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Factors contributing to the spread and convergence of SARS-CoV-2 infection in Japan
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Ecological study techniques in infectious disease epidemiology were used to elucidate factors behind the spread and

convergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in Japan. For the 1st to 7th waves

of SARS-CoV-2 spread, we statistically analyzed whether prefectural morbidity, mortality, and case fatality rate (CFR) were

correlated with demographic indicators (population density, population ages 0-14, and population ages 65 and above) and

vaccination rates. Urban densely populated areas contributed to the spread of infection in all waves. In waves 1-6, older people

were exempt from coronavirus disease 2019 (COVID-19) in Japan, suggesting cross-immunity from previous infections. In

the 7th wave, mutations that accumulated in the BA.5 variant probably invalidated the cross-immunity in the elderly, leading

to the world's highest level of SARS-CoV-2 epidemic. The epidemics among children were seasonal, and large waves were
formed when children contributed to the spread of infection. The 4th wave due to the Alpha variant, the Sth due to the Delta
variant triggered by the Tokyo Olympics, and the 6th wave due to the Omicron variant probably converged due to the hybrid

immunity/super-immunity formed by vaccination following previous SARS-CoV-2 infection. Lessons learned from the

analyses should be utilized in the future.
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