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Abstract – Pathogen detection is a key step in managing outbreaks and disease surveillance. The serious threat that infectious 

diseases pose to global public health underscores the importance of accurate and prompt detection in order to stop their spread and 

lessen their effects. Traditional illness detection techniques typically rely on manual identification and reporting, which can lead to 

delays and under diagnosis as they take a long time and may not produce results right away.  The use of artificial intelligence (AI) 

tools has recently been demonstrated as a potential method for improving early detection and better infectious disease surveillance, 

revolutionizing the healthcare industry by enabling quicker and more accurate diagnosis, monitoring, and management of infectious 

diseases. 

This review article provide a summary of the various uses as well as new developments in AI-driven pathogen detection methods, 

such as machine learning algorithms, deep learning models, and other AI-based methods. The difficulties, advantages, and possible 

applications of AI in pathogen detection are covered in the paper along with a critical analysis of the material that has already been 

published and recommendations for the future. The article aims to stimulate further research and development that will result in 

better pathogen detection techniques and results for public health by addressing the potential and challenges in this sector. 
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I. BACKGROUND 

For outbreak prevention, transmission control, and efficient treatment options, pathogen identification and monitoring become 

essential. For decades, culture-based methods and molecular analysis were the mainstays of pathogen detection. Culture-based 

approaches isolate and classify viruses according to their traits, however they take a lot of time and might not catch non-culturable 

pathogens. Higher sensitivity is provided by molecular techniques like PCR and DNA sequencing, but they are expensive, 

complicated, and call for specialist knowledge and equipment. Innovative and more effective pathogen detection technologies are 

now required because of the shortcomings of conventional approaches. Recent developments in artificial intelligence (AI) provide 

significant improvements in pathogen identification, transforming the control of infectious diseases and public health. Artificial 

intelligence (AI) addresses the shortcomings of conventional approaches with time-consuming procedures, human labor, and a lack 

of real-time capabilities by enabling faster, more accurate, and automated solutions. Artificial intelligence (AI) techniques, in 

particular machine learning and deep learning, have achieved amazing success in pattern recognition, image analysis, and data 

processing, making them well equipped to handle the complexity of pathogen identification. 

 

II. TRADITIONAL METHODS OF PATHOGEN DETECTION 

Culture-based methods have been the mainstay of pathogen identification for a long time. Infections are isolated and detected in 

tightly controlled lab environments using growth characteristics, biochemical reactions, and colony morphology (Fig.1). Culture-

based approaches have been used to identify and distinguish enteric pathogens in food samples, identify Staphylococcus aureus, 

and identify patterns of medication resistance 1,2 . These methods suffer limitations, such as being time-consuming and unable to 

detect non-cultivable or slow-growing microorganisms. 

By precisely identifying infections based on their genetic material, DNA, or RNA, molecular approaches have revolutionized 

pathogen detection. Real-time PCR has been used to quickly identify respiratory viruses, demonstrating the advantages of molecular 

technologies over culture-based ones 3. Next-Generation Sequencing (NGS) has been used to characterize a variety of pathogens 

and learn more about intricate infectious diseases 4. However, due to equipment and expense limitations, the accessibility of 

molecular approaches may be constrained. 

Traditional molecular and culture-based pathogen detection technologies face obstacles that limit their applicability in particular 

circumstances. It has been noted that the diagnosis of severe or unculturable infections is limited by culture-based methods, 

necessitating the use of supplementary techniques 5.Complex samples that lead to false-negative results have been recognized as a 

challenge for the molecular technique 6.The lack of real-time information necessary for prompt reactions has also been highlighted 
7.  

Despite their importance in understanding infectious diseases and directing treatments, drawbacks including lengthy turnaround 

times and challenges in cultivating specific pathogens demand novel and complementary strategies. These issues could be solved 

by creating quick, accurate, and easily usable diagnostic instruments, including ones powered by AI. This would improve pathogen 

identification and the results of public health initiatives. 
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III. ARTIFICIAL INTELLIGENCE FOR PATHOGEN DETECTION 

 
 

 

 
 

 

 
 

For the early detection of infectious diseases and prompt execution of control measures, virus detection is essential. The ability of 

AI-powered methods to improve virus detection and diagnosis has shown considerable promise. For the automatic and accurate 

detection of influenza viruses from chest X-ray pictures, a deep learning model was created that made it possible to have a rapid 

and non-invasive screening using AI system 8. The burden of disease caused by bacterial infections is enormous worldwide, and 

early diagnosis is essential for individualized care. AI has been employed to diagnose various bacterial infections. Machine learning 

techniques were used to distinguish bacterial pathogens from metagenomic sequencing data. The AI model showed the ability to 

simultaneously recognize different bacterial species, improving the effectiveness of diagnosis 9. The quickest way to locate microbes 

that are resistant to medications is  by using AI-guided microscopy. The deep learning-based algorithm accurately identified the 

types of bacteria present in the samples and predicted antibiotic resistance, providing important information for choosing the most 

effective course of treatment 10. 

Although fungus infections are less common, they can still be quite hazardous, particularly for people with weakened immune 

systems. The detection and identification of fungi has been enhanced by AI approaches. A method based on artificial intelligence 

has been used to automatically detect dangerous fungi in clinical samples. Deep learning model accurately classified fungus aiding 

better antifungal treatment. 11. 

Invasive aspergillosis was investigated using AI algorithms applied to high-risk patients.The AI system assessed a range of clinical 

information and risk factors, enabling early detection and efficient intervention 12. 

Parasitic infections can pose significant health hazards, particularly in tropical regions. AI has been applied to enhance parasite 

identification and sickness management. The use of AI algorithms allowed for the automated detection of malaria parasites in dense 

blood smears. The deep learning model accelerated the diagnosis process with its great accuracy in recognizing Plasmodium 

species13. Artificial intelligence has being used to develop a mobile parasite detecting app. With its ability to differentiate between 

common parasite diseases using picture recognition, the software proved to be a helpful tool for healthcare workers working in 

situations with few resources 14. 
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Accurate and quick infectious illness diagnosis is now possible, all thanks to the use of AI to pathogen detection. AI-driven 

techniques have shown amazing success in a variety of applications, including the detection of bacteria, viruses, and fungi as well 

as parasites.  With the help of these cutting-edge techniques, disease surveillance may change, outbreaks could be contained, and 

eventually public health outcomes could be enhanced (Fig.2). We may anticipate future improvements and applications of AI in 

pathogen identification, enhancing our capacity to successfully combat infectious diseases as AI technology develops and more 

research is performed in this area. 

 

 

AI Techniques for Pathogen Detection                               

 
 

 
 

Image based analysis 

It has been demonstrated that using AI algorithms along with image-based analysis is a reliable way to find and identify diseases. 

AI has the ability to automate and improve the accuracy of visual diagnosis utilizing a variety of imaging modalities. To categorize 

skin lesions, including those brought on by infectious diseases like bacteria and fungi, a deep learning model was created. The AI 

technology revealed its promise for non-invasive illness diagnosis while working with skilled dermatologists15. A chest X-ray-based 

AI system for diagnosing various disorders was introduced. The model was successful in identifying pneumonia, which can result 

from a variety of infectious diseases, allowing for early detection and treatment 16. 

 Genomic Sequencing 

Genomic sequencing is crucial for accurate pathogen identification and characterization. Pathogen detection has become more 

accurate and efficient because to AI analysis of vast amounts of genomic data. The accuracy of genomic analysis was considerably 

improved using a variant calling system powered by AI. The method made it possible to find genetic variations in infections, which 

aided with drug resistance profiling and outbreak investigation 17. Genetic data was used in an AI-guided technique to predict 

antibiotic resistance, which predicted drug susceptibility and provided important information for tailored treatment strategies 18. 

Biosensors and Nanotechnology 

The integration of AI, biosensors, and nanotechnology has led to the development of rapid and sensitive pathogen detection 

platforms. Escherichia coli was identified using an electrochemical biosensor that has demonstrated strong specificity and 

sensitivity, offering a viable solution for fast monitoring of water quality 19. 

Data Fusion  

By combining data from many sources, viruses can be detected more precisely and reliably via data fusion and integration. For the 

purpose of combining clinical and imaging data for tuberculosis diagnosis, an AI-based fusion framework was developed. The 

combining of various data types improved diagnosis accuracy and for a more detailed evaluation of patients 20. A approach for early 

disease outbreak detection led by artificial intelligence (AI) was presented to forecast and track the spread of disease in real-time, 

the system incorporated data from a variety of sources, including social media, medical records, and environmental monitoring 21. 

Pathogen detection methods powered by AI have made major strides in the field, altering how infectious diseases are identified and 

treated. Pathogen detection has been improved by the use of image-based analysis, genomic sequencing, biosensors, 

nanotechnology, and data fusion ( Fig.3). These techniques offer quicker, more precise, and affordable solutions. Personalized 

treatment plans, outbreak control, and infectious disease surveillance could all benefit from these cutting-edge methods, which 

could ultimately improve the state of the public's health. 
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IV. CHALLENGES AND LIMITATIONS OF AI FOR PATHOGEN DETECTION 

Data availability and quality are two major issues in AI-driven pathogen identification. Obtaining such data in the context of 

infectious diseases can be difficult, despite the fact that AI models significantly rely on big and varied datasets for training. The 

performance and generalizability of AI models can be impacted by data that is unbalanced, biased, or incomplete. A study 

emphasized the need of using high-quality and carefully curated data for training AI algorithms to detect pathogens. In order to 

overcome data constraints, the researchers underlined the importance of data sharing and collaboration among institutions and also  

talked on the difficulties in gathering data during illness outbreaks, when patient data may be restricted due to privacy issues. The 

study highlighted the necessity for creative methods to collect real-time data while maintaining patient confidentiality 22,23. 

Due to their complicated structures and lack of interpretability, AI models, particularly deep learning algorithms, are frequently 

referred to as "black boxes." Building trust between healthcare professionals and patients requires an understanding of how AI 

makes decisions, particularly in applications related to medicine. The authors examined the challenges of making machine learning 

models interpretable as well as the potential drawbacks of applying AI systems that are challenging to grasp to critical decision-

making activities. With the intention of balancing model accuracy and explainability, a strategy for interpretable AI models was 

proposed. The authors emphasized the value of developing artificial intelligence (AI) systems that provide persuasive reasons for 

their predictions 24,25. 

AI-driven disease detection systems create ethical concerns, notably with regards to patient confidentiality, data security, and 

potential biases in algorithmic judgment.A group of people discussed the moral ramifications of using artificial intelligence (AI) in 

healthcare, particularly for disease detection, and they emphasized the need for ethical frameworks and rules to regulate the use of 

AI in medical contexts. They also emphasized the risk that AI models could maintain existing healthcare disparities if the training 

data used for the models was biased. The authors encouraged openness and justice in AI development 26,27. 

Prior to the implementation of AI-driven pathogen detection technology, regulatory constraints and obstacles must be solved, such 

as adherence to healthcare standards and approval from regulatory agencies. Investigations have been done into the legal 

requirements for AI-based medical devices, such as those used to identify infections. To encourage innovation and ensure its utility, 

the authors emphasized the need for a clear-cut regulatory framework. Pathogen detection systems in particular pose challenges for 

integrating AI into clinical practice, as was emphasized. In order to obtain permission from regulatory bodies and healthcare 

providers, the authors underlined the value of evidence-based validation and clinical studies  28,29. 

AI has enormous potential to change pathogen identification and provide quicker, more precise, and scaleable solutions for the 

management of infectious diseases. To fully realize AI's potential in this area, however, a number of issues and restrictions must be 

resolved. For the responsible and efficient deployment of AI-driven pathogen detection technologies, it is crucial to guarantee data 

quality and quantity, enhance interpretability and explainability, address ethical issues, and overcome regulatory barriers. AI has 

the potential to greatly improve disease surveillance, outbreak control, and general public health outcomes when academics and 

policymakers collaborate to address these challenges. 

 

V. FUTURE DIRECTIONS AND OPPORTUNITIES FOR AI IN PATHOGEN DETECTION 

                           

Multi Omic Data Integration  

Integration of multi-omics data, including genome, transcriptome, proteome, and metabolome information, has tremendous promise 

for enhancing pathogen detection. By combining different layers of biological data, AI models can uncover novel biomarkers for 

improved diagnosis and therapy and generate a more detailed understanding of pathogen-host interactions. In addition to 

emphasizing the significance of AI-driven approaches for processing and analyzing enormous omics datasets to inform public health 

measures, focus was placed on the integration of multi-omics data for disease surveillance and outbreak research 30. 

 

Edge Computing and IoT Integration  
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AI's success in illness detection will depend on how well it integrates edge computing and Internet of Things (IoT) sensors. Edge 

computing reduces latency by moving data processing and analysis closer to the data source in remote or resource-constrained areas, 

enabling real-time disease detection. An IoT system with AI-based disease detection was demonstrated in a study for use in 

agricultural settings. The technology used environmental sensors and AI algorithms to detect plant illnesses, enabling quick 

treatment and enhanced crop health in order to identify infectious infections utilizing wearable health monitoring technology.In 

order to provide real-time analysis and remote patient monitoring, an edge computing system with AI capabilities has been built. 

This system may help with early detection and continuing surveillance 31,32.  

Data Privacy and Federated Learning 

Federated learning is an effective way to safeguard data privacy while making use of the collective expertise of several 

organizations. Without releasing the raw data and while respecting data privacy, federated learning enables cooperative training of 

AI models on dispersed data sources for disease detection.  It has been investigated over how federated learning can be used in 

conjunction with electronic medical records to track infectious disease outbreaks. While maintaining accuracy on par with a 

centralized model, the federated model secured sensitive patient data 33. 

Theurapetic Approaches  

In the future, AI is expected to have a big impact on how therapeutic approaches for infectious diseases are developed. By analyzing 

patient data and pathogen traits, artificial intelligence (AI) systems can create tailored treatment plans and estimate drug efficacy, 

leading to more effective and targeted therapy.  Antibiotic resistance has been predicted using an AI-based method. To help medics 

choose the best antibiotic treatment, the technology integrated patient data with pathogen genomes 34. 

There are many intriguing prospects and opportunities for AI in disease detection in the future. New opportunities for disease 

surveillance and individualized care will be made possible by the integration of multi-omics data, edge computing, and IoT devices 

as well as by the use of federated learning for data privacy (Fig.4). Additionally, AI-guided therapeutic strategies have a bright 

future in the successful treatment of infectious diseases. AI is positioned to transform disease identification and have a big impact 

on global health outcomes as academics continue to investigate these next paths and opportunities. 

 

VI. CONCLUSION 

Diagnostics and public health have advanced significantly as a result of the application of artificial intelligence (AI) for pathogen 

detection. It has been shown that the combination of AI algorithms with cutting-edge technologies like genomics, proteomics, and 

imaging has the potential to completely transform how infectious diseases are detected and treated. In addition to improved 

accuracy, speed, and efficiency in identifying pathogens, the application of AI in pathogen detection has many other benefits. 

Systems with artificial intelligence (AI) can quickly evaluate enormous volumes of data, enabling the early detection and 

identification of possible outbreaks in real time. The ability of these technologies to adapt and change in response to the appearance 

of new pathogens ensures ongoing development and flexibility in the face of evolving infectious threats. Additionally, AI-based 

pathogen detection techniques are becoming more widely available and more reasonably priced, making them more useful for a 

wider spectrum of healthcare facilities, particularly in environments with limited resources. The democratization of these 

technologies may result in more effective and widespread surveillance, enhancing national and international preparedness for 

pandemics. 

Despite all the advantages, there are still issues that need to be resolved. Some of the important issues that demand careful attention 

include the requirement for big and varied datasets for training AI models, maintaining data privacy and security, and assessing the 

effectiveness of AI-driven diagnoses. 

To improve current AI models and create new ones for disease identification in the future, it will be essential for researchers, 

healthcare professionals, and AI experts to continue their research and work together. Furthermore, combining AI with other cutting-

edge technologies like nanotechnology and miniature sensors can produce even more sophisticated and portable diagnostic tools 

that enable quick and accurate on-site detection. 

With the advancement of AI for pathogen identification, it will surely play a more and more important part in preserving public 

health and improving our capacity to combat infectious diseases. By embracing AI's potential in this area, we can create a safer and 

healthier future where early detection and quick action can save countless lives. But in order to use these potent weapons 

responsibly, ethically, and fairly for the good of all humanity, it is imperative to strike a balance between the enthusiasm and hope 

and the ethical considerations. We can create a better and healthier future for generations to come by utilizing all of AI's pathogen 

detection capabilities while keeping an eye on collaboration, openness, and responsible innovation. 
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