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Abstract

This systematic review explores the application of Geographic Information Systems (GIS) in disease
surveillance, a critical tool for managing emerging health threats in the 21st century. By enabling real-time
monitoring, spatial analysis, and data integration, GIS has become essential for tracking disease outbreaks,
optimizing healthcare resources, and informing public health interventions. The study highlights how GIS
technology enhances preparedness and response during crises, with a particular emphasis on the COVID-19
pandemic, where GIS facilitated rapid data dissemination and visualization. Moreover, the integration of
artificial intelligence and data analytics with GIS systems promises to advance predictive capabilities, improve
decision-making, and foster global collaboration. Despite its transformative impact, challenges such as data
quality, ethical considerations, and infrastructure limitations are noted. Addressing these obstacles through
stakeholder engagement and equitable access is crucial for maximizing GIS’s potential to build resilient health
systems capable of confronting future public health crises.
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1. Introduction

Using Geographic Information Systems (GIS) for
disease surveillance in the 21% century represents a
transformative approach to public health, enabling
real-time monitoring, integration of diverse data sets,
and spatial analysis. GIS is crucial for tracking
disease outbreaks, optimizing resource allocation,
and enhancing public health decision-making
through advanced mapping and analytics. During the
COVID-19 pandemic, GIS proved essential for
disseminating accurate, timely health information,
allowing public health authorities to respond quickly
to evolving threats [1]. This technology also
facilitates collaboration across regions,
comprehensively understanding disease patterns and
enabling coordinated responses. Furthermore, GIS
aids in identifying vulnerable populations, predicting
outbreak hotspots, and informing preventive
measures, thus enhancing preparedness and
resilience in the face of emerging global health
challenges [2] and [3]. Integrating geographic and
demographic  data  helps public health
systems monitor trends and allocate resources
effectively, ultimately improving outcomes and
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saving lives. As the global landscape of infectious
diseases continues to evolve, GIS will play an
increasingly critical role in managing health threats,
making it an indispensable tool in modern public
health efforts. In this dynamic and complex field, the
continued development and application of GIS
technologies are vital for building more resilient and
responsive health systems capable of mitigating
future pandemics and other public health crises [4].
By fostering global collaboration and ensuring
equitable access to these technologies, GIS can
significantly contribute to advancing health security
and preparedness worldwide [5] and [6].

The review emphasizes the potential of
Geographic Information Systems (GIS) in disease
surveillance, but it also acknowledges several
challenges. These include issues with data quality,
infrastructure limitations, and ethical concerns
surrounding privacy and data sharing. Effective
implementation of GIS also requires robust training
and  stakeholder engagement to  prevent
misinterpretation and ensure the proper use of these

tools.



Additionally, continuous evaluation and adaptation
of GIS technologies are crucial as public health
agencies respond to emerging health threats, ensuring
systems remain reliable and equitable across diverse
settings. Global collaboration and equitable access to
technology are critical for building resilient health
systems that can address pandemics and public health
challenges effectively [7] and [8].

The future of Geographic Information Systems
(GIS) in disease surveillance is projected to evolve
significantly with the integration of artificial
intelligence (Al) and real-time data aggregation. Al
will enable the automation of data analysis,
enhancing the accuracy and speed of outbreak
predictions. Real-time aggregation of data from
various sources will further improve the precision of
public health interventions, facilitating better
situational ~ awareness.  Additionally,  global
cooperation and equitable access to technology are
paramount to developing resilient health systems
capable of efficiently responding to pandemics and
addressing health disparities. Such advancements
will help public health authorities detect, monitor,
and mitigate health crises more effectively, reducing
the response time during outbreaks and enhancing
global preparedness. [9] and [10]. The systematic
review highlights the critical importance of
Geographic Information Systems (GIS) in modern
health surveillance, especially in the face of evolving
public health threats. As the field continues to
change, GIS must incorporate advanced technologies
such as artificial intelligence (Al) and data analytics
to improve the accuracy and efficiency of disease
detection and monitoring [11] [12] and [13].

These technologies also offer enhanced decision-
making capabilities for health professionals, enabling
faster and more targeted responses to health crises.
Global collaboration is emphasized as essential,
particularly in ensuring equitable access to GIS
technology. Many regions, especially low-resource
settings, face significant barriers in accessing and
utilizing these advanced tools [14]. Bridging this gap
is vital for strengthening global health systems and
reducing disparities, making sure that all regions can
effectively combat disease outbreaks.

Moreover, the review stresses the need for
continuous research and innovation in GIS
methodologies. This includes developing systems
that can integrate real-time data from diverse sources,
enabling more predictive and dynamic approaches to
disease surveillance. By improving situational
awareness, health systems can implement
interventions more rapidly and efficiently. Ethical
concerns, especially related to privacy and data
sharing, remain key challenges in expanding GIS use.
As more data is collected and integrated,
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safeguarding patient privacy while ensuring the
responsible use of information becomes increasingly
important. Addressing these concerns is crucial to
maintaining public trust and enhancing the overall
effectiveness of GIS in public health. Through
ongoing  research, innovation, and global
cooperation, GIS will continue to be a transformative
tool in public health, helping professionals better
manage current and future health challenges [15] and
[16].

2. Historical Context

The integration of Geographic Information Systems
(GIS) into public health has significantly evolved
over centuries, with its origins traced back to the
earliest documented use of maps in 1694 during
efforts to contain the plague in Italy. This period
marked the beginning of spatial visualization as a
valuable tool for linking place and health [17]. Over
the next 225 years, maps played a crucial role in
tracking and controlling infectious diseases,
including yellow fever [18], cholera [19] and [20],
and the 1918 influenza pandemic [21]. These
historical applications highlighted the importance of
mapping in public health, particularly in visualizing
the spread of diseases and understanding patterns of
transmission. As the understanding of the
relationship between geography and disease
developed, GIS technologies advanced, allowing for
more sophisticated analyses. During outbreaks, such
as cholera in the 19th century, maps were used to
pinpoint sources of infection and inform public
health interventions [19] and [20], a famous example
being John Snow’s cholera map in 1854, which
traced the outbreak to a contaminated water pump in
London [22] and [23]. These early efforts laid the
foundation for the modern use of GIS in public
health. Today, GIS has evolved into a powerful tool
for disease surveillance, outbreak response, and
health resource management [24]. By integrating
real-time data, GIS allows public health professionals
to track disease spread, analyze risk factors, and
allocate resources effectively. This technology is
now indispensable in modern public health, offering
valuable insights for responding to both infectious
and non-infectious disease challenges globally [25]
and [26].

The advent of computerized Geographic
Information Systems (GIS) in the 1960s marked a
transformative shift in public health, enhancing the
ability to analyze, visualize, and detect disease
patterns rapidly and accurately [27]. This
breakthrough allowed for real-time spatial data
integration, leading to more informed decision-
making during outbreaks.
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A 2014 systematic review revealed that 28.7% of
health-related GIS studies were focused on infectious
disease mapping, highlighting its vital role in this
area [28]. GIS has become essential for identifying
high-risk areas [29], predicting outbreaks [30], and
planning interventions, contributing significantly to
global health surveillance and response [31].
Moreover, GIS's influence extends beyond infectious
diseases to include mapping non-communicable
diseases, analyzing environmental risks, and
assessing disparities in healthcare access. Its
integration  with  technologies like artificial
intelligence further enhances predictive capabilities,
allowing health agencies to anticipate and respond to
health challenges more efficiently. GIS now serves as
a cornerstone in modern public health, providing
crucial insights that improve both short-term crisis
management and long-term healthcare planning [32].
The SARS outbreak in 2003 catalyzed the rise of
web-based tools for applied geography [33] and [34],
leading to an increase in the accessibility and
utilization of GIS in real-time disease tracking. This
development proved crucial during the COVID-19
pandemic, where various maps and charts were
employed to illustrate the rapid spread of the virus
and the subsequent strain on health infrastructures
worldwide [6] [35] and [36].

Additionally, the World Health Organization
(WHO) established the Global Outbreak Alert and
Response  Network (GOARN) to enhance
international cooperation in managing outbreaks of
epidemic-prone diseases. GOARN brings together
technical  expertise, health  resources, and
coordination from a global network of organizations,
enabling a rapid, well-coordinated response to
emerging health threats. This initiative has been
pivotal in strengthening global preparedness by
consolidating the necessary skills and resources to
control outbreaks, improve surveillance, and ensure
a timely response. GOARN is key in addressing
global health challenges like pandemics,
and ensuring stronger international collaboration in
public health management [37].

3. Methodology of the Systematic Review

3.1 Systematic Review Framework

A systematic review was conducted following the
guidelines provided by the Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses
(PRISMA) checklist. The PRISMA framework
ensures that systematic reviews are comprehensive,
transparent, and methodologically sound by
following structured steps, including identification,
screening, eligibility, and inclusion of relevant
studies [38]. Using PRISMA helps maintain the rigor
and quality of reviews, ensuring reproducibility and
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providing clear insights into the evidence base on a
particular topic, making it essential for systematic
health research and reviews. The review aimed to
evaluate web-based infectious disease surveillance
systems by implementing a comprehensive search,
screening, and analysis process across various
databases, including PubMed, Web of Science, and
Embase, covering literature published between 2000
and 2015. Eleven surveillance systems were selected
for evaluation due to their frequent use and relevance
in the field. These systems were chosen based on
their widespread application in public health
surveillance and their ability to provide valuable
insights into monitoring disease trends, assessing
health threats, and facilitating timely responses. The
selection criteria likely focused on the systems'
effectiveness, data quality, and overall impact on
public health outcomes, ensuring that the evaluation
covered the most pertinent and impactful surveillance
tools in use today.

3.2 Study Selection Process

The study selection employed a systematic
framework for identifying, retrieving, and
summarizing relevant literature. The inclusion

criteria focused on full-text citations published in
English between 1993 and 2023. This approach
ensured a comprehensive review of relevant
materials within the defined timeframe, allowing for
a thorough evaluation of the selected literature. The
systematic method adhered to established guidelines,
ensuring transparency, consistency, and quality in the
selection and review process. This robust framework
facilitated a detailed and accurate synthesis of the
findings within the scope of the study. The selection
process was conducted in three phases: title
screening, abstract screening, and full-text review.
Two independent reviewers facilitated this process,
ensuring a rigorous and unbiased approach.
Duplicates were removed, and manuscripts were
screened based on predefined inclusion criteria, with
a particular emphasis on health facility-based disease
surveillance systems. This multi-phase approach
ensured that only the most relevant and high-quality
studies were included in the final review, adhering to
the systematic framework established for this
evaluation.

3.3 Data Quality Assessment

To ensure a robust analysis, three data quality
categories were defined: conformance,
completeness, and plausibility. These categories
assessed various aspects of data quality.
Conformance measured the internal and external
consistency of the data, ensuring alignment with
established standards.
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Completeness evaluated the presence and coverage
of necessary data elements, ensuring no critical
information was missing. Plausibility examined the
temporal consistency among values, verifying that
the data followed expected patterns over time [39].
This structured approach helped ensure data
reliability and accuracy in the evaluation process.
The assessment differentiated between verification
and validation processes. Verification focused on
ensuring consistency within the dataset itself,
examining whether the data adhered to internal
standards and maintained logical coherence.
Validation, on the other hand, assessed how well the
data conformed to external datasets, ensuring that it
aligned with other credible sources. This distinction
ensured that both the internal integrity of the data and
its reliability when compared to external references
were thoroughly evaluated, providing a more
comprehensive analysis of data quality [40].

3.4 Search Strategy

A comprehensive search was conducted using a
combination of Medical Subject Headings (MeSH)
terms and related keywords. The search focused on
domains such as surveillance, evaluation,
framework, and health to capture relevant literature.
This approach ensured that a wide array of sources
was considered, facilitating a thorough exploration of
the topic. Utilizing MeSH terms enhanced the
precision of the search, as it allowed for the
identification of relevant studies across various
databases by categorizing medical concepts
systematically [41]. Specific search strategies
employed various algorithms to retrieve articles
published between January 2010 and November
2022. This approach ensured broad coverage of
relevant literature across multiple domains, capturing
studies that aligned with the review’s focus areas. By
combining tailored search algorithms with Medical
Subject Headings (MeSH) terms and relevant
keywords, the search process was optimized to
identify key articles and data sources related to
surveillance, evaluation frameworks, and public
health, ensuring a comprehensive and systematic
review of the available literature [42].

3.5 Data Presentation and Analysis

Data analysis techniques, including artificial
intelligence and data mining, were applied to identify
trends and patterns over time. Various analysis types
were utilized, including geographic-level
comparisons and evaluations of key performance
indicators (KPIs) [43]. The features for effective data
presentation included clarity, organization, minimal

98

distractions, aesthetic design, and consistency, aimed
at facilitating user understanding and engagement.

3.6 Limitations and Future Directions

The review acknowledged several limitations,
including the need for better communication with
public health officials during the development phase
of surveillance systems. This would ensure that
systems are tailored to meet actual public health
needs. Additionally, it highlighted the importance of
ongoing training for public health staff, ensuring they
are equipped to use the systems -effectively.
Implementation planning was also noted as a crucial
aspect, requiring careful coordination to ensure
surveillance systems are not only developed but also
integrated smoothly into public health practice [44].
The findings of the review aim to guide the design
and improvement of emerging disease surveillance
systems by focusing on key elements such as
stakeholder engagement and data validation
methodologies.  Effective  collaboration  with
stakeholders ensures that the systems are practical
and aligned with real-world public health needs.
Additionally, robust data validation methodologies
are critical to ensuring that the data collected is
accurate, reliable, and useful for decision-making,
enhancing the overall  effectiveness  and
responsiveness of surveillance systems in detecting
and managing emerging health threats [45].

3.7 Applications of GIS in Emerging Disease
Surveillance

Geographic Information Systems (GIS) have become
crucial in  emerging disease  surveillance,
transforming public health management by offering
powerful tools for monitoring and decision-making.
GIS enables health authorities to integrate spatial and
temporal data, providing a comprehensive, dynamic
view of disease patterns. This real-time analysis is
invaluable for visualizing the spread of infectious
diseases, identifying high-risk areas [46], and
predicting future outbreaks [47], which facilitates
timely interventions and resource mobilization.
Moreover, GIS aids in understanding the influence of
environmental factors, population density, and
human mobility on disease transmission, particularly
in regions with high population concentrations or
migration levels. The ability of GIS to enhance
surveillance is complemented by its role in
optimizing resource allocation. By mapping health
infrastructure and population distribution, GIS
ensures efficient and equitable deployment of
healthcare services, especially in response to
outbreaks or pandemics [48].
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GIS also enables the identification of vulnerable
populations who may be disproportionately impacted
by diseases, allowing for targeted health
interventions in those areas. As GIS technology
continues to evolve, its integration with artificial
intelligence and machine learning enhances its
predictive capabilities, enabling more accurate
disease forecasting. However, the full potential of
GIS is sometimes limited by infrastructure and data
quality challenges, particularly in low-resource
settings. Addressing these issues through enhanced
stakeholder engagement, capacity-building, and
improvements in data validation are essential to
maximize the effectiveness of GIS in global public
health surveillance [49].

In addition to enhancing disease surveillance,
Geographic Information Systems (GIS) are crucial
for optimizing the allocation of healthcare resources.
GIS helps map health infrastructure, such as
hospitals and vaccination centers, enabling public
health authorities to distribute resources efficiently,
especially during health crises like pandemics. By
identifying vulnerable populations at greater risk,
GIS ensures targeted interventions reach those most
in need. The integration of GIS with artificial
intelligence (Al) and machine learning has further
improved predictive capabilities, allowing for more
accurate forecasts of disease spread and resource
requirements [50] and [51]. Despite these
advancements, implementing GIS in low-resource
settings faces challenges, particularly in terms of
infrastructure and data quality. Addressing these
issues through enhanced data validation, stakeholder
engagement, and capacity-building is essential to
fully leverage the potential of GIS in global disease
surveillance. GIS also facilitates the strategic
planning of health interventions by providing critical
insights into geographic disparities [52]. For
example, during an outbreak, GIS can identify areas
with insufficient healthcare access or vulnerable
populations that may be disproportionately affected,
ensuring a more equitable response. By mapping
healthcare facilities and tracking population
movements, GIS can anticipate where resources will
be needed most and predict areas that may
experience future outbreaks. This functionality is
especially useful during pandemics like COVID-19
[53], where efficient resource allocation can
significantly impact response effectiveness. The
integration of Al and machine learning has also
boosted GIS capabilities, enhancing its ability to
process large datasets and create predictive models
for disease transmission [54]. However, to fully
utilize these advancements, low-resource settings
must overcome challenges related to infrastructure
limitations, data availability, and technological
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capacity. Collaborative efforts to improve these
conditions, alongside better data validation and
training, are essential for maximizing the global
impact of GIS on disease surveillance [55].

3.8 Disease Mapping and Analysis

Geographic Information Systems (GIS) have become
an integral tool in modern public health,
revolutionizing how diseases are monitored,
managed, and responded to in both global and local
contexts. With the ability to integrate vast amounts
of spatial and temporal data, GIS enables health
professionals to visualize the geographical
distribution and variations of diseases, offering
invaluable insights into trends during outbreaks. This
real-time visualization is crucial for identifying
disease hotspots and tracking the spread of infectious
diseases across different regions. By generating
detailed thematic maps, GIS helps identify at-risk
populations and stratify various risk factors, allowing
health authorities to assess community healthcare
needs effectively. Through the integration of
demographic, environmental, and epidemiological
data, public health officials can obtain a
comprehensive picture of how diseases are
spreading, which areas are most vulnerable, and
where resources need to be deployed most urgently
[56].

The application of GIS goes beyond basic disease
mapping by enhancing the capacity of health systems
to predict future outbreaks and optimize resource
allocation. By analyzing spatial and temporal trends,
GIS enables health over time. This predictive
capability is invaluable in anticipating where and
when future outbreaks might occur, administrators to
forecast potential epidemics, identifying patterns in
disease transmission and hotspots allowing for
proactive interventions that can prevent large-scale
epidemics. During pandemics like COVID-19, for
instance, GIS played a crucial role in tracking cases,
visualizing the spread in real-time, and informing
decision-making on lockdowns, vaccination rollouts,
and resource distribution [53]. Furthermore, the
integration of GIS with advanced technologies such
as artificial intelligence (Al) and machine learning
has further enhanced its predictive capabilities,
allowing for even more accurate forecasts of disease
spread and the allocation of medical resources.
Despite these advancements, challenges remain in
implementing GIS in low-resource settings, where
infrastructure limitations and data quality issues can
hinder its full potential. Ongoing efforts to improve
data validation, capacity-building, and stakeholder
engagement are essential to maximizing the benefits
of GIS in global health surveillance systems [56] and
[57].
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3.9 Data Integration and Management

One of the significant advantages of Geographic
Information Systems (GIS) in public health is its
capability to manage and integrate diverse data
sources, including epidemiological surveillance,
demographic statistics, and environmental data. This
multi-source  integration  enables a  more
comprehensive approach to disease monitoring,
allowing health professionals to analyze a broad
spectrum of data within a spatial context [58] and
[59]. The ability to combine epidemiological data
with demographic and environmental factors
enhances the understanding of how diseases spread
and which populations are most at risk. This holistic
perspective is invaluable in addressing the
complexities of modern public health challenges.
Furthermore, the integration of these data types
eliminates redundancy and improves data accuracy
by reducing duplication, which can often plague
traditional data collection methods. By streamlining
the data management process, GIS significantly
reduces the operational costs associated with
gathering and analyzing health-related information
[60].

GIS not only reduces costs but also enhances the
precision of disease surveillance through
standardized geo-referencing of epidemiological
data. This structured framework provides a
consistent approach to managing large datasets,
ensuring that data from various sources can be easily
compared and analyzed within a unified system.
Standardizing data formats and referencing improves
interoperability between different health systems,
enabling smoother coordination between local,
national, and international health authorities. This is
particularly important in managing global health
crises, where the rapid exchange of accurate, geo-
referenced data is crucial for effective decision-
making and resource allocation. The standardized
management of data in GIS facilitates real-time
updates, allowing health professionals to monitor the
evolution of outbreaks and adjust their strategies
accordingly. Consequently, GIS provides a
structured, cost-effective, and highly efficient
framework for managing the complex data needs of
modern public health systems, particularly in the
context of emerging disease surveillance [61] and
[62].

3.10 Real-time Monitoring and Decision Support

Web-based GIS technologies have revolutionized
how health data is accessed and shared. By storing
health data on central servers, public health
professionals can access real-time information from
various terminals. This advancement allows for
dynamic mapping and immediate dissemination of
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health information [63], empowering patients to
locate nearby health services easily. GIS also
supports interactive queries that help in answering
questions related to location, trends, and spatial
patterns of diseases [64][65][66] and [67].

3.11 Collaborative Surveillance Efforts

GIS fosters collaborative efforts in disease
surveillance by enabling cross-border data sharing
and visualization. For instance, case studies have
demonstrated the effectiveness of GIS in mapping
infectious diseases across regions, allowing for
interactive analysis and sharing among multiple
partners. Such collaborative capabilities are essential
for understanding the global spread of diseases and
implementing timely interventions.

3.12 Health Resource Allocation

GIS is a powerful tool for monitoring healthcare
resources and their utilization. By mapping health
facilities and patient care environments, public health
officials can optimize resource allocation and
logistics. This includes routing health workers and
supplies to service locations, thereby improving the
efficiency of health interventions [53].

3.13 Benefits of Using GIS in Disease Surveillance
Geographical Information Systems (GIS) offer
numerous advantages for enhancing disease
surveillance and public health management. By
enabling the capture, storage, and analysis of large
volumes of geographically referenced data, GIS
facilitates more efficient health planning and
management compared to conventional methods
[68].

3.14 Enhanced Data Management
GIS serves as a robust platform for the integration of
diverse data sources, including epidemiological

surveillance, demographic statistics, and
environmental data. This capability reduces
duplication in data collection efforts, thereby

lowering costs associated with  surveillance
activities. The standardized geo-referencing of
epidemiological data supports structured approaches
to data management, which is essential for
continuous and systematic analysis [69].

3.15 Rapid Mapping and Analysis

One of the key benefits of GIS is its ability to provide
quick access to extensive data sets, enabling health
professionals to conduct faster and more thorough
analyses of disease patterns and trends. GIS tools
offer dynamic analysis features that are vital for
monitoring and managing epidemic situations. The
flexibility of GIS allows for both precomputed and
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real-time statistical analyses, which are crucial for
timely decision-making during disease outbreaks
[70].

3.16 Comprehensive Applications

GIS applications in public health include identifying
geographical distributions of diseases, analyzing
spatial and temporal trends, and forecasting potential
epidemics. By mapping populations at risk and
identifying gaps in  immunization, health
administrators can better allocate resources and plan
targeted interventions [71]. Furthermore, GIS aids in
monitoring the utilization of health services and
facilitates the routing of health workers and supplies,
thereby optimizing healthcare deliver [72].

3.17 Support for Policy and Resource Allocation
GIS enhances communication regarding the burden
of diseases, thereby informing decisions about
resource allocation and prioritization of communities
that require intervention. The ability to visualize
complex data can help develop culturally competent
programs and assist with program planning,
monitoring, and evaluation [73].

3.18 Continuous Monitoring and Real-time Data Use
The importance of real-time data monitoring has
been underscored by recent global health crises, such
as the COVID-19 pandemic [74] and [75], which
highlighted the need for effective public health
dashboards. GIS not only supports continuous health
status monitoring but also plays a pivotal role in
disease outbreak prediction and management by
integrating real-time data from various sources. This
capability underscores the necessity of dashboard
design principles that enhance usability and facilitate
quick comprehension of critical information [76].

4. Challenges and Limitations

4.1 Data Quality and Evaluation

One of the primary challenges in utilizing
Geographic Information Systems (GI1S) for emerging
disease surveillance lies in ensuring data quality [77].
Data quality evaluation encompasses several
dimensions, including completeness, validity,
accuracy, consistency, and precision, all of which are
crucial for the data's intended use in public health
contexts. Poor data quality can lead to significant
issues, including type 1 (false positive) and type 2
(false negative) errors, which may undermine the
effectiveness of disease surveillance efforts.
Furthermore, existing frameworks for evaluating
secondary data often lack practical tools for
implementation, providing generic recommendations
without sufficient detail, which complicates the
evaluation process for practitioners in the field.
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4.2 Infrastructure Limitations

The successful implementation of GI1S-based disease
surveillance systems also heavily depends on robust
infrastructural arrangements. Inadequate information
and communication technology infrastructure can
hinder effective data collection and analysis.
Specifically, challenges related to transportation and
communication facilities impede the ability of health
workers to perform their roles effectively in the data
collection process [78] and [79], further exacerbating
data representativeness and reliability. Additionally,
the need for proper data warehousing and web
service architecture highlights the necessity for an
integrated approach to data management, which
remains a significant challenge in many settings.

4.3 Human Resource Constraints

Human resource limitations further complicate the
effectiveness of disease surveillance systems.
Inadequately trained personnel, high patient demand,
and multiple reporting requirements create a burden
that can detract from data collection and reporting
efforts. As noted in various studies, the attitudes of
health workers towards data reporting can also be
influenced by the existing operational challenges,
including insufficient training and support, leading to
a lack of engagement with the surveillance system
[73].

4.4 Ethical and Privacy Concerns

Ethical considerations surrounding data release and
confidentiality represent another layer of complexity
in the deployment of GIS for disease surveillance.
While measures are taken to remove personal
identifiers from datasets, there is still a risk of
indirect identification of individuals, particularly in
small data sets with rich demographic information.
This poses a dilemma for public health entities
aiming to balance the utility of shared data with the
imperative to protect individual privacy. As
frameworks for data sharing evolve, ongoing
evaluation and revision of policies, such as those
negotiated by the Centers for Disease Control and
Prevention (CDC) and the Council of State and
Territorial Epidemiologists (CSTE), are necessary to
enhance the protection of sensitive health data [80].

4.5 Evaluation of Effectiveness

The evaluation of Geographic Information Systems
(GIS) for disease surveillance involves a
comprehensive framework designed to assess the
effectiveness and utility of these systems in public
health contexts [81]. This framework integrates
established evaluation principles and methodologies
tailored to healthcare data and resources, providing a
set of steps and tools applicable to large healthcare
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datasets, including an Electronic Health Records
(HERY)-based data, insurance claims, and survey data
[43].

4.6 Key Evaluation Constructs

An essential aspect of the evaluation framework
includes identifying the suitability of data for
observational studies. A systematic literature review
has revealed 16 measures and 33 sub-measures
organized into five domains: explicitness of policy
and data governance, relevance, availability of
descriptive metadata, usability, and quality [9].
These constructs go beyond conventional data
quality measures, such as completeness and
accuracy, and focus on the broader implications of
data governance and usability for effective disease
surveillance.

4.7 Engaging Stakeholders

Engaging with stakeholders throughout the
evaluation process is crucial for ensuring that
findings are relevant and actionable. This
engagement aids in defining the context and
objectives of the evaluation, ultimately supporting
the use of evaluation findings [9]. The literature
indicates that the effectiveness of GIS projects often
hinges on quality, geo-referenced data; hence,
establishing clear communication with partners
regarding data requirements is imperative.

4.8 Evaluation Steps and Practical Elements

A successful evaluation process generally includes
four common steps: (1) context description, (2)
evaluation process description, (3) implementation,
and (4) formulation of recommendations. Evaluators
are encouraged to adapt these steps to their specific
contexts and needs, taking into consideration the
unique attributes of the systems being assessed, such
as usability and representativeness [45]. Moreover,
practical elements like case studies and graphical
representations of data outputs enhance the clarity
and impact of evaluation results [10].

4.9 Assessing System Attributes

The effectiveness of GIS in disease surveillance can
also be evaluated through specific attributes such as
timeliness, acceptability, flexibility, and stability.
The frequent inclusion of these attributes in
evaluation approaches indicates their significance in
assessing the functionality and reliability of GIS
systems in public health applications. Attributes
aimed at economic evaluation, however, are less
commonly addressed, suggesting a potential area for
further investigation and emphasis in future
evaluations [10].
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5. Conclusion

Geographic Information Systems (GIS) play an
indispensable role in modern public health
surveillance, offering comprehensive tools to
monitor and manage emerging disease threats. As
evidenced in this review, GIS not only enhances the
precision and speed of disease tracking but also
supports targeted interventions and resource
allocation. The integration of Al and machine
learning further amplifies its capacity for predictive
modeling, improving global health preparedness.
Nevertheless, the full potential of GIS in disease
surveillance is  contingent on  addressing
infrastructural and ethical challenges, particularly in
resource-limited settings. Moving forward, global
collaboration and continuous innovation in GIS
technology are essential to bridge these gaps,
ensuring that all regions can effectively leverage GIS
for improved health outcomes. As the landscape of
public health evolves, GIS will remain a cornerstone
of disease surveillance, fostering resilient health
systems prepared to address both current and future
global health challenges.

6. Future Directions

Integrating Geographic Information Systems (GIS)
into emerging disease surveillance is poised for
significant advancement as public health agencies
adapt to new challenges and opportunities. Future
systems must prioritize the seamless access and
integration of diverse data sources, which is crucial
for enhancing the effectiveness of surveillance
methodologies [42] and [45]. For instance,
integrating GIS-based assessments, as shown in
studies on COVID-19 vaccination coverage and case
prevalence, underscores how geographic and
epidemiologic data can guide targeted interventions
and resource allocation in real time [53].
Incorporating user-centered design principles can
further improve these systems, ensuring that they are
tailored to the tasks and needs of end users, thereby
fostering a more efficient and user-friendly interface
[42]. Moreover, the ongoing development of digital
disease surveillance systems, such as HealthMap,
highlights the importance of aggregating online data
sources, social media, and news reports to provide
real-time situational awareness during disease
outbreaks [42] and [61]. Leveraging GIS for real-
time data visualization enhances situational
awareness, as demonstrated by the structured
approach to COVID-19 crisis management at district
and sub-district levels in Thailand, where integrated
data frameworks have streamlined response efforts
[83].
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The application of Artificial Intelligence (Al) and
data mining techniques is expected to refine these
surveillance efforts, enabling the prediction of trends
and patterns in disease propagation through
advanced algorithms applied to social media data
[61]. Legal and regulatory frameworks will also play
a vital role in shaping future directions, as strategies
like Integrated Disease Surveillance and Response
(IDSR) aim to strengthen the coordination between
various health systems, enhance laboratory
capacities, and promote community involvement in
public health [44]. Ethical considerations are crucial,
especially as advanced surveillance systems
increasingly rely on personal data [82]. For example,
studies examining public perception and preventive
behaviors emphasize the importance of balancing
data utility with privacy [84].

As we navigate post-pandemic realities, the
ethical use of data, particularly concerning individual
privacy, must be carefully considered, especially
with the growing reliance on mobile and digital
technologies for disease tracking. Furthermore, the
need for global collaboration is critical, as pandemics
transcend national borders. Countries must focus on
sharing information and technologies in an integrated
and interoperable manner to facilitate a coordinated
global response to public health challenges [61].
Lastly, addressing the digital divide between
developed and developing nations remains essential,
ensuring that technological advancements are
accessible and beneficial for all. Initiatives such as
self-care  programs, which leverage simple
technology and community engagement to promote
public health, underscore the potential for equitable
solutions in public health surveillance [85].
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