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Introduction: Influenza is a viral respiratory infection that affects tens of thousands of people every year. Each year, the marketed influenza vaccines target the most commonly predicted strains. However, even with the moderate success of the 2019 flu vaccine at 47% protective, there still remains some shortcomings for the currently marketed flu vaccinations. Hence, to potentially overcome inssues with cross-protectivity, another approach involves utilizing a matrix protein, matrix-2 protein (M2e), which is a highly conserved protein in A strains of the influenza virus. To increase the immunogenicity of M2e, multiple repeats of the protein were combined to form a virus-like particle (VLP). The VLP was then encapsulated into a polymeric microparticulate (MP) formulation to improve uptake by antigen presenting cells (APCs) and induce long term antigen release in the body. Additionally, many individuals do not receive the flu vaccine currently because of invasive intramuscular injections. Therefore, the proposed VLP MP vaccine was delivered transdermally through various devices and vaccine efficacy was compared to that of more traditional routes of administration. 
Method: The antigen (M2e VLP) and adjuvants (MPL-A® and Alhydrogel®) were encapsulated into a microparticule matrix via spray drying. The microparticles were characterized for their physical properties and tested for nitric oxide production and cell cytotoxicity in vitro. For in vivo testing, treatment groups were vaccinated through either intramuscular or transdermal routes of adminstration. Each vaccinated mouse was administered one prime and two booster doses. Serum samples were collected for determination of antibody titers at various time points throughout the study. All mice were then challenged with live influenza virus. At the end of the study, the mice were sacrificed, after which immune organs and lung tissue were collected. 
Results: The mice vaccinated with M2e VLP, M2e VLP MP, and M2e VLP MP + MPL-A® + Alhydrogel® demonstrated heightened levels of IgG beginning at week 7. The mice that were immunized with the M2e VLP MP and M2e VLP MP + MPL-A® + Alhydrogel® demonstrated high expression of CD4+ and CD8+ T cells. Lung viral loads were 10-fold lower in the M2e VLP MP + MPL-A® + Alhydrogel® vaccinated mice compared to M2e VLP and M2e VLP MP groups. Additional studies were also completed and analyzed to assess factors pertaining to vaccine efficacy and long-term stability.  
Conclusion: Currently, licensed vaccines against influenza can encounter challenges relating to antigenic drift, patient compliance, and production time. The proposed transdermal influenza vaccine containing the M2e VLP + adjuvant microparticles was stable, immunogenic, and protective. Additionally, the vaccine could potentially serve as a feasible alternative to overcome the limitations of currently available multi-valent influenza vaccines adminstered intramuscularly. 

