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Abstract
Author Details Epidemiological surveillance is one of the basic concepts
Keywords: Digital health, of the practice of public health that allows gathering health
epidemiological surveillance, data systematically, analyzing it, interpreting it, and
public health informatics, disease spreading the results to make decisions on the prevention
monitoring, health data systems and control of diseases. Although traditional surveillance

systems are fundamental, they are usually constrained by
slow reporting, sub-par coverage, and reliance on manual
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real-time data collection, analytical capacity, and coverage
Corresponding E-mail & Author*: to a greater population. Electronic health records, mobile

health applications, wearable devices, telemedicine
platforms, and digital disease surveillance systems
represent digital health tools that have brought about new
opportunities of detecting outbreaks in time, tracking
trends of diseases, and assessing the effectiveness of the
intervention to the health of the population. This narrative
review delves into how digital health is changing the
nature of contemporary epidemiological surveillance, particularly the most important
technologies, applications, benefits, and limitations. It is also discussed in the review
how ethical, legal, and equity-related issues can be addressed and what the future of
incorporating digital health innovations into strong and adaptive surveillance systems
can be. The results highlight the importance of the digital health as a way of
enhancing epidemiological surveillance mechanisms, bettering the decision-making of
the general population, and increasing the global health security under a responsible
and inclusive implementation.
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Introduction

Epidemiological surveillance is an important factor in protecting the health of
populations as it facilitates the detection of disease outbreaks in the earliest possible
way, the surveillance of endemic diseases, and the evaluation of the interventions of
the general population (Akindahunsi et al., 2024). Traditional surveillance methods
have been based on passive reporting by healthcare facilities, lab confirmations and
periodically administered surveys (Alahmari et al., 2024). Although the approaches
have played a significant role in improving the progress of the public health, they are
usually limited by data reporting delays, underrepresentation of some populations and
ability to scale during an emergency in the context of a public health (T KADAKIA &
Desalvo, 2023).

The growing digitalization of healthcare systems and the active application of digital
technologies have triggered an epidemiological surveillance paradigm shift (Rashid et
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al., 2025). Digital health, which is a broad term referring to the application of
information and communication technologies in the support of health and health care
provision has brought new transformative processes of gathering and analyzing
health-related data at the rate and scale never seen before (Longhini et al., 2022). The
introduction of online health-related technologies into surveillance systems has been
especially apparent within the recent global health outbreaks, where timely data
sharing and real-time tracking were the key to successful reaction (Al-Shorbaji, 2022).
The purpose of the review is to explore the contribution of digital health to the
contemporary epidemiological surveillance with particular attention to the key digital
tools, their usage, advantages, and challenges. This paper offers a critical summary of
the implications of the digital health on the surveillance practices in the modern
public health environment by synthesizing existing evidence and conceptual advances.

Conceptual Framework of Digital Epidemiological Surveillance

Digital epidemiological surveillance is one of the modern forms of the old
surveillance model, which has transformed the use of digital sources of data and
analysis methods (Akindahunsi et al., 2024). Digital surveillance uses both structured
and unstructured data created during normal healthcare processes and at the
population level by use of digital interactions unlike the traditional systems that are
largely based on structured clinical and lab reports (Methuku, 2025).

Digital surveillance, in essence, is based on the ideas of capturing data in real-time,
automated processing of information, and ongoing monitoring (Subrahmanya et al.,
2022). The information can be sourced by the healthcare systems, personal digital
devices, social networks, and environmental sensors, which allows a more complex
and dynamic display of population health. These systems also tend to use
interoperable systems and standard data formats to provide integration across a range
of diverse sources to improve situational awareness and decision-making ability
(NIRCST, 2024).
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Figure 1. Conceptual Framework of Digital Epidemiological Surveillance

Key Digital Health Technologies in Epidemiological Surveillance

Electronic Health Records and Health Information Systems

Electronic health records (EHRs) have evolved into a building block of electronic
surveillance. They offer organized, longitudinal information on the patients, which
can be compiled to assess the incidence, prevalence and patterns of healthcare use of
the disease (Shen et al., 2025). EHRs can provide automated reporting of notifiable
diseases when incorporated into national or regional health information systems,
which makes the process of reporting timely instead of delayed due to manual
reporting. Surveillance on chronic diseases, vaccination coverage, and antimicrobial
resistance trends have seen the EHR-based surveillance as a useful tool (Sharma et al.,
2025).

Page 599



Mobile Health Applications and Wearable Devices

Mobile health (mHealth) apps and wearables yield streams of health-related data, such
as symptoms, exercise, physiological data, and geo-location data all the time. These
technologies are used to enable participatory surveillance through which people
actively feed data to surveillance systems (Huang et al., 2025). These methods have
helped to increase the rate at which influenza-like diseases are detected, the
movement of people during an outbreak, and also assisted in real-time evaluation of
behavioral risk factors. The area of wearable technologies in particular provides a
prospect of early signs that can be detected before the occurrence of clinical signs
(Maswadi & Alhazmi, 2026).

Digital Disease Surveillance Platforms

The digital disease surveillance platforms consolidate data of wvarious origins,
including care systems and labs and non-conventional information streams (Kong et
al., 2023). These platforms would apply automated algorithms which detects
abnormal behavior and alerts about the possibility of an probable outbreak. They are
particularly useful in the early warning system and prompt response to emergent
health threats because of their ability to work almost in real time (Roberts &
Oosterom, 2025).

Telemedicine and Remote Monitoring Systems

Telemedicine portals can help in surveillance by recording healthcare exchanges
which would not be recorded in the traditional facility-based exchanges (Anab et al.,
2025). Remote monitoring devices allow keeping chronic or infectious patients under
constant control, which produces valuable information on the development of diseases
and the results of treatment. These technologies have increased the scope of
surveillance to isolated and underserved communities, especially in the times of
limited treatment (Calhoun, 2022).

Applications of Digital Health in Epidemiological Surveillance

Early Outbreak Detection and Response

The data streams can be used to identify abnormal disease trends in real time and
deploy appropriate response to address the disease through timely interventions to the
community. Digital surveillance has also played a key important role in identifying an
outbreak even before it is identified through the traditional reporting systems which
will lower the time taken to respond as well as the possible transmission of a disease
(Kostkova et al., 2021).

Monitoring of Infectious and Non-Communicable Diseases

Digital health tools assist in constant monitoring of drugs as well as infectious and
non-communicable diseases. Infection disease surveillance enjoys the advantages of
the quick-case detection and contact tracing, and surveillance of non-communicable
diseases is enhanced by the longitudinal nature of the risk factor and treatment
adherence and health outcome data (Aizaz et al., 2023).

Evaluation of Public Health Interventions

The digital health data integration allows these strong assessments on the
interventions of the public health, through real-time feedback of program
implementation and results. Health promotion programs, policy measures and
interventions Surveillance can determine the quality of vaccination campaigns, health
promotion and policy interventions, which can inform adaptive planning and resource
distribution (Anthony, 2023).

Advantages of Digital Health—Enabled Surveillance
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There are a number of benefits associated with digital health technologies compared
to traditional surveillance systems. These are enhanced timeliness and accuracy of
data, coverage of wider population and increased analytical capability. By automating
the data collection, healthcare providers could reduce reporting burden, and the
focused analytics can be used to allow predictive modeling and scenario planning. In
addition, digital surveillance helps to maintain decentralized and scalable systems that
can react quickly to dynamically changing health issues of the population (Bolarinwa
etal.).

Challenges and Limitations

Although promising, digital epidemiological surveillance has a great difficulty.
Standardization and data quality are also important issues, especially when using
heterogeneous sources of data. The most important are privacy and data security
concerns, whereby the surveillance systems deal with personal health information that
is sensitive. Special ethical issues pertaining to consent, ownership of data, and
secondary use of data should be handled. Moreover, digital disparities and digital
illiteracy have the potential to worsen health disparities in case digital surveillance
systems are not planned inclusively (Olu-Abiodun et al., 2025).

Ethical, Legal, and Equity Considerations

There are significant ethical and legal concerns with the growth of digital surveillance.
To have sustainable implementation, transparency, accountability, and trust of the
people is necessary. Laws should be able to weigh the benefits of community health
against the rights of individuals, and in this regard, the approaches to equity are
required, so that marginalized groups are not excluded by digital surveillance. These
considerations are important to digital health technologies in epidemiology (Agrawal,
2024).

Future Directions

Digital health innovations have further potential to offer solutions to the future of
epidemiological surveillance by becoming part of the traditional public health
infrastructure. The developments of artificial intelligence, machine learning, and big
data analytics will improve the predictive capabilities and decision support.
Enhancement of interoperability, governance structures and workforce capacity will
be necessary in order to achieve the maximum potential of digital surveillance
systems.

Conclusion

Digital health has become one of the most powerful sources in current
epidemiological surveillance and has provided effective instruments to monitor in
real-time, identify an outbreak at an early stage and make informed decisions in the
field of public health. With the problem of data quality, privacy, and equity being
there, strategic implementation, and good governance can enable the digital health
technologies to supplement traditional surveillance systems and make them more
robust. In the context of the constantly changing nature of threats to the health of the
population, digital epidemiological surveillance will become more and more
important toward fostering population health and global health security.

Page 601



References

Agrawal, G. (2024). Accountability, trust, and transparency in Al systems from the
perspective of public policy: Elevating ethical standards. In Al healthcare
applications and security, ethical, and legal considerations (pp. 148-162). IGI
Global.

Aizaz, M., Khan, F., Ali, B., Ahmad, S., Naseem, K., Mishra, S.,...Yang, G. (2023).
Significance of Digital Health Technologies (DHTS) to manage communicable
and non-communicable diseases in low and middle-income countries
(LMICs). Health and Technology, 13(6), 883-892.

Akindahunsi, T., Olulaja, O., Ajayi, O., Prisca, I., Onyenegecha, U. H., & Fadojutimi,
B. (2024). Analytical tools in diseases epidemiology and surveillance: A
review of literature. International Journal of Applied Research, 10(9), 155-
161.

Al-Shorbaji, N. (2022). Improving Healthcare Access through Digital Health: The
Use of. Healthcare Access, 315.

Alahmari, A. A., Almuzaini, Y., Alamri, F., Alenzi, R., & Khan, A. A. (2024).
Strengthening global health security through health early warning systems: A
literature review and case study. Journal of Infection and Public Health, 17,
85-95.

Anab, E., Gitau, T., Yegon, E., Mwita, N., Ochieng, M., Koimur, A.,...Oluoch, D.
(2025). Leveraging telemedicine to improve MNCH uptake in Kenya: a
community-based hybrid model. Frontiers in Digital Health, 7, 1668776.

Anthony, O. O. (2023). Integrating Digital Health Platforms for Real-Time Disease
Surveillance and Response in Low-Resource Settings. SRMS JOURNAL OF
MEDICAL SCIENCE, 8(02), 131-136.

Bolarinwa, D., Egemba, M., & Ogundipe, M. Developing a Predictive Analytics
Model for Cost-Effective Healthcare Delivery: A Conceptual Framework for
Enhancing Patient Outcomes and Reducing Operational Costs.

Calhoun, B. C. (2022). Preparing Clinicians and Patients for the Future of Virtual
Medicine and Telehealth. In Healthcare Information Management Systems:
Cases, Strategies, and Solutions (pp. 81-91). Springer.

Huang, X., Fayoumi, A., Winter, E., & Najdawi, A. (2025). Design requirements of
breast cancer symptom-management apps. Informatics,

IJIRCST, 1. (2024). The role of digital health technologies and sensors in
revolutionizing wearable health monitoring systems. International Journal of
Innovative Research in Computer Science and Technology (1JIRCST).

Kong, J. D., Akpudo, U. E., Effoduh, J. O., & Bragazzi, N. L. (2023). Leveraging
responsible, explainable, and local artificial intelligence solutions for clinical
public health in the Global South. Healthcare,

Kostkova, P., Saigi-Rubid, F., Eguia, H., Borbolla, D., Verschuuren, M., Hamilton,
C.,...Novillo-Ortiz, D. (2021). Data and digital solutions to support
surveillance strategies in the context of the COVID-19 pandemic. Frontiers in
Digital Health, 3, 707902.

Longhini, J., Rossettini, G., & Palese, A. (2022). Digital health competencies among
health care professionals: systematic review. Journal of Medical Internet
Research, 24(8), e36414.

Maswadi, K., & Alhazmi, A. (2026). Towards Sustainable Health Management in the
Kingdom of Saudi Arabia: The Role of Artificial Intelligence—A Systematic
Review, Challenges, and Future Directions. Sustainability, 18(2), 905.

Methuku, V. (2025). NLP and Al for Public Health Intelligence: Automating Disease
Surveillance from Unstructured Data. ICCK Transactions on Emerging Topics
in Artificial Intelligence, 2(1), 43-56.

Olu-Abiodun, O., Faturoti, A., Adepoju, A., Adeloye, D., Adebiyi, A., & Abiodun, O.
(2025). Effectiveness and challenges of digital tools implementation for

Page 602



enhancing infectious disease surveillance data quality in low-and middle-
income countries: A systematic review protocol. PLoS One, 20(8), e0330904.

Rashid, Z., Ahmed, H., Nadeem, N., Zafar, S. B., & Yousaf, M. Z. (2025). The
paradigm of digital health: Al applications and transformative trends. Neural
Computing and Applications, 1-32.

Roberts, T., & Oosterom, M. (2025). Digital authoritarianism: A systematic literature
review. Information Technology for Development, 31(4), 860-884.

Sharma, S., Verma, A., Sharma, A., Singh, S., & Begum, S. S. (2025). Electronic
Health Records (EHRS) Implementation. In Optimized Healthcare:
Leveraging Technology for Efficiency and Accessibility (Part 1) (pp. 108-140).
Bentham Science Publishers.

Shen, Y., Yu, J., Zhou, J., & Hu, G. (2025). Twenty-five years of evolution and
hurdles in electronic health records and interoperability in medical research:
comprehensive review. Journal of Medical Internet Research, 27, €59024.

Subrahmanya, S. V. G., Shetty, D. K., Patil, V., Hameed, B. Z., Paul, R., Smriti,
K.,...Somani, B. K. (2022). The role of data science in healthcare
advancements: applications, benefits, and future prospects. Irish Journal of
Medical Science (1971-), 191(4), 1473-1483.

T KADAKIA, K., & Desalvo, K. B. (2023). Transforming Public Health Data
Systems to Advance the Population's Health. The Milbank Quarterly,
101(Suppl 1), 674.

Page 603



