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1. Parameters

Parameter Description Value

S Susceptible population (unvaccinated) -
E Exposed population (unvaccinated) -
I Infectious population (unvaccinated) -
R Removed population (unvaccinated) -

S1 Susceptible population (vaccinated once) -

Ey Exposed population (vaccinated once) -

I Infectious population (vaccinated once) -

Ry Removed population (vaccinated once) -

So Susceptible population (vaccinated twice) -

E> Exposed population (vaccinated twice) -

Iy Infectious population (vaccinated twice) -

Ry Removed population (vaccinated twice) -

Ss Susceptible population (vaccinated more than 3 times) -

FEs Exposed population (vaccinated more than 3 times) -

I3 Infectious population (vaccinated more than 3 times) -

R3 Removed population (vaccinated more than 3 times) -
t Time -
T Class age (time elapsed since the recovery) -
a Class age (time elapsed since the vaccination) -
Jé] Infection rate Estimated using data in [9]
€ Onset rate 0.2 (incubation period 1/e = 5 days) [4]
vy Removal rate 0.1 (infection period 1/ = 10 days) [1]
A Force of infection Equation (1)

1-0 Efficacy of the first vaccination 0.46 [6]

Un Vaccination rate (for n-th) Estimated using data in [7]
T Duration between the vaccination 150 days or 180 days

1—p(a) Efficacy of full vaccination at class age a 0.8¢79-903¢ (ostimated using data in [6])

) Detection rate 0.5 (estimated using data in [5])

N Total population in each prefecture 8]

P(a) Waning rate of natural immunity 0.65 (1 - 67208_0.0“) (assumed from [2])

See [3] for the details of how to estimate each parameter.




2. Model

Before vaccination policy (January 14, 2020 - February 16, 2021).

S'(t) = —BS(t)I( );
E'(t) = BS(H)I(t) — eE(t),
I'(t) = eE(t) —yI(1),

0] 0
— t = t =~I(t).
(5 + 5 ) Bt =0, R0 =100
Under vaccination policy (February 17, 2021 - present).

e Unvaccinated population:

S'(t) = ~A(BS(t) - v1S(0),
E'(t) = X()S(t) — (e + v1) E(D),
I'(t) = B () — (v + v)I(2),

<88t + aa> R(t,7) = —v1R(t,7), R(t,0)=~I(t).

e Vaccinated once:

S1(t) = v1S(t) — oA(t)S1(t) — v2S1(t),
Ei(t) = viE(t) + o A(t)S1(t) — (¢ +v2) Ex (),
I(t) = vl (t) + B (t) — (v +v2) 1 (1),

Ry () = vy / R(t,7)dr + 711 (t) — vaRa (1),

e Vaccinated more than twice (n = 2, 3):

1}251 n = 2,

vs [ SQtada+v4fT S3(t,a)da, n =3,

’0211 n =
vs [ Igtada+v4fT I3(t,a)da, n =3,
UQRl n=2,

voFy (t n=2,
vng Egtada+v4fT Es(t,a)da, n =3,

vng Rgtada+v4fT R3(t,a)da, n =3,



<§t + (,i) Sn(t,a) = —p(a)A(t)Sn(t, @) — gn(a)Sn(t, a),
(gt T 5@) En(t,a) = p(a)A(t)Sn(t,a) — [e + gn(a)] En(t, a),
(aat n ;;) In(t,a) = eBy(t,a) — [y + qn(a)In(t, a),

(; + ai) Ru(t,a) = I (t,a) — gn(a) Rt ),

where

(a) = 0, a<T,
n\@) = Uni1, Otherwise.

e Force of infection:

3 S
Mt) =2 1()+11()+Z/ I(ta)d] (1)
n=2"0
o Let
M()(t) = / l/) t T ’7', Ml(t) = El(t) -+ Il(t) + Rl(t),

M, (t) := /0 [En(t,a) + I,(t,a) + Ry (t,a)lda, n>2.

e Natural infection (with waning): Zi:o M, (t).

e Vaccine (with waning): (1 —o)S1(t) + 320 _ o Jo 11 a)]Sy(t,a)da.

e Natural infection (with waning) + vaccine (with waning): Zi:o M,(t) + (1 —
0)S1(t) + 0o Jo 11— p(a)]Sn(t, a)da.

e Partial immunity: 1 — S(¢).

How to estimate 8 = (3(t) and ¢
See [3].

How to estimate the vaccination rates
Note that vy x [S(t) + E(t) + I(t) + R(t)] x N is the number of the first vaccination
at time t. Hence, we estimate v = v1(¢) as

(number of the first vaccination at time t)

o) = [S(t) + E(t) + I(t) + [;° R(t,7)dr] x N




In a similar manner, we estimate v, = v, (t) (n > 2) as

(number of the second vaccination at time t)
[S1t) + E1(¢) + Ii(t) + Ri(t)] x N ’
(number of the n—th vaccination at time t)
I na(ta) + Bna(ta) + In1(ta) + Bo1(ta)ldax N '~

Un (t) =

How to predict
We fixed the infection rate and vaccination rates using the latest 1 week data.
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