
TECHNICAL APPENDIX

Disease spread model
The disease spread model consists of two parts: (i) the natural disease progression within an infected individual, and (ii) the contact network of each individual in the population.
Natural disease progression

We used a detailed SEIR (Susceptible–Exposed–Infected–Recovered) model for part (i) when mutation is not considered [1]. Each infected individual progresses from S (susceptible) through E (exposed but not yet infectious) to status IP (presymptomatic). The individual has probability pA of not developing symptoms and becoming IA (infectious and asymptomatic), or enters status IS (infectious and symptomatic) with probability (1 – pA). With probability pH a symptomatic individual is hospitalized (H) and with probability pD a hospitalized individual dies (D). R is the state of recovered and a recovered individual is immune. This natural disease progression for influenza is depicted in Figure 1 of [1]. 
When a viral mutation begins at day t*, we assumed recovered individuals are not fully immune to the mutant virus so that they may become susceptible again with probability p(t), which is a function of time t (t>t*). The susceptible individual, if infected, goes over the same process as we described in the above SEIR model (see Fig. 1). We assume that each individual can be infected at most two times (once by the original strain and once by the new strain).
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Fig. 1. Natural disease history for influenza at day t (t>t*).
As pointed out by [2, 3], the ‘reinfection probability’ p(t) increases with the time t. We use the ‘reinfection rate’ δ instead of setting a constant reinfection probability p. Every day each of the ‘candidates’ (recovered individuals who have not re-entered the susceptible pool yet) become susceptible with probability δ. Assuming the mutation begins at day t*, the day T, when such a candidate re-enters the susceptible pool, is a geometric random variable with probability distribution:
Prob (T = t) = δ · (1 – δ)(t– t*-1).
Correspondingly, the reinfection probability at time t (t>t*) is
p(t) = 1– (1 – δ)(t– t*),
which increases as t increases since 0<δ<1.

The estimates of pA, pH, and pD and the duration of each stage in the SEIR model are as outlined in [1] (details can be provided upon request). The estimates of δ (we tested 0.5%, 1.5%, 5%, 8%, 10%, 20% in the simulation) follow from [2, 4].
Contact network

We used a group model to construct the contact network in part (ii) (see Fig. 2). There are three levels of mixing for each individual: household, peer group (classroom for children and workplace for working adults) and community. Hence, a susceptible individual can get infected through contacts with his/her family members, classmates/colleagues, or randomly meets someone when going to public places such as grocery stores, theatres, etc. 

Fig. 2. An example of the contact network.
The model is age-structured as we divided the population into five age groups: 0-5, 6-11, 12-18, 19-64, ≥65 years. The first three groups represent children who are assumed to have higher susceptibility and infectivity compared to adults. The average classroom sizes are 14, 20, and 30 for these three children’s groups, respectively [5]. Individuals in the fourth group are working adults. The workplace size for working adults is a Poisson random variable with mean 20 (maximum 1000). The last age group is constituted by elderly and they do not mix in peer groups.
To calibrate the model of the contact network, we estimated the values of five parameters: R0 (reproductive number), θ (the proportion of transmission by people who are either presymptomatic or asymptomatic), ω (the proportion of infections generated by those who are not symptomatic), γ (the proportion of transmission that occurs outside the households) and δ (the proportion of transmission outside the home that occurs in the community). The estimates of these five parameters are from Wu et al. (see table 1 of [1]). Based on these estimates, we used a similar nonlinear technique [1] to calculate the other parameters. We adjusted the calculation for our age-based model using the age-based parameters (calculation details can be provided upon request).

In summary, our basic disease spread model is similar to several other simulation models used for influenza pandemic in the literature 
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; however, different from some of the others we consider seasonality and viral mutation.
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