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1 Derivation of the basic reproduction number

From our age-structured model given in the main text, the expression for R0 can be derived using

the next-generation operator method (1; 2). That is, R0 = r(FW−1), i.e., R0 is the spectral radius

of the next generation matrix FW−1. In our model,
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B(i, j) = βijξi where ξi =
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for i, j = 1, · · · , 6,
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where for i, j = 1, · · · , 6, j 6= i,

W1(i, i) = αi + γ1, W1(i, j) = 0,

W2(i, i) = −αi, W2(i, j) = 0,

W3(i, i) = γ2 + δi, W3(i, j) = 0.

Therefore the next generation matrix is given by

FW−1 =

(

Mij

)

i,j=1,··· ,6

with

Mij = βijξi[(
1

αj + γ1

)(1 +
αj

γ2 + δj

)], i, j = 1, · · · , 6.

It is important to note that R0 depends on the age distribution of the initial susceptible population

ξk = Nk

N
where

∑

6

k=1
ξk = 1.
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