Beyond Oral Sensitization: Airborne Egg Ovalbumin Exposure Drives Food Allergy via Lung-Gut Immune Crosstalk

Wei Hu1,2,3, Ziwen Hao2,3, Xin Li2,3, Fook Tim Chew1, Hongbing Chen2,4


1. Department of Biological Sciences, Faculty of Science, National University of Singapore, Singapore, Singapore
2. State Key Laboratory of Food Science and Resource, Nanchang University, Nanchang 330047, China
3. College of Food Science and Technology, Nanchang University, Nanchang 330031, China
4. Sino-German Joint Research Institute, Nanchang University, Nanchang 330047, China.

Food allergy is traditionally considered a consequence of oral sensitization. However, increasing evidence suggests that non-oral exposure routes may contribute to allergic sensitization. Whether inhalation of food allergens can trigger intestinal allergic responses upon subsequent ingestion remains poorly understood. In this study, we established a murine model of food allergy induced by airway sensitization with ovalbumin (OVA), followed by oral OVA challenge. Mice exposed to airway OVA developed dose- and duration-dependent allergic manifestations, including hypothermia, diarrhea, elevated OVA-specific IgE and IgG1 levels, and enhanced production of Th2 cytokines. Histological analysis revealed marked inflammatory responses in both the lungs and intestines, characterized by pulmonary inflammation, villus atrophy, crypt hyperplasia, and increased mast cell infiltration. Flow cytometric analyses further demonstrated coordinated Th2/Th17 polarization accompanied by reduced regulatory T cell frequencies in pulmonary and mesenteric lymphoid tissues. Moreover, intestinal accumulation of mast cells, eosinophils, and basophils was observed, indicating activation of effector pathways associated with food allergy. Gut microbiota analysis revealed reduced microbial diversity and depletion of beneficial genera, particularly Lactobacillus, suggesting that airway sensitization is associated with intestinal dysbiosis. Mechanistically, jejunal expression of the gut-homing chemokine CCL25 was markedly increased, while pulmonary Th2 and Th17 cells exhibited enhanced expression of its receptor CCR9. These findings suggest that CCL25/CCR9-mediated trafficking of activated T cells may contribute to lung–gut immune communication during airway allergen sensitization. Collectively, our findings identify airway exposure as a previously underappreciated route of food allergen sensitization capable of promoting intestinal food allergy. This work provides new insights into the pathogenesis of food allergy and highlights the importance of considering inhalation exposure in food safety risk assessment.
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