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Geospatial analysis of disease transmission and genetic diversity
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Abstract
Geospatial analysis provides insights into understanding tuberculosis disease
transmission in Botswana, and highlights genetic diversity issues in available public

database.
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The term ‘geospatial” refers to location-specific geographical information, and the data
associated with these locations are considered geospatial data. Geospatial data are crucial
to understand various phenomenon in fields, such as climate change in environmental
sciences and health sciences. In the health domain, integrating geography-based
information contributes to understanding disease etiology, and enhances the
comprehension of disease prevention, diagnosis, transmission, and treatment
(Richardson et al., 2013). Recent studies suggest, that leveraging geospatial data in
disease settings can effectively advance health crisis responses (Shaweno et al., 2021;

Shrestha et al., 2021).

Researchers utilized geospatial and genomic data to study disease transmission (Baker et
al., 2023), and identified global imbalanced distribution patterns in genetic data (Peng et
al., 2023). Genomic data, increasingly complex due to advancements in techniques, such
as Next-generation sequencing (NGS), and Genome-wide association studies (GWAS),
continue to expand daily (Goodwin et al., 2016). Infectious diseases such as tuberculosis,
pneumonia, flu, cholera, and the recent addition to the list, coronavirus disease, impose
significant burden on healthcare system, particularly in under-developing and

developing economies (Azzopardi et al., 2023; Levin et al., 2022; Smith et al., 2022).

In a recent study, researchers focused on tuberculosis, one of the leading causes of
mortality in lower-middle-income countries like Botswana, by integrating whole-genome

sequencing and geospatial analysis to track potential disease transmission (Baker et al.,
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2023). This approach identifies high burden transmission areas based on clustering
method, and, therefore, suggests timely preventive measures during major outbreaks.
Such studies propose combining genomic sequencing and geospatial data analysis to
understand local and global disease transmission, aiding policymakers in implementing

effective measures and interventions (Baker et al., 2023; Shaweno et al., 2021).

Geographical distribution patterns also reveal insights into genetic diversity (Peng et al.,
2023). In a sense, it is argued that, biological diversity and distribution patterns can be
well-understood through variations in available genetic data (Toczydlowski et al., 2021).
It is, now, a well-established phenomenon, that advancements in generating genomic
data have tremendously increased since the human genome project began. However,
challenges persist in production, and sharing geographically specific genetic data, as

noted by the scientific community (Peng et al., 2023).

To address the current status and distribution of genetic data linked to geographical
locations, researchers in this study, have highlighted taxonomical imbalance within
genetic datasets. They further identified patterns of disproportion in data sharing by
analyzing millions of nucleotide sequencing datasets across Animalia, Plantae, and Fungi
kingdoms, and indicated unequal distribution patterns in shared genetic data (Peng et al.,
2023). Such disparities highlight the need for comprehensive analyses to address local

and global genetic data distribution issues.
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Interestingly, the global distribution of shared sequence data is mostly concentrated at a
few geographical coordinates, depending on the public databases used in the study. Such
patterns reflect gaps in historical dataset collection, further limiting our understanding
of large-scale biodiversity and genetic variations. Nevertheless, these gaps in pre-existing
genetic databases present remarkable opportunities for future researchers to address, cite
and explore (Fatumo et al., 2022; Peng et al., 2023). It further encourages genomic
researchers to actively adopt inclusive practices in data collection, processing, and

sharing within the research community.

Combining geographical understanding with gene-associated data provides insights into
local genetic diversity (Peng et al., 2023), and facilitate timely interventions for outbreaks
(Baker et al., 2023). Additionally, such studies hold particular significance for low-income
countries, where genetic diseases are prevalent due to low literacy rates, and historical
cultural perspectives (Thong et al., 2018). Effective collaboration from these countries is
critical to advancing genetic studies, and can establish better infrastructure for genomic

services (Thong et al., 2018), clinical counselling and disease management (Malinda, 2022).

Several challenges are still prominent in utilizing geospatial and genomic data, including
managing the large size of sequence data, and applying suitable statistical approaches to
understand genetic variations and geographic distances (Chen et al., 2024). Expanding
these theories to integrate geospatial analysis with genomic data goes beyond disease

transmission (Baker et al., 2023), testing, clinical management, and the study of genetic
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diversity (Peng et al., 2023), such research studies can further accentuate its relevance in
cancer and non-cancer rare diseases, spanning from their early assessment to

survivorship (Best et al., 2022; Schootman et al., 2017).

In conclusion, harnessing geospatial analysis in genetic and genomic data identifies
localized disease transmission, thereby preparing concerned authorities to take
preemptive actions to protect residents of specific locations from health outbreaks
(Anderson et al., 2023). Furthermore, advancements in the field of gene sequencing
within the context of geospatial data can further enhance understanding of genomic
datasets, aiding in early prediction of potential genetic diseases, and enables healthcare
professionals to devise more effective strategies for clinical diagnosis, management and
improving overall survival rates among individuals. This integration informs
policymakers about effective measures to address unforeseen health crisis related to both

communicable and non-communicable diseases.
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