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1.  Oral Bacteria Combined with an Intranasal 
Vaccine Protect from Influenza A Virus and 
SARS-CoV-2 Infection.

Nagai M, Moriyama M, and Ichinohe T.

The gut microbiota plays a critical role in the in-
duction of adaptive immune responses to influenza 
virus infection. However, the role of nasal bacteria in 
the induction of the virus-specific adaptive immunity 
is less clear. Here, we found that disruption of nasal 
bacteria by intranasal application of antibiotics before 
influenza virus infection enhanced the virus-specific 
antibody response in a MyD88-dependent manner. 
Similarly, disruption of nasal bacteria by lysozyme 
enhanced antibody responses to intranasally admin-
istered influenza virus hemagglutinin (HA) vaccine in 
a MyD88-dependent manner, suggesting that intra-
nasal application of antibiotics or lysozyme could re-

lease bacterial pathogen-associated molecular pat-
terns (PAMPs) from disrupted nasal bacteria that act 
as mucosal adjuvants by activating the MyD88 signa-
ling pathway. Since commensal bacteria in the nasal 
mucosal surface were significantly lower than those 
in the oral cavity, intranasal administration of HA 
vaccine alone was insufficient to induce the vac-
cine-specific antibody response. However, intranasal 
supplementation of cultured oral bacteria from a 
healthy human volunteer enhanced antibody re-
sponses to an intranasally administered HA vaccine. 
Finally, we demonstrated that oral bacteria combined 
with an intranasal vaccine protect from influenza vi-
rus and severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infection. Our results reveal the 
role of nasal bacteria in the induction of the virus-spe-
cific adaptive immunity and provide clues for devel-
oping better intranasal vaccines.
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We focus on understanding how viruses are recognized by NLRP3 inflammasome 
and how the innate recognition receptor controls antigen-specific adaptive immune 
responses. We study immune responses to influenza viruses in the lung. Our 
recent focus also includes the study of how microbiota regulates adaptive immune 
responses to these pathogens. Our ultimate goal is to utilize the knowledge we 
gain through these areas of research in the rational design of effective vaccines for 
the prevention of infectious diseases.
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