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Description of the Project (max 3,000 characters including spaces)

Background/gap of knowledge

Mucosal barriers (respiratory, vaginal, intestinal) represent the primary interface between host

and microbial communities, where commensal flora maintains homeostasis while defending
against pathogens. While static culture models have provided insights into host-pathogen
interactions, they fail to recapitulate the complex microenvironment including fluid flow,
mechanical forces, oxygen gradients, and microbiota-epithelium crosstalk. Current knowledge
gaps include: (i) how commensal flora composition influences susceptibility to viral and
bacterial coinfections across different mucosal sites; (i) dynamic interactions between resident
microbiota, invading pathogens, and epithelial barriers under physiologically relevant
conditions; (iii) translation of patient-derived microbiota profiles into predictive infection
models. Conventional transwell systems lack physiological flow dynamics, while advanced
microfluidic platforms remain underutilized for multi-kingdom infection studies.

Rationale and hypothesis

Physiologically relevant in vitro models incorporating flow dynamics, controlled oxygen tension,
and patient-derived microbiota are essential to understand infection susceptibility and
coinfection mechanisms. We hypothesize that: (1) microbiota composition critically modulates
epithelial barrier function and pathogen colonization resistance in a site-specific manner; (2)
viral infections disrupt microbiota-epithelium homeostasis, predisposing to secondary bacterial
infections; (3) microfluidic organ-on-chip systems will reveal pathogen-microbiota dynamics
invisible in static cultures, enabling patient-stratified infection risk prediction.
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Objectives and specific aims

Year 1: Establish and validate three mucosal barrier models (lung: air-liquid interface with
bronchial epithelial cells; vaginal: lactobacillus-epithelium co-culture; intestinal: enterocyte-
mucus layer system) in transwell and microfluidic platforms (IVTech/commercially available
chips). Compare barrier integrity, cytokine profiles, and microbial adhesion between static and
flow conditions.

Year 2: Characterize microbiota-pathogen interactions by introducing patient-derived
microbial communities followed by viral (influenza, SARS-CoV-2, HSV, HPV, rotavirus) and
bacterial (S. pneumoniae, E. coli, S. aureus) mono- and coinfections. Quantify pathogen load,
microbiota shifts (16S/ITS sequencing, culturomics), barrier disruption, and immune responses
across models.

Year 3: Integrate patient cohort data by modeling individual microbiota profiles from infected
patients. Correlate in vitro infection outcomes with clinical parameters to identify microbiota
signatures predictive of infection severity and coinfection risk.

Expected outcomes

This project will deliver: (1) validated, flow-based mucosal barrier platforms for microbiology-
virology research; (2) mechanistic insights into microbiota-mediated protection and
coinfection susceptibility across mucosal sites; (3) patient-derived microbiota biomarkers for
infection risk stratification; (4) high-impact publications and translational data supporting
microbiota-targeted therapeutics. The candidate will gain expertise in advanced cell culture,
microfluidics, multi-omics, and clinical translation.

Skills that the student should acquire (max. 600 characters including spaces):

Technical: Advanced epithelial cell culture (primary cells, air-liquid interface, 3D models);
microfluidic/organ-on-chip operation and optimization; aseptic handling of viral and bacterial
pathogens (BSL-2); anaerobic culturomics; microbiota profiling (16S/ITS rRNA sequencing,
metagenomics); molecular biology (qPCR, RNA extraction); immunoassays (ELISA, multiplex
cytokine analysis); microscopy (confocal, live-cell imaging). Analytical: Bioinformatics
(microbiome data analysis, statistical modeling); experimental design and troubleshooting.
Professional: Scientific writing, presentation skills, interdisciplinary collaboration, laboratory
management.
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