Development of an advanced nasopharyngeal organ-on-chip system with accurate
airflow patterns for the study of airborne bacterial infections.
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Studying the infection processes of aerosolised pathogens is extremely challenging due in large

{ Abstract Respiration is a gateway to disease =2 nasal epithelial cells first contact }

Respiratory infection via the nasal passage:

models lacked the integration of important parameters such as aerosolization, air-liquid interface, - Primary inhalation site of both commensal and invasive pathogens
- Often obligate initial colonization site for respiratory pathogens

part to the difficulty in accurately modelling the respiratory tract in vitro. Previously developed in vitro

bidirectional airflow and accurate turbinate specific geometry. Our objective is to develop a
physiological nasal in vitro device that models bacterial infection at the nasal barrier. We used 3D

printing techniques with biocompatible resin, allowing for a low cost, customisable system that can Nasal complexity poorly rep"cated in vitro:

Lack of bidirectional airflow
Lack of physiological microenvironment
Lack of aerosolized pathogens

capture specific aspects of the in vivo nasal passage. We numerically modelled and then

microfabricated multiple nasal turbinate geometries to produce sub-millimetre scale airflow patterns.
We ensured that the produced microfluidic device is compatible with cell perfusion and live cell

imaging. Our device is advantageous over commercial systems (Transwell and Emulate technology) as

it allows accurate modelling of the complex airflow patterns in the nasal passage, it can be customised
at low cost, and it has the capacity for many devices to run in parallel for high throughput testing. We

Our investigations aim to:

1) Study the impact of airflow patterns on bacterial pathogen and commensal colonization and nasal-microbe crosstalk.

are using our OoC system for comparative bacterial challenge studies, which compare pneumococcal
isolates of varying disease and carriage potential as well as the nasal commensal Corynebacterium

accolens to determine the molecular processes that shape the nasal barrier — bacterial interface and 2) Develop and standardize OoC device for continuous data collection sensors

their effect on bacterial transmigration, shedding and tissue level inflammatory response.

{ ldentifying airflow regions in the nose using finite element modelling }

Simulated airflow in the nose
(Airflow types: )
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{ Does corynebacterium stably colonise human nasal cells? }
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Continuous monitoring of optical density as an indicator of bacterial
burden using optical fibres.

We will co-infect our model with multiple strains of bacteria.
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