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Research Objective

MRNA vaccines have opened the door to the development of universal vaccines, offering possibilities
that traditional virus-based vaccine approaches may not achieve. However, identifying immunogenic
epitopes from viral proteins through conventional laboratory studies is often prohibitively time-
consuming and expensive. Consequently, AI has emerged as a valuable tool to predict these
candidates in a significantly accelerated manner. Additionally, computational analysis can encompass
both human-infectious and non-human-infectious viruses, making this approach highly effective for
preparation against future pandemics.

NEC Corporation (NEC) has developed proprietary technology for predicting T-cell and B-cell
(antibody) epitopes and designing vaccines using Al and other computational science technologies.
This vaccine design technology aims to achieve two main objectives: the establishment of a
methodology for designing universal vaccines and the reduction of vaccine development time and
costs.

In this study, we conducted in silico analysis of influenza virus protein sequence data to assess T-cell
and B-cell epitopes, identifying epitope regions conserved across a wide range of strains. We then
evaluated whether the selected epitopes for T-cell vaccines or the designed B-cell vaccine antigens
containing multiple conserved epitopes could induce an immune response.

Major Achievements in This Project

To design universal T-cell vaccine antigens, we searched for highly conserved immunogenic regions
effective against multiple HLA haplotypes, defining these viral protein regions as “hotspots”. As a
result, we identified hotspots that are conserved across multiple strains. Some of those hotspots
were found in a wide range of influenza A virus (IAV) strains, while others were conserved well in
influenza B (IBV) strains. Although no hotspot covered both IAV and IBV, we found minimal epitopes
conserved in them. To validate the immunogenicity of these hotspots, we designed peptide pools
derived from multiple hotspots for ELISPOT assays. Using human PBMCs previously infected with
influenza virus, we confirmed that the predicted hotspots effectively stimulated PBMC samples from
multiple populations and HLA haplotypes. From these findings, we concluded that it is feasible to
design universal T-cell vaccines by optimizing the combination of these hotspots.

For universal B cell vaccine antigens, it is crucial to design antigens by identifying immunogenic
sequences effective against multiple virus strains. Utilizing conformational B-cell epitope prediction
technology developed by NEC group, we predicted conserved conformational epitopes among HA
variants. We then analyzed the homology and mutation frequency of these regions to identify
immunogenic regions for universal vaccine antigens. Based on these analysis results, we designed
vaccine antigens intended to be effective against multiple mutant strains and types of HA proteins.
The final candidate antigens were selected after evaluating their stability and other properties using
in silico analysis techniques such as structural simulation. These vaccine candidates were then
evaluated through animal immunization experiments, confirming that some antigens could induce
antibody production against different types of HAs. However, these vaccines were insufficient to



induce neutralizing activity against the target viruses. These results suggest that to create more
effective B-cell vaccine antigens, it is necessary to explore antigen design and administration
methods that enhance the immunogenicity of the epitopes and the vaccine antigen itself.

Discussion

Currently, the development of universal vaccines is being pursued worldwide, primarily focusing on B-
cell vaccines, but universal vaccine design methods and the evaluation systems have not yet been
fully established. In this research, we demonstrated that it is possible to design effective vaccine
antigens for a wide range of virus strains by utilizing Al and computational science technology. These
technologies offer significant advantages in big data analysis, identification of immunogenic
sequences, and combinational optimization. Since the immune response arises from the
spatiotemporal interactions of various cells, there are still events that computational technology
cannot completely predict. In the future, we aim to advance universal vaccine research and
development by efficiently integrating computational science and immunological experiments.
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