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Control of respiratory viral infections is crucial for preventing pandemics. Current COVID-19 and
influenza vaccines inducing neutralizing antibodies can inhibit disease progression but fail to
prevent variant epidemics. Induction of broadly-reactive mucosal immune responses, particularly in
the upper airway, is crucial for prevention of variant epidemics. Immunization for mucosal trained
innate immunity cross—reactive to varieties of viruses and variants may be an important strategy for
preventing respiratory viral epidemics

We previously identified a lactic acid bacterial species, Lactococcus lactis subsp. lactis JCM5805,
also called Lactococcus lactis strain Plasma (LC-Plasma), which enhances host immune responses. LC-

Plasma, but not other conventional bacterial species, can activate plasmacytoid dendritic cells (pDCs),
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resulting in type I and III interferon (IFN) induction. The culture supernatant of pDCs stimulated
by LC-Plasma has an inhibitory effect on the replication of viruses, including SARS—CoV-2. The present
study investigated the protective efficacy of mucosal immunization with inactivated LC-Plasma against
SARS—-CoV—-2 and influenza virus infections in animal models

LC-Plasma—immunized mice showed significantly reduced viral loads in nasal washes and nasal-
associated lymphoid tissues (NALT) compared to unimmunized mice after intranasal challenge with a
mouse—adapted SARS-CoV-2 strain, QHmusX, indicating the protective efficacy of intranasal LC-Plasma
immunization against SARS-CoV-2 infection. Further analyses imply that repeated intranasal LC-Plasma
immunization can be a protocol for induction of durable protective immune responses. Intranasal LC-—
Plasma immunization also provided protection against intranasal influenza virus challenge in mice
Cynomolgus macaque experiments suggest the potential of mucosal LC-Plasma immunization in the upper
airway to induce protective immune responses against SARS—-CoV-2 challenge. Based on these results
we are working to optimize devices for mucosal LC-Plasma immunization in the upper airway towards
clinical trials.

Immunological analyses using nasal passage—derived cells (NP cells) in mice revealed rapid induction
of interferon—stimulated gene (ISG) expression, indicating innate immune effector induction after
intranasal LC-Plasma immunization. pDC frequencies in NP cells increased and returned to the base
level in less than a week, while macrophage frequencies were maintained to be higher after LC-Plasma
immunization. NP cells from LC-Plasma—immunized mice showed significantly higher induction of anti-
virus ISG mRNA expression by CpG stimulation, implying anti-virus innate memory—like immune induction.

Fundamental data were obtained at the laboratory scale on the impact of manufacturing conditions
on quality attributes, with the aim of developing an intranasal LC-Plasma vaccine. Based on these
findings, manufacturing processes and control standards were established with consideration for future
GMP compliance. Furthermore, manufacturing verification and quality assessments were conducted in
accordance with the established processes and control standards, and it was confirmed that no
significant issues were identified

In summary, this non—clinical study demonstrated the protective efficacy of intranasal LC-Plasma
immunization against both SARS-CoV-2 and influenza virus infections, which would contribute to the
control of variant epidemics. Immunological analyses indicate the potential of mucosal LC-Plasma
immunization to induce protective innate memory—like immune responses against respiratory viral
infections in the upper airway. Because innate immunity has broader cross—reactivity compared to
acquired immunity, LC-Plasma immunization may have the potential to induce protective immune responses

against infection with a wide variety of respiratory viruses



