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Abstract

The Puerto Rico Center for Microbiome Sciences (PR-CMS) seeks to become a leading hub for multiomics research and host-
microbiota symbiosis in the Caribbean. As part of this effort, PR-CMS organizes an annual symposium that convenes inter-
national leaders, regional experts, and the local scientific community to address key challenges in microbiome science. The
1st Microbiome Symposium of Puerto Rico and the Caribbean, titled “Community Dynamics in a Changing World,” took place
in San Juan in February 2026. The event brought together more than 200 participants, including researchers, trainees, and
stakeholders from clinical, environmental, computational, and translational fields. Topics highlighted the role of microbiomes
in human health, disease, biodiversity, and ecosystem resilience, covering host-microbiome interactions, cancer, infectious
diseases, diet-immune dynamics, environmental microbiology, and bioinformatics. Through keynote talks, invited presenta-
tions, and student research, the symposium emphasized integrating multiomics, data science, and translational approaches.
It strengthened collaborative networks locally and globally, positioning PR-CMS as a regional leader in microbiome innova-
tion. This meeting report also emphasizes the vision and mission of the PR-CMS as a new regional and global hub for the study
of biodiversity.

Sustainability statement

The Puerto Rico Center for Microbiome Sciences champions UN Sustainable Development Goal 4: Quality Education by driv-
ing scientific training and workforce development throughout Puerto Rico and the Caribbean. The Center organizes an annual
symposium that connects students and established investigators through mentorship and multiomics research. These initia-
tives empower the regional scientific community, fostering a sustainable and inclusive biomedical ecosystem. By promoting
interdisciplinary knowledge exchange in host-microbiota studies, the Center effectively strengthens local capacity, expands
research opportunities, and creates a vibrant future for Caribbean scientists through its dedicated, innovative, and highly im-
pactful regional scientific academic leadership efforts.
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behavior, and influence evolutionary trajectories. In ecosystems,
microbial communities drive nutrient cycling, maintain soil fertil-
ity, and sustain biodiversity. The study of the human microbiome
has rapidly transitioned from a specialized area of research into
a central pillar of modern medicine. Over the past decade, global
investment in microbiome research has surpassed $1.2 billion,
with an expected growth by 2030 of $2.2 billion, fueled by a combi-
nation of public funding initiatives and significant venture capital
directed toward biotechnology innovation (Research 2025). This
rapid growth is reflected in market projections, with the human
microbiome sector expected to expand from USD 209 million
in 2023 to USD 1370 million by 2029, representing a compound
annual growth rate of 31.1% (Domingues et al. 2023, Marketsand-
markets 2026). At the same time, microbiome-based innovations
are emerging as key drivers of sustainability across environmen-
tal and food systems. In environmental remediation, engineered
microbial communities are increasingly being harnessed to de-
grade persistent pollutants, including plastics and heavy metals,
offering greener and more sustainable alternatives to traditional
chemical treatments (Maglione et al. 2024). In parallel, advances
in microbial fermentation are transforming food production, with
the sector projected to reach a market value of $47 billion by 2035
as industries transition toward circular economy models to meet
the rising global demand for protein (Zhang et al. 2026). Beyond
clinical applications, microbiome engineering is fundamentally
reshaping how we interact with our environment. By leveraging
microbial communities, we are moving toward a future where
toxic synthetic chemicals in agriculture, horticulture, and aqua-
culture are replaced by sustainable biological alternatives and
revealing new therapies. Small molecules play a critical role in
mediating and supporting host adaptation. With the develop-
ment of advanced computational tools capable of predicting the
functional outputs of complex microbial communities from their
metagenomes, an expanding array of novel compounds has been
identified within the human microbiota. Many of these molecules
exhibit drug-like properties, highlighting their significant poten-
tial for therapeutic applications. Large-scale human microbiome
datasets are revealing the mechanisms behind microbiome-host
interactions, driving faster development of targeted microbiome
therapeutics for diseases ranging from Clostridioides difficile
infection to atopic disease and cancer (Whitaker et al. 2025,
Editorial 2026). Recent breakthroughs in microbiome science
are leveraging Artificial Intelligence (Al) to shift the field from
descriptive observation to predictive disease modelling. By ana-
lyzing complex, multiomics data, Al models can now accurately
anticipate ecological shifts and forecast health outcomes (Yu et
al. 2026, Zhou and Zhao 2026). Recently, researchers using artifi-
cial recurrent neural networks, demonstrated that single-celled
Escherichia coli do not merely react to their immediate surround-
ings but actively integrate their environmental history across
multiple timescales to predict and tune future growth. This novel
mathematical work establishes a new conceptual foundation
for understanding non-neuronal intelligence and suggests that
a bacterium’s history of past stress could fundamentally dictate
how it responds to future antibiotic treatments (Kratz et al. 2026).
Despite all these advances, microbiome, bioinformatics, and Al re-
search has been disproportionately concentrated in resource-rich
regions, leaving significant gaps in our understanding of micro-
bial diversity in underrepresented areas such as the Caribbean
(Godoy-Vitorino 2025a,5). Puerto Rico occupies a distinctive
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position at the intersection of biological diversity and public
health need, making it an especially compelling setting for micro-
biome research. The island’s tropical ecosystems, ranging from
coastal mangroves and karst forests to agricultural and urban
landscapes, harbor a rich and largely uncharacterized microbial
diversity with implications for both environmental resilience
and bioremediation. At the same time, Puerto Rico faces a dis-
proportionate burden of non-communicable diseases, including
obesity, diabetes, and cancer, conditions increasingly understood
to be shaped by the human microbiome (Godoy-Vitorino et al.
2026). This dual reality, extraordinary ecological richness paired
with significant health disparities, underscores the urgency of
building local capacity to study microbial communities across
both environmental and clinical contexts. Furthermore, the pop-
ulation of Puerto Rico, with its unique genetic admixture and
distinct cultural and dietary practices, presents an underexplored
context for understanding how host-microbiome interactions
vary across populations, a gap that limits the generalizability of
microbiome science derived largely from studies in the conti-
nental United States and Europe. Addressing this gap requires
not only scientific investment but also the development of a
regional research infrastructure capable of sustaining long-term,
interdisciplinary inquiry. It is within this context that the es-
tablishment of the Puerto Rico Center for Microbiome Sciences
(PR-CMS) takes on particular significance, as detailed further
below. Puerto Rico, therefore, offers an unparalleled opportunity
to expand microbiome research into new frontiers. Recognizing
this opportunity, the National Institute of General Medical Sci-
ences (NIGMS) funded the establishment of the COBRE PR-CMS
(https://cobremicrobiomepr.com/), based at the University of
Puerto Rico School of Medicine in San Juan, Puerto Rico. The
Center was established within the Department of Microbiology
and Immunology, building on the efforts of a leading microbiome
researcher in Puerto Rico, the Pl of the Center, Dr Godoy-Vitorino.
Details of the Center grant award are available in NIH reporter—
https://reporter.nih.gov/search/I3UKXrnHPEqfFe8MLESMUA/
project-details/11019159#description. This initiative established
a collaboration with the Department of Anatomy and Neuro-
biology to strengthen cross-departmental efforts at the UPR
School of Medicine, and aims to build research capacity, foster
interdisciplinary collaboration, and develop a diverse workforce
equipped to tackle the challenges of microbiome science, espe-
cially with faculty that never used microbiome as part of their
research agenda. The Center aims to advance our understanding
of microbial systems across a diverse array of scientific questions
essential for developing sustainable, science-driven solutions to
pressing global and regional challenges. The Center integrates
basic, clinical, environmental, and computational microbiome
sciences, providing state-of-the-art infrastructure, bioinformatics
support, and training opportunities for researchers at all career
stages.

The PR-CMS: vision, mission, and impact

The COBRE PR-CMS is therefore designed to serve as a transfor-
mative platform for microbiome research in Puerto Rico and the
Caribbean (Fig. 1). Its overarching vision is to establish the re-
gion as a leaderin microbiome science by integrating cutting-edge
technologies with local expertise and global collaborations. Cen-
tral to this vision is the recognition that microbiome science is in-
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Figure 1 Schematic representation of the organizational structure and collaborative framework of the PR-CMS (COBRE). At the center is the COBRE hub,
which integrates interdisciplinary research areas including microbiome science, neurobiology, immunology and cancer, clinical sciences, virology,
ecosystem science, animal biology, One Health, the built environment, and bioinformatics.

herently interdisciplinary. It requires the convergence of micro-
biology, genomics, bioinformatics, ecology, medicine, and pub-
lic health. The PR-CMS therefore seeks to create a collabora-
tive ecosystem that bridges these disciplines and fosters inno-
vation. It is committed to advancing microbiome research while
strengthening the scientific workforce through inclusive participa-
tion across career stages, gender, ethnicity, socioeconomic back-
ground, and geographic representation, in alignment with UN Sus-
tainable Development Goals such as SDG 4 (Quality Education—
offering new training capacity through its specialized research
core), Established during the summer 2025, the Center is in its
early developmental stages through the support of early career
faculty, graduate and undergraduate students not initially ex-
posed to the microbiome field. The mission of the PR-CMS is to
build a sustainable research infrastructure that enables investi-
gators to explore microbiome science in diverse contexts, includ-
ing human health, environmental systems, and industrial applica-
tions.
Key objectives include:

* Enhancing research capacity through state-of-the-art infras-
tructure.

® Supporting innovative research projects focused on micro-
biome science.

* Training a new generation of scientists in microbial ecology
and bioinformatics.

® Promoting interdisciplinary collaboration and knowledge ex-
change.

The center will be uniquely positioned to address the gap be-
tween technological advancements in microbiome research and
their accessibility to researchers in Puerto Rico, as it is establish-
ing its first core lab and already supporting researchers with data
production and analyses.

A central component of the PR-CMS mission is to advance re-
search on host-microbiome interactions and their role in health
and disease, particularly in the context of regional health dispar-
ities. Puerto Rico faces a high burden of chronic and noncom-
municable diseases, starting from one of the highest BMI ranks
in the US jurisdictions (Krueger et al. 2014), including cancers
(Ortiz et al. 2010a, 2010b, Miller et al. 2018, Rivera-Gaston et
al. 2024), diabetes (Burrows et al. 2017), cardiovascular disease
(Perez et al. 2024), and neurological disorders (Sepulveda-Rivera
et al. 2025). By investigating microbiome-driven mechanisms un-
derlying these conditions, the Center seeks to generate knowledge
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that can inform prevention strategies, diagnostics, and targeted
interventions. At the same time, PR-CMS promotes research on
environmental and tropical microbiomes, recognizing the impor-
tance of microbial communities in ecosystem resilience, biodiver-
sity, and climate adaptation.

Equally important is the Center’s commitment to workforce
development and education. Through mentorship programs, pi-
lot project funding, and collaborative networks, PR-CMS sup-
ports early-career investigators in their transition to indepen-
dent research careers. The establishment of a Microbiome Re-
search Core and a Research Support Core ensures access to ad-
vanced technologies, multiomics approaches, and data science
tools, enabling high-quality, reproducible research. By fostering
microbiome literacy and interdisciplinary training, the Center con-
tributes to building a diverse and sustainable scientific work-
force in the region. The goals and impact of PR-CMS are exem-
plified and amplified through the organization of the 1st Micro-
biome Symposium of Puerto Rico and the Caribbean, titled “Com-
munity Dynamics in a Changing World” (Godoy-Vitorino et al.
2026, May 21). This scientific meeting served as a celebratory
platform for the Center’s mission, showcasing ongoing research
and strengthening collaborations among local and international
scientists.

Microbiome science as a framework for biodiversity
research

Traditional approaches to biodiversity have largely focused on
macroscopic organisms. However, microbial life represents most
of the biological diversity on Earth. Microorganisms are funda-
mental to ecosystem function, influencing processes such as nu-
trient cycling, carbon sequestration, and energy flow. Microbes
are now recognized as a vital part of nature conservation, and
this effort reflects a truly collaborative and forward-looking vision.
To ensure inclusive participation, we are expanding our network
through member nominations, open calls via IUCN and MCSG, and
a strong commitment to language access, regional balance, and
the inclusion of early-career researchers and traditional knowl-
edge holders. We are mapping global microbial ecosystems at risk,
developing Red List criteria tailored to microbial life—focusing
on resilience and ecological function—and highlighting innova-
tive conservation actions such as coral restoration and soil micro-
biome rewilding. Together, these steps mark an important mile-
stone in bringing microorganisms into the global conservation
agenda (Gilbert et al. 2025).

The PR-CMS aligns microbiome science in Puerto Rico with
these international efforts as a center of biodiversity research,
which emphasizes the study of microbial communities across en-
vironments. This includes human-associated microbiomes, envi-
ronmental microbiomes, and host-associated systems in animals
and plants. The Center’s priorities are closely aligned with the
NIH Unified Strategic Plan, emphasizing key research areas such
as the integration of artificial intelligence and advanced compu-
tational models, the advancement of translational studies using
clinical biorepositories, and the development and application of
innovative model organisms. We welcome studies focused on mi-
crobiome research at the interface of health and disease, across
both human and animal biological systems. While early micro-
biome studies focused on describing microbial communities, the
field is now moving toward understanding the mechanisms under-
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lying host-microbe interactions. This shift is essential for translat-
ing microbiome research into clinical and environmental applica-
tions.

The PR-CMS emphasizes mechanistic studies that explore:

* How microbial communities influence disease progression.

* The role of microbiomes in immune regulation.

® Interactions between diet, environment, and microbial com-
position.

* Microbiome-based therapeutic strategies.

Puerto Rico’s microbiome efforts have been slim and have come
from very few researchers’ labs, mostly concentrated at the UPR
School of Medicine. The PR-CMS draws on these characteristics
to carry out research with both local relevance and global signifi-
cance. By concentrating on populations that are frequently under-
represented in biomedical research, the Center helps build a more
comprehensive understanding of microbiome science. The Center
for Microbiome Sciences is significant in that it strengthens micro-
biome research capacity in Puerto Rico, offering targeted support
to meritorious projects, enhancing local research infrastructure,
and creating new opportunities for faculty whose research had
not previously advanced into this field. The CMS is expected to ex-
pand UPR’s capacity to conduct world-class, cutting-edge metage-
nomic research by providing outstanding core services and carry-
ing out innovative research projects. In turn, this will support ca-
reer growth and development for faculty, students, postdoctoral
researchers, residents, and even senior investigators who are new
to metagenomics, enabling scientific discovery through training
and research collaboration.

The first microbiome symposium: a
landmark event

The First Microbiome Symposium of Puerto Rico and the
Caribbean, held on February 28,2026, marked a historic milestone
in the region’s scientific development. Hosted by the PR-CMS,
the symposium brought together researchers, students, and
international experts under the theme: “Community Dynamics
in a Changing World.” The symposium achieved a level of par-
ticipation that can only be described as remarkable, signaling a
robust and growing interest in the field of microbiome science.
With a final count of over 200 attendees, the event served as a
high-density hub for networking and knowledge exchange. The
scale of engagement was further evidenced by the 85+ poster
presentations which provided researchers with a platform to
present and discuss their findings in a direct, peer-to-peer format.

In addition to traditional poster sessions, the symposium in-
corporated alternative presentation formats, including 12 flash
talks and elevator pitches, which required participants to con-
dense complex data into concise, focused narratives. This range
of programming was supported by broad institutional represen-
tation, with more than 40 Principal Investigator (PI) laborato-
ries participating. This level of involvement reflects the progress
made by the Puerto Rico Center for Medical-Environmental Micro-
biome Research (PR-CMS) toward its objective of establishing a
cohesive and collaborative scientific community. The collabora-
tive scope of the First Microbiome Symposium of Puerto Rico and
the Caribbean was reinforced by the diversity of institutions repre-
sented. Attendees came from a range of organizations, including
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multiple campuses within the University of Puerto Rico system,
to exchange insights and contribute to a shared scientific envi-
ronment. This cross-institutional participation supported connec-
tions across academic and organizational lines, contributing to a
broader research network centered on microbiome science.

Furthermore, the symposium was instrumental in connect-
ing local researchers to global networks, effectively positioning
Puerto Rico as an emerging hub for innovation. The breadth of
this network was evidenced by the participation of 27 institutions
globally, including 14 from Puerto Rico and 11 from the United
States, such as the NIH and USDA. The inclusion of international
co-authors from countries like Germany and the Netherlands fur-
ther highlighted the broad collaboration between island-based re-
searchers, U.S. universities, and international research laborato-
ries.

The program for the symposium was intentionally diverse, de-
signed to reflect the inherent interdisciplinarity of modern mi-
crobiology. By bridging the gap between human health and en-
vironmental microbiology, the event provided a comprehensive
overview of how microbial communities influence nearly every
facet of life. The agenda was anchored by a variety of presentation
styles, ranging from high-level keynote lectures and invited talks
to student presentations.

Four central themes emerged as the pillars of the scientific dis-
course:

¢ Early-life microbiome development, exploring the founda-
tional stages of microbial colonization with a keynote lec-
ture by Distinguished Professor and Henry Rutgers Profes-
sor of Microbiome and Health at Rutgers University Dr Maria
Gloria Dominguez-Bello, where she also serves as Profes-
sor of Anthropology in the School of Arts and Sciences. Her
work bridges microbiology, medicine, anthropology, and ur-
ban studies to understand how the human microbiome devel-
ops and how modern lifestyles shape microbial ecosystems
critical to health. She went beyond cataloging microbial di-
versity to understanding the Ecological Network Balance In-
dex (ENBI), a new metric by her team that distinguishes health
from disease by evaluating how entire bacterial communities
compete and cooperate rather than focusing on individual mi-
crobes (Corral Lopez et al. 2026). This approach, exemplified
by the ENBI, highlights how community-level dynamics—not
individual taxa—may better distinguish health from disease.

* Computational approaches to microbiome analysis, highlight-
ing the essential role of bioinformatics and big data in deci-
phering complex biological systems with a talk by Professor
Keith A. Crandall, founding Director of the Computational Biol-
ogy Institute at the George Washington University, who studies
the computational biology, population genetics, and bioinfor-
matics of a variety of organisms, from crustaceans to agents of
infectious diseases.

® Diet-microbiome interactions, which examined the critical
link between nutrition and internal microbial ecosystems
through atalk by Dr Ana Maldonado-Contreras, a clinical trans-
lational researcher and Assistant Professor in the Department
of Microbiology at UMass Chan Medical School. Her research
centers on understanding how diet shapes the human micro-
biome and how these diet-microbiome interactions influence
inflammation and disease.

* Microbial ecology and biodiversity were highlighted through a
short talk by Dr. Natalie M. Meléndez-Vazquez, a local micro-
biologist and postdoctoral fellow at the Center for Collabora-
tive Research in Health Disparities (CCRHD-RCMI), University
of Puerto Rico-Medical Sciences Campus. She discussed the
role of the microbiota in cancer therapy and women’s health
as part of the Godoy lab core goals. The session also featured
additional short talks and elevator pitches exploring the envi-
ronmental and health implications of microbial life across di-
verse systems, including model organisms such as mice and
flies, as well as turtles and humans.

Atthe heart of the symposium was a dedicated focus on the next
generation of researchers. Student participation was not merely a
secondary feature but a central element of the event, with trainees
presenting research that spanned a vast array of topics. These pre-
sentations showcased both the breadth and depth of microbiome
science, proving that student researchers are conducting high-
level work that significantly contributes to the field’s advance-
ment. A roundtable on the future of microbiology, moderated
by Dr. Filipa Godoy-Vitorino, including leading experts Maria Glo-
ria Dominguez-Bello, Keith Crandall, Ana Maldonado-Contreras,
Janet Jansson, and Martin J. Blaser—among the most highly cited
researchers in microbiome science. The panel examined key stud-
ies shaping the field and emphasized a shift from simply cata-
loging microbial diversity to understanding microbial interactions
and cooperative networks. Discussion highlighted the critical im-
pact of early-life microbial diversity on metabolic and immune
development, while acknowledging significant gaps that remain
in fully understanding these processes. Looking ahead, the panel
underscored the importance of integrating longitudinal sampling
and standardized dietary data into clinical research and prac-
tice. They concluded that the next frontier lies in precision nutri-
tion and mechanism-driven therapies, advancing from associative
studies to a causal understanding of host-microbe interactions,
and noted Puerto Rico’s strong potential to become a hub and epi-
center for microbiome research in the Caribbean.

The meeting also successfully highlighted and celebrated stu-
dent achievement, with strong support from the Puerto Rico
Society for Microbiologists (PRSM). Several trainees were recog-
nized for outstanding scientific contributions through awards sup-
ported by both local and international organizations. In part-
nership with Applied Microbiology International, PRSM awarded
complimentary memberships to students delivering the top oral
and poster presentations. These memberships provide access to
global scientific networks, professional development opportuni-
ties, and key research resources, supporting the advancement of
early-career scientists. A notable strength of the event was the
broad participation of trainees, who presented research span-
ning human health and environmental microbiome science, un-
derscoring the field’s interdisciplinary scope. In addition to rec-
ognizing current excellence, the symposium honored the histori-
cal foundations of microbiology in Puerto Rico by paying tribute
to Dr. Américo Pomales-Lebrdn, a pioneering scientist, chair of
the Microbiology Department of the UPR School of Medicine and
founding PRSM member whose work in infectious diseases helped
shape the field on the island. In his honor, the PR-CMS presented
a monetary award for the best overall oral student presentation.
This recognition both commemorated his legacy and reinforced a
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commitment to fostering the next generation of microbiome re-
searchers, positioning Puerto Rico as an emerging leader in the
field.

Conclusion

The establishment of the PR-CMS and the resounding success of
thisinaugural symposium marks a transformative moment for sci-
entific discovery in the region. By integrating biodiversity research
with host-microbe interaction studies and prioritizing trainee de-
velopment, the Center has created a vital model for building scien-
tific capacity in Puerto Rico. The insights gained from this meeting
demonstrate that microbes are essential allies in global sustain-
ability and that through continued collaboration and innovation,
we can address critical challenges in human health, environmen-
tal protection, and food security.

Through keynote lectures, oral presentations, and poster
sessions, the meeting highlighted the breadth of microbiome
science—from clinical applications and cancer research to en-
vironmental microbiology and computational analysis. Impor-
tantly, it fosters cross-disciplinary dialogue and encourages the
integration of diverse perspectives, reflecting the collaborative
ethos of PR-CMS. Together, the COBRE PR-CMS and its associ-
ated scientific meeting embody a sustainable model for advanc-
ing microbiology research. By integrating infrastructure devel-
opment, education, collaboration, and translational science, the
Center not only addresses local health and environmental chal-
lenges but also contributes to global efforts in sustainable micro-
biology. Recent scientific meetings and symposiums—including
international sustainable microbiology workshops and the 1st Mi-
crobiome Symposium of Puerto Rico and the Caribbean (2026)—
highlight the increasing importance of microbiome science in ad-
vancing sustainability and innovation.

Looking toward the future, we are pleased to establish the Mi-
crobiome Symposium of Puerto Rico and the Caribbean as arecur-
ring cornerstone of the region’s scientific community. Beginning in
2026, the symposium will be held annually during the first week of
December for an initial five-year period. This sustained commit-
ment will provide a stable and inclusive platform for the dissemi-
nation of cutting-edge research, the strengthening of regional and
international collaborations, and the continued development of
scientific capacity in microbiome studies. By fostering interdisci-
plinary dialogue and supporting emerging investigators, the sym-
posium will build on the legacy of excellence established by prior
generations while adapting to the evolving challenges of the field.
We anticipate that this growing community will play a central role
in advancing microbiome science and positioning Puerto Rico and
the Caribbean as key contributors to global research efforts.
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