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ABSTRACT 
The integration of drone technology in disease surveillance has revolutionized public health strategies by 
enabling rapid, cost-effective, and real-time data collection. This paper examines the historical evolution 
of disease surveillance, emphasizing how past pandemics have driven technological advancements. Recent 
engineering innovations, including AI-powered monitoring, improved sensors, and enhanced automation, 
have expanded the capabilities of drones in public health applications. Case studies from Africa and Latin 
America highlight the effectiveness of drones in disease monitoring, yet challenges such as regulatory 
barriers, logistical constraints, and ethical concerns persist. This study underscores the importance of 
interdisciplinary collaboration between engineers, healthcare professionals, and policymakers to maximize 
the benefits of drones in global health initiatives. Addressing regulatory, economic, and ethical challenges 
will be crucial in advancing sustainable and impactful drone-based disease surveillance programs. 
Keywords: Drones, Disease Surveillance, Public Health, Engineering Innovations, Artificial Intelligence, 
Remote Sensing, Regulatory Challenges. 

INTRODUCTION 
Drones have gained importance in disease surveillance due to their capability to reach remote, 
underprivileged, and unplanned outbreak areas and their inability to handle diseases with social 
distancing and quarantine breaches. The relevance of drones has grown during the times of COVID-19 
pandemic. The coronavirus, after its inception in China, spread like a wildfire, observed in its spike 
through the hub city of each country. The relevance of drones increased quickly, tracking infected 
individuals rapidly, helping to limit the virus from growing, and completing the sequence of spreading 
and vanishing of the disease. Due to the vast increase in drone interest after the pandemic, new and 
essential concerns in the drone area of medical and healthcare are going to persist and would gain 
essential research and consideration by enthusiasts and organizations. The monitoring and management 
of infectious diseases have always been the focus of medical and disease containment workers, but the 
import and full attention continuously rose after the major epidemic of the SARS way back in 2002-2004. 
As the more advanced nations with vaccine technology could control it, its clusters were snuffed just in 
time. Earlier this season, the strongest COVID-19 has been recognized with a noticeable curve of deaths 
and sudden mortality. Since the virus continues to be controlled with the latest everyday medical 
research, the ideal face has also begun to ‘reside with corona’. Drones have also started to take care of this. 
Cordon lines and quarantined locations are so easily identified that a number of drones suppose one of the 
two drones with the neutralizing substance preferred will continue combing up the air from plasma cloud 
and kill the virus; the subsequently, the medical staff easily enters the cordoned section. Other analysis 
and surveillance programs based on drone innovation have appeared to less commendable educational 
institutions and hotspots of the disease, and they seem to improve the situation by pursuing innovations. 
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Most of the essential and preventive steps, such as contact tracing, monitoring, disease containment, 
hospital services, and quarantine intentions, quickly converged on drones. They are capable of reaching 
remote and hard-to-reach areas in the world’s biggest lockdown. Handling such a vast and dense 
developing country for ensuring social distancing and quarantine breaches is difficult for the local 
administration. Thus, drones played essential roles in rapidly alerting the administration and issuing 
strong warnings. Due to the innovation of drones, the tracking time and employing police force to the 
specific area substantially improved [1, 2]. 

Historical Context of Disease Surveillance 
Disease surveillance has been a pressing issue for communities since human migration has brought people 
into contact with more and different infectious agents. Human history has witnessed countless pandemics 
associated with severe and often long-lasting impacts on world regions. As generations pass, the methods 
employed to monitor and track disease outbreaks have significantly evolved to adapt to the changing 
methods of their spread. Based on the historical context of public health policies and pandemics, it 
becomes evident that there is a necessity for technological and engineering innovation to adapt to 
emerging challenges. Drones present novel and advanced capabilities for taking on numerous tasks in 
disease surveillance. The fight against COVID-19 has brought these needs and goals into sharper focus, 
and it has further emphasized and hastened the turn toward cutting-edge technology solutions like 
drones. Historically, it is understood that public health policies have changed in accordance with the 
emergence of technology. New technology can aid in the collection and analysis of data, allowing for 
advancements in disease detection and tracking beyond the methods historically available. Massive 
mortality events and surges in morbidity drive changes in social behavior, public health policy, trade 
regulation, xenophobia, and increased investment in quarantine infrastructure as a means to prevent the 
return of such phenomena. Concurrently, pandemics and severe plagues have often been followed by 
eruptions of creativity, innovation, and economic booms, with significant cross-cultural exchanges in 
knowledge, science, food, products, and artifacts across vast geographies. Historically, responses have 
been fragmented, and the readiness to invest in aggressive interventions rises and falls in waves. Using 
drones for precise public health applications, the approach is neither novel nor is it isolated; there is a 
significant body of work produced on how to best leverage the technology to combat various contagions 
and diseases [3, 4]. 

Technological Advancements in Drone Engineering 
The current decade has seen significant advancements in drone design, enhancing both hardware and 
software. Improvements in battery technology, rotor design, materials, and sensor integration have 
resulted in better flight times, payload capacities, and data quality. The incorporation of artificial 
intelligence (AI) and machine learning is transforming drone operations, enabling automation in flight 
and data analysis, especially in agriculture and wildlife ecology. Drones have also shown potential in 
health applications to combat infectious diseases. However, there is limited research on using AI in health 
drones for aerial data acquisition or decision-making during the ongoing pandemic. Drones, as unmanned 
aerial vehicles (UAVs), can deliver payloads and gather real-time data cost-effectively across the globe. 
The growing variety of commercially available drones highlights their diverse applications in numerous 
industries, notably healthcare. As stakeholders in academia, industry, government, and the public engage 
in research and development related to drone safety, the expansion of the regulatory commercial drone 
industry is expected to mirror that of commercial aviation, integrating new jobs and practices into daily 
life. Drones are currently promoted in European hospitals to transport organs and vital medical supplies, 
extending life for critically ill patients. Moreover, neurodegenerative disease detection has advanced with 
a drone-wearable system that penetrates the blood-brain barrier for tracking these diseases. Future efforts 
will focus on research in safety, industry growth, public awareness, and collaboration to maximize the 
drone industry's potential [5, 6]. 

Applications of Drones in Public Health 
The success of drones in disease surveillance and control is attracting interest from the public health 
community, with growing financial support for drone projects globally. This paper assesses the 
engineering innovations in public health drone applications, backed by academic research and reports 
from intergovernmental organizations. Drones offer low-altitude, cost-effectiveness, flexibility, unmanned 
control, real-time data transmission, and access to hard-to-reach areas, enabling high-definition 
surveillance. The National Ecological Observatory Network (NEON) has adopted drones for high-
resolution data generation in tasks like vegetation mapping and habitat monitoring using LiDAR and 
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multispectral sensors. NEON views drones as promising for ecological observation in addressing 
environmental issues. During Trump's administration, a budget of US $5 million was allocated for the 
CDC to use drones and satellite imaging to monitor virus outbreaks in Africa. In Latin America and the 
Caribbean, the Pan American Health Organization (PAHO) employs drones to monitor diseases like 
dengue and zika, assessing mosquito breeding sites. Drones have proven vital in identifying discarded 
containers that harbor rainwater, which serve as breeding grounds for disease-carrying mosquitoes [7, 
8]. 

Case Studies of Drone Deployment 
Emerging infectious diseases threaten global health, making surveillance crucial, especially in low-
resource settings. Innovative technologies, such as drones, could enhance disease surveillance through 
mapping, tracing infected individuals or animal samples, and delivering health commodities in remote 
areas. After three years of various drone projects, the technology remains in its feasibility phase, with 
insufficient data to prove a direct health impact. However, the growing demand for health-related drone 
projects necessitates the timely sharing of data by implementers. Stakeholders must grasp the 
requirements and risks of drone systems, including maintenance and operational factors. Projects should 
be monitored over a longer term to gather adequate data, considering the complex chain of events 
between drone flights and health outcomes. Field-derived entomological evidence is widely used for 
detecting malaria transmission intensity but requires expertise for accurate identification and assessment. 
Research in the Mozambique-South Africa TME explored augmenting traditional entomological 
surveillance with drone-mounted sampling. This initial study suggests adaptability and improvements for 
larger operational uses, enabling safer operations and better access to hard-to-reach habitats during low 
water conditions [9, 10]. 

Challenges in Drone Implementation 
Innovations in engineering are advancing the adaptation of drone technology for disease surveillance, but 
several challenges arise during implementation. The focus on proving drone utility often hinges on the 
accuracy of data collected and its integration with other sources. For decision-making in national 
programs, the reliability of drones must match existing technologies used in these contexts. Additionally, 
the indirect effects of drone usage on aviation and political implications following significant reductions in 
disease cases need consideration. Effective media strategies are crucial before sharing health-related data 
tied to politically sensitive technologies. As drone technology matures for varied surveillance 
applications, regulatory challenges will need addressing. Real-time classification of cases may pose 
greater political hurdles than airspace regulation adjustments. Aiming to integrate drone outputs into 
comprehensive automated visualization platforms is deemed overly ambitious due to regulatory 
constraints. Logistics also play a crucial role; programs in-country with reliable road networks may face 
significant logistical challenges. When drones are used across multiple locations with partners, they may 
need to be imported, complicating procurement and import procedures, especially from countries with 
limited aviation activity. Drones for hard-to-reach areas may require extensive training and cumbersome 
bureaucratic processes. These constraints can delay program initiation and impede scalability. The 
adaptability of drone technology for effective disease surveillance is essential. Efforts are underway to 
create a new generation of simple, reliable drones readily adaptable for use. Key design considerations are 
outlined, focusing on fixed-wing models, which may enhance scaling efforts. Preference tends to lean 
toward commercially available drones, despite higher costs, unless cheaper alternatives that meet 
necessary criteria can be identified. Many assembled drones often fail due to low-quality components not 
meeting standards [11, 12]. 

Future Directions in Drone Technology 
Innumerable possibilities exist for how drone technology can evolve and enhance monitored fire 
surveillance. The expansion of unmanned aircraft coal-fired monitoring techniques brings with it a rise in 
useful and necessary interdisciplinary research. The automation of drone tasks to best mimic fixed-wing 
measurements or direct observations is an open area of enhancing robotics and control system research. 
Ideally, drones used for medical fire surveillance will be networked with one another and autonomously 
monitor and share temporal and spectral information. For example, some drones could fly predefined 
routes around a large fire, seeing changes in temperature or smoke, while other drones could hover close 
to transmission lines and automatically track flames. Such collective drone operations are analogous to 
current military applications and are being explored as a preliminary model with some natural resource 
management and large property assessment. Further possibilities exist in the improvement or integration 



                                                                                                                                                  OPEN ACCESS 
     ©NIJRMS                                                                                                               ONLINE ISSN: 2992-5460 

Publications 2025                                                                                                      PRINT ISSN: 2992-6041 

 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited 

 
 

Page | 97 

of new sensors and data analyses. This could include improvements to onboard sensors, novel drone-
deployable sensors, or analyzing drone-captured data with new smart algorithms in data-intensive 
applications. Remote sensing in the aerial and satellite arenas are burgeoning fields with the perennial 
improvement and miniaturization of sensors. At some level, drones will become platforms of one or more 
remote sensors aimed at monitoring fire activities. Also growing are powerful new portable analytical 
techniques, particularly in the realm of geochemistry and molecular biology. Future usage of drones for 
medical fire surveillance is likely to capitalize on these research areas, for example, by coupling miniature 
gas chromatographs on drones with GIS-based dispersion models to measure harmful smoke plumes and 
predict risk areas. These examples are current research challenges, but it is expected that technologies 
will evolve. So, it is the aim to forecast possible and probable future applications to most effectively direct 
research and deployment actions [13, 14]. 

Collaboration Between Engineers and Public Health Officials 
When disease outbreaks occur, drone engineers and public health officials collaborate to use drones for 
aerial imagery and data collection. This partnership emphasizes flight patterns and real-time mapping for 
operational decisions. Successful interventions need teamwork from engineers, health officials, software 
developers, and researchers. Continuous collaboration fosters innovation in drone applications for public 
health, aligning technical capabilities with health objectives. This lets health professionals frame targeted 
questions, guiding engineers in developing effective drone designs while recognizing overly complex 
projects. Close communication and ongoing evaluation optimize responses to health needs. Engagement 
aims to tailor drone use to local priorities. Collaborations have led to impactful applications, like spraying 
insecticide to combat malaria-carrying mosquitoes. Drones operate alongside conventional aircraft using 
high-resolution imagery to create real-time, detailed 3D maps. Software processes these maps for pilots 
via an Android app. Government-led vaccination campaigns utilize synchronized drone flights, 
coordinating with on-ground activities and collecting epidemiological data post-campaigns. Autonomous 
drone-equipped warehouses move goods efficiently. Evaluations emphasize drones as viable public health 
solutions, supported by pilot studies and training programs for engineers and health practitioners, 
blending theoretical knowledge with practical skills. Training includes epidemiology and airspace 
principles, focusing on privacy and consent. Programs designed to enhance communication cultivate 
professionals integrating health and engineering perspectives. Feedback loops and local intern programs 
refine drone applications in health. Engaging engineers and health practitioners early increases project 
success likelihood. Hands-on involvement spreads relevant knowledge, guiding future projects. Given the 
complexity in public health, experimental deployments draw insights from diverse pilot studies 
addressing various epidemiological challenges [15, 16]. 

Economic Considerations in Drone Usage 
Drone programs necessitate the presence of supply chain and technical elements for effective and 
sustainable use. Unfortunately, these factors are often neglected during the adoption of new technologies 
or under political pressure. Program managers must grasp the costs and considerations of maintaining a 
drone fleet to make informed decisions about investments and expansion, implement necessary 
safeguards, and set realistic expectations with local partners. While drones offer significant benefits, 
discussions tend to emphasize health outcomes, sidelining economic implications that are crucial for 
setting realistic government and community expectations, ensuring transparency in funding distribution, 
and enabling efficient spending. Additionally, cost-effectiveness studies are often treated as sensitive, 
although basic assessments could be shared for broader discussion. After three years of pilot projects, 
most drone applications remain in the feasibility phase. However, demand is growing, with the WHO 
handling over 30 healthcare proposals. To shape strategy, valuable data from these pilots should be 
analyzed, and experiences documented and shared promptly. Recent workshops exposed a culture of 
secrecy among drone implementers, which hinders learning and resource use efficiency. While promoting 
drones over traditional transport methods for medical deliveries, assumptions about road issues and 
accidents can overlook other insights drones provide. The cost-effectiveness of drones compared to 
conventional methods extends beyond initial considerations, and addressing other developmental 
necessities may not always relate to drone technology. A broader perspective should enhance planning 
and development efforts [17, 18]. 

Ethical Implications of Drone Surveillance 
Concerns regarding dignity and risk are raised about the design, development, implementation, and 
assessment of drones in public healthcare to uphold autonomy-respecting principles. A principal issue 
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with using drones for distributing essentials and managing emergencies is their high accident rates, 
which often affect lower-income areas disproportionately. The proposal seeks solutions for accident 
prevention without decommissioning drones, considering accident risk as the product of (probability of 
accident) x (moral weight of consequence) x (opportunity for mitigation). The rapid implementation of 
drones has led to insufficient mitigation systems and inadequate access to existing ones. This concern can 
be categorized into transparency, accountability, public guidance for those affected by drone accidents, 
and a triage system for regulatory responses. Each factor could potentially enhance overall welfare. 
Unmanned aerial vehicles, or drones, are now commonly available and have evolved from tasks like crop 
dusting and photography to significant roles in medical research. The surge in public drone usage has led 
to confusion and, in some cases, bans, especially critical in managing pandemics. This highlights the 
ethical issues surrounding large-scale drone deployment. In response, two actions will be detailed: first, 
ethical protocols for drone integration in public healthcare; second, methods to address privacy threats 
and protect individual liberties during drone operations. Equipped with AI, Big Data, and advanced 
imaging technologies, drones offer new possibilities for public health interventions, particularly 
concerning infectious diseases. They can gather individual and environmental data, facilitating real-time 
analysis and resource management, particularly in resource-limited settings. This data can also inform 
sophisticated modeling techniques to predict infection risks and identify priority areas for public health 
initiatives. When integrated with real-time disease surveillance, drones can deliver immediate feedback on 
the effectiveness of non-pharmaceutical health interventions [19, 20]. 

Training and Education for Drone Operators 
There has been significant emphasis on the usability, technical robustness, and public health impacts of 
drones for malaria control, but the skills required for drone pilots have received little attention. Past 
studies indicate the necessity of technical, communication, and analytical skills for drone pilots in health 
and other sectors, highlighting the need for specialized training. However, empirical studies validating 
these findings are lacking. In Madagascar, Senegal, and Malawi, where drones are being implemented 
across various sectors, early experiences underscore the importance of comprehensive training for pilots. 
Training should focus on developing technical and analytical abilities alongside effective communication 
with stakeholders. Education programs must also address safety and regulatory compliance. 
Collaboration between health programs and academic institutions providing drone pilot training is 
essential. Challenges faced by drone pilots include managing public perception, adhering to laws, and 
maintaining equipment. Their ability to navigate these obstacles hinges on their analytical, technical, and 
soft skills. Analytical skills aid in breaking down plans into feasible steps, technical skills involve flying 
and troubleshooting drones, and soft skills foster effective community interaction. These interlinked skills 
must be integrated into the training process, alongside ongoing education to adapt to technological 
advancements. All health stakeholders should aim for a collaborative approach to engage drone pilots 
effectively. Insights on collaboration between academic institutions, health implementers, and aviation 
authorities inform training quality. Key training aspects in Malawi and Madagascar include pilot 
certification, continued support, and accessible e-learning resources. Open-source materials covering 
drone programming, piloting, and maintenance aim to enhance the training relevance for both pilots and 
program managers, especially for newcomers to drone technology. Current training includes safety, pre-
flight assessments, maintaining flight logs, and basic maintenance practices. Additionally, a pilot 
conditional cash transfer (CCT) was deployed via drones to enhance local capacity. Some pilots have 
expressed interest in acquiring delivery drones for supplementary income, highlighting the importance of 
preparing drone operators for diverse challenges in disease surveillance efforts [21, 22]. 

Community Engagement and Awareness 
Rapid technological improvements and falling prices over the last few years have led to an increase in 
drone use in health surveillance. The goal is to showcase emerging engineering innovations in drone 
technology for health monitoring applications – including in laboratory samples, sanitation, and disease 
vectors – that have the potential to greatly assist disease control efforts. Understanding the potential of 
the growing range of tools that are made available is crucial for prioritization and engagement with 
stakeholders, especially in low-resource settings. Recent innovative engineering focusing on integrating 
sample collection and analyte detection into drones, which therefore do not necessarily have to return to a 
central location for testing, is discussed. Current trends and future directions of laboratory sample drones 
in health monitoring development are reviewed to stimulate thinking of how these types of drones can be 
used. Though there is still a way to go before drone disease monitoring becomes routine due to technical, 



                                                                                                                                                  OPEN ACCESS 
     ©NIJRMS                                                                                                               ONLINE ISSN: 2992-5460 

Publications 2025                                                                                                      PRINT ISSN: 2992-6041 

 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited 

 
 

Page | 99 

operational, regulatory, and cost challenges, their development holds promise for both large-scale and 
more localized public health applications, as well as encouraging innovation in other areas of drone public 
health intervention [23, 24]. 

Regulatory Frameworks for Drone Operations 
Ensuring compliance with national and local regulations is almost always a hurdle to overcome when 
designing operations. Drone regulations are in constant development and vary greatly between regions 
and countries. It is important that laws are adapted to accommodate new technologies and utilised in a 
way that does not infringe on human rights, generating distrust in public health interventions. Current 
regulators tend to enforce operations in flight, not addressing the privacy concerns of the population 
living in areas of interest and falling short on mitigating some ethical issues around the use of drones. 
Deliberate efforts of governments, health organisations, and developers are required to engage these 
stakeholders in the definition of regulations and best practices. Fundamentally, regulations remove 
potential obstacles to public trust, mitigate ethical concerns associated with the policies in place, and 
reward local deployment by global health best practices. Case studies of regulatory failures and successes 
can be found in annexes, and experts are available for advice on regulations during the design and 
deployment of new systems. A guidebook relating to regulatory workflows is under elaboration. It aims 
to promote the exchange of best practices to ensure that drone-oriented development of health products 
and services can occur within an environment of transparency. In a field discussion, participate in 
interrogate Winfred Mabbs Conference on regional regulatory approaches and the role that regional 
regulatory frameworks could take on to facilitate drone operations in a way that fosters coherence and is 
responsive to global health security and health protection standards [25, 26]. 

Environmental Impact of Drone Use 
While drones offer faster data collection, concerns about their environmental impact persist. The 
potential benefits of drones in monitoring vector-borne diseases (VBDs) include reduced carbon emissions 
compared to traditional vehicles and no fossil fuel dependency. However, drones can also contribute to 
noise pollution, affecting wildlife behavior and potentially increasing their vulnerability. Lifecycle 
assessments reveal significant impacts on freshwater eutrophication due to polymer production and 
energy consumption. Examples show how inadequate environmental management during drone 
operations has led to severe ecosystem degradation. Evaluating the environmental footprint of drone 
operations for VBD surveillance requires considering a comprehensive lifecycle approach. Anticipating 
increased drone use for biomedical purposes calls for a thorough examination of environmental, privacy, 
legal, ethical, and safety issues. Research often focuses on accident prevention rather than sustainable 
practices, which is critical amid the ecological crisis. Understanding drones' environmental impact—from 
battery production to airspace congestion—is essential for developing responsible regulations. 
Investments in technology like GIS and UAS can address broader environmental issues, such as 
deforestation. This highlights the importance of assessing projects against criteria like biodiversity, 
pollution, public health, and soil and water quality. Examples of environmentally mindful drone use can 
guide local action, balancing technological benefits for health with environmental responsibilities, 
fostering greener practices [27-30]. 

Interdisciplinary Approaches to Disease Surveillance 
Collaboration among public health, remote sensing, engineering, data science, and environmental studies 
specialists can greatly improve drone use for disease surveillance. Breaking down silos and fostering 
interdisciplinary collaboration allows for effective responses to complex health and environmental 
challenges. Teams pursue a common goal by integrating expertise from public health, drone engineering, 
data analysis, and environmental studies to understand disease transmission. This multidisciplinary 
approach enhances science, education, and policy while enabling real-time surveillance networks and 
public health interventions. These teams can tackle intricate health questions, design specialized drones 
and sensors, and deploy them in challenging locations, bridging technology, data, and health. Numerous 
successful projects showcase how public health, engineering, data science, and environmental studies can 
collaborate on drone design for surveillance. Potential barriers to this interdisciplinary work are 
acknowledged, along with strategies to foster an interdisciplinary culture in research and practice. For 
healthcare professionals unfamiliar with drone technology’s potential in disease control, this perspective 
could shift their understanding of health and the environment. As healthcare costs rise, drones serve as 
cost-effective tools for remote surveillance and support traditional care, especially in areas impacted by 
poverty, conflict, or climate change. A holistic perspective that places diseases in an ecological and social 
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context is emphasized, exploring alternative solutions to medicalizing the environment for improved 
health [31-34]. 

CONCLUSION 
Drones have emerged as a transformative tool in disease surveillance, offering unparalleled advantages in 
real-time monitoring, outbreak management, and healthcare logistics. Their integration into public health 
strategies requires careful navigation of regulatory, economic, and ethical challenges. By fostering 
collaboration among engineers, public health officials, and policymakers, the potential of drones in disease 
surveillance can be fully realized. Future research should focus on enhancing automation, improving AI-
driven analytics, and developing robust regulatory frameworks to ensure safe and effective 
implementation. As technology advances, drones will play an increasingly vital role in global health 
strategies, making disease surveillance more efficient and accessible, particularly in remote and 
underserved regions. 
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