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Abstract 

Snakebite envenomation poses a global health challenge that demands swift and efficient 

intervention. This communication delves into the potential of artificial intelligence (AI) to 

positively impact various aspects of snakebite management. AI introduces innovative 

solutions to augment snakebite management protocols' efficiency and effectiveness, from 

early detection and diagnosis to treatment planning and post-treatment monitoring. 

Moreover, this communication reviews ongoing research, addresses obstacles, and 

proposes future avenues for integrating AI in snakebite management. In proposing future 

avenues for incorporating AI in snakebite management, the communication envisions a 

collaborative effort between researchers, healthcare professionals, and technology 

developers. This synergy seeks to harness the full potential of AI in enhancing not only 

the efficiency and effectiveness of snakebite management but also the accessibility of 

advanced healthcare solutions to regions grappling with the burden of snakebite 

envenomation. As the exploration of AI applications in snakebite care continues to unfold, 

this communication stands as a catalyst for informed discourse, innovation, and, 

ultimately, a more resilient response to the global health challenge posed by snakebite 

envenomation.  
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Introduction 

Snakebite envenomation is a significant global health issue, with an estimated annual 

occurrence of 2.7 million cases and over 100,000 fatalities and in Sudan, it is a serious 

health and medical problem [1]. The impact of this neglected problem is particularly 

pronounced in regions with limited healthcare resources, presenting challenges for timely 

and effective interventions due to the complex nature of snake venoms, variations in 

species and distribution and lack of effective treatment [2].  

Snakebites contribute significantly to the burden of neglected tropical diseases, 

disproportionately affecting rural and impoverished communities. The consequences 

 
1 Faculty of Clinical and Industrial Pharmacy, National University, Sudan and Mycetoma Research Center, Khartoum, 

Sudan  
2 Associate Professor of Clinical Chemistry, Clinical Chemistry Department, Faculty of Medical Laboratory Sciences, 

National University-Sudan  
3 Alrayan College of Health Sciences and Nursing, Pharmacy program, Almadina, Saudi Arabia  
4 MSC in Physiology, Health sciences and Nursing college, Al-Rayan Medical Colleges, Madina, Saudi Arabia  
5 Department of Management Information System, College of Business Administration, Gulf University for Science and 

Technology, Kuwait  
6 Professor of Surgery, Faculty of Medicine and Mycetoma Research Center, University of Khartoum  



Ali Awadallah Saeed et al. 894 

 
Migration Letters 

extend beyond mortality, impacting survivors with enduring disabilities, psychological 

trauma, and socioeconomic setbacks. The scarcity of accessible antivenom and the 

absence of standardised treatment protocols further worsen the severity of snakebite 

envenomation cases [3].  

The existing management of snakebites faces numerous challenges, including limited 

antivenom availability, the complexity of identifying snake species promptly, and 

variations in venom composition. Additionally, deficiencies in healthcare infrastructure in 

rural areas contribute to delayed medical interventions, resulting in heightened morbidity 

and mortality rates. Overcoming these obstacles requires innovative solutions that 

transcend traditional methods [4].  

With this background, this publication explores the potential for AI to revolutionise the 

approach to snakebite envenomation management. Investigating the contribution of AI to 

the early detection of snakebites entails a comprehensive analysis of AI-powered sensor 

technologies and Internet of Things (IoT) applications. Wearable devices, empowered by 

AI algorithms, emerge as potent instruments capable of offering real-time monitoring and 

alerts, thereby transforming the rapidity and effectiveness of snakebite intervention. This 

proactive strategy mitigates the consequences of snakebites and aligns with the 

overarching objective of enhancing healthcare outcomes in areas susceptible to such 

incidents [Fig 1]. 

 

Fig. 1: AI in Snakebite management 

Al role in early snakebite detection 

Artificial intelligence technologies play a crucial role in promptly identifying and 

responding to snakebite incidents, encompassing a spectrum from integrating AI-driven 

sensor technologies to utilising Internet of Things (IoT) applications [5,6]. At the 

forefront of this endeavour are wearable devices strengthened by advanced AI algorithms. 

These devices are potent tools capable of continuous monitoring and real-time data 

analysis. By harnessing AI capabilities, these wearables can detect subtle changes in 

physiological parameters indicative of snakebites, decipher complex patterns, and identify 

correlations that may elude traditional monitoring methods [7].  
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The integration of AI in early snakebite detection is transformative owing to its capacity 

to deliver timely alerts and notifications. These alerts can be disseminated to healthcare 

professionals, emergency responders, or directly to individuals at risk, facilitating swift 

intervention. Such proactive measures can revolutionise the speed and efficiency of 

snakebite response, diminishing the time between the bite occurrence and the initiation of 

appropriate medical measures [8].  

Beyond its immediate impact on snakebite intervention, the proactive approach enabled 

by AI-driven early detection aligns with broader healthcare objectives. It contributes to 

enhancing healthcare outcomes in regions prone to snakebite incidents. By minimising 

the delay between the incident and medical response, AI-enhanced early detection 

mitigates the severity of envenomation effects and improves the likelihood of successful 

treatment and recovery [9 7].  

Furthermore, this exploration considers the scalability and accessibility of AI-driven 

solutions. Advancements in technology promise to deploy cost-effective and user-friendly 

AI-enabled devices in diverse settings, including remote and resource-constrained areas 

where snakebite incidents are prevalent. This democratisation of early snakebite detection 

tools ensures that the advantages of AI reach communities facing challenges in accessing 

traditional healthcare resources [7]. Snakebite incidents can have severe consequences, 

and early detection is crucial for prompt and effective intervention. Integrating artificial 

AI into early snakebite detection strategies has significant potential and promise. Two key 

technologies can be used: AI-based sensor technologies and computer vision applications 

[8].  

 

AI-based Sensor Technologies: 

In snakebite-prone regions, deploying AI-driven sensor technologies, particularly 

leveraging the Internet of Things (IoT), offers a proactive approach to early detection. 

IoT-enabled devices can be strategically placed in areas with high snakebite risks, 

creating a network of interconnected sensors. These sensors can capture environmental 

data, such as temperature, humidity, and vegetation patterns, which are crucial factors 

influencing snake behaviour. AI algorithms can then analyse this data in real-time, 

identifying potential hotspots and alerting communities or healthcare authorities to 

heightened snakebite risks [5].  

Wearable devices with advanced AI algorithms are key tools for real-time monitoring in 

snakebite-prone areas. These wearables can continuously track the physiological 

parameters of individuals, detecting changes indicative of snakebite. The integration of AI 

allows these devices to identify subtle physiological shifts and interpret complex patterns, 

providing early warnings and enabling timely medical response. This wearable-based 

approach ensures a more personalised and immediate intervention, contributing to the 

overall efficiency of snakebite management [5].  

Computer Vision Applications: 

Computer vision applications powered by AI have made significant strides in image 

recognition, particularly in the context of snake identification. AI algorithms can analyse 

images of snakes captured in the field, identifying species with remarkable accuracy. This 

capability is essential for healthcare professionals to administer the appropriate 

antivenom, as different snake species may produce distinct venoms with varying effects 

on human health. Through rapid and precise identification, AI-based image recognition 

expedites treatment decisions and improves patient management outcomes [8].  

Incorporating video analytics into early snakebite detection involves using AI algorithms 

to track snake movements. Surveillance cameras strategically placed in snake-prone areas 

can capture video footage, and AI can analyse this footage to identify snake presence and 
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behaviour. By monitoring snake movement patterns, authorities and healthcare 

professionals can gain valuable insights into snake behaviour, helping develop targeted 

prevention and intervention strategies. Video analytics, as part of early detection 

initiatives, provides an additional layer of situational awareness, enhancing the overall 

effectiveness of snakebite management [8].  

Venom Identification and Diagnosis: 

Accurately identifying and diagnosing snake venom is critical in tailoring effective 

treatments for snakebite victims. Integrating AI in this aspect enhances the precision of 

venom analysis and facilitates rapid and efficient point-of-care diagnostics [9]. AI 

algorithms are instrumental in advancing venom analysis techniques. Spectroscopic 

methods, such as infrared spectroscopy, can provide detailed information about the 

chemical composition of snake venom. Mass spectrometry, on the other hand, aids in 

identifying and quantifying specific venom components. AI algorithms enhance the 

interpretation of complex data generated by these techniques, allowing for more accurate 

and rapid identification of venom constituents. This expedites the venom analysis process 

and contributes to a more comprehensive understanding of the venom's biochemical 

profile [10, 11]. 

Machine learning algorithms significantly predict venom composition based on diverse 

data inputs. Machine learning models can learn to predict the presence and proportions of 

various venom components by analyzing patterns and correlations within large datasets 

comprising venom composition information. This predictive capability is invaluable for 

healthcare professionals, enabling them to tailor treatments based on anticipated venom 

profiles. Through continuous learning and refinement, machine learning algorithms 

improve their accuracy in predicting venom composition, providing a dynamic tool for 

enhancing diagnostic precision [12].  

Point-of-care diagnostics, facilitated by AI-driven rapid diagnostic tests, revolutionise the 

speed and accessibility of venom identification. These tests, equipped with AI algorithms, 

can swiftly analyse biological samples, such as blood or tissue, to detect specific venom 

markers. The incorporation of AI enhances the sensitivity and specificity of these tests, 

ensuring accurate identification of the snake species and corresponding venom. Rapid 

diagnostic tests empowered by AI enable healthcare professionals to make timely 

decisions on administering antivenom and other critical interventions [13].  

In snakebite-prone regions with limited access to centralized healthcare facilities, smart 

diagnostic devices equipped with AI capabilities become invaluable. These portable 

devices, designed for field use, enable on-the-spot venom identification. AI algorithms 

integrated into these devices process data in real-time, providing immediate results and 

aiding in rapid decision-making. These smart diagnostic devices' portability and user-

friendly nature make them essential tools for healthcare providers operating in remote 

areas, where timely diagnosis is crucial for effective snakebite management [8].  

Treatment Planning and Optimization: 

Treatment planning and optimization have witnessed revolutionary advancements in the 

dynamic healthcare landscape, particularly by integrating personalised medicine 

approaches and cutting-edge technologies. This has been especially evident in venomous 

snakebite treatment, where tailoring interventions to individual patients' needs has 

become increasingly crucial [10, 14].  

One of the revolutionary developments in venomous snakebite treatment is the use of 

genetic profiling to inform antivenom selection. By analyzing the patient's genetic 

makeup, healthcare professionals can identify specific venom components that are likely 

more potent or less responsive to conventional antivenom. This precision allows for the 

administration of targeted therapies, maximizing the effectiveness of the treatment while 

minimizing adverse reactions [15, 16, 17].  
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In conjunction with genetic profiling, AI is paramount in optimizing antivenom dosage. 

AI algorithms analyse vast datasets, incorporating patient-specific information such as 

genetic predispositions, medical history, and real-time physiological data. This enables 

healthcare providers to determine the most appropriate dosage for each individual, 

ensuring the treatment is effective and safe [11]. 

Telemedicine has emerged as a valuable tool in venomous snakebite treatment, 

particularly in regions with limited access to specialised healthcare. Remote guidance 

through telemedicine applications enables expert clinicians to provide real-time assistance 

to healthcare professionals in remote areas. This ensures that proper procedures are 

followed and treatment decisions are guided by experienced specialists, ultimately 

improving patient outcomes in geographically challenging situations [18]. 

Post-treatment monitoring 

Post-treatment monitoring is crucial in ensuring the ongoing well-being of individuals 

undergoing medical interventions. It involves systematically observing and analyzing 

various parameters to track recovery progress, detect potential complications, and 

optimize long-term outcomes. In this context, several key aspects of post-treatment 

monitoring can be explored, including wearable health devices, continuous monitoring of 

vital signs, AI-driven early detection of complications, and data analytics for long-term 

outcomes [14].   

Wearable health devices have revolutionized post-treatment monitoring by providing real-

time, continuous tracking of vital signs. These devices, ranging from smartwatches to 

specialised medical wearables, enable the seamless collection of data such as heart rate, 

blood pressure, respiratory rate, and oxygen saturation. Continuous monitoring offers a 

comprehensive view of the patient's health and allows for the early identification of any 

deviations from the normal range [15].  

AI is essential in enhancing post-treatment monitoring through early detection of 

complications. Advanced algorithms integrated into wearable devices can analyse the 

collected data in real-time, identifying subtle changes or anomalies that might indicate 

potential issues. AI-driven systems can provide alerts to healthcare providers and patients, 

facilitating prompt intervention and preventing the escalation of complications [17].  

Data analytics, powered by AI, contributes significantly to evaluating treatment success 

and failure over the long term. By aggregating and analysing patient data, healthcare 

professionals can gain insights into the effectiveness of specific treatments. AI algorithms 

can identify patterns and correlations in large datasets, helping clinicians tailor post-

treatment care plans based on individual responses and predicting which interventions 

will likely yield the best outcomes [17].  

Predictive modeling is another valuable aspect of data analytics in post-treatment 

monitoring. AI algorithms can use historical patient data to create models predicting the 

likelihood of post-treatment complications. These models consider various factors, 

including patient demographics, medical history, and treatment specifics, providing 

healthcare providers with actionable information to proactively address potential issues 

and customize follow-up care [19].  

 

Challenges and Ethical Considerations: 

As we delve into the challenges and ethical considerations associated with integrating AI 

into snakebite management, it becomes imperative to address crucial aspects that 

safeguard both patient well-being and the ethical principles of healthcare. 



Ali Awadallah Saeed et al. 898 

 
Migration Letters 

The integration of AI in healthcare, particularly in the context of snakebite management, 

brings forth data privacy and security challenges. Ensuring patient confidentiality is 

paramount in AI-driven healthcare systems [18, 20].  

In AI-driven snakebite management, patient data, including medical records, treatment 

plans, and monitoring information, are processed and analysed by algorithms. 

Maintaining patient confidentiality becomes a primary concern. This involves 

implementing stringent access controls, encryption techniques, and secure storage 

practices to prevent unauthorized access to patient information. The healthcare systems 

should adhere to established privacy regulations and standards, ensuring that patient data 

is handled with the utmost confidentiality [21].  

The secure transmission of medical data is equally critical, especially when wearable 

devices and IoT technologies collect and transmit real-time health information. The use of 

encrypted communication channels to safeguard against potential breaches during data 

transmission is paramount. This ensures that patient data remains confidential and 

integral as it travels between wearable devices, healthcare facilities, and other 

components of the AI-driven system [22].  

Biases can arise from training datasets that may not adequately represent diverse 

populations or may inadvertently perpetuate existing inequalities. It is important to 

address the composition of training datasets to mitigate bias. Datasets should be diverse, 

inclusive, and representative of various demographics, ensuring that AI algorithms are 

trained on a broad spectrum of snakebite cases. Collaborative efforts between healthcare 

professionals, data scientists, and communities are crucial to curating datasets that 

accurately reflect the global diversity of snakebite scenarios [24, 25].  

Beyond addressing dataset bias, the need for ongoing monitoring and evaluation of AI 

applications to ensure fairness and equity is essential. Regular assessments can identify 

and rectify unintended biases emerging while deploying AI-driven technologies. 

Additionally, transparency in developing and deploying AI systems is emphasised to 

build trust among healthcare providers, patients, and communities [26].  

 

Future Directions and Recommendations: 

In contemplating the future trajectory of AI-driven snakebite management, [27] this 

manuscript underscores the imperative for strategic planning and collaborative endeavors 

to maximize the benefits of these technologies, [Fig 2}. The recommendations aim to 

steer the evolution of snakebite research and healthcare practices, ensuring AI's ethical, 

effective, and inclusive utilisation, and they include:  

1. Collaborative Research Initiatives: The forthcoming landscape of AI in snakebite 

management hinges on fostering collaborative research initiatives that transcend borders 

and disciplines. Recognizing the global impact of snakebites, the manuscript advocates 

for concerted efforts to pool resources, expertise, and data, propelling research forward.  

2. Global Partnerships for AI-Driven Snakebite Research: Establishing global 

partnerships is crucial for advancing AI-driven snakebite research. Collaborations 

involving research institutions, healthcare organizations, and technology companies can 

facilitate the sharing of data, insights, and innovative solutions. The manuscript calls for 

creating international consortia dedicated to AI applications in snakebite management, 

ensuring a unified front in addressing this global health challenge.  

3. Establishing Interdisciplinary Research Teams: Given the interdisciplinary nature 

of snakebite management, diverse expertise is essential—from healthcare professionals 

and biologists to data scientists and engineers. The manuscript recommends forming 

multidisciplinary research teams that bring together specialists from various fields. These 

teams can foster innovation by integrating clinical knowledge with technological 
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advancements, ensuring a holistic and effective approach to AI implementation in 

snakebite care.  

4. Regulatory Frameworks and Standards: Responsible integration of AI in 

snakebite management necessitates clear regulatory frameworks and standards. This 

ensures that the deployment of AI technologies adheres to ethical principles, patient 

safety, and societal values.  

5. Developing Guidelines for AI Applications in Healthcare: The manuscript 

underscores the need for comprehensive guidelines tailored to the application of AI in 

snakebite healthcare. Regulatory bodies collaborating with healthcare professionals and 

technology experts should develop guidelines delineating ethical, legal, and technical 

parameters for AI-driven snakebite research and clinical practices. These guidelines can 

serve as a reference for practitioners, ensuring a standardized and ethical approach to 

utilizing AI technologies. [28] 

6. Ensuring Ethical Use of AI in Snakebite Management: Ethical considerations 

take precedence in deploying AI in healthcare. The manuscript emphasizes the 

development and enforcement of ethical guidelines governing the use of AI technologies 

in snakebite management. This includes considerations for informed consent, patient 

autonomy, and transparency in AI-driven decision-making processes. Prioritizing ethical 

principles through regulatory frameworks ensures the responsible and equitable use of AI, 

fostering trust among healthcare providers and patients. [29] 

 

Fig 2: Future Directions and Recommendations of AI-driven snakebite management 
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