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Text S1 Supplementary method.

Equation of VEFIAR model
The ordinary differential equations of the VEFIAR model are listed as follows:






Where subscript i denotes variables or parameters specified to the ith group. n denotes the total number of groups.
R0 calculated by NGM
The derivation of R0 in VEFIAR model is showed as follows:
 


where,




The disease-free equilibrium point  was then substituted in the leading eigenvalue of . The R0 of the VEFIAR model is shown as follows:

[bookmark: _Hlk92722327]Estimation of hospital admission, ICU admission, and fatality rate
According to first-hand data analysis of the United Kingdom, Israel, and Chile the daily hospital admission cases, ICU admission cases, and fatality cases were simulated by the following equations:



Logistic Model
The equation showed as follows:

y was defined as reducing the proportion of VE and t was a month after vaccination.
Seasonality adjustment
Seasonality adjusted parameter β by a sine function as follows:

We simulated one and two peaks in the endemic phase when setting T to 365 and 182.5 days in the model, respectively. 
Calculating of isolation proportion
[bookmark: _GoBack]Because there exists a competitive relationship among death, removed and isolation, we simulated isolation proportion (q’) from 10% to 100%, which was calculated by an equation as follows:


