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Background and Aim

Vaccination is an effective strategy to protect against influenza virus infection. Most influenza vaccines are
produced in embryonated chicken eggs; however, recent seasonal H3N2 viruses do not replicate well in eggs. Therefore, these
viruses are serially passaged in eggs to increase vaccine production efficiency. During the serial passages in eggs, the
hemagglutinin (HA) protein, which is the major target of protective antibodies to influenza viruses, acquires egg-adaptive
mutations, leading to a change in virus antigenicity (Zost, et al., PNAS. 2017; Wu et al., PLoS Pathog. 2017). Such egg-
adaptive mutations in HA have been shown to reduce the effectiveness of influenza vaccines against circulating strains. In
this study, we aimed to generate influenza H3N2 viruses that can efficiently replicate in eggs without antigenic changes in
HA. To achieve this aim, we identified several mutations in neuraminidase (NA) that confer efficient replication in eggs
without the acquisition of mutations at the major antigenic sites of HA. In addition, we produced inactivated vaccines from
viruses possessing these mutations in NA and assessed their protective effectiveness against circulating strains in ferrets. We
also evaluated the production efficiency of the inactivated vaccines in a pilot-scale study.

Results and Discussion

We identified nine mutations in NA that facilitate efficient H3N2 replication in eggs without the acquisition of
mutations at the major antigenic sites of HA, and designated the NA of A/Yokohama/147/2017 containing the nine mutations
Y147NA(9M). A previous study reported that three mutations in HA could abolish the receptor-binding capability of HA
without altering the antigenicity of HA. We introduced these three mutations into the HA of a circulating H3N2 strain, and
designated H3HA carrying the mutations HA(3M). We generated mutant viruses expressing Y 147NA(9M) and HA(3M), and
observed that they grew efficiently in eggs. After ten passages in eggs, the mutant viruses possessed an additional mutation
(G228S) at a position that is not located in the antigenic sites of HA. Thus, we identified mutations in NA that enable H3N2
virus to replicate efficiently in embryonated chicken eggs without antigenic changes in HA.

Next, we examined the protective efficacy of inactivated vaccines generated from viruses with wild-type HA and
Y147NA(OM), HA(3M) and Y147NA(9M), and HA(3M) with the S228G mutation (HA(4M)) and Y147NA(9M) in ferret
models, which show human-like clinical symptoms when infected with influenza virus. Ferrets immunized with the
inactivated vaccines were inoculated with a circulating H3N2 strain and virus titers in their nasal washes were assessed. At
1-, 3-, and 5-days post-infection, in the non-immunized control groups, high virus titers were detected in the nasal wash of all
ferrets. The virus titers in the nasal wash of animals immunized with vaccines from viruses with wild-type HA and
Y147NA(OM), HA(3M) and Y147NA(9M), HA(4M) and Y147NA(9M), or the wild-type HA and NA were significantly
lower than those in the non-immunized groups; no significant differences in viral titers in the nasal wash were found among
these four groups. Overall, our results show that we successfully identified candidate viruses with NA mutations for vaccines
that exhibit equal protection against H3N2 influenza virus infection with the parental strains.

We evaluated the vaccine productivity of the mutant viruses in a bench-scale study (25 growing chicken eggs) and
a pilot-scale study (150 or 300 growing chicken eggs) and found that the productivity of the virus with wild-type HA and
Y 147NA(9M) was equal to that of a vaccine strain.

We have no competitors because, to our knowledge, no other groups are approaching the problem of antigenic
alteration of influenza vaccines due to egg adaptation. Therefore, our project is highly innovative and possesses competitive
advantages.

The vaccines made by using our technology will improve vaccine efficacy. Therefore, we believe our vaccine project
is of high significance and will contribute enormously to public health.
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