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Abstract: The olfactory system maintains mucosal barrier homeostasis and enables cross-level transmission of olfactory signals
through a complex interplay between olfactory sensory neurons, immune cells and support cells. However, pathological conditions
such as inflammation and infection can lead to olfactory dysfunction (OD). Although researches have initially revealed the immuno-
logical framework of the olfactory mucosa and its association with neuronal regeneration, significant challenges remain in this area of
research. These include the mechanisms by which immune cell subsets change phenotype during disease progression, the multifacto-
rial nature of pathogen-mediated pathogenesis, and the limitations of current therapies in reversing fibrotic remodeling and synaptic
loss. This review systematically analyses the anatomical and functional basis of the olfactory system, with a focus on the dynamic
imbalance of the immune microenvironment in inflammation-induced OD. It also reveals the molecular mechanisms by which patho-
gens disrupt olfactory signal transduction and evaluates the limitations of current therapeutic strategies. Furthermore, it explores the
potential of emerging technologies for translational research. The ultimate goal is to shift the paradigm of olfactory medicine from
symptomatic control to functional restoration.
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Figure 1 Pathways of inflammation-mediated damage to the olfactory mucosa
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