GIS-Based Modeling of Disease Spread in Nomadic Populations: A Systematic Literature Review

Abstract
The public health management of infectious diseases in remote nomadic populations is challenging because of their mobility, geographic isolation, and limited access to conventional health facilities. This review focuses on the diagnostic and predictive modeling of diseases in populations on the move using Geographic Information Systems (GIS). It evaluates the use of GIS in disease control and surveillance in nomadic communities through the review of 42 selected peer-reviewed articles. It also seeks to highlight the role of GIS in health informatics by analyzing mobility and health as well as disease diffusivity in high-risk populations. Critical applications of GIS in public health are put forward, including spatial epidemiology and the modeling of disease diffusivity and mobility interactions, integration with mobile health, and health technology surveillance. Nonetheless, remote area data collection, health technology infrastructure, and simulation of populations on the move over time spatially remain considerable operational barriers. This study stresses the urgency of designing frameworks for mobile, remote surveillance systems and culturally sensitive data collection methods.

Introduction
With an estimate of around 200 to 500 million people, the nomadic and semi-nomadic populations are perhaps the most difficult group of people to use disease surveillance and control measures on. Pastoralists in sub-Saharan Africa, nomadic herders in Central Asia, and the mobile populations in conflict areas are among the most socially and economically marginalized populations. These people suffer from health conditions like diseases due to mobility patterns and limited access to healthcare coupled with the diverse environmental conditions to which they are exposed [1.]. The surveillance systems designed for sedentary populations are useless in monitoring mobile communities and do not keep the global health security gaps in focus [2].
Nomads often move across different political boundaries, migration routes, and interact with many ecosystems that impact the transmission of diseases, which adds to the complexity of disease modeling: this is the unique challenge posed to nomadic lifestyles [3]. For solving these problems, GIS, with its spatial analysis capabilities that can monitor the movement of people, model the spread of disease across different geographies, and combine many different types of information into one surveillance platform has become indispensable [4]. The latest GIS technologies allow not only the monitoring of the outbreaks of diseases, but also the tracking of human activities, ecosystems, and disease relationships on different spatial and temporal scales through satellite images, GPS, and other supplementary data [5].
The use of GIS technology for health surveillance of nomadic populations is different from sedentary populations and comes with unique challenges such as patchy internet access in remote locations, cultural barriers in information collection, and the sophistication of modelling the spread of illness in ever-shifting populations [6]. In spite of these challenges, the improvement of mobile GIS, community-based surveillance systems, and participatory mapping techniques is encouraging when it comes to addressing the health needs of nomadic communities [7].
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Methodology
With GIS applications in nomadic health surveillance today, the technology's capacity to predict disease outbreaks, optimize resources, and reach underserved communities continues to be revolutionary. Even though there isn't much research on cost-effectiveness and health system integration, GIS capabilities are developing quickly, so it's critical to find best practices and evaluate implementation tactics and methods. Technology is crucial to attaining universal health coverage because it enables data-driven resource allocation, targeted interventions for hard-to-reach populations, and real-time disease monitoring. Primary data was gathered directly from nomadic communities in different parts of Baluchistan during the field survey phase. This research was interacted with nomadic groups, like the one shown in Figure X, as part of this process to acquire comprehensive data on their seasonal movement patterns, migration routes, and health conditions. In-person interviews, GPS-based route mapping, and observational evaluations of living and environmental conditions were all used in the data collection process. The integration of geospatial data into the GIS-based disease surveillance framework created in this study was made possible by these interactions, which offered crucial insights into the relationship between mobility and health.
Addressing the health issues that nomadic populations face requires evidence-based approaches, and this analysis comes at a crucial juncture as mobile health technologies become more widely available. The outcomes will influence policy decisions, improve program effectiveness, and facilitate knowledge exchange across public health programs targeting mobile populations, strengthening global health surveillance systems, improving emergency response capabilities, and enhancing health security beyond immediate disease control.

Research Questions
1. How has the spread of infectious diseases among nomadic populations been modeled and tracked using GIS?
2. Which GIS methods and geographical models are most frequently used to investigate the dynamics of illness in nomadic populations?
3. Which infectious diseases have been most investigated using GIS techniques in relation to nomadic populations?
4. What methodological difficulties arise when using GIS to monitor the spread of disease in nomadic populations that are mobile or difficult to reach?
5. Why are Geographic Information Systems (GIS) increasingly critical in enhancing disease surveillance among nomadic populations, and how do these systems improve the effectiveness of global health equity initiatives?
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Sample Search String
"Geographic Information System" AND (nomad OR pastoralist OR mobile population") AND (disease OR infection OR surveillance) AND (spatial OR geographic information system)

Review Conducting
The review plan was carried out at this point. The search results were extracted using the proper format (BIB). All of the search results were imported using the Zotero reference manager and mendeley. After using the article titles to remove duplicates both within and between databases, the remaining results were transformed into a Microsoft Excel sheet. Here, the title and abstract-based screening was carried out using IC & EC. Lastly, the full texts of the selected papers were extracted and exported using the Mendeley reference manager.

Discussion 
A paradigm shift toward more thorough and equitable global health monitoring is represented by the incorporation of GIS technology into nomadic health surveillance, which fills important gaps in conventional surveillance systems that frequently overlook mobile populations [12]. According to the analysis, GIS can be used for a variety of purposes, including monitoring the spread of disease, simulating transmission dynamics, and putting targeted interventions into action. However, despite the technology's significant benefits, there are still significant technical and sociocultural challenges that must be overcome.  The findings demonstrate the value of GIS in tracking and modeling the spread of disease in nomadic populations [13]. To determine the effectiveness of GIS in supporting health equity initiatives, this review sought to identify the use of GIS methods in nomadic disease surveillance, as well as important applications and methodological approaches, limitations, and challenges. These initiatives are further strengthened by the incorporation of mobile technologies, which allow for continuous monitoring, real-time data collection, and stakeholder communication across geographic boundaries. This ability is particularly crucial in dynamic settings where conventional surveillance techniques frequently fall flat, like seasonal migration routes or areas affected by conflict. Notwithstanding these advantages, the review points out a number of important restrictions that prevent GIS from reaching its full potential in nomadic disease surveillance [16]. Data collection is still very difficult, particularly in places with unstable political systems, security issues, or inadequate technology infrastructure [17]. Intermittent power supplies and connectivity problems can significantly reduce the efficacy of GIS-based surveillance systems. Because nomadic communities may be wary of technology-based surveillance or worried about privacy implications, cultural barriers add another layer of complexity [18]. Furthermore, in remote areas where nomadic populations migrate, the technical complexity of GIS systems frequently necessitates specialized knowledge and training that may not be easily accessible.
This review has thoroughly addressed several difficulties and restrictions. Cultural resistance, technical complexity, resource limitations, data collection challenges, and connectivity and infrastructure limitations are the main roadblocks. Implementing complex GIS systems in nomadic contexts is fundamentally hampered by geographic isolation and restricted access to infrastructure [19]. The cultural complexity of working with nomadic communities, which calls for community engagement, culturally sensitive approaches, and gradual trust-building, is another major barrier. Furthermore, because nomadic populations are dynamic, traditional epidemiological models may not fully capture the complexity of disease transmission in populations that are constantly on the move [20]. This presents special methodological challenges for disease modeling. These findings have implications that extend beyond nomadic health surveillance and provide valuable insights for broader global health equity initiatives [21]. For instance, GIS approaches developed for nomadic populations can be adapted for other marginalized communities, including internally displaced persons, refugees, and seasonal migrant workers. The lessons learned from nomadic disease surveillance can serve as a model for incorporating geospatial technologies into other health equity initiatives targeting underserved populations [22].



Conclusion
Disease surveillance among nomadic populations has been transformed with the help of GIS, providing a powerful framework for addressing health equity challenges and strengthening global health security. GIS technology can optimize disease tracking systems, monitor population movements and health outcomes, and identify vulnerable populations, particularly in remote areas and conflict zones. To fully realize the potential of GIS in promoting health equity, several advances must be prioritized. These include the development of robust mobile data collection systems, the implementation of comprehensive culturally appropriate training programs to bridge the technical expertise gap among local health workers, and the development of strong community partnerships to address sociocultural barriers.
By establishing standardized data-sharing frameworks specifically designed for mobile populations and investing in offline-capable mobile health applications for community-level monitoring, the lessons learned from nomadic disease surveillance can be effectively applied to other marginalized populations. These advancements, coupled with sustained investment in appropriate technology infrastructure and community engagement, will not only strengthen equitable health surveillance systems but also advance the goals of universal health coverage and global health security.
The success of GIS in nomadic disease surveillance serves as a compelling blueprint for its broader application in addressing health disparities and promoting health equity, provided that stakeholders maintain their commitment to technological innovation, cultural sensitivity, and inclusive healthcare delivery approaches that leave no population behind.
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