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An epidemiologically successful subtypes of persistently circulating viruses such as influenza H3N2 subtype are
those that can evade host’s herd immunity by continuously changing their antigenicity. During the antigenic drift,
the substitutions occurred on the genome are subject to selection. On the proteins that determine the antigenicity
of the virus, the selection pressure is distributed, making the virus adapt to the change of host’s herd immunity.
On the other hand, the herd immunity reflects the change of antigenicity of the virus. To properly analyze the fate
of a viral subtype that performs such antigenic drift, we introduced a new measure, meta-Ry, that describes whether
a subtype can persist in the face of the herd immunity mounted against each antigenic strain. The meta-K, is
defined as the expected number of the new antigenicity strains produced during the epidemic outbreak of the
primary strain that will cause the next epidemic outbreak. This approach enables us to understand two contrasting
epidemiological characteristics of the influenza H3NZ subtype: the persistent circulation in the human population
and the slim phylogenic tree for their antigenic evolution. We revealed that by simply restricting the co-infection
of viruses to the host, a viral subtype can securely persist by alternating its antigenic properties with keeping a
slender phylogenetic tree shape. The coexistence of these two characteristics is protected due to the negative
feedback between the within-year viral diversity and the meta-R,. Here we review epidemiological characteristics
of the antigenic evolution of influenza H3NZ subtype.
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Fig. 1. The complex between influenza A (A/Aichi/68) hemagglutinin (HA) and fragment antigen binding (Fab). (A) HA
with Fab HC19, (B) HC63, (C) HC45, and (D) BHI51. HA's are in green and Fab’s are in cyan. The data of the protein
structures are obtained from the Protein Data Bank. The PDB codes are (A) 2VIR, (B) 1KEN, (C) 1QFU, and (D) 1EOS.
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Fig. 2. The change in the affinity of the complexes
between HA and Fab along “trunk-branches” on the
phylogenetic tree of HA.” The horizontal axis
represents the number of amino acid substitutions of
the HA sequence. The vertical dashed line indicates the
nodes connecting with A/Aichi/68. (A) The line with
solid (open) circles is for HC45 (BH151). (B) The
line with solid (open) circles is for HC63 (HC19).
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Antigenic

Fig. 3. The spatial distributions of (A, C) the selection pressure and (B, D) the antigenic sites A to E® (A) The colors
indicate the value of the dy/ds ratio, as shown in the legend. (B) Each antigenic site is indicated by the corresponding
color suggested in the legend. (C, D) The receptor binding (RB) region is enhanced. The antigenic sites A, B, and D
overlap the RB region. In the RB region, the proportion of residues with w>1.0 is 40.0%, higher than in the region overall.
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Fig. 4. The time courses of the circulating strains
obtained with the parameters p =160 and u =0.7 as
an example. By setting the time interval 0t=0.1/y, we
simulate population dynamics with the stochastic
process of mutant emergence. The black line
corresponds to the mean of 1000 sets of simulations and
the gray lines show the range of the standard deviation.
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