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This study aimed to enhance infectious disease countermeasures by elucidating the pathogenesis of emerging respiratory
viral infections, focusing on the mechanisms driving severe viral pneumonia. Specifically, we sought to establish a
foundation for predicting and mitigating disease severity by examining viral and host factors, secondary bacterial infections,
and the impact of environmental factors on immunity.

We first analyzed the role of the host protease TMPRSS2 and found that while SARS-CoV-2 utilizes TMPRSS2 to enhance
infection efficiency, it is not essential for viral entry in human respiratory organoids. Next, we visualized the progression of
secondary bacterial infections and found that viral infection facilitates bacterial migration into the respiratory tract.
Additionally, impaired macrophage recognition was shown to promote Streptococcus pneumoniae proliferation, while IL-1p
signaling exacerbated secondary bacterial pneumonia. Furthermore, we investigated the antiviral effects of gut microbial
metabolites and found that inulin supplementation mitigates weight loss and improves survival following SARS-CoV-2
infection. This effect correlated with increased deoxycholic acid (DCA), suggesting that DCA modulates immune responses.
Additionally, we examined COVID-19 severity mechanisms and found that TNF-a exacerbates pneumonia by promoting
neutrophil infiltration via CXCL1 signaling. TNF-a inhibitors were also shown to partially attenuate disease severity.
Financial support by the Mitsubishi foundation was essential for conducting advanced experiments, including acquiring

equipment, purchasing animals, and procuring critical reagents.
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