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EXECUTIVE SUMMARY /£

The PreMiEr Engineering Research Center advances precision microbiome engineering for healthier built
environments—integrating biology, materials, sensing, and modeling to reduce infection risks and promote

beneficial microbial ecosystems across healthcare and residential settings.

Monitoring & Risk analysis for Healthy Buildings

Advanced sensing, microbial surveillance, and
computational modeling are transforming
microbiome data into actionable strategies for
healthier buildings.

Lott and Brown integrate microbial risk
assessment with metagenomics to predict health
risks. Turpin et al. combine bioaerosol modeling
and microbial inoculants for fungal control, while
Chen and Gunsch advance robotic fungal
detection. Noble et al. develop standardized
residential microbiome monitoring methods, and
Dannemiller’s team investigates microbial VOCs as
mold indicators. Brown and Lott evaluate Far UV-C
disinfection in hospitals, while Callahan et al.
improve sequencing and biocinformatics for
pathogen and antimicrobial resistance
surveillance.

Materials Innovation for Resilient MoBEs

Materials and infrastructure engineering enable
targeted pathogen control and establishment of
resilient, beneficial microbiomes.

Wiesner and Gilbertson’s team develops hydrogel-
based delivery systems that protect beneficial
microbial inoculants and enable their sustained
release within plumbing systems. Gunsch and
Anderson’s group demonstrates that enhanced foam
disinfection delays pathogen recolonization in
hospital sinks and investigates pathogen-inhibiting
microbial communities. Thomas and Graves’ team
engineers biofilm-degrading Bacillus strains to
suppress Pseudomonas aeruginosa and develop
resilient biotic inoculants. Jones et al. integrate fluid
dynamics modeling and innovative P-trap designs to
reduce biofilm formation and microbial colonization
in hospital plumbing systems

Engineering Microbial Life for Safer Spaces

PreMiEr advances synthetic biology and ecological
engineering to suppress pathogens and safely
establish beneficial microbiomes.

Newman develops modular synthetic
bacteriophages, while Jeffers-Francis et al. engineer
expanded-host-range phages targeting resistant E.
coli. Rawls investigates microbial survival on built
surfaces. Delgado Vela et al. engineer
bacteriophages and mycoviruses for bacterial and
fungal control, while Crook develops genetic kill
switches for biocontainment. Gunsch and Venturelli
design antipathobiotic inoculants for plumbing
systems. Venturelli et al. apply machine learning to
optimize pathogen-suppressing microbial
communities, while You develops mechanistic
models and microbial sensors to monitor community
dynamics.

All the engineering projects are integrated with Societal and Ethical Implication (SEI) core group, where Kuzma and colleagues lead societal and ethical integration,
ensuring responsible innovation and public trust in microbiome engineering.

Together, these projects establish an integrated framework for precision microbiome engineering—combining advanced sensing, predictive modeling, innovative
materials, and engineered microbial communities to reduce healthcare-associated infections, combat antimicrobial resistance, and promote healthier, more

resilient built environments.
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— Dr. Claudia Gunsch
Director, PreMiEr | Duke University



WHO WE ARE

PreMiEr is a National Science Foundation (NSF)-funded Engineering Research Center (ERC) headquartered at
Duke University in partnership with four other universities in North Carolina.
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OUR VISION

To enable the bioinformed design and
operation of smart, healthy built environments
through microbiome engineering

OUR MISSION

To develop innovative approaches to engineer-
built environment microbiomes, promoting
beneficial microbes while preventing

the spread of pathogens




Monitoring and Risk Modeling for Healthy Buildings

e Microbial Risk Assessment to Inform Engineering Solutions in the Built Environment (p.6)

e Spatiotemporal Modeling and Bioaerosol-Based Control of Fungal Pathogens in Built Environments (p.7)
e Autonomous Robotics for Real-Time Fungal Source Detection in Built Environments (p.8)

e Measurement of Residential Built Environments (BE) (p.9)

e Fungal Universal mVOCs for Environmental Surveillance (FUMES) (p.10)

e Randomized Controlled Trial of Far UV-C Disinfection for ESKAPEE Pathogen Control in Hospitals (p.11)

e Advancing Sequencing Methods for Microbial Characterization of the Healthcare Built Environment (p.12)

Materials Innovation for Resilient MoBEs

e Engineering Biotic Delivery to Establish Healthy and Resilient Microbiomes (p.14)
— — SinkTop e Enhanced Cleaning of Hospital Sinks and Pathogen-Inhibiting Community Design (p.15)
e Directed evolution of Bacillus strains under biofilm-pyocyanin pressure: engineering functional biotic
Je inoculants for Pseudomonas aeruginosa suppression in healthcare plumbing systems (p.16)

Tail Piece

Engineering Microbial Life for Safer Spaces

e Synthetic Biology for Bacteriophage Construction (p.18)

e Engineering E. coli Phage Cocktails for Precision Biocontrol of AMR Strains in Hospital Environments (p.19)

e Fitness Determinants and Functional Modulation in Phocaeicola vulgatus (p.20)

e Bioengineered Viral Tools for Controlling Pathogens in Residential Environments (p.21)

e Kill Switches for Biocontainment (p.22)

e P-trap Biotic Inoculant for Inhibiting Pathogen Colonization in Plumbing Systems (p.23)

e Measuring and Modeling Sink Communities Using Mechanistic Modeling and Machine Learning (p.24)

e Design and optimization of synthetic microbial communities to inhibit pathogens in Built Environment (p.25)
e Societal and Ethical Implications of Microbiome Engineering (p.26)
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Microbial Risk Assessment to Inform
Engineering Solutions in the Built Environment

Lead Faculty: Megan Lott, Pixu Shi, Josh Granek | Scholars: Qing Dai, Sarah Cao

Problem Statement

Microbes in the built environment can both harm and
benefit human health. Healthcare facilities, in
particular, face challenges in managing microbial risk
where infection control must balance pathogen
suppression and control of antimicrobial resistance.
Despite progress in microbial monitoring, thereis a
lack of practical tools to integrate microbiome data
into actionable health risk assessments for built
environments

Project Objectives

To develop and validate quantitative microbial risk
assessment (QMRA) models that:

¢ Predict and quantify health risks associated with
microbial exposures in the built environment

e Provide actionable risk thresholds and simulation
tools to guide microbiome engineering
interventions in healthcare settings
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Research Approach

Model Development:

Construct QMRA models using metagenomic data
from PreMiEr healthcare test beds that address risks
from exposure to pathogens and antimicrobial
resistant organisms

Integration:
Combine microbial and chemical risk frameworks
using common health metrics (e.g., DALYs).

Positive Dose-Response Modeling:
Establish data-driven models that capture potential
health benefits of microbial exposure.

Tool Deployment:

Build a web-based risk assessment interface
leveraging prior tools (e.g., MicroHibro) for interactive
simulation and decision support.

Validation:

Simulate outcomes of engineering interventions, such
as biotic inoculants, in the Test Beds (simulated p-
traps, Duke Hospital, etc.)

Project Goals

Quantitative metagenomic dataset from
hospital environments

Web-based QMRA tool prototype-
Dashboard

Systematic review of microbial risk in
healthcare

Risk assessment for antimicrobial resistance
in the built environment

Impact

This project will establish the first integrated
risk-benefit assessment framework for
microbes in the built environment. The results
will directly inform hospital design, facility
hygiene strategies, and regulation of new
microbiome-based interventions.

Long-term, the work will transform how
microbial exposures are governed—moving
from pathogen avoidance to microbiome-
informed health optimization




Project Goals

Spatiotemporal Modeling and Bioaerosol-Based
Control of Fungal Pathogens in Built Environments R L Ly

method validated by predictive models and

Lead Faculty: Barb Turpin, Glenn Morrison measurements
Scholar/Research Staff: Clara Eichler, Denene Blackwood, Sherlynette Perez Castro, Emily Further the development of a real-time
Nortmann, Gavin Duffy, Yanbaihui Liu robotic MVOC sensing system for detecting
fungal markers.
Problem Statement Research ApproaCh Demonstrate integration of the system to
Up to 20% of U.S. homes experience mold-related Design and Test Biotic Inoculants: monitor and maintain a healthy microbiome
issues, with fungal growth linked to asthma and Develop microbial cocktails that outcompete or with targeted delivery of inoculant when
respiratory illnesses. Traditional remediation deactivate target fungi. needed.
methods focus on removal and cleaning but fail to
sustain or reestablish a healthy indoor microbial Optimize Aerosolization & Dispersion:
ecosy.stem aftfer rer'nediatio.n. Th.ere isa n(.eed for Engineer delivery and spatial distribution through Impact
sustainable, biologically driven interventions that home ventilation systems in unoccupied buildings
contrc‘Jl.fur)gal pathc‘Jgensf while preserving a using the PreMiEr Home@Duke and UNC This work advances precision indoor
beneficial indoor microbiome Environmental Chambers to optimize, test and microbiome engineering, offering the potential
demonstrate to:
Project Objective o Reduge disease transmission through
] ) ) _ Implement Feedback Control: proactive fungal control.
Develop and validate an integrated microbial Use real-time microbial volatile organic compound
engineering system that uses bioaerosol delivery of (MVOC) sensors and predictive spatiotemporal e Enhance microbial resilience in homes and
beneficial inoculants to seen and unseen indoor models for adaptive interventions. healthcare settings.

surfaces and real-time sensing to monitor, suppress,
and prevent fungal pathogen growth in residential

! Validation: e Support low-risk, scalable commercial
and healthcare environments

Conduct laboratory and real-world trials to assess solutions for improving indoor air and
efficacy and sustainability surface quality.




Key Accomplishments

Autonomous Robotics for Real-Time Fungal
Source Detection in Built Environments

Lead Faculty: Boyuan Chen, Claudia Gunsch | Scholar/Research Staff: Yanbaihui Liu, Erica Babusci

Built 6 VOC sensor arrays capable of
detecting fungal signatures with high
accuracy.

Problem Statement

Fungal contamination in built environments poses
serious risks to human health, building integrity, and
operational efficiency. Current detection methods are
manual, time-consuming, error-prone, and reactive,
leading to costly remediation and health exposure. The
industry needs scalable, automated, real-time
monitoring and localization solutions to mitigate
microbial contamination risks.

Project Objectives

Develop an autonomous robotic system that integrates
volatile organic compound (VOC) sensing, Al-driven
microbial classification, and robot navigation to detect,
localize, and monitor fungal contamination sources in
real-time across homes, hospitals, and industrial facilities.
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Research Approach

VOC Sensing Array:

Designed multi-sensor and single-sensor VOC arrays
for fungal species classification, spatial localization,
and distance estimation.

Al & Machine Learning Models:

Developed neural networks for species recognition,
contamination direction prediction, and distance
regression.

Robotics Integration:

Implemented an autonomous navigation workflow
combining SLAM (Simultaneous Localization and
Mapping), VOC-driven sensing, and adaptive
trajectory planning.

Automated Data Processing:
Developed pipelines for robust signal filtering,
baseline correction, and real-time analysis.

Validation:
Conducted controlled laboratory testing and initial
real-world deployment on a mobile robotic testbed.

Developed automated robotic navigation
to autonomously approach and localize
contamination sources.

Achieved real-time classification of multiple
fungal species using Al models.
Demonstrated end-to-end VOC-guided
navigation on a mobile robot for source
localization.

Impact

Health & Safety:

Enabling real-time monitoring of harmful
microbiomes in homes and hospitals, reducing
risks to human health.

Scalability:

Transitioning from manual to automated, Al-
driven microbiome sampling allows large-scale
adoption in diverse environments.

Industry Relevance:

Provides actionable data for healthcare,
residential building management, and
environmental safety industries.

Invention/Publication

Liu et al., Automated Real-Time Fungal
Identification and Spatial Mapping, 2025
https://doi.org/10.48550/arXiv.2509.19318

Patent: Duke OTC DU8859PROV



https://doi.org/10.48550/arXiv.2509.19318

Measurement of Residential Built

Environments (BE)

Lead Faculty: Rachel Noble, Liesl Jeffers-Francis, Megan Lott, Lawrence David

Scholar/Research Staff: Chris Cummings, Kristen Landreville, Mengyi Dong, Sherlynette Pérez Castro, Ugonna Morikwe

Problem Statement

Standardized, scalable approaches are not currently
available to reproducibly quantify and assess
changes in microbial targets, microbiomes, and
environmental in residential and industrial BE. This
lack of standardization hinders the ability establish
thresholds or decision-based regulations to mitigate
exposure-related risks, develop actionable data-
driven solutions, and inform healthy and sustainable
BE practices, materials, and functionalities.

Project Objectives

To advance microbial and environmental assessment
methods and establish standardized, scalable
approaches for characterizing the residential
microbial target and microbiome, with the aim of
improving indoor environmental quality, reducing
harmful exposures, and protecting human health.
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Schematic of the PreMiEr residential testbed showing air and surface
sampling across rooms. Example fungal community profile (right)
illustrates relative abundances of ten taxa across household surfaces.

Research Approach

Sampling Methods:

Real-world active and passive collection of air,
surfaces (floors/walls), and premise plumbing
samples using vetted, standardized, industry
streamlined approaches.

Microbial Analysis:

Integration of culture-based and DNA-based assays;
high-throughput sequencing including hybrid short-
and long-read platforms.

Environmental Integration:

Air quality measurements and community household
surveys to understand public perception and barriers
to healthier environments.

Industry Engagement:

Collaboration with commercial partners (e.g., Neogen,
Novonesis) to evaluate and advance products for
residential and clinical applications, establishing new
market opportunities.

Publications

e Dong M. et al. - Pipeline-specific detection of
indoor mycobiomes using short- and long-read ITS
sequencing approaches. (In preparation)

e Pérez Castro S. et al. - Bacterial diversity and
occurrence of opportunistic taxa across
residential kitchen surfaces. (In preparation)

Key Accomplishments

Developed commercially applicable tools
to measure and monitor residential BE.

Successfully integrated household
engagement and microbial assessments to
align community perspectives with healthier
practices.

Optimized DNA-based detection assays
(ddPCR) for major pathogens and fungi (e.g.,
Aspergillus, Penicillium, E. coli, Klebsiella,
Candida).

Advanced microbial community
assessments for both bacteria and fungal
mold across households to understand
connectivity and scaling up.

Created pathways for new products and
services in the residential BE.

Impact

Industry:

Opens new commercial opportunities in
residential health monitoring and building
product development.

Healthcare & Public Health:

Improves diagnostic potential for indoor
exposures influencing chronic disease, allergies,
and respiratory conditions.

Community & Policy Makers:

Provides data-driven insights that inform
building codes, ventilation standards, and
consumer awareness efforts.




Fungal Universal mVOCs for Environmental

Surveillance (FUMES)

Lead Faculty: Karen Dannemiller

Scholar/Research Staff: Neeraja Balasubrahmaniam (Postdoc)

Problem Statement

Subjective measure of moldy odor has the strongest
associations with negative health effects. Current
mVOC measurements are unreliable as emissions
from indoor fungal communities and building
materials overlap and complicate source attribution.
We need robust mVOC targets associated with moldy
odor and growth under dampness in order to

Research Approach

Sample collection & Chamber experiments:

House dust (dust, and dust embedded on carpet and
drywall). Incubation at elevated and baseline
humidity to realistically simulate growth of indoor
microbial communities under dampness.

Measurements:

Project Goals

Multi-chamber experimental setup for static
and/or dynamic headspace measurements
of volatile compounds for use with GC-MS.

RNA-seq bioinformatics workflows (using
FAIR practices) to characterize gene
expression of complex microbial
communities in indoor environmental
samples.

Integration of qualitative/subjective moldy
odor measurements with quantitative
volatile and gene expression measurements
and use of advanced statistical and ML/AI
approaches to provide robust mVOC

¢ Volatile: Static and/or dynamic headspace
sampling for GC-MS. PTR-ToF-MS for temporal
emissions.

¢ Microbial Gene Expression Analysis (RNA-seq).
RNA extraction & RNA Sequencing

¢ Olfactory Odor measurements.

correlate with health risks. Identification of such
targets will inform function-based, point-of-use
monitoring for mold in buildings.

Project Objectives

(1) To characterize the mVOCs released from naturally
occurring indoor microbial communities growing in
building materials (dust, carpet, and drywall) at
elevated moisture, and (2) to attribute volatile
measurements to microbial source, with the overall
goal of identifying volatile indicators of moldy odor.

indicator panels.

Incorporation of mVOC indicators into
point-of-use mold detection sensor
technologies.

Integration & mVOC indicator identification:
Advanced bioinformatics, cheminformatics and ML/AI
based approaches to identify mVOC targets of mold
growth and moldy odor.

Impact

e A panel of quantitative volatile indicators of
active mold growth and moldy odor in damp

S p——n Gene mvoc Moldy Negalive ealik buildings to quantify negative health risks.

damp buildings expression emissions Odor outcomes
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odor measurements to identify
quantitative myOC mold

Validated target set for low-cost sensor
development to detect complex microbial
activity associated with damp built
environments.

Engagement of stakeholders & field
practitioners through olfactory detection by
mold inspectors for correlation with
quantitative measurements. A clear
pathway toward adoption in practitioner
and residential settings.
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Key Accomplishments

Randomized Controlled Trial of Far UV-C
Disinfection for ESKAPEE Pathogen Controlin
Hospitals

Lead Faculty: Joe Brown, Megan Lott | Scholar/Research Staff: Lindsay Saber, Caroline Butler

e Design and randomized deployment of
far UV-C interventions (and control sham
devices) in two hospitals in La Paz, Bolivia
with high documented prevalence of

Problem Statement

Healthcare-associated infections (HAIs) and
antimicrobial resistance (AMR) represent a critical
threat to patient safety and hospital operations
worldwide. These risks are especially severe in
facilities within low- and middle-income countries,
where pathogen burden, differences in antimicrobial
stewardship, and environmental health services
present additional challenges. We are conducting a
triple-blinded, multi-site randomized controlled trial
of novel far-UVC disinfection in high-burden hospitals
where AMR ESKAPEE pathogens are common. The
primary outcome of the trial is presence of ESKAPEE
pathogens on hospital sink surfaces. We are also
measuring ESKAPEE pathogens quantitatively, in
aerosols, and via molecular methods.

Project Objectives

e Assess the causal relationship between far UV-C
lamp deployment and ESKAPEE pathogen
presence and quantity on sink surfaces.

e Estimate reductions in infection risk, if any,
attributable to far UV-C interventions via QMRA.

e Measure impact of far UV-C on bioaerosols.

e Characterize impacts of far UV-C on microbial
communities in pathogen-rich, high-risk hospital
environments.

e Assess acceptability and behavioral impacts of far
UV-C deployment among healthcare workers.

e Measure ozone generation inside hospital spaces
with far UV-C implementation.

Research Approach

Samples:
>500 from air, sink, and room surfaces, high-/low-
touch hospital areas.

Techniques:

Microbial culture for viable ESKAPEE pathogens,
gPCR/dPCR for pathogen identification and
quantification, Illumina 16S sequencing and shotgun
metagenomics for microbial community
characterization.

Innovation:
First large-scale trial of this novel disinfection method
deployed in a real-world, high-burden setting.

Setting Study Arms Samples Analysis

X3
Samples
per cluster

X10
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Secondary
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Ozone & CO:
Monitoring

Room surveys
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ESKAPEE pathogens.

Measured ESKAPEE pathogens on
surfaces and in aerosols across all sites
for a baseline period and up to 10 weeks
following intervention.

Process and qualitative evaluations to
inform acceptability and scale.

Impact

Data-driven infection control:
Generation of critical evidence on the potential
role of a novel technology in infection control
in real-world settings where the stakes for
microbial control are high.

Innovation enabler:
Provides foundation for far UV-C scaling.

Scalable application:

Results will be transferable to hospitals
globally, including in the United States, where
we are designing follow-on trials (outside of
PreMiEr).

Regulatory alignment:

Supports evidence needs for product
validation and compliance in infection-
prevention markets.




Advancing Sequencing Methods for Microbial
Characterization of the Healthcare Built Environment

Lead Faculty: Benjamin Callahan, Josh Granek, Cynthia Gibas, Jessica Schlueter
Scholar/Research Staff: Qing Dai, Jorden Rabasco, Gerard Nasser, Rachel Rittmeyer

Problem Statement

Healthcare facilities harbor diverse microbial
communities. To safely engineer and manage these
environments, it is critical to accurately identify and
characterize microbes—especially pathogens and
antibiotic resistance carriers—using sequencing
technologies. Existing methods face challenges with
low-biomass samples, long runtimes, and
computational bottlenecks.

Project Objectives

Develop and validate advanced amplicon and
metagenomic sequencing workflows to:

e Detect and classify microbes and pathogens

e Link antibiotic resistance genes to host bacteria

e Enhance throughput and accuracy with novel
computational pipelines

FeatureTable[Frequency]
A table of samples by taxa
with entries corresponding to
relative abundance of that
taxon in the sample. Can be
generated from amplicon or
metagenomic data.

Metadata
Metadata file with negative
control or DNA
concentration information

}

Identify Contaminants
‘ giime quality-control
decontam-identify

}

‘ Visualize Contaminants

giime quality-control
decontam-score-viz

}

[ Remove Contaminants

giime feature-table filter-
features;
qiime feature-table filter-seqs

Research Approach

e Generate whole genome and long-read amplicon
sequences from hospital-built environments.

e Optimize sequencing & computational workflows
for low-biomass samples.

e Improve pipelines to remove contaminants and
reduce runtime.

e Validate approaches with real hospital samples
(Duke Hospital, NC & Hospital Maternal Infantil-

Miraflores, Bolivia).

e Employ pseudo-pooling methods to optimize
sequencing accuracy and efficiency.

Histogram of Decontam Scores

mmm Contaminant Features
= Non-Contaminant Features
-=== Threshold

Number of Features

Key Accomplishments

e Validated metagenome assembly workflows
for Oxford Nanopore long-read shotgun
sequencing.

Integrated contaminant detection pipeline
into the QIIME 2 framework.

Developed the PseudoPooling method in
DADA?2 to reduce computational load.

Benchmarked 11 commercial DNA
extraction kits for assessing kitome
contamination.

Impact

This research provides industry-ready
sequencing and analysis pipelines that:

¢ Increase reliability of microbiome
monitoring in healthcare environments

Reduce costs and computational barriers to
large-scale sequencing

Enable early identification of pathogens
and antibiotic resistance carriers

Support precision engineering of healthier,
safer clinical environments

Publication

Rabasco et al., Assessing contamination in DNA
extraction kits commonly used for microbiome
research
https://www.biorxiv.org/content/10.1101/2025.
09.23.677068v2 12
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Engineering Biotic Delivery to Establish
Healthy and Resilient Microbiomes

Lead Faculty: Mark Wiesner, Leanne Gilbertson

Scholar/Research Staff: Kobi Talma, Jake Richardson, Nathan Bossa

Problem Statement

Current techniques to disinfect plumbing systems fail
to provide durable microbial control and may
accelerate the development of antibiotic resistance.
Biotic inoculants show promise for modulating
microbial communities, but effective delivery of
these inoculants is underdeveloped.

Project Objectives

e Develop a hydrogel or bio-polymer formulation
that can withstand shear stresses found in
hospital p-traps.

e Optimize the hydrogel or bio-polymer formulation
to support the growth and establishment of biotic
inoculant communities.

Research Approach

Shear Stress Resistance:

Utilize a rotating-disc rheometry approach to
evaluate hydrogel/bio-polymer adhesion under fluid
shear, comparing the shear stress at detachment to a
threshold shear stress defined by typical values in
hospital p-traps.

Biotic Inoculant Establishment:

Assess the expansion of biotic inoculants from the
hydrogel structure into the surrounding environment
by measuring release and biofilm formation.

Resilience of Hydrogel-Encapsulated Biotic
Inoculants:

Assess the ability of hydrogel encapsulation to
protect and sustain biotic inoculants under
environmental stressors.
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Delivery of Biotic Inoculant
(Hydrogel/Biopolymer)
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—

Establishment of Beneficial
Microbiome

Key Accomplishments

e Demonstrated that the addition of nano-
sized cellulose improved shear stress 10-
fold.

Demonstrated that hydrogel
encapsulation improved biofilm formation.

Showed that biotic inoculant release into
external environments remains consistent
over 7 days.

Impact

e Supports the development of novel
delivery systems for the delivery of biotic
inoculants.

Help build a foundation for the
establishment of protective microbiomes
and a reduction of ESKAPEE pathogens in
hospital Built Environments.

Publications

Talma et al., A Framework for Integrating
Surface Properties into Built Environment
Microbiome Research.
https://doi.org/10.1128/aem.02036-25

Talma et al., The Influence of Material Surface
Properties on Initial Bacterial Attachment and
Biofilm Formation on Built Environment
Surfaces.
https://www.biorxiv.org/content/10.64898/202
6.01.28.702373v2 14




Key Accomplishments

Enhanced Cleaning of Hospital Sinks and etaved E1P sink cotomiaati |
o o, 0 ° . e Delayed EIP sink colonization by 8 weeks; at
Pathogen'lnhlbltlng Communlty DESIgn 11 weeks, 80% of control sinks vs. 20% of

treated sinks were colonized.

Lead Faculty: Claudia Gunsch, Deverick Anderson Substantially reduced recovery of EIPs from
Scholar/Research Staff: Neil Gottel, Will Stiffler, Bobby Warren drglize &l ene Shoned SaIenmer e
ESKAPEE-associated genera in untreated
sinks.
Treatment shifted communities toward
Problem Statement Research Approach environmental bacteria, supporting
ecological replacement rather than
Hospital sink drainage systems serve as reservoirs for ¢ 9-month controlled trial in a newly built hospital sterilization.
healthcare-associated pathogens, yet the ecological unit at Duke University 49% of residential p-trap communities
mechanisms of effective antimicrobial control remain e 15 sinks treated with foaming hydrogen peroxide inhibited P. aeruginosa, yielding 58 candidate
poorly understood. Hospital plumbing systems, disinfectant, 15 untreated controls inhibitory strains
particularly sinks, are frequently colonized by e Weekly sampling of sinks (drains, tailpiece, P-trap):
epidemiologically important pathogens (EIPs). These 2,500 samples processed for 165 rRNA Impact
EIPs can form biofilms within the sink plumbing that sequencing and culturing
are difficult to remove and are linked to healthcare- ¢ Paired residential p-trap sampling of 10 homes e Demonstrates that targeted ecological
associated infections (HAls). Traditional cleaning e Cultivability testing and isolation campaign of interventions can reduce pathogen
remains insufficient in eliminating the risk from these residential sink communities colonization and disrupt biofilm
EIPs, posing a risk to patients, especially if they are ¢ Ecologically informed construction of an essential succession.
immunocompromised. Of particular concern are p-trap microbiome, pCom1 Supports development of protective
members of the ESKAPEE group (Enterococcus ¢ Whole-community inhibition assay against microbiomes, biotic inoculants, and
faecium, Staphylococcus aureus, Klebsiella ESKAPEE pathogens improved infection-prevention strategies
pneumoniae, Acinetobacter baumannii, for the built environment.
Pseudomonas aeruginosa, Enterobacter spp., and
Escherichia coli), which frequently carry Publications
antimicrobial resistance genes. %0
Project Objectives C)f e Warren et al., Efficacy of a foamed
] disnfectant in reducing pathogen
¢ Assess whether the Ecolab Virasept foaming +— SinkTop contamination in renovated inpatient in-
disinfectant improves disinfection efficacy in : s e g e izesl sarirelles) Tl
hospital sinks compared to traditional cleaning. —~ : : : :
e Evaluate the impact of foam disinfectant on the Tail Piece I4n7f(i<)::tl|§_nlg‘ontrol & Hospital Epidemiology
plumbing microbiome. U Gottel, et al. Enhanced cleaning of sink
¢ Mine residential sink microbiomes to construct \ drains alters the bacterial community in
pathogen-inhibitory communities. P-Trap

plumbing components but not on
countertop surfaces. Zenodo.

https://doi.org/10.5281/zen0od0.19557132
15




Directed evolution of Bacillus strains under
biofilm-pyocyanin pressure: engineering functional

Impact

biotic inoculants for Pseudomonas aeruginosa
suppression in healthcare plumbing systems

Lead Faculty: Misty Thomas, Rachel Bangle, and Joseph L. Graves Jr.
Scholar//Research Staff: Shilpi Bhatia, Jasmine Jones, Leah Worrill

Problem Statement

P. aeruginosa biofilms in hospital P-traps persist and
raise healthcare-associated infection risk.

Chemical disinfectants are temporary, since biofilms
reestablish within days, and they are non-selective.
Wild-type Bacillus strains degrade biofilm matrix but
are not adapted to pyocyanin-rich, oxidative-stress
conditions, so commercial biotic cleaners show only
modest efficacy.

Project Objectives

e Establish baseline pyocyanin tolerance and
biofilm-degradation capacity for B. circulans and
B. subtilis.

e Use directed evolution under dual selective
pressure to produce two complementary strains:
one targeting alginate-rich late-stage biofilms and
one targeting Psl/Pel early-stage matrices.

¢ |dentify the genetic and regulatory basis of
improvement and confirm the strains remain
spore-forming, so they can become shelf-stable
inoculants.

Research Approach

Baseline establishment (Sep-Dec 2026):
Measure pyocyanin LD50, protease and
hydrolase production, and crystal violet biofilm
degradation, and run acute-stress RNA-seq on
both strains.

Directed evolution (Jan-Mar 2027): Run 20 serial
passages with 10 replicates plus controls per
strain.

B. circulans is evolved in alginate minimal
medium with pyocyanin.

B. subtilis is evolved on heat-killed PAO1 biofilm
plates with pyocyanin.

Mechanism and product readiness (Apr-Aug
2027): Perform whole-genome DNA-seq, RNA-
seq, confocal microscopy, and
sporulation/germination assays.

Outcome: Two characterized, spore-ready
strains, which are a proof of concept for a Year 6
four-strain SynCom and for artificial P-trap
testing.

Public health: Pathway to reduce P.
aeruginosa healthcare-associated
infections from plumbing

Precision: Targeted, non-lethal biofilm
suppression that spares commensal
bacteria, replacing indiscriminate
disinfection

Durable suppression: Complementary
strains attack multiple biofilm defenses
(alginate, Psl/Pel, pyocyanin stress),
lowering resistance potential

Translation-ready: Spore-forming strains
enable a shelf-stable inoculant, with
licensing, IPAB industry partnership, and
standards potential

Center integration: Evolved strains are
intervention candidates for MoBEStat™
and support resistance evolution
modeling

Sustainability: Biodegradable, residue-
free, and potentially lower cost than
repeated chemical treatment




Engineering Microbial
Life for Safer Spaces




Key Accomplishments

Synthetic Biology for Bacteriophage Construction

Constructed a modular synthetic PE3

Lead Faculty: RObert H. NeWman bacteriophage genome.
Scholar/Research Staff: Akinwunmi "Rapheal" Afuape, Madison Pinkeney, Tayler Scott, Nhoaa Powell, Adam
Yang, Jaden Gilliam, Penelope Stewart Developed mini-chunk assembly
strategy enabling rapid recombination of
gene sets.
Problem Statement Research ApproaCh Introduced non-canonical features
ESKAPEE pathogens pose a major threat in healthcare Genome engineering strategies: fars;';:(éggnnfét;si:rqtdo:n:jeczgéneg()jic?rr]
and built environments by spreading antimicrobial Gibson Assembly, Golden Gate Assembly, Wrarty g tng.
resigtance (AM R).. They coloniz'e‘plumbing systems bacteriophage recombineering using electroporated Sumessslly assemsled 26 o7 e 28
and increase patient risk. Traditional methods lack DNA (BRED). . . .

. . . gene fragments into their corresponding
effective long-term control. Synthetic bacteriophages .

. . . mini-chunk and constructed 5 of the 7
have not been deployed against these pathogens in De novo gene synthesis: .

. . I « » s full-length mini-chunks needed for
plumbing systems, leaving an urgent need for novel, Building phages “from the ground up” via modular Athetic bh fom bl
targeted biocontrol solutions. genome fragments. synthetic phage genome asse Y-
Project Objectives Genetic optimization: ImpaCt

Incorporation of Sapl restriction sites, reassignment
* Develop a generalizable workflow for synthetic of stop codons, and custom substitutions for Healthcare & Infrastructure Safety:
phage genome assembly and phage production. enhanced functionality. Provides a versatile and sustainable strategy
e Engineer bacteriophages capable of targeting to remove AMR pathogens from built
AMR pathogens, while incorporating genetic Application: environments, reducing healthcare-
elements that delay, or even inhibit, pathogen Designer phages for targeted elimination or associated infections.
resistance to phage infection. modulation of plumbing system microbiomes.
Industry Relevance:
f@“”""“ Enables scalable synthetic biology methods
) L for antimicrobial control in hospitals, water
|untanacionng ’ e systems, and biotechnology facilities.
A___F17igpeny pram— i L..bfc:n As.semhlv
BIET1.2 J s oD
: | seaoncoverty T, ,J“”-r”‘"\ | PCR & Gel Extractio Technology Advancement:
Lt A A (L M )\)L\J'C'\Ej Establishes a platform for rapid
{FOR & S8l Bt bacteriophage engineering, adaptable to
BIDrI.\p SDLlu 3Eln|1 3?_|,.|, o o . . .
S g T multiple industrial and health applications.
[Fiagsea) F20 [gpazc) on sy

(or GGA)
pUC19 PCR prod

Workflow for construction of a synthetic variant of the P. aeruginosa
PE3 phage (SynPE3).




Key Accomplishments

Engineering E. coli Phage Cocktails for Precision solated, TEM-characterized, and whole.
Biocontrol of AMR Strains in Hospital Environments genome sequenced four novel

coliphages from NC A&T wastewater.

Lead Faculty: Liesl Jeffers-Francis
Scholar/Research Staff: Ugonna Morikwe, Larisa Kiki Chila, Monela Ntonifor, Chikezie Ezeanowai, Aaron
Enemudo, Jennifer Kuzma , Anthony Fodor

Confirmed all three cocktail phages are
obligately lytic, with no integrase,
repressor, or AMR genes.

Problem Statement Research Approach e e e

ESBL-producing and carbapenem-resistant E. coli Genome engineering: de novo DNA synthesis, Golden determining gene-J tail-fiber targets in all

colonize premise plumbing and drinking-water Gate Assembly, and direct genome rebooting by three phages.

systems, and EXPEC strains drive healthcare- electroporation (Ko et al., 2025 platform).

associated infections. Natural phage isolates Secured IRB approval (HS26-0016) for

recognize only a fraction of circulating strains Target: central tail-fiber (gene-J) receptor- the CARI community and clinical

because host range depends on highly variable O- determining locus of the ~51 kb coliphage-1 readiness survey.

antigen and receptor-binding-protein compatibility. A siphovirus genome.

three-phage coliphage cocktail already isolated from ImpaCt

campus wastewater is therapeutically safe but leaves Validation: coverage, biocontrol efficacy, and

an uncharacterized coverage gap against real-world resistance-emergence testing across the strain panel Healthcare & Infrastructure Safety:

antibiotic-resistant E. coli populations. and PreMiEr testbeds. Closes coverage gaps in phage biocontrol of
AMR E. coli in hospital plumbing, reducing

A parallel, non-microbiological barrier compounds Readiness assessment: SE| Core-led CARI interviews healthcare-associated infections.

this gap: community members and clinicians are and concept-mapping run in parallel, building a

largely unfamiliar with engineered phage products, validated acceptance survey instrument alongside Industry Relevance: Positions a coverage-

and low baseline acceptance can stall deployment the engineering work. validated cocktail for translational

even once host-range coverage is solved. partnership with Locus Biosciences,

s . . Intralytix, and Novonesis.
Project Objectives

e Map host-range coverage gaps in the three-phage e :-:c?;ti:aogg:dr:l—in?l?jr:eeZ::cEsctlz b;ésrheliaa .
cocktail against a diverse antibiotic-resistant E. . . . @ h ut g Igg. u g lybl ¢ phag
coli strain panel (environmental and OS. “range engineerin ,sca'a ©ro
clinical/ATCC). coliphages and future PreMiEr pathogens.

\su\at & Map Tail-Fiber Synthesize & R lm tbv
ion

e Engineer and validate a host-range-expanded e (gene ) hssemie Fragments
coliphage-1 variant by targeting its gene-J tail- e
fiber locus via synthetic genome assembly.

Community & Clinician Readiness: CARI
findings feed the stakeholder-engagement

e Adapt the Community Acceptance Readiness @@ R 2[10(1itnra:;fg;gigﬁ:sr;ntzr_wlﬁ r?t:g_:fy;
Index (CARI), with the SEI Core, to assess h dg f debl 5 s
community and clinician readiness for engineered e s SR Al b el

phage therapeutics.




Fitness Determinants and Functional
Modulation in Phocaeicola vulgatus

Lead Faculty: John Rawls
Scholar/Research Staff: Jessica McCann, Ethan Rehder, Yelizaveta Rassadkina, Megan DiFranco, Lila Teitle

Problem Statement Research Approach

Understanding microbial community function is e Application of transposon insertion sequencing
central to microbiome science. A major challenge lies (Tn-Seq) to map genes essential for BE surface
in identifying the genetic determinants that shape survival.

microbial fitness and interactions within built

environments (BEs). This project uses Phocaeicola e Development of custom BE surface platforms
vulgatus (Pvu), a model bacterium, to decipher how conducive to microbial colonization studies.
genetic variation drives survival and adaptation on BE

surfaces. e Engineering tools for functional modulation,

gene/protein tagging, and localization in Pvu.

Project Objectives e |terative BE experiment designs with increased
scale and replicates to refine datasets.

¢ |dentify genes in Pvu required for fitness on
different built environment surfaces.

e Develop technologies for functional modulation
and in situ localization of Pvu.

Mutant 1 (=Y e
Tn-seq llumina

Sequencing Ansernbic = [

v
Mutant 2 = — -

*  Anaerobic

v
Mutant 3 | = EEEESES—

Transposen library

g AL (41§
HDPE and PVC inoculation Q I

HDPE: high Arbitrary PCR Sanger Sequencing

PVC: polyvir

Key Accomplishments

Finalized a robust BE surface experimental
platform for Tn-Seq studies.

Completed first full replicate of Pvu Tn-
Seq study across two different BE surface
materials.

Developed new transposon mutagenesis
tools with antibiotic resistance markers
for broader applications.

Optimized protein tagging and isolation
methods in Pvu.

Impact

Scientific:
Establishes a mechanistic understanding of
microbial adaptation on BE surfaces.

Technological:
Provides new tools for microbiome
functional engineering.

Industry Relevance:

Lays the groundwork for applications in
indoor environmental microbiome control,
biofilm management, and engineered living
surfaces.




Bioengineered Viral Tools for Controlling Key Accomplishments
PathOgenS In RQSIdentlal EnVIrOnmentS Developed bioinformatics pipelines for

identifying viral sequences from 28 fungal
Lead Faculty: Jeseth Delgado Vela, Nicole Rockey, Robert Newman, Kevin Garcia isolate strains.
Scholar/Research Staff: Gavin Duffy, Crissy Massimino, Akinwunmi (Raphael) Afuape, Brianna Jamison,

Madison Pinkney, Tayler Scott Successfully implemented transformation

of a Cladosporium halotolerans isolate
which will be tested as a mycovirus host.

Problem Statement Research Approach Successfully isolated 4 Klebsiella phages
The built environment harbors bacterial and fungal . . . and 3 Pseudomonas phages, several have
communities, including harmful ESKAPEE pathogens Mycovirus Engineering: a broad host range. lysed all 9 tested

(E. coli, Klebsiella, Pseudomonas, etc.) and fungal ) ] isolates.

molds. Existing antimicrobial approaches are ¢ [solate fungal hosts and mycoviruses via culture-

ineffective. There is a need for novel, biologically dependent/-independent methods. Designed synthetic phage PE3 for

based strategies to regulate these microbial * Transform mycovirus transcripts into fungal hosts Pseudomonas aeruginosa based on
populations. and evaluate the efficacy of fungal suppression. modular DNA fragments.

e Develop material coating-based delivery systems.
Project Objectives

Phage Engineering:
e Develop engineered bacteriophages and ImpaCt
mycoviruses to target and control pathogenic e Engineer bacteriophages with QS-receptor genes to . ‘
microbes in hospital and residential trigger pathogen lysis using whole-genome e Introduces biological alternatives to
environments. synthetic biology approaches. chemical disinfectants.
e Establish viral-host systems and engineer e Advance hydrogel and coating-based phage .
quorum-sensing (QS) response systems in phages delivery methods for hospital sinks. Provides a scalable platform for pathogen-
to disrupt biofilms and pathogen persistence. specific biocontrol in homes and critical
e Develop fungal suppression mechanisms via built environments.

mycoviral application.
e Develop delivery systems for bacteriophages and
mycoviruses for built-environment settings.

Lays groundwork for synthetic phage
therapies addressing antimicrobial
resistance.




Kill Switches for Biocontainment

Lead Faculty: Nathan Crook
Scholar: Qiaochu Li

Problem Statement

The safe deployment of genetically modified
microorganisms (GMOs) in built environments is
hindered by the risk of unintended environmental
release. Traditional containment systems lack
selectivity and efficiency, limiting their real-world
application.

Project Objective

To develop a hydrogen sulfide (H.S)-mediated kill-
switch system in E. coli that ensures selective,
efficient, and reliable microbial cell death in
wastewater environments, thereby minimizing
biosafety risks while maintaining system
performance.

P-trap
Low H,S concentration
Normal Cell Activity

e
RL rulator Sumde Gene

Research Approach

e Construct HzS-responsive kill switch system in E.

coli.

e Optimize switching sensitivity based on H.S
concentrations in plumbing P-traps.

e Engineer and monitor the system within defined
microbiome communities.

Waste Water i
High H,S concentration
Induced Cell DEATH |

Rq_prnmr g

—+ D Suicide Gene

Key Accomplishments

e Cloned and validated H.S-responsive
operator, inhibitor, and killer enzyme
genes.

Demonstrated robust H2S-dependent
killing (>6 orders of magnitude).

Identified strategies to boost killing
efficiency and circuit stability.

Impact

e Provides a scalable, selective
biocontainment solution supporting safe
deployment of engineered microbes in
real-world infrastructure.

Reduces risk of GMO escape into the
environment.

Enables broader industrial adoption of
microbiome engineering with enhanced
biosafety compliance.




P-trap Biotic Inoculant for Inhibiting Pathogen Key Accomplishments
COlOI’lIZ&tIOn In Plumblng SyStemS Isolated a Bacillus velezensis strain with

antipathobiotic surfactant-producing

Lead Faculty: Claudia Gunsch, Ophelia Venturelli, Lingchong You, capabilities.
Scholar/Research Staff: Will Stiffler, Qing Dai, Neil Gottel, Aaron Yip, Conrad Moss, Zhenqqing Zhou, Kristen
Lok, David Singleton Confirmed strain viability post-
encapsulation.
Problem Statement Research Approach Constructed and validated a mock P-
_ . . . trap experimental reactor.
Plumbing systems can harbor and disperse Isolation & Screening:
pathogens into buildings, posing serious health risks. Identify bacterial and fungal strains with Collected and analyzed 168 residential
Current disinfection methods are insufficient, and antipathobiotic functions from residential and hospital P-trap samples for long-read PacBio
resistant microbial communities often persist. There P-trap samples. sequencing.
is a need for innovative microbial solutions in
developing conditions and inocula that result in Pathogen Screening: Demonstrated suppression of E. coli
stable, healthy microbiomes resilient to colonization Test against ESKAPEE pathogens, Legionella 0157:H7 in several tested P-traps.
by pathogens. pneumophila, and Candida strains.
Project Objective Functional Analysis: Impact
Develop, test, and optimize biotic inoculants Charactgrize mechanismg (.)f pathogen exclusion in
(antipathobiotics) that exclude pathogens in mixed microbial communities. Public Health Benefit:
plumbing systems, ensuring long-term stability and Delivery Optimization: Reduces colonization and ’Fransmission of
resilience through eco-friendly, deliverable, and Introduce anti athobiétics using encapsulation dangerous pathogens (Legionella, ESKAPEE
scalable approaches. P . § encapsuration, pathogens, Candida).
hydrogels, or other delivery/colonization methods to
Cc?r%mnﬁtilt(i:es Com%ﬂﬁlies enhance survival and long-term efficacy. Sustainable Solution:
{Venturelliiyou Craups) {Bemsch Group) Establishes eco-friendly microbial consortia
Noaeann N Modeling & Testing: with long-term stability.
- Validate with laboratory-built P-trap reactors and
predictive modeling. Industry Application:

Provides a scalable microbial-based
technology for safer building water systems.

Regulatory & Market Relevance:

Supports emerging demand for next-
generation disinfection and biofilm control
solutions in healthcare, residential, and
commercial plumbing contexts.

Delivgr.y‘ \
Methods
(Wiesner Group)

Pathogen resistant
sink communities




Measuring and Modeling Sink Communities Using
Mechanistic Modeling and Machine Learning

Lead Faculty: Lingchong You

Scholar/Research Staff: Kristen Lok, Zhengqing Zhou, Katie Duncker & Emrah Simsek

Problem Statement

Hospital sinks serve as reservoirs for antibiotic-
resistant and pathogenic bacteria that can spread to
patients and cause hospital-acquired infections
(HAIs). HAls are responsible for 90,000 deaths
annually and cost $30-45 billion per year in the U.S.
Current monitoring methods are inefficient, limiting
the ability to detect, predict, and control microbial
risks in hospital sink environments.

Project Objectives

e Develop engineered microbial sentinels to detect
pathogen-associated chemicals in sink drains.

e Create a synthetic sink community to study
antibiotic resistance and pathogen dynamics.

¢ Build an Al-driven measurement tool to
efficiently track sink community changes from
morphology.

90 o0
29000

T'IV”

Research Approach

e Construct synthetic microbial consortia to sense
pharmaceuticals and antibiotics in sink P-traps.

¢ Use machine learning pipelines (variational
autoencoder + MLP) to analyze fluorescence and
colony morphology.

e |solate and characterize sink bacteria by genomic
sequencing, phenotyping, and high-throughput
assays.

e Predict and model microbial growth, antibiotic
resistance, and interactions under controlled
conditions.

loglPredicted)

log{True)

Key Accomplishments

e Developed SynkC, a synthetic sink
community, to demonstrate keystone
species driving pathogen expansion under
antibiotic stress.

Created an ML pipeline to measure
microbial abundances in sink isolates with
high accuracy (R?> 0.8-0.95).

Produced synthetic microbial sensors
capable of detecting chemical compounds
and predicting community dynamics.

Impact

Enables faster diagnosis of nosocomial
(hospital-acquired) co-infections.

Provides low-cost, scalable tools for
monitoring and mitigating microbial risk in
healthcare facilities.

Supports next-generation infection
control strategies—reducing healthcare
costs and mortality.

Broad applicability to industrial, clinical,
and environmental microbiome
monitoring.

Publications

bioRxiv Preprint (2025):
“Keystone engineering enables collective
range expansion in microbial communities”

bioRxiv Preprint (2025):
“Engineering microbial consortia for
distributed signal processing”



https://www.biorxiv.org/content/10.1101/2025.04.23.650302.abstract
https://www.biorxiv.org/content/10.1101/2025.04.23.650302.abstract

Key Accomplishments

Design and optimization of synthetic microbial
communities to inhibit pathogens in the built * Screened >100 diverse bacteria for

pathogen inhibition potential against a

e nvi I'O nm e nt clinical isolate of P. aeruginosa from a

) ) hospital sink.
Lead Faculty: Ophelia Venturelli

Scholar/Research Staff: Aaron Yip, Conrad Moss Applied statistical and machine learning
frameworks to predict community

dynamics and stability.

)
Problem Statement e
Standard (’i Biotic inoculant °~— i i i i [

Hospital sinks act as reservoirs for microbial disinfection ‘JT' ' SynComms {T Applle? alct|ve learn{ng tetchques to
communities that harbor pathogenic bacteria and : navigate argg e>fper|men a. esien .

e . C spaces to optimize the desired functions
antibiotic resistance genes. Pathogens persist in sinks o~ s.en || % e £ microbial iti
despite regular cleaning, which increases risks of D% o = BT E S + f’{;’“n \;-’: of microbiat communtties.
. . e . = [ - 0
infections and accelerates the spread of antibiotic ! ?O?Z ’ [ Qo= = { onizat D trated Ub to 3-1 ducti ;

. . s ntargete cological athogen | Commensa iotic Glonization -
resistance. This poses a critical challenge for miros oy reregon | |1| Commeneal | Biotle resistance SIMCIISAEIEE) U 10 St (e e ©

clinical isolates of P. aeruginosa using
designed synthetic microbial

removal

healthcare environments.

Project Objectives ST , communities.
Engineer stable, robust microbial communities that: p-trap testbed  LHH = g Impact

e Stably colonize p-traps. . ' el |— 3

e Inhibit the growth of Pseudomonas aeruginosa o0 +;.C,/‘ 165 Sequencing Tg Healthcare:

(target pathogen). \ D Vs § Reduces infection risks and antibiotic

e Suppress biofilm formation of P. aeruginosa. i R NS EERENE e e liEL Ol

== $38833528888 ODery O
ResearCh ApproaCh High-throughput bottom-up experiments Technology:

e Characterize the growth and pathogen inhibition DESIGH o | A | Provides predictive modeling frameworks
potential of environmental microbial species ik, T o combining microbiology, machine learning,
under controlled conditions. | — ‘ and synthetic community design.

e Use high-throughput assays to measure: —

o Biofilm prOdUCtiOﬂ i Inference of Inh}i\bition |ndustry App[ication:
= interaction: m nism . . q o
o Pathogen inhibition Explore design space oo e Potential for deployment in hospital sinks,
o Species abundance in microbial communities D WEIRE SIS, and infection control
infrastructure.

e Integrate experimental data with statistical
models, machine learning, and multi-objective
optimization to predict community dynamics.

e Apply active learning to optimize microbial
community performance against pathogens.




Key Accomplishments

SOCietal and Ethical I m pliCatiO nS Of Develop'ed angl validated prihciplgs for the
Microbiome Engineering dentifed key acceptance factors,

demographics, values, and knowledge.

Lead Faculty: Jennifer Kuzma, Joe Brown, Joseph Graves Jr., Jean Cadigan Designed and implemented surveys and
Scholar/Research Staff: Kristen Landreville, Jill Furgurson Chris Cummings, Nourou Barry, Darcy Anderson, interviews on real-world interventions.
Rich Eva, Zoya Das Organized international workshops for
scientists, industry, and policymakers.
Problem Statement Research Approach
Microbiome engineering offers significant * International Deliberative Workshops: Co- Impact

developed principles for responsible innovation
and microbiome stewardship.

e Stakeholder & Community Engagement:
Conducted surveys and interviews on real-world
cases (e.g., household mold, hospital AMR).

¢ National Quantitative Survey: Measured U.S.
public attitudes and key demographic drivers.

¢ Regulatory Landscaping for Emerging
Biotechnologies Applied to Microbiome
Engineering

opportunities for improving BE (e.g., reducing mold,
tackling antimicrobial resistance). However, public
trust, societal acceptance, and ethical oversight are
critical hurdles. Without clear principles for
responsible development and integration of societal
perspectives, public resistance and policy challenges
may slow down innovation.

e Establishes a framework for responsible
microbiome innovation in industry and for
microbiome stewardship
Offers insights into public perception to
inform product and regulatory strategies.
Fosters ethical alignment among industry,
policymakers, and communities.
Promotes trust, acceptance, and

PrOjeCt Objectives responsible scaling of BE microbiome

technologies.

e Establish principles & practices for responsible
microbiome engineering in BE.

¢ |ntegrate societal, ethical, and policy insights
within scientific and engineering projects.

e Evaluate public perceptions, hopes, and concerns
regarding microbiome engineering.

e Assess public communications on microbiome
studies and its influence on research and policy.

Publications

Barry et al. (2026) Exploring and Defining Microbiome
Microbiome Stewardship for the Indoor Environment.
Sustainable Microbiology 3 (3): qvag035,
https://doi.org/10.1093/sumbio/qvag035

BEST PRACTICES IN
MEOBE

ANTICIPATION _

Landreville et al. (2026). Towards the Responsible
Development of Microbiome Engineering in the Built
Environment. Journal of Responsible Innovation 13:1,
2675073.

INCLUSION

CORE

JUSTICE PRINCIPLES o
Equity | Distributive e
Intergeneraticnal INDIVIDUAL GOOD Procedural Justice
Beneficance | Hon-
Maleficence

Barry N, Landreville KD, Blackwood D, Yard JK, Noble R,
and J Kuzma. (2026). Experiences with household mold
and perceptions of microbiome engineering to mitigate
mold. Frontiers in Public Health 14:725172.
https://doi.org/10.3389/fpubh.2026.1725172

AUTONOMY
Libaerty | Dignity | Salf- FOLLECTIVEGOTD
Determination | Group Self- Community | Civie
Dotarmination Responsibility | Stewardship

Cummings C., Landreville K, and J. Kuzma (2026). Public
Perceptions and Support for Introduced Microbes to
Combat Mold Growth in Disaster Relief Efforts.
Environmental Systems & Decisions 46 (3)
https://link.springer.com/article/10.1007/s10669-025-
10062-x_

26



https://doi.org/10.1093/sumbio/qvag035
https://doi.org/10.3389/fpubh.2026.1725172
https://link.springer.com/article/10.1007/s10669-025-10062-x
https://link.springer.com/article/10.1007/s10669-025-10062-x

CURRENT TEST BEDS

( ENVIRONMENTAL CHAMBERS ) ( ENVIRONMENTAL BIOREACTORS ) ( PREMIER HOME @ DUKE )
Precision-controlled environmental chambers for Environmental bioreactor testbeds that Single family home residential testbed
studying aerosolized microbial spread, colonization, simulate engineered indoor built environments for conducting MoBE research and

and interactions with building materials. to design and test microbiome interventions tech validation.

( PARTNER HOSPITALS ) (GLOBAL COMMUNITY SITES)
Hospital test beds across North Carolina Collaborations with communities in
and South America for conducting MoBE Bolivia and both urban & rural North

research and tech validation. Carolina for field-based research.
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WHY
JOIN US?

Help us Create Biologically
Healthy Indoor Environments

Research & Technology

Priority access to world-class experts, research, and facilities

Collaboration
Joint funding opportunities for external grants

Financial

Leverage R&D funds through shared costs and significantly
reduced overhead

Operational Ease

Streamlined access to resources within PreMiEr through the Industry
Liaison Officer

Training and Recruiting
Access to a highly-trained workforce with mentorship opportunities

Technology Translation

Engage with faculty and students to move research to
commercialization
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