases and deaths reported worldwide, 

highlighting its unprecedented impact on global health systems and societies [9]. 
In this complex and challenging landscape, artificial intelligence(AI)has been recognized as a significant 

resource to augment traditional medical and public health responses. AI has demonstrated considerable potential to 

strengthen healthcare systems through applications in diagnosis, disease surveillance, patient monitoring, outbreak 

forecasting, drug discovery, and vaccine development [10].   
This thematic narrative review synthesizes published studies on the user of Artificial Intelligence in addressing 

challenges posed by the COVID-19 pandemic. The reviewed literature is organized into three major thematic areas: 

(1) the indispensable role of AI in pandemic management, (2) AI as a paradigm shift in COVID-19 diagnosis, and (3) 

AI in COVID-19 prediction. By examining these themes, this review aims to provide a comprehensive understanding 

of how AI-driven approaches supported healthcare professionals, researches, and policymakers during the pandemic, 

while also identifying future opportunities for integrating AI into public health preparedness and response.   

2. Review Approach 
This thematic narrative review examines the application of Artificial Intelligence (AI) in addressing challenges 

associated with the COVID-19 pandemic. The review focuses on literature published between 2020 and 2022, a period 

marked by significant advancements in AI-driven healthcare solutions. 
The reviewed literature was examined to identify major trends and applications of Artificial Intelligence in 

pandemic response. Through a thematic synthesis of the selected studies, this review highlights the contributions of 

AI to disease diagnosis, forecasting, healthcare management, and decision-making during the COVID-19 pandemic, 

while also discussing future opportunities for its application in public health.  

3. AI’s Indispensable Role in the COVID-19 Pandemic 
3.1 The Overarching Role of AI in Pandemic Management 

Artificial Intelligence, a multidisciplinary field leveraging computer science, mathematics and statistics to 

emulate human cognitive functions, emerged as a critical tool in shaping the global efforts to manage the pandemic. 

To generate meaningful predictions and detect intricate patterns, machine learning and deep learning provided 

capabilities for systems to learn from data without being explicitly programmed [11]. The pandemic created an urgent 

need for solutions that could operate at scale and speed, propelling AI from a theoretical technology to an indispensable 

asset in public health [12]. 
The reviewed literature illustrates that AI’s value was not confined to a single domain but was integrated across 

the entire pandemic management spectrum aligning with key global health priorities outlined in the WHO’s Thirteenth 

General Programme of Work(GPW13), emphasizing universal health coverage, health emergency protection and 

improved well-being [13]. As Tripathi et al. [14] highlighted, AI and ML became crucial for managing the pandemic 

“service value chain” interconnecting stages ranging from candidate identification for testing and contact tracing to 

quarantine management, treatment, and follow-up.  

3.2 Key Applications Areas 
The synthesis of the eight studies in this category revealed several core areas where AI played a transformative 

role: 
Diagnostics and Medical Imaging: AI-driven deep learning techniques notably Convolutional Neural 

Networks (CNNs) have exhibited remarkable effectiveness in analyzing chest X-rays and CT scans, offering a rapid 

and accurate method for diagnosing COVID-19 while enabling differentiation from other respiratory conditions such 

as seasonal influenza [15]. 
Pandemic Surveillance and Control: AI algorithms were deployed for modelling disease spread, predicting 

outbreak trajectories, and powering digital contact tracing applications [14, 16]. Furthermore, mass surveillance 

systems and the combination of AI with Internet of Things enabled the monitoring and enforcement of public health 

measures such as social distancing and masks compliance helping authorities implement targeted interventions [16]. 
Healthcare Systems Support and Remote Care: ML models facilitated smart patient classification and 

remote monitoring through mobile health apps and virtual Chabot. This not only reduced the burden on overwhelmed 
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healthcare facilities but also allowed for the continuous care of patients in isolation, improving control of the virus 

and protecting healthcare workers [16]. 
Accelerating Research and Development: AI fueled advancements in fundamental research against the virus. 

It was instrumental in genomics for sequencing the virus, in pharmaceuticals for drug repurposing through molecular 

docking and deep neural networks, and in immunology for identifying antigenic determinants to accelerate vaccine 

development [17, 18]. 
Conclusion of the Theme 
In conclusion, the evidence from these studies underscores that AI served as a force multiplier throughout the 

COVID-19 crisis. It proved to be more than just a diagnostic or predictive tool. It was a paradigm-shifting technology 

that enhanced efficiency across healthcare systems, accelerated scientific discovery, and provided policymakers with 

data-driven insights for managing a complex global health emergency [12,13,17]. This foundational role paved the 

way for the more specialized applications in diagnosis and prediction detailed in the subsequent sections. 

4. AI as Paradigm Shift in COVID-19 Diagnosis 
4.1 The Diagnostic Challenge and the Imperative for AI 

The early and accurate diagnosis of SARS-CoV-2 infection was a critical prerequisite for containing the 

COVID-19 pandemic. While established diagnostic techniques formed the backbone of clinical testing, each presented 

significant limitations that hindered rapid and scalable response efforts [19]. The gold-standard RT-PCR (reverse 

transcription polymerase chain reaction) test, despite its high specificity, was plagued by false-negative results, reagent 

shortages, and processing delays of 1-3 days [21, 24]. Rapid antigen tests offered quicker results (approximately 15 

minutes) but were often less sensitive [22]. Serological antibody tests, though useful for identifying past infections, 

were not suitable for detecting active cases [23]. Medical imaging, particularly chest computed tomography (CT), 

demonstrated high sensitivity (97.2%) and was frequently used as a complementary tool, especially when RT-PCR 

results were negative but clinical suspicion remained high [24,25]. However, the interpretation of CT scans and chest 

X-rays (CXR) is subjective, time-consuming, and requires the expertise of radiologists, creating a bottleneck during 

surge periods.  
It was within this context of diagnostic constraints that AI evolved as a revolutionary force. The studies in this 

category demonstrated that AI, particularly deep learning models, was not merely an advanced technological 

progression but a major paradigm shift, addressing the core limitations of traditional methods by providing rapid, 

automated, and highly accurate diagnostic support. 

4.2 AI-Driven Advancements in Medical Imaging 
A predominant application of AI was in the analysis of medical imagery. Convolutional Neural Networks 

(CNNs) were extensively employed to automate and enhance the interpretation of CT scans and CXRs. 
Enhanced Accuracy and Automation: Studies demonstrated that AI models could achieve exceptional 

accuracy, especially when separating COVID-19 pneumonia from other forms of pneumonia or from normal lung 

conditions [27, 31, 33]. Bhattacharyya et al. [27] proposed a deep learning model for automatic detection from CXRs, 

while CHOUT et al. [31] applied deep transfer learning techniques on both CT and CXR datasets. This automation 

alleviated the burden on radiologists and reduced subjectivity in diagnosis.  
Model Optimization and Comparison: Research focused on optimizing AI architectures for this specific task. 

Aslan et al. [30] used Bayesian optimization to tune a CNN model for CXR analysis, and Pelaez et al. [33] conducted 

a comparative analysis of architectures like VGG-19, Inception V3, and MobileNet, finding that certain models 

outperformed others.  
Beyond Qualitative Assessment: AI techniques extracted quantifiable features from images that were 

imperceptible to the human eye, moving beyond qualitative assessment to quantitative analysis. Moezzi et al. [34]’s 

meta-analysis confirmed the high diagnostic accuracy of AI-assisted CT imaging. 

4.3 AI in Clinical and Laboratory Data Integration  
Beyond imaging, AI proved invaluable in interpreting non-image data to support diagnosis. 
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Routine Laboratory Tests: Cubukcu et al. [28] built an ML model using standard laboratory metrics such as 

CBC (Complete Blood Count) to aid diagnosis, offering a fast and cost-effective tool that could be deployed in 

resource-limited settings. 
Augmenting Rapid Tests: Mendels et al. [29] developed xRCOVID, a smartphone application that used 

machine learning to interpret rapid diagnostic test results, reducing errors and ambiguities associated with manual 

interpretation. 
Multi-Modal Data Fusion: Several studies highlighted the superior power of integrating multiple data sources. 

Huang et al. [39] argued that integrating CT scan data with clinical symptoms, exposure information, and laboratory 

findings was essential for building robust AI systems that meet complex clinical demands. 

4.4 Innovative AI Approaches 
The reviewed literature also showcased highly innovative diagnostic applications of AI. 
Semi-Supervised Learning: Sahoo et al. [35] proposed the COVIDCon algorithm based on a semi-supervised 

learning approach, which is particularly valuable as it can leverage both annotated and unannotated data, addressing 

the challenge of scarce annotated medical datasets. 
MicroRNA Detection: Hasan et al. [36] developed a novel technique (RONN-Cov model) to detect SARS-

CoV-2 precursor miRNA using a neural network, representing a frontier in molecular-level diagnosis powered by AI. 

4.5 Conclusion of the Theme 
In synthesis, the evidence confirms that AI fundamentally shifted the diagnostic paradigm for COVID-19. It 

provided solutions that were faster and more scalable than conventional diagnostic workflowes, more objective and 

consistent than human image interpretation, and capable of discovering complex patterns in heterogeneous data 

(imaging, clinical, laboratory). By augmenting traditional methods, AI-based diagnosis helped overcome critical 

bottlenecks, enabling healthcare systems to identify and isolate cases more effectively, thereby playing a direct role in 

pandemic control. 

5. AI in COVID-19 Prediction 
5.1 The Predictive Power of Artificial Intelligence in a Pandemic  

Beyond diagnostic applications, Artificial intelligence played a key role in the COVID-19 response by 

supporting data-driven forecasting and prediction across several domains. The capability to estimate the pandemic’s 

progression, assess patient-level risk, and plan healthcare resources proved highly valuable for both policymakers and 

medical professionals. A review of studies in this area indicates that machine learning and deep learning techniques 

were widely used to predict diverse outcomes, thereby strengthening strategic decision-making during the crisis [40]. 

5.2 Forecasting Pandemic Dynamics and Spread  
A primary application of AI was in epidemiological modelling to forecast the macro-level spread of the virus. 
Case and Fatality Forecasting: Numerous studies focused on predicting future confirmed cases and fatalities. 

Techniques ranged from statistical models like ARIMA and regression analysis [41] to more complex deep learning 

models. Recurrent Neural Networks (RNNs), particularly long Short-Term Memory (LSTM)architectures were 

frequently reported as effective for COVID-19 forecasting as they are inherently designed for time-series data, 

successfully predicting cases and deaths over 6-7-day horizons [41, 42]. 
Geolocation and Mobility Tracking: AI-powered models integrated geolocation data from mobile and IoT 

devices to track and predict outbreak clusters, enabling targeted public health interventions and alerting systems [43, 

52]. These models allowed authorities to visualize and anticipate the virus’s movement, improving containment 

strategies [40]. 

5.3 Predicting Individual-Level Patient Outcomes 
AI demonstrated significant utility in prognostication, helping clinicians identify high-risk patients and 

optimize care. 
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Mortality and Severity Risk: Several studies developed high-performance models to predict critical outcomes 

such as mortality and disease severity. Kuno et al. [53] developed an ML model to predict mortality during 

hospitalization in patients undergoing specific drug treatment (steroids and remdesivir). These models used clinical 

predictors to estimate patient risk efficiently [45,53]. 
Individual Susceptibility and Vulnerability:  Research showed that AI could even predict an individual’s 

susceptibility to COVID-19 infection using demographic and population data alone, without prior medical history, 

which could inform public health messaging for high-risk groups [44]. 
Hospitalization and Resource Planning: Predicting which patients were likely to require hospitalization was 

a key application. Studies used various classification algorithms (e.g., Random Forest, Gradient Boosting) to forecast 

patients’ status, enabling early monitoring and efficient allocation of limited medical resources [45, 49, 51] 

5.4. Data, Model, and Performance Metrics 
The reviewed studies highlighted important trends in data sources, model selection and evaluation 
Diverse Data Sources: Effective prediction relied on diverse datasets, including epidemiological time-series, 

meteorological data, clinical laboratory findings, and patient demographics. The integration of structured and 

unstructured data was noted to enhance prediction outcomes [52]. 
Model Comparison and Hybrid Approaches: Comparative analyses showed that while traditional ML model 

performed well, deep learning approaches like LSTMs often excelled at time-series forecasting [46, 54]. Furthermore, 

hybrid models (e.g., CNN-LSTM) and ensemble methods that combined multiple algorithms were frequently found 

to achieve superior accuracy compared to single models [48, 54]. 
Rigorous Evaluation: To assess model performance, the studies applied common evaluation metrics, namely 

Mean Absolute Error (MAE), Root Mean Squared Error (RMSE), and accuracy, ensuring robust and quantifiable 

results [50]. 

5.5 Conclusion of the Theme 
In conclusion, the evidence from this thematic group underscores that AI was a cornerstone of predictive 

analytics during the pandemic. By accurately forecasting everything from global case curves to individual patient 

outcomes, AI models provided a powerful evidence base for public health authorities and clinicians. This capability 

supported crucial decisions regarding lockdowns, resource allocation, and clinical care, ultimately contributing to 

more effective pandemic management and mitigation of its impacts. 

6. Conclusion 
This thematic narrative review synthesized the evolving role of Artificial Intelligence (AI) in combating the 

COVID-19 pandemic, particularly through the lenses of diagnosis and prediction. The reviewed literature reveals that 

AI was not merely a supplementary tool but a transformative force that addressed critical bottlenecks across the 

healthcare continuum. 
The evidence demonstrates that AI’s value was multifaceted. In diagnosis, deep learning models applied to 

medical imaging provided a rapid, automated, and highly accurate alternative to traditional methods, mitigating the 

limitations of RT-PCR such as delays and false negatives. In prediction, AI algorithms excelled at forecasting 

pandemic trends on both a population level (e.g., case numbers, spread) and an individual level (e.g., patient mortality, 

hospitalization risk), enabling data-driven decision-making for authorities and clinicians alike. Furthermore, the 

review highlighted AI’s indispensable role in overarching pandemic management, from contact tracing to drug 

repurposing. 
The implications of these findings are profound. The successful application of AI during COVID-19 presents a 

compelling blueprint for future public health emergencies. Integrating AI-driven tools into national health 

infrastructure can significantly enhance preparedness, allowing for faster response times, optimized resource 

allocation, and more effective containment strategies.  
In conclusion, the COVID-19 pandemic served as a catalyst for the adoption of Artificial Intelligence in 

medicine. The advancements documented in this review underscore AI’s potential to not only reshape our response to 

health crises but also to pave the way for a more resilient, efficient, and data-driven healthcare ecosystem for the 

future. 
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