Ecology-Informed Microbiome Modeling for Microbial Dispersal and Persistence in Indoor Environments
Short description
Can ecological assembly processes and indoor environmental modeling help explain when localized microbial populations persist and disperse across connected indoor spaces, potentially increasing opportunities for pathogen exposure?
Description
Indoor environments, occupants, and microbiomes constitute a system of ecosystems with extensive interactions that impact one another. Understanding the interactions between these systems is essential to develop strategies for effective management of the indoor environment and its inhabitants to enhance public health and well-being.
Microorganisms introduced into buildings may disappear rapidly, persist locally, or disperse across connected spaces. However, the ecological and environmental processes governing these different outcomes remain poorly understood. Microbial communities are shaped by deterministic selection, dispersal-related processes, and stochastic events, while indoor factors such as ventilation, temperature, humidity, spatial connectivity, and human occupancy may further influence their persistence and distribution.
This working group proposes to integrate existing long-term building microbiome monitoring datasets with ecological community-assembly modeling, including the Normalized Stochasticity Ratio (NST) and iCAMP, to characterize the relative roles of deterministic and stochastic processes and identify ecological signatures associated with microbial persistence and spatial distribution.
We will further explore machine-learning approaches that integrate microbial community profiles, ecological-process estimates, spatial information, and indoor environmental variables to identify conditions associated with microbial persistence and dispersal across indoor spaces. A central goal will be to determine when the inclusion of ecological processes improves prediction beyond environmental modeling alone and whether identified relationships are transferable across buildings, occupancy patterns, and microbial systems.
By linking microbial ecology, building science, and predictive modeling, this project seeks to develop a mechanistic and predictive framework for understanding how localized microbial populations may become persistent and spatially distributed indoor exposures. The framework will also be further evaluated for its relevance to environmental epidemiological surveillance.
Deliverables
Expected outcomes include a reproducible computational framework integrating microbial community data, ecological assembly models, environmental metadata, and predictive modeling; identification of ecological and environmental factors associated with microbial persistence and spatial distribution; and evaluation of whether ecological-process modeling improves prediction across indoor environments.
The working group will also aim to develop transferable hypotheses for how indoor conditions influence microbial dispersal, produce at least one peer-reviewed publication, and provide recommendations for future indoor microbial and epidemiological surveillance studies.
Policy implications
The project could help identify indoor environmental conditions that warrant enhanced microbial or pathogen surveillance and provide evidence for evaluating ventilation and building-management strategies during infectious-disease outbreaks.
Disciplines / Expertise Required
Environmental Microbiology and Microbial Ecology
To characterize microbial communities and apply community-assembly models such as NST and iCAMP to evaluate deterministic, stochastic, and dispersal-related ecological processes.
Building Science and Indoor Environmental Engineering
To characterize ventilation, temperature, humidity, spatial connectivity, and occupancy and determine how these factors influence microbial persistence and movement across indoor spaces.
Machine Learning and Computational Modeling
To develop and evaluate models integrating microbial, ecological, spatial, and environmental information and assess model transferability across buildings and datasets.
Bioinformatics and Microbiome Data Science
To harmonize microbiome sequencing datasets and environmental metadata and develop reproducible analytical workflows across heterogeneous studies.
Infectious Disease Epidemiology and Environmental Surveillance
To determine when microbial dispersal patterns are relevant to pathogen exposure and transmission and connect ecological findings with outbreak surveillance and public-health applications.

