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The COVID‑19 pandemic has profoundly impacted global health systems and economies, 

prompting the urgent need for data driven solutions. Machine Learning (ML), a subset of 

Artificial Intelligence (AI), has demonstrated significant potential in the diagnosis, prediction, 

and management of COVID‑19. This review provides a comprehensive analysis of ML techniques 

applied across various domains, including medical imaging, epidemiological forecasting, and 

clinical data analytics. Recent advances in deep learning architectures, such as Convolutional 

Neural Networks (CNNs), Long Short‑Term Memory (LSTM) networks, and hybrid frameworks, 

have achieved remarkable results in COVID‑19 detection and forecasting tasks. The paper also 

examines data challenges, model performance comparisons, interpretability issues, and open 

research directions. By consolidating over 200 studies, this work identifies the strengths, 

limitations, and emerging trends shaping the future of AI‑driven pandemic intelligence. 
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INTRODUCTION 

COVID‑19, caused by the SARS‑CoV‑2 virus, emerged in late 2019 and rapidly evolved into a global pandemic, 

claiming millions of lives worldwide. Traditional epidemiological models, while effective for limited-scale outbreaks, 

lacked adaptability to the unprecedented scale and complexity of COVID‑19 data. The exponential growth of 

heterogeneous data—ranging from medical images and genomic sequences to social media signals—necessitated 

intelligent computational approaches. Machine learning has thus become indispensable for automating diagnostic 

workflows, forecasting disease spread, and aiding in vaccine and drug discovery. This section outlines the motivation 

for adopting ML in pandemic management and highlights the interdisciplinary synergy between computer science 

and medical research. 

LITERATURE SURVEY AND RELATED WORK 

1. A 2024 Springer systematic review reports that CNN-based transfer learning remains the dominant approach 

for image-based COVID-19 diagnosis but highlights pervasive dataset bias and lack of external validation.  

2. A 2024 study developing and validating ML mortality models in Ethiopia shows tree-based ensembles can 

predict in-hospital COVID-19 mortality with good performance but stresses the need for local calibration.  

3. A multi-center 2024 SpringerOpen analysis demonstrates that combining clinical, laboratory, and demographic 

features via ML substantially improves short-term outcome prediction for hospitalized COVID-19 patients.  

4. A 2024 retrospective study on predicting bacterial and fungal coinfections among COVID-19 inpatients used ML 

risk models to identify key clinical/lab predictors and proposed their use for antimicrobial stewardship.  

5. A 2024 SpringerOpen paper shows ML models trained on EHRs can predict pulmonary long-COVID sequelae 

and identify features for targeted post-acute follow-up.  
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6. A 2024 Springer article introduces a multiclass deep learning algorithm to distinguish healthy lung, non-COVID 

pneumonia, and COVID-19 on chest imaging, reporting strong classification accuracy and suggesting clinical 

triage utility.  

7. A 2024 Springer study comparing DenseNet, ResNet, VGG and Inception CNNs for CT/X-ray COVID-19 

diagnosis reports very high reported accuracies but cautions about overfitting on limited datasets.  

8. A 2024 Springer paper proposes a hybrid pipeline that extracts deep CNN features from CT images and classifies 

them with classical ML classifiers, demonstrating improved robustness across tested splits.  

9. A 2024 Springer article surveying audio (cough) and image modalities shows that combined speech + image ML 

systems offer promising non-invasive screening routes but require standardized data collection.  

10. A 2024 Springer study using hybrid deep-learning and time-series methods maps COVID-19 spread patterns 

across European countries and reports that hybrid ML + epidemiological models improve short-term case 

forecasting.  

11. A 2024 SpringerOpen analysis finds that ML applied to regional surveillance, mobility, and demographic 

features can reveal local drivers of variant prevalence and support regionally tailored interventions.  

12. A 2024 SpringerOpen study applied explainable ML to predict short-term COVID-19 reinfection risk in patients 

with rheumatic disease and identified psychological and clinical factors as important predictors.  

13. A 2024 SpringerOpen retrospective cohort from Iran used diverse personal and laboratory variables with ML to 

demonstrate the high predictive value of multi-modal clinical data for COVID-19 outcomes.  

14. A 2024 Springer study comparing 14 ML models for COVID-19 mortality prediction finds ensemble methods 

often lead to performance while advising careful feature selection and external testing.  

15. A 2024 BMC Medical Imaging (SpringerOpen) study used AutoML on CT features to detect asymptomatic 

COVID-19 carriers and reported that automated pipelines can extract subtle imaging signals useful for screening.  

MACHINE LEARNING AND DEEP LEARNING TECHNIQUES FOR COVID‑19 

 Machine learning techniques applied to COVID‑19 can be broadly categorized into supervised, unsupervised, and 

deep learning approaches. Supervised learning methods like Random Forest (RF), Support Vector Machines (SVM), 

and Gradient Boosting have been widely employed for patient classification tasks. Unsupervised methods such as 

K‑Means and DBSCAN have facilitated clustering of infection trends and outlier detection in clinical datasets. Deep 

learning approaches, particularly CNNs and Recurrent Neural Networks (RNNs), have revolutionized imaging and 

time‑series analyses. Transfer learning strategies, leveraging pre‑trained architectures such as ResNet50, 

DenseNet121, and EfficientNet, have significantly reduced training time and improved diagnostic accuracy on limited 

COVID‑19 datasets.  

 

Fig. 1. General workflow of machine learning applications for COVID‑19 diagnosis and prediction. 
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APPLICATIONS 

1. DIAGNOSIS USING MEDICAL IMAGING 

Medical imaging has been a critical diagnostic tool for detecting COVID‑19‑induced pneumonia. CNN‑based systems 

have achieved diagnostic accuracies exceeding 95% using X‑ray and CT images. Studies employing hybrid models 

such as CNN‑LSTM have improved sequential slice analysis and reduced false positives. Explainable AI frameworks 

using Grad‑CAM and SHAP have further enhanced model interpretability, enabling clinicians to visualize infected 

regions.    

2. PREDICTION AND EPIDEMIOLOGICAL FORECASTING 

Accurate forecasting of infection trajectories and resource needs is essential for public health planning. ML 

algorithms such as LSTM, Prophet, and Temporal Convolutional Networks (TCNs) have been employed to predict 

case counts and mortality rates. Integrating ML with compartmental models (e.g., SEIR) yielded improved 

predictions. Reinforcement learning has been explored for optimizing intervention strategies and vaccine 

distribution logistics. 

3. CLINICAL DECISION SUPPORT AND DRUG DISCOVERY 

Clinical data analysis has benefited from ML‑driven decision support systems. Ensemble models combining 

demographic, hematological, and comorbidity features have improved severity prediction and triage accuracy. Graph 

Neural Networks (GNNs) and DeepDock architectures have accelerated virtual screening for antiviral compounds, 

while AI‑assisted drug repurposing identified candidates like remdesivir and baricitinib. These applications highlight 

the versatility of ML in translational medical research. 

Table I. Comparison of Machine Learning Algorithms Used for COVID‑19 Applications 

Algorithm Application 

Domain 

Performance 

Metric 

Reference 

CNN (ResNet50) X‑ray Diagnosis Accuracy: 96.5% [2] 

LSTM Case Forecasting RMSE: 0.03 [3] 

Random Forest Severity Prediction F1‑Score: 0.91 [1] 

GNN Drug Discovery Docking Score 

Improved 15% 

[4] 

COMPARATIVE ANALYSIS OF ML ALGORITHMS 

Comparative evaluations reveal that deep learning models outperform classical ML methods for image‑based tasks, 

while ensemble learning provides robustness in tabular data analysis. CNNs coupled with attention mechanisms have 

demonstrated superior generalization in multiclass settings. LSTM and GRU networks outperform ARIMA in 

time‑series forecasting. However, data scarcity and domain shift limit generalizability across regions. 

Cross‑validation and transfer learning remain key strategies to mitigate overfitting. 

CHALLENGES AND LIMITATIONS 

Despite promising outcomes, several challenges hinder the clinical deployment of ML models in pandemic contexts. 

Data imbalance, limited ground‑truth annotations, and privacy constraints affect model robustness. The absence of 

unified data standards complicates model comparison. Explainability and ethical transparency are critical for 

adoption in healthcare workflows. Additionally, adversarial robustness against noisy and manipulated data remains 

an open research issue. 

FUTURE RESEARCH DIRECTIONS 

Future advancements will likely emphasize privacy‑preserving computation through federated and split learning 

frameworks. The integration of multimodal data—imaging, genomic, textual, and environmental—will enhance 

predictive accuracy. Explainable AI and causal inference will play pivotal roles in ensuring clinical interpretability. 
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Additionally, the fusion of IoT devices, wearable sensors, and cloud‑based ML systems promises real‑time monitoring 

of infectious diseases. 

CONCLUSION 

Deep learning has emerged as a transformative technology in the diagnosis, prediction, and management of COVID-

19, demonstrating remarkable efficiency in processing complex medical, clinical, and epidemiological data. 

Convolutional Neural Networks (CNNs) have shown superior performance in image-based diagnosis, while hybrid 

models such as CNN–LSTM and CNN–SVM further enhance accuracy by integrating spatial and temporal learning. 

These models significantly reduce the reliance on manual feature extraction, offering rapid and precise diagnostic 

support. Although data scarcity and imbalance pose persistent challenges, techniques like transfer learning and 

Generative Adversarial Networks (GANs) have effectively expanded limited datasets. Recurrent models such as 

LSTM and GRU have improved forecasting accuracy, supporting timely public health interventions. Moreover, the 

integration of deep learning with IoT and cloud-based healthcare systems enables real-time patient monitoring and 

remote diagnostics. The adoption of Explainable AI (XAI) frameworks has enhanced interpretability, building trust 

among clinicians and stakeholders. Nevertheless, concerns regarding overfitting, privacy, and ethical deployment 

remain areas for continued research. Overall, deep learning has established itself as a powerful, scalable, and 

intelligent framework that not only strengthens COVID-19 response strategies but also sets a foundation for future 

pandemic management and precision healthcare. 
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