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Fig. S1: (continued)
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(continued on next page)

Fig. S2: Empirical and model-based trajectories of the δ − o shift. Evolutionary, epidemiological, and
cross-immune trajectories are shown for all regions of this study. (a) Observed frequency trajectories of relevant
clades, xi(t); rms sampling error is indicated by shading. (b) Cumulative coverage of primary vaccination,
yvac(t) (light gray), and of booster vaccination, ybst(t) (dark gray); cumulative population fraction of δ infections,
yδ(t) (green), and of o infections, yo(t) (orange). (c) Population immunity functions, Cki (t) (as in Fig. 1c).
(d) Empirical selection change, ∆ŝ(t) (dots, with rms statistical errors indicated by bars), together with ML
model prediction, ∆s(t) (dashed line). Criteria for inclusion of regions are given in Methods.
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Fig. S2: (continued)
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Fig. S3: Selection tracking in multiple regions and clade shifts. Empirical selection change between
invading and ancestral clade, ∆ŝ(t) = ŝ(t) − 〈s〉, for all complete clade shifts and all regions of this study
(brackets denote time averages for each trajectory). Selection trajectories are derived from regional frequency
trajectories and plotted against time counted from the midpoint (colored lines); rms statistical error is indicated
by shading. Summary statistics: cross-region linear regression, slin(t) (black solid line, length gives r.m.s. time
span of trajectories). (a) 1 − α shift: small, statistically insignificant time dependence, Var(slin) = 3.6 × 10−4,
P > 0.01; (b) α− δ shift: substantial, statistically significant time dependence, Var(slin) = 2.× 10−3, P < 10−16;
(c) δ−o shift: substantial, statistically significant time dependence, Var(slin) = 1.4×10−3, P < 10−5; (a) o1−o2
shift: small, but statistically significant time dependence, Var(slin) = 2.9 × 10−4, P < 10−4. All P values are
computed using a two-sided Wald test. The statistical grading of shifts is described and criteria for inclusion of
regions are given in Methods.
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Fig. S4: Regional long-term trajectories of immune weight and fitness. (a) Time-dependent weight
factors of different immune classes, Qk(t). (b) Time-dependent fitness gap, δfi(t). Criteria for inclusion of regions
are given in Methods; see Fig. 4 for averaged trajectories.
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