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Abstract
The 2025 PreMiEr SEI Workshop brought together nearly 50 researchers, students, and prac-
titioners to explore the social and ethical dimensions of microbiome engineering in the built 
environment. Over a half-day virtual program, participants heard invited talks on ethical futures of 
microbiome science, responsible governance, public attitudes and risk perceptions, virtue ethics 
for researchers, “ghost variables” in media and policy, community engagement in built environ-
ments, and household experiences with mold and environmental exposure. Breakout groups then 
worked with structured prompts to identify priority SEI questions, opportunities for collaboration, 
and concrete needs from the SEI Core.

Across talks and discussions, participants emphasized that rigorous, responsible microbiome 
engineering requires attention to justice as a bioethical principle, community engagement, meth-
odological rigor, and the socioeconomic conditions that shape both microbiomes and health. 
They called for governance frameworks grounded in Responsible Research and Innovation, and 
for engagement approaches that connect technical microbiome work to lived experiences of 
exposure, housing, water, and inequality. This report documents the workshop agenda, summa-
rizes each session, synthesizes breakout themes, and outlines recommendations for the PreMiEr 
SEI Core.

Executive Summary
On May 13, 2025, the Societal and Ethical Implications (SEI) Core of the National Science 
Foundation (NSF) Precision Microbiome Engineering (PreMiEr) Engineering Research Center 
(ERC) convened a half-day virtual workshop to examine the Responsible Research and Innovation 
(RRI) dimensions of microbiome engineering in the built environment (MEoBE). The aims were to 
reflect on ongoing SEI projects, identify gaps in the ethical, social, and policy analysis of MEoBE, 
and co-develop priorities that align with NSF broader impacts and the ERC’s technical goals.

The workshop brought together nearly 50 participants from universities, government agencies, 
nonprofits, and other organizations. Presentations and discussions focused on bioethics, com-
munity engagement, governance, communication, and the socioeconomic conditions that shape 
both microbiomes and health. Sessions included work on ethical futures for microbiome science, 
stewardship and governance frameworks, national attitudes toward MEoBE, virtue ethics for 
researchers, ghost variables in media and policy, community engagement in built environments, 
and household experiences with mold and environmental exposure.

Across talks, Zoom chat discussions, and structured breakout groups, participants underscored 
that rigorous, responsible microbiome engineering requires:

 › Attention to justice as a bioethical principle, including how housing, infrastructure, and 
structural racism influence exposure and health outcomes.
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 › Governance frameworks grounded in RRI that make responsibility, accountability, and long-
term stewardship explicit.

 › Community engagement practices that treat residents and workers as partners whose 
lived experience and priorities shape research questions and design decisions.

 › Methodological rigor in how populations are defined, variables are selected, and causal 
claims are made, particularly when studying socially defined racial and socioeconomic 
groups.

 › Consideration of socioeconomic factors and access, such as who is likely to encounter 
engineered microbiomes first and how benefits and burdens are distributed.

This report documents the workshop agenda, summarizes each presentation, synthesizes break-
out discussions, and outlines recommendations for how the PreMiEr SEI Core can strengthen RRI, 
bioethics, and community-engaged research across the center.

1. Background & Objectives
The NSF PreMiEr ERC is a multi-institutional center funded by the U.S. National Science 
Foundation to understand and engineer microbiomes in built environments in ways that improve 
human health and environmental sustainability. Within PreMiEr, the Societal & Ethical Implications 
(SEI) Core examines how this work intersects with ethics, governance, communication, and 
community priorities. The SEI Core collaborates with technical researchers and external partners 
to anticipate potential impacts, support RRI, and help ensure that microbiome engineering in the 
built environment advances access, fairness, and long-term stewardship.

The PreMiEr ERC focuses on understanding and engineering microbiomes in built environments—
such as hospitals, homes, and other shared spaces—to improve human health and environmental 

AUDIO OVERVIEW AVAILABLE

Listen to a conversational deep dive into the PreMiEr SEI Workshop 
Report, exploring the shift from sterilization to precision microbiome 
engineering and the ethical, scientific, and governance questions 
that come with it. Generated using Google Gemini and based on the 
workshop report, the episode highlights key insights and takeaways for 
researchers and collaborators.

Listen at go.ncsu.edu/premier-sei-workshop-podcast

https://go.ncsu.edu/premier-sei-workshop-podcast
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outcomes. The SEI Core is charged with examining how this work intersects with ethics, policy, 
communication, justice, and public engagement.

By 2025, PreMiEr had launched multiple SEI projects, including work on governance frameworks, 
public attitudes and communication, character and virtue ethics in research, and community 
experiences with mold and other microbiome-related exposures. The SEI Core designed this 
workshop to:

 › Share ongoing SEI research with the broader PreMiEr community;

 › Invite critical reflection and feedback from microbiome scientists, engineers, and external 
experts;

 › Surface cross-cutting SEI questions relevant to microbiome engineering in the built envi-
ronment; and

 › Co-develop a set of priorities and collaboration ideas for the remaining years of PreMiEr.

The workshop was also intended as an experiment in integrating SEI more systematically into 
the center’s scientific work, combining presentations, interactive chat, and structured breakout 
discussions to create a shared space for reflection and agenda-setting.

2. Workshop Design & Participants

2.1 Agenda Overview
The workshop ran from 1:00–4:30 PM Eastern Time (ET) on May 13, 2025, via Zoom. The agenda 
was structured to move from conceptual framing, to empirical case studies, to participatory 
agenda-setting. The sequence of sessions was as follows:

 › Welcome and Framing – Purpose, participants, and goals (Jennifer Kuzma)

 › Ethical Futures: Facing the Social Challenges in Microbiome Engineering (Amber Benezra)

 › Developing Responsible Governance Practices and Principles: SEI Literature Review and 
2024 Workshop Output (Jennifer Kuzma & Kristen Landreville)

 › U.S. National Attitudes about MEoBE: Overview and Use Cases (Christopher Cummings & 
Kristen Landreville)

 › Expanding Ethics: Virtue Ethics for Researchers (Rich Eva)

 › Ghost Variables and Use/Misuse in Media and Policy (Arden Hecate)

 › Engagement with Communities about MEoBE to Make it Relevant and Useful (Kristen 
Landreville, Darcy Anderson, Nourou Barry, Jean Cadigan)

 › Experiences with Household Mold and Perceptions of Exposure (Nourou Barry & Kristen 
Landreville)
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 › Breakout sessions on SEI agendas, followed by report-back and closing discussion

This progression was designed to situate PreMiEr’s SEI work in broader ethical and social ques-
tions, introduce concrete research projects, and then invite participants to translate those insights 
into priorities and recommendations.

2.2 Participant Profile
There were 47 attendees (of 63 registrants) who participated in the PreMiEr SEI workshop, 
primarily from academic institutions, with additional participation from government, industry, 
nonprofit, and other sectors. Many participants were affiliated with NC State University, Duke 
University, the University of North Carolina (UNC), or partner institutions, and roles ranged from 
students to faculty, research staff, and practitioners in public health, water infrastructure, and 
related fields.

Zoom chat introductions and discussion showed participation from microbiologists, anthropolo-
gists, ethicists, communication scholars, engineers, and students, as well as participants working 
on issues such as diet and microbes, social equity in health, water quality, and community en-
gagement. This mix allowed the workshop to draw on multiple forms of expertise, including lived 
experience and professional practice.

2.3 Facilitation and Use of Digital Tools
The workshop used Zoom’s chat and breakout functions to support interaction and documenta-
tion. Participants were invited to introduce themselves in the chat and to share the societal and 
ethical questions they encounter in their work. The chat was then used to surface questions, 
reflections, and resources during talks, some of which were addressed in real time and others in 
the broader discussion.

For the breakout sessions, attendees were randomly assigned to groups, each with a shared 
online template specifying the group’s focus questions and spaces for key discussion points, con-
cerns, and ideas for PreMiEr SEI. Each group designated at least one recorder and one reporter. 
The GES Center also provided a resource portal link where slides, breakout note templates, and 
other resources would be posted.

https://sites.google.com/ncsu.edu/premier-sei-workshop-resources
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3. Plenary Session Summaries

3.1 Opening and Framing
Jennifer Kuzma opened the workshop by situating the 
SEI Core within the broader PreMiEr ERC and by thanking 
participants from across NC State, Duke, UNC, and partner 
institutions. She emphasized that the purpose of the event 
was not just to disseminate SEI research, but to gather 
feedback, foster collaboration, and co-shape the SEI agenda 
for microbiome engineering in the built environment.

Kuzma highlighted three guiding aims: to refine ongoing SEI projects by testing them against 
participant experience; to identify new questions and partners for future work; and to explore how 
SEI can more effectively influence technical research, governance, and practice in built environ-
ments. She framed the workshop as an opportunity to align SEI activities with RRI principles 
and NSF broader impacts, while remaining responsive to the practical realities of microbiome 
engineering.

3.2 Ethical Futures: Facing the Social Challenges of MoBE
Anthropologist Amber Benezra drew on long-term collaboration with microbiome scientists to 
discuss how microbiome research is entangled with care, inequality, and global health contexts. 
She framed “ethical futures” as futures in which microbiome science takes seriously questions of 
whose bodies and environments are studied, whose labor sustains research, and whose vulnera-
bilities are made visible or overlooked.

Benezra highlighted how microbiome 
work often prioritizes technical interven-
tions while backgrounding social deter-
minants such as poverty, housing, diet, 
and system-level disparities. For MEoBE 
to be responsible, she argued, it must 
foreground these structural conditions 
rather than treating them as confounding 
variables. She called for slower, relational 
collaborations with communities and for 
interdisciplinary teams that include social 
scientists and humanities scholars from 
the outset.
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3.3 Developing Responsible Governance Practices and Reviewing SEI 
Literature
Jennifer Kuzma and Kristen Landreville presented ongoing SEI Core work synthesizing literature 
on social and ethical issues surrounding MEoBE and related technologies, and using that synthe-
sis to sketch governance and stewardship frameworks for PreMiEr. Their presentation mapped 
key themes from the literature, including risk and uncertainty, justice and fairness, participation, 
and the politics of expertise.

They discussed efforts to adapt RRI principles—anticipation, reflexivity, inclusion, and respon-
siveness—to the specific context of microbiome engineering in built environments. The talk intro-
duced early versions of frameworks intended to help PreMiEr teams reflect on who is affected by 
their work, who participates in decision making, and how to embed accountability, transparency, 
and responsiveness into project design. Participants were encouraged to view governance as an 
ongoing practice of stewardship rather than a static set of rules.

3.4 U.S. National Attitudes about MEoBE
Christopher Cummings and Kristen Landreville presented survey-based research on U.S. national 
attitudes toward microbiome engineering in the built environment (Cummings et al., 20241). 
Drawing on communication, psychology, and risk perception literatures, they examined how re-
spondents react to different descriptions of MEoBE, potential applications such as hospital sinks 
and ventilation systems, and possible benefits and risks.

Their findings suggested that public attitudes are malleable and sensitive to framing, trust in 
institutions, and perceptions of fairness and control. Some audiences expressed enthusiasm 
for health and safety benefits, while others worried about “invisible” risks, corporate control, and 
unintended ecological consequences. The talk underscored that transparent communication and 
trust-building are prerequisites for successful deployment of microbiome engineering technolo-
gies, and that communication strategies should acknowledge uncertainty and address distribu-
tional impacts.

3.5 Expanding Ethics: Virtue Ethics for Researchers
Rich Eva introduced a virtue ethics perspective on scientific research, arguing that ethical 
research requires not only sound rules and procedures, but also the cultivation of researcher 
character. He invited participants to consider the traits they hope will define them at the end of 
their careers—kindness, honesty, courage, humility, fairness—and how these traits show up in 
day-to-day research decisions.

Eva explored how institutional incentives, such as publication pressure and competition for 

1 Cummings C., Landreville K.D, and Kuzma J. (2024) Taking the temperature of the United States public regarding microbi-
ome engineering. Front. Public Health. 12:1477377. https://doi.org/10.3389/fpubh.2024.1477377.

https://doi.org/10.3389/fpubh.2024.1477377
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funding, can undermine virtues like 
patience, generosity, and openness. He 
suggested practices for cultivating char-
acter in research teams: shared reflec-
tion, mentoring, and deliberate attention 
to how researchers treat colleagues, 
participants, and communities. Breakout 
discussions later emphasized that the 
character traits of both researchers and 
participants shape SEI outcomes by 
influencing trust, decision-making, and 
willingness to engage.

3.6 Ghost Variables and Use/Misuse in Media and Policy
PreMiEr SEI PhD candidate Arden Hecate presented work on “ghost variables”—inaccurate or 
misleading proxies that stand in for deeper structural causes in media and policy narratives. The 
framework distinguishes ghost variables, associative factors, and structural drivers. Ghost vari-
ables obscure root causes, associative factors correlate with outcomes without being causal, and 
structural drivers are the underlying systems and conditions that produce observed patterns.

Hecate showed how media coverage and policy debates about microbiomes and health often 
focus on easily measured factors, such as individual behavior or generic demographic labels, 
while downplaying structural drivers like housing policy, occupational exposures, and system-lev-
el disparities. They invited participants to identify ghost variables in their own work and to design 
studies and communication strategies that make structural drivers visible rather than invisible. 
This framework links methodological rigor to ethical responsibility, highlighting the importance of 
scientific precision in population descriptors and explanatory variables.
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3.7 Panel Discussion: Engagement with Communities about MEoBE
As a panel, Kristen Landreville, Darcy Anderson, Nourou Barry, and Jean Cadigan shared lessons 
from community engagement efforts around microbiome engineering in built environments. 
Drawing on projects in healthcare facilities, schools, and community settings (Cummings et al., 
20252; Cummings et al., 20263), they discussed the importance of meeting communities where 
they are, including concerns about mold, odors, ventilation, and infrastructure.

The panelists stressed the need to co-design engagement processes with local partners rather 
than imposing pre-defined outreach plans. They also described challenges in explaining microbi-
ome concepts without reinforcing stigma or blame. Communities were portrayed not simply as 
stakeholders but as co-producers of knowledge whose experiences and questions should shape 
research agendas. Engagement often reveals tensions between technical fixes and broader struc-
tural problems, such as underfunded housing and aging water systems, underscoring the need 
for research that connects microbial interventions to larger questions of access and fairness.

3.8 Experiences with Household Mold and Perceptions of Exposure
Nourou Barry and Kristen Landreville presented qualitative work on household mold, exposure, 
and perception, illustrating how microbiome-related concerns intersect with housing insecurity, 
chronic illness, and distrust of institutions (Barry et al., 20264). Participants in these studies 
reported feeling caught between conflicting risks and limited options—worrying about tap water 
microbes, heavy metals, microplastics, and “forever chemicals,” while lacking the resources to 
move or make major renovations.

The talk underscored that decisions about where and how to engineer microbiomes in built envi-
ronments cannot be separated from people’s existing experiences with exposure, precarity, and 
unequal access to safe water and housing. It reinforced that engagement around MEoBE should 
connect to these lived realities, not just to abstract health metrics, and that justice and fairness 
should be treated as central bioethical concerns in the design of research and interventions.

2 Cummings CL, Landreville KD, & Kuzma J. (2025). Public perceptions and support for introduced microbes to combat 
hospital-acquired infections and antimicrobial resistance. PLOS ONE, 20(10), e0332578. https://doi.org/10.1371/journal.
pone.0332578

3 Cummings CL, Landreville KD, & Kuzma J. (2026) Public perceptions and support for microbiome engineering to combat 
mold growth in disaster relief efforts. Environ Syst Decis 46, 3 (2026). https://doi.org/10.1007/s10669-025-10062-x

4 Barry N, Landreville KD, Blackwood D, Yard JK, Noble R and Kuzma J (2026) Experiences with household mold and 
perceptions of microbiome engineering to mitigate mold. Frontiers in Public Health 14:1725172. https://doi.org/10.3389/
fpubh.2026.1725172.

https://doi.org/10.1371/journal.pone.0332578
https://doi.org/10.1371/journal.pone.0332578
https://doi.org/10.1007/s10669-025-10062-x
https://doi.org/10.3389/fpubh.2026.1725172
https://doi.org/10.3389/fpubh.2026.1725172
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4. Breakout Discussions: Setting SEI Agendas

4.1 Breakout Structure and Questions
In the final portion of the workshop, participants were randomly assigned to breakout rooms 
and given a shared set of guiding questions, tailored by group. Across groups, prompts included 
questions such as:

1.	 What are important questions or areas for the SEI Core to consider in these ongoing 
projects?

2.	 What are important areas for the SEI Core to consider in the future, stemming from your 
research or microbiome engineering more broadly?

3.	 How might the SEI Core better collaborate with you or help address the societal aspects of 
your work in future years?

4.	 How might you and your research team better address SEI issues within your own work?

5.	 What are broader community SEI research and engagement needs, and how can PreMiEr 
help address those (for example, around housing, water, infrastructure, or environmental 
exposures)?

6.	 Any other input or recommendations for PreMiEr SEI?

Each breakout group used a shared online template to record key discussion points, questions or 
concerns, and specific recommendations. Recorders and reporters later synthesized these notes 
in a brief report-back to the full group, forming the basis for the themes summarized below.

4.2 Synthesis of Breakout Group Themes
While each group emphasized different aspects of SEI, several common themes emerged from 
the breakout notes and report-backs.

First, participants highlighted microbiome stewardship as a unifying concept. Groups discussed 
the need for a practical framework for microbiome stewardship that clarifies responsibilities to 
occupants, communities, and future users of engineered systems. There was interest in case 
studies that track how stewardship principles are applied in real projects and what tensions arise 
in practice.

Second, participants noted that researcher character and team culture shape SEI outcomes. One 
group focused heavily on character traits and virtues, observing that humility, honesty, courage, 
and fairness influence how researchers interact with participants and communities, and how 
they handle uncertainty and disagreement. These traits were viewed as essential for building and 
maintaining trust.
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Third, groups observed that commercialization adds layers to SEI challenges. Moving from 
research to deployment raises questions about control, access, accountability, and who bears 
risks versus benefits. Participants worried that early adopters—often institutions serving under-re-
sourced communities—could carry disproportionate risks while companies capture most of the 
benefits.

Fourth, discussions raised questions about consensus, control, and the boundaries between 
public and private decision-making. Participants asked who gets to decide which environments 
are engineered, what constitutes acceptable risk, and how to ensure that those most affected 
have a meaningful say, especially in settings where public and private interests overlap, such as 
private hospitals or public schools with private contractors.

Finally, breakout groups emphasized the importance of community voice and co-production. 
Across notes, participants stressed the need to make space for community perspectives from 
early problem definition through design and evaluation. They suggested that the SEI Core could 
help develop and share tools for co-produced research, participatory mapping of concerns, and 
long-term partnerships with community organizations.

5. Cross-Cutting Themes

5.1 Fairness, Access, and Socioeconomic Context
A recurring theme was that microbiome engineering in the built environment cannot be separated 
from where people live, work, and receive care. Presenters and participants highlighted how seg-
regated housing, infrastructure investment, occupational exposures, and structural inequalities 
shape both microbiomes and health outcomes.

From a bioethical perspective, this raises questions of inequities and fairness: who is most ex-
posed to harmful microbial environments, who gains early access to safer or engineered spaces, 
and how decisions about MEoBE intersect with existing patterns of displacement and underin-
vestment. Participants emphasized the need for scientific precision in population descriptors—
distinguishing between socially defined racial groups, socioeconomic status, and environmental 
conditions—so that microbiome research does not inadvertently naturalize inequities or treat 
structural drivers as mere background variables.

5.2 Governance and Responsible Research & Innovation (RRI)
Talks on governance and breakout discussions converged on the importance of RRI-based gov-
ernance frameworks for MEoBE. Participants called for tools that help teams anticipate down-
stream effects of microbial interventions in real buildings, reflect on their own assumptions and 
project goals, include affected communities and practitioners in shaping research, and respond 
when new information or concerns emerge.
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Stewardship was proposed as a key organizing idea: researchers, facility managers, and insti-
tutions share responsibility for long-term care of the microbial environment, not just short-term 
performance metrics. Participants suggested that stewardship frameworks should explicitly 
address who is accountable, how trade-offs are evaluated across stakeholder groups, and how 
decisions will be revisited as evidence and circumstances change.

5.3 Researcher Character, Trust, and Bioethics in Practice
The virtue-ethics session and subsequent discussions reframed ethics as not only compliance 
with rules but also the cultivation of researcher character. Participants reflected on traits they 
hope colleagues associate with their work—honesty, humility, courage, fairness—and how those 
traits affect how uncertainty and conflicting evidence are handled, how disagreements within 
teams are navigated, how communities and collaborators are treated, and how risks and benefits 
are communicated.

This character-centered approach complements more formal bioethics and RRI frameworks, an-
choring them in everyday decisions and mentoring relationships. Participants noted that building 
trust with communities and partners depends as much on visible integrity and responsiveness as 
on formal protocols.
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5.4 Community Engagement and Lived Experience
Presentations on community engagement and household 
mold highlighted that residents often confront multiple 
overlapping exposures—mold, water quality concerns, mi-
croplastics, and “forever chemicals”—alongside constrained 
housing options and financial pressures. Engagement that 
focuses narrowly on a single technology risks missing the 
broader landscape of worry and constraint in which people 
make decisions.

Participants emphasized that robust community engage-
ment for MEoBE should start from locally defined problems 
and priorities, recognize residents and workers as knowl-
edge-holders whose observations and histories improve 
scientific understanding, and be designed as longer-term 
relationships rather than one-off consultations. This aligns 
with RRI’s emphasis on inclusion and responsiveness, and 
with bioethics’ focus on respect for persons and communities.

5.5 Methodological Rigor, Ghost Variables, and Communication
The ghost-variable framework and national-attitudes work underscored that methodological rigor 
is itself an ethical concern. When proxies (e.g., zip code, income bracket, or broad demographic 
labels) stand in for structural conditions, it becomes too easy to misattribute cause and blame.

Participants called for greater transparency about why particular variables and categories are 
chosen, careful distinction between correlation and causation (especially in studies involving 
socially defined racial or socioeconomic groups), integration of qualitative insights and com-
munity knowledge to interpret patterns in microbiome data, and communication strategies that 
accurately convey uncertainty and avoid reinforcing stereotypes.

In public communication, participants stressed the importance of clear, non-sensational language 
that explains both potential benefits and uncertainties while acknowledging the economic and 
infrastructural constraints many communities face.

6. Implications & Recommendations for the 
PreMiEr SEI Core
Building on the presentations, discussions, and breakout notes, this section outlines key im-
plications and recommendations for the PreMiEr SEI Core. These suggestions are intended to 
strengthen RRI, bioethics, community engagement, methodological rigor, and attention to socio-
economic factors across the center.
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6.1 Develop & Pilot an RRI-Aligned Microbiome Stewardship Framework
The SEI Core can develop and pilot a practical framework that helps research teams anticipate 
impacts, reflect on assumptions, involve communities, and respond to new information. This 
Microbiome Stewardship Framework could include explicit prompts about fairness, access, and 
socioeconomic conditions in the built environments being studied or engineered.

The framework could be piloted with two or three PreMiEr technical projects, such as work on 
hospital sinks or school ventilation systems. These pilots should document both successes and 
challenges, generating case studies that inform future refinements.

6.2 Embed Bioethics and Virtue Ethics into Research Practice
The SEI Core can create short reflection modules for lab meetings and project kickoffs that 
connect bioethical principles—fairness, beneficence, non-maleficence, and respect—with concrete 
project decisions. These modules could include hypothetical scenarios and prompts that invite 
teams to consider how they will address issues such as distribution of risks and benefits, data 
governance, and communication of uncertainty.

In parallel, virtue-ethics exercises can invite team members to articulate and practice the charac-
ter traits they want their work to reflect, such as humility, fairness, and honesty. These activities 
can be integrated into mentoring relationships and annual project reviews.

6.3 Strengthen Community-Engaged, Co-Produced Research on MEoBE
The SEI Core can support at least one co-designed community project in which residents, facility 
staff, or community organizations help define research questions and data needs. Such a proj-
ect could focus, for example, on household mold, school air quality, or water infrastructure in a 
specific community.

Resources should be built in for longer-term engagement, including follow-up meetings, return-
ing results in accessible formats, and collaboratively interpreting findings. Engagement outputs—
such as maps of concerns, oral histories, and observations about buildings—should be treated as 
data that inform study design and interpretation, not just outreach artifacts.

6.4 Advance Methodological Rigor around Population Descriptors and 
Structural Drivers
To support methodological rigor, the SEI Core can encourage projects to use precise population 
descriptors—for example, residents of historically red-lined neighborhoods or workers in high-hu-
midity industrial settings—and to clearly separate social categories from biological variables.

The core can promote collaborations between microbiome scientists, social scientists, and 
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statisticians to identify and avoid ghost variables and to integrate structural determinants into 
models where appropriate. Developing internal guidance or checklists for ethical and rigorous use 
of demographic and socioeconomic data in MEoBE studies would further support this effort.

6.5 Integrate Survey and Communication Research into Center-Wide 
Practice
Findings on national attitudes toward MEoBE can be used to test communication frames that 
emphasize transparency, fairness, and shared stewardship rather than hype. These frames can 
be evaluated with different audiences, including community advisory boards, facility managers, 
and policy partners.

Building feedback loops—where communication experiments inform both SEI scholarship and 
technical team outreach—will help ensure that communication strategies are grounded in evi-
dence and responsive to stakeholder concerns.

6.6 Create Sustained Structures for SEI–Technical Collaboration
Finally, the SEI Core can help create sustained structures for collaboration with technical teams. 
Options include regular cross-core RRI forums or “SEI office hours” where technical teams can 
bring emerging questions about community engagement, ethics, or governance.

Mapping SEI activities onto the project lifecycle—from proposal and design, through data collec-
tion and analysis, to translation—can ensure that SEI is integrated early rather than added late. 
Documenting and sharing cases where SEI input led to changes in research design or deployment 
decisions will reinforce the value of this integration.

7. Conclusion & Next Steps
The 2025 PreMiEr SEI Workshop demonstrated the value of bringing together anthropologists, 
communication scholars, ethicists, engineers, and community-engaged researchers to reflect on 
microbiome engineering in the built environment. Participants emphasized that justice, steward-
ship, researcher character, and community engagement are not add-ons, but central components 
of responsible microbiome engineering.

As PreMiEr moves into its later years, the SEI Core has an opportunity to deepen integration with 
technical projects, support communities facing microbiome-related exposures, and leave behind 
not only publications but also frameworks, practices, and relationships that will outlast the center. 
Building on the insights from this workshop—through follow-up meetings, pilot projects, and 
continued documentation—will be key to realizing that potential.
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Appendices
The following appendices provide supporting details about the workshop agenda, speakers, 
participants, breakout discussions, resources, and acronyms used in the report.

Appendix A – Workshop Agenda
The 2025 PreMiEr SEI Workshop was held virtually via Zoom on May 13, 2025, from 1:00–4:30 
PM ET. The agenda moved from framing and conceptual work, to empirical case studies, and then 
to participatory agenda-setting through breakout discussions.

 › 1:00 PM ET – Jennifer Kuzma: Symposium Introductions: Purpose & Participants 
Welcome, overview of PreMiEr and the SEI Core, and framing of workshop goals in relation 
to Responsible Research and Innovation (RRI) and NSF broader impacts.

 › 1:05 PM ET – Amber Benezra: Ethical Futures: Facing the Social Challenges in 
Microbiome Engineering  
Anthropological perspectives on how microbiome research intersects with care, inequality, 
and global health, and what ethical futures for microbiome engineering in the built environ-
ment (MEoBE) might require.

 › 1:35 PM ET – Jennifer Kuzma & Kristen Landreville: Developing Responsible Governance 
Practices and Principles: SEI Literature Review and 2024 Workshop Output 
Synthesis of literature and prior SEI workshops to sketch governance and stewardship 
frameworks for MEoBE, rooted in RRI principles (anticipation, reflexivity, inclusion, 
responsiveness).

 › 1:50 PM ET – Group Discussion. Open discussion and chat-based reflection on the gover-
nance framework, including questions of justice, access, and long-term stewardship.

 › 2:00 PM ET – Christopher Cummings & Kristen Landreville: U.S. National Attitudes about 
MEoBE: Overview and Use Cases 
Presentation of survey findings on U.S. national attitudes toward MEoBE, focusing on trust, 
perceived risks and benefits, and implications for communication and policy.

 › 2:15 PM ET – Q&A and Large Group Discussion. Whole-group discussion on how public at-
titudes, communication frames, and trust can inform PreMiEr projects and broader MEoBE 
governance.

 › 2:30 PM ET – Rich Eva: Expanding Ethics: Virtue Ethics for Researchers 
Introduction to virtue ethics as a complement to rules-based ethics, emphasizing research-
er character traits such as honesty, humility, courage, and fairness, and their importance for 
SEI and trust.

 › 3:05 PM ET – Arden Hecate: Ghost Variables and Use/Misuse in Media and Policy 
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Framework for identifying “ghost variables”—misleading proxies that obscure structural 
drivers—in media and policy narratives about microbiomes and health, and implications for 
methodological rigor and communication.

 › 3:15 PM ET – Panel Discussion: Engagement with Communities about MEoBE to Make it 
Relevant and Useful 
Panel with Kristen Landreville, Darcy Anderson, Nourou Barry, Jean Cadigan on communi-
ty engagement around MEoBE in settings such as healthcare facilities and schools, empha-
sizing co-production, respect for lived experience, and links to housing and infrastructure.

 › 3:30 PM ET – Nourou Barry & Kristen Landreville: Experiences with Household Mold and 
Perceptions of Exposure 
Qualitative case study of household mold, exposure, and risk perception, connecting mi-
crobiome science to socioeconomic constraints, housing insecurity, and concerns about 
overlapping environmental exposures.

 › 3:45 PM ET – Breakout Session: Setting SEI Agendas for the Future 
Small-group discussions using structured templates to identify priority questions, collabo-
ration opportunities, and needs from the SEI Core.

 › 4:10 PM ET – Report Back and Group Discussion 
Breakout groups shared key takeaways and recommendations, followed by whole-group 
discussion on cross-cutting themes.

 › 4:25 PM ET – Jennifer Kuzma: Conclusions and Potential Next Steps/Collaborations 
Synthesis of workshop insights, next steps for the SEI Core, and invitations for continued 
collaboration.

 › 4:30 PM ET – Closing
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Appendix B – Speaker Biographies
This appendix provides short biographies for the primary speakers and panelists who contributed 
to the 2025 PreMiEr SEI Workshop. Bios focus on roles and expertise relevant to microbiome 
engineering in the built environment (MEoBE), ethics, governance, communication, and community 
engagement.

Jennifer Kuzma, PhD

Goodnight-NCGSK Foundation Distinguished Professor in the Social 
Sciences; Associate Director, PreMiEr; and Co-founder and Co-Director, 
Genetic Engineering and Society (GES) Center, NC State University. Her 
work focuses on the governance and societal implications of emerging 
biotechnologies, including genetic engineering and microbiome engineer-
ing. She has served on multiple national and international advisory bodies 
related to risk analysis, regulation, and responsible innovation.

Kristen D. Landreville, PhD

Senior Research Scholar at the GES Center, NC State University, and mem-
ber of the SEI Core for the PreMiEr ERC. Her research examines political 
communication, risk perception, and public engagement with emerging 
technologies, including microbiome engineering in built environments. 
She leads and collaborates on studies of public attitudes, media framing, 
and community engagement strategies.

Amber Benezra, PhD

Sociocultural anthropologist and Associate Professor at Stevens Institute 
of Technology. Dr. Benezra’s work examines the social lives of microbes 
and the infrastructures that shape them, focusing on global health, 
care, and scientific practice. She collaborates closely with microbiome 
researchers to explore how social and structural conditions shape micro-
biome research and interventions, and how ethical futures might be built 
through interdisciplinary partnerships.

Christopher L. Cummings, PhD

Director for Social and Behavioral Sciences and Lead Scientist at the U.S. 
Army Engineer Research and Development Center (ERDC), and affiliated 
with NC State University. His research centers on risk communication, 
public understanding of science, and decision-making around emerging 
technologies. In the context of PreMiEr, he leads work on U.S. national 
attitudes toward microbiome engineering in the built environment and its 
implications for responsible communication and policy.
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Rich Eva, PhD

Faculty member at Duke University’s Pratt School of Engineering with 
expertise in ethics, pedagogy, and leadership. Dr. Eva works on integrating 
virtue ethics into engineering education and practice, highlighting the role 
of character traits such as honesty, humility, and courage in responsible 
research and innovation. His work with PreMiEr explores how virtue ethics 
can guide MEoBE teams in their decisions and collaborations.

Arden Hecate

PhD candidate with the PreMiEr SEI Core and the GES Center at NC State 
University. Their research focuses on the role of narrative, media framing, 
and “ghost variables” in science policy and public debates about microbi-
omes and health. Hecate develops conceptual frameworks and analytical 
tools that help researchers and communicators avoid misleading proxies 
and highlight underlying structural drivers of health outcomes.

Nourou Barry, PhD

Research Scholar at NC State University whose work examines societal 
and ethical dimensions of microbiome-related technologies and envi-
ronmental exposures. Dr. Barry’s research includes qualitative studies of 
household mold and perceptions of exposure, examining how housing 
conditions, socioeconomic factors, and trust in institutions shape how 
people understand and respond to microbial risks.

Darcy Anderson

Manager at the UNC Water Institute, where she supports research and 
engagement on water quality, infrastructure, and public health. Anderson 
brings experience working with communities, schools, and facilities to 
understand water-related risks, implement practical interventions, and 
support decision-makers. In PreMiEr, she contributes applied perspectives 
on how MEoBE intersects with water systems and infrastructure.

Jean Cadigan, PhD

Professor of Social Medicine and Adjunct Professor of Anthropology at 
the University of North Carolina at Chapel Hill. Dr. Cadigan is a bioeth-
icist whose work spans research ethics, governance, and community 
engagement, with a focus on how health and science policies affect 
diverse communities. In this workshop, she contributed expertise on 
ethical frameworks, informed consent, and the role of community voice in 
research on built environments and health.
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Appendix C – Participant Summary
A total of 63 individuals registered for the 2025 PreMiEr SEI Workshop, with 47 attending. 
Registrants represented a range of roles and sectors, with a strong presence from academic 
institutions, plus participation from government, industry, nonprofit organizations, and other.

Sector Distribution

Based on self-reported sector in the registration form, participants were distributed as follows:

 › Academia: 56

 › Government: 3

 › Industry: 2

 › Nonprofit: 1

 › Other: 1

This distribution reflects the workshop’s core base in academic research while also including 
participants with practical, regulatory, and implementation-focused experience.

Role Distribution

Using job title descriptions, participants included the following categories (approximate counts):

 › Students/trainees (undergraduate, graduate, PhD candidates, postdoctoral scholars): 17

 › Faculty (assistant, associate, and full professors; lecturers): 13

 › Staff, administration, and practitioners (managers, directors, outreach professionals, 
program specialists, engineers, etc.): 11

 › Research staff (research scholars, research assistants, evaluation leads, etc.): 8

 › Unspecified/Other: 14

This mix allowed for dialogue across career stages and roles, including those who con-
duct MEoBE research, study its societal implications, manage programs, and engage with 
communities.

Institutional and Topical Diversity

Participants reported affiliations with multiple institutions, including NC State University, Duke 
University, UNC-Chapel Hill, other universities and colleges, government agencies and research 
laboratories, and nonprofit organizations working on water, housing, and environmental health.

In their registration responses, participants described interests such as microbiome engineering 
in buildings and infrastructure, social and ethical implications of MEoBE, water quality and envi-
ronmental health, community-engaged research and public communication, and governance and 
policy for emerging biotechnologies.
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Appendix D – Breakout Questions & Templates
In the final portion of the workshop, participants joined small breakout groups to help shape SEI 
priorities for PreMiEr. Each group received a standard set of prompts and a shared template for 
recording notes. The goal was to link the workshop content to concrete questions, collaboration 
ideas, and needs from the SEI Core.

Breakout Prompts

1.	 What are important questions or areas for the SEI Core to consider in these ongoing 
projects?

2.	 What are important areas for the SEI Core to consider in the future, stemming from your 
research or microbiome engineering more broadly?

3.	 How might the SEI Core better collaborate with you or help address the societal aspects of 
your work in future years?

4.	 How might you and your research team better address SEI issues within your own work?

5.	 What are broader community SEI research and engagement needs, and how can PreMiEr 
help address those (for example, around housing, water, infrastructure, or environmental 
exposures)?

6.	 Any other input or recommendations for PreMiEr SEI?

Groups were encouraged to focus on a subset of these questions depending on interests and 
time.

Breakout Note Template

 › Group Number and Topic – Group identifier and, when applicable, a brief label (e.g., 
“Governance & Stewardship,” “Community Engagement,” “Character & Virtue Ethics”).

 › Participants – Space to list participant names and affiliations (optional).

 › Recorder / Reporter – Individuals responsible for note-taking and report-back to the group..

 › Guiding Questions – The selected prompts for that group, copied from the list above.

 › Key Discussion Points – Bullet points summarizing main ideas, concerns, examples, and 
areas of agreement or disagreement.

 › Opportunities and Recommendations – Concrete suggestions for SEI projects, collabora-
tive activities, methodological improvements, or community partnerships.

 › Open Questions / Unresolved Issues – Questions that require further exploration, including 
methodological, ethical, or practical challenges.

These templates made it easier to synthesize cross-cutting themes across groups and to trans-
late breakout discussions into the recommendations presented in the main report.
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Appendix E – Workshop Resources
This appendix lists key resources associated with the 2025 PreMiEr SEI Workshop. Many of these 
materials are hosted on the PreMiEr SEI resource portal or the GES Center website for ongoing 
access at https://sites.google.com/ncsu.edu/premier-sei-workshop-resources

Presentation Slides

 › Slide decks for each plenary session, including ethical futures of microbiome engineering 
in built environments; governance and stewardship frameworks for MEoBE; U.S. national 
attitudes and communication research; virtue ethics for researchers; the ghost-variable 
framework; community engagement in MEoBE; and household mold and perceptions of 
exposure.

Related Publications and Background Reading

 › Cummings, C. L., Landreville, K. D., & Kuzma, J. (2025). Public perceptions and support 
for introduced microbes to combat hospital-acquired infections and antimicrobial resis-
tance. PLOS ONE, 20(10), e0332578. https://doi.org/10.1371/journal.pone.0332578. PDF. G
raphic. Podcast

 › Cummings, C. L., Landreville, K. D., & Kuzma, J. (2025). Natural vs. Genetically engineered 
microbiomes: Understanding public attitudes for indoor applications and pathways for 
future engagement. Frontiers in Genetics, 16, 1560601. https://doi.org/10.3389/fgene.2025.
1560601. PDF. Graphic. Graphic. Podcast

 › Cummings C., Landreville K.D, and Kuzma J. (2024) Taking the temperature of the United 
States public regarding microbiome engineering. Front. Public Health. 12:1477377. https://
doi.org/10.3389/fpubh.2024.1477377. PDF. Graphic. Graphic. Podcast

 › Hardwick, A., Cummings, C., Graves, J. and Kuzma, J. (2024) Can societal and ethical 
implications of precision microbiome engineering be applied to the built environment? A 
systematic review of the literature. Environ Syst Decis. https://doi.org/10.1007/s10669-024-
09965-y. PDF. Graphic

https://sites.google.com/ncsu.edu/premier-sei-workshop-resources
https://doi.org/10.1371/journal.pone.0332578
https://ges.research.ncsu.edu/wp-content/uploads/2025/10/Cummings-et-al_Perceptions-support-for-introduced-microbes-to-combat-HAIs_PreMiEr_Plos_2025.pdf
https://ges.research.ncsu.edu/wp-content/uploads/2025/10/Cum-Lan-Kuz_Perceptions-of-MEoBE-for-HAIs_PreMiEr_2025_full.jpg
https://ges.research.ncsu.edu/wp-content/uploads/2025/10/Cum-Lan-Kuz_Perceptions-of-MEoBE-for-HAIs_PreMiEr_2025_full.jpg
https://ges-publications.pinecast.co/episode/19f88dfb/premier-responsible-microbiome-engineering-in-built-environments
https://doi.org/10.3389/fgene.2025.1560601
https://doi.org/10.3389/fgene.2025.1560601
https://ges.research.ncsu.edu/wp-content/uploads/2025/03/2025_Cummings-Landreville-Kuzma-Natural-v-Genetic-Microbiomes-PreMiEr-Frontiers.pdf
https://ges.research.ncsu.edu/wp-content/uploads/2025/03/Cum-Lan-Kuz-Nat-v-Eng-PreMiEr-2025.jpg
https://ges.research.ncsu.edu/wp-content/uploads/2025/10/Cum-Lan-Kuz_Perceptions-of-MEoBE-for-HAIs_PreMiEr_2025_full.jpg
https://ges-publications.pinecast.co/episode/19f88dfb/premier-responsible-microbiome-engineering-in-built-environments
https://doi.org/10.3389/fpubh.2024.1477377
https://doi.org/10.3389/fpubh.2024.1477377
https://ges.research.ncsu.edu/wp-content/uploads/2024/12/Cummings-Grieger-Kuzma-Taking-temp-on-MoBE-PreMiEr-Frontiers-12-11-24.pdf
https://ges.research.ncsu.edu/wp-content/uploads/2024/12/Cum-Gri-Kuz-Taking-temp-MoBE-PreMiEr-2024.jpg
https://ges.research.ncsu.edu/wp-content/uploads/2025/10/Cum-Lan-Kuz_Perceptions-of-MEoBE-for-HAIs_PreMiEr_2025_full.jpg
https://ges-publications.pinecast.co/episode/19f88dfb/premier-responsible-microbiome-engineering-in-built-environments
https://doi.org/10.1007/s10669-024-09965-y
https://doi.org/10.1007/s10669-024-09965-y
https://research.ncsu.edu/ges/files/2024/02/Hardwick_et_al-2024-Environment_Systems_and_Decisions_PreMiEr.pdf
https://research.ncsu.edu/ges/files/2024/02/SEI-lit-review-pub-graphic.jpg
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Appendix F – Contact and Follow-Up
Questions about this report or the workshop can be directed to the SEI Core organizing team and 
report authors:

 › Dr. Jennifer Kuzma – Goodnight-NCGSK Foundation Distinguished Professor; Associate 
Director, PreMiEr; Co-Founder and Co-Director, GES Center, NC State University,  
Email: jkuzma@ncsu.edu 

 › Dr. Kristen D. Landreville – Senior Research Scholar, GES Center, NC State University; 
member of the PreMiEr SEI Core, Email: kdlandre@ncsu.edu

 › Ms. Patti Mulligan – Communications Director, GES Center, NC State University,  
Email: patti_mulligan@ncsu.edu 

 › Ms. Zoya Das – PreMiEr SEI Research Intern; Genetics Major and Park Scholar at NC State 
University, Email: zdas@ncsu.edu

We welcome collaboration proposals, feedback on SEI frameworks and tools, and suggestions 
for future workshops and engagement activities related to microbiome engineering in the built 
environment.

mailto:jkuzma%40ncsu.edu?subject=
mailto:kdlandre%40ncsu.edu?subject=
mailto:patti_mulligan@ncsu.edu
mailto:zdas%40ncsu.edu?subject=


25

Appendix G – Acronyms and Definitions
This appendix lists acronyms used in the report and provides brief definitions for readers who 
may be unfamiliar with specific programs or concepts.

 › AI – Artificial Intelligence

 › ERC – Engineering Research Center (an NSF-funded multi-institutional research center)

 › ERDC – U.S. Army Engineer Research and Development Center

 › GES Center – Genetic Engineering and Society Center at North Carolina State University

 › MEoBE – Microbiome Engineering in the Built Environment

 › MoBE – Microbiome of the Built Environment (a broader research area focused on microbi-
omes in built spaces)

 › NC State – North Carolina State University

 › NSF – National Science Foundation (United States)

 › PreMiEr – Precision Microbiome Engineering (NSF Engineering Research Center for 
Precision Microbiome Engineering)

 › RRI – Responsible Research and Innovation

 › SEI – Societal & Ethical Implications (Core within the PreMiEr ERC focused on ethics, gover-
nance, and societal dimensions of the research)

 › UNC – University of North Carolina

 › Zoom – Online videoconferencing platform used to host the workshop
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