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Model structure

Figure S1. Schematic of the age-structure transmission model. The solid arrows represent
transitions between epidemiological classes. The model compartments comprise nine
epidemiological classes: susceptible (S), exposed (E), mild infections (Imid), infections
requiring hospitalization but not yet hospitalized (Icase), hospitalized infections requiring
a general hospital bed (Inosr), hospitalized infections requiring an ICU bed (I icu),
hospitalized infections stepping down from ICU and requiring a general hospital bed for

recovery (Irec), recovered (R), and dead (D).
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Figure S2. Schematic outlining the progression of hospitalized infections necessitating an
ICU bed. Individuals are categorized based on their need for general hospital and ICU
beds, respectively. Patients who secure a bed experience a reduced probability of
mortality compared to those who do not. Specifically, weighted arrows depict the
probabilities. The probability of death when hospitalization is required but no hospital
beds are available is estimated at 60% (with a range of 50-70%). Similarly, the probability
of death if critical care is required but not received is estimated at 90.5% (with a range of

85%-95%).



Mathematical model equations (the equations are based on [1])

1. Vaccination group vo (unvaccinated)

das(t, a, S(t,a,
% = ZpRZ (t, a, 170) - .8 %Za’ C(a' a) [Zv (IMILD (t' a" U) + ICASE(t' a" U))] - K(a)S(f, a, UO)

dE;(t,a,vy) B S(t,a,v,)

dt B N Ya'c(a,a) [Zv (Iuio (6, @', v) + Iease(t, @, V))] ~ 2aEy(t,a,v0) — K(@)Ex(t, a,v0)
W = 2aEy(t,a,vy) — 2aE;(t, a,v) — k(@)E,(t, a,vo)
W = (1 - ¢1(a)(2aE,(t, a,v0)) — Viluup (t a, vo)
dlm%(tt’a,%) = ¢1(a)(2aE,(t, a,v,)) = 2V2lcaspo(t @, vo)
dlc“‘SE'ld—(;’a’vO) = 2Y3lcasgo(t, @, vo) — 2¥2lcasg 1 (6 @, vo)
dIHOSPITAL‘(:i(tt' @ o,0,0) = (1 -6 — ¢2(a))2y2lcase1 (8, a,vo) — 2Y30lnospiraso(t, a, v, 0,0)
dIHosplTAL,ld(tt, a, vy, 0,0) = 25 0lwospiraro(t, @ Vo, 0,0) — 2¥3 0 luospirar 1 (t, @ vo, 0,0)
dIHOSPITAL‘(:i(tt' @0, 1,0) = 6(H)u(a)(1 — ¢2(a))2v2lcase 1 (t, a, vo) — 2¥30lnospiraro(t, @, Vo, 1,0)
dIHOSPITAL';(tt’ 0, 10) _ 2y3.0lnospiraLo (t, @, vo,1,0) — 2y3 0losprrara (t a, v, 1,0)
dIHosplTAL,(Zi(tt' a,v0,0,1) _ (1= 6(H))A = p(@) (X = ¢2(a))2y2lcasea (8 a,v0) = 2Y311nospiraro(t, a, vo, 0,1)
dlyosprrat, ;Et, a, v,,0,1) = 2y31Inosprrar, (6 @, v6,0,1) = 2y3 1 Inosprrars (6 @ vg,0,1)
oo ZZ(tt’ SLIED = 6(H)(1 — p(@) (A = ¢2(a))2y2lcases (6 a,vo) — 2¥31lhospirano(t @, vo, 1,1)

dlyosprrar, 1(t @, v, 1,1)

= 2¥311nospirar, (t a, v, 1,1) = 2y31Iy0sprrar (8 a,vp,1,1)

dt
dllcu,o(t;lctl, v4,0,0) = (1 - 8UICU)u(@)p2(a)2V21case1 (t @, vo) — 2Va0licu,0(t, a, o, 0,0)
dIICU,l(t;lC:, v0,00) _ 2Y4.0Licu0(t, @, v0,0,0) = 2¥4 0l1cu 1 (t, @, v, 0,0)
dI,cu,o(t;;, vy, 1,0) = 8§(ICU) (@) P2 (@) 2V, lcase 1 (t a, Vo) — 2¥a0licu o(t, @, v, 1,0)
dIcU,l(t,dat, Vo, 1,0) _ 2¥a0licu,0(t, a, v, 1,0) — 2¥4011cu1 (¢, @, v, 1,0)
dIIcu,o(t;i(i, v, 0,1) = (1-6UCU))A — u(a)$2(a)2y2lcase 1 (t, vo, @) = 2Va1licy0(t, a,vg,0,1)
dlcy 4 (t, a,v0,0,1)

dt = 2y4,1IICU,0(tv a,v,,0,1) — 2Ya1licua (t,a,v,,0,1)



dIICU,O(t! a, vy, 1,1)

=6(ICU)Y(A — p(a)) ¢, (a)2Y2ICASE,1(t. a,vy) — 2Ya1lccuo (t,a,v,,1,1)

dt
dlicy1(t,a,vy,1,1)
i = 2¥V41lccuo(t, a,v9,1,1) — 2¥4111cp1 (¢, @, v, 1,1)
dlrpco(t, a,vo)
- dat = 2¥41licu1(t, @, v0,0,1) + 2¥4 1 L1cy1 (8 @, v, 1,1) = 2¥51gpc,o(t, @, vo)
dlgca (t,a,vo)
- a 2¥slgpco(t, a,vo) — 2¥slgeca (t, a, vo)
dR,(t,a,vy)
T Y1iluwo (t, @, vo) + 2¥31Inospiran1(t @, vo, 0,1) + 2¥3 1 Iyospirar1(t, @, vo, 1,1)
+ 2Yslgec1(t, a,vo) + 2Ya11icya (8, @, 10,0,1) + 2y4111cp1(t, a,vp,1,1) — 2pR, (¢, a, vo)
— k(a)R,(t,a,vy)
dRZ (t, a, vO)
—a - 2pR,(t,a,vy) — 2pR,(t,a,vy) — k(a)R,(t, a,vy)
dD(t,a,vy)
—a 2¥30lospiras1(t, @ v,0,0) + 2y30lnospirar,1 (t @ Vo, 1,0) + 2Y40l1cy,1 (8, @, v, 0,0)

+ 2¥a0licu1(t, a, vy, 1,0)

2. Vaccination group vi (vaccinated but not yet protected (state 1))

ds(t,a,vy) S(t,a,v,) , ,

Tl = r(a)S(t,a,vo) + 2pRy(t, a,v1) — B TIZa’C(a’ a) [Zv ([MILD (t,a',v) + Icase(t, a, U))]
—2wS(t,a,v,)

dE,(t,a,v;) S(t,a,vy) , ,

o k(a)Ei(t,a,vo) + B T12a' (@, ) [Ty (Iuro (& @', v) + Ieasp (t,a',v))| — 2aE; (t, a,v1)
- ZwEl (t! a, vl)

dEz(t, a, Ul)

T = k(a)E,(t,a,vy) + 2aE;(t,a,v;) — 2aE,(t,a,v,) — 2wE,(t,a, v;)

dlynp(t,a,vy)

Tl =1 - ¢1(a)) (ZaEz (t,a, 171)) —Yaluo (6, a,v1) — 20l (t, a, v4)

Alcaspo(t, a,vq)

Tl = ¢ (a)(ZaEz (t a, 171)) = 2Y2lcaseo(t, a, V1) — 20lcase,0(t, @, v1)

dICASE,l(t’ a,v )

Tl = 2Y2lcasgo(t, a,v1) — 2Valcase (8 a,v1) — 20lcysp (t, a,v1)

Alyospiraso(t, a,v1,0,0)

dt

=1 - 6@ — ¢2(@)2y2lcase (8 a,v1) — 2¥30lhospirao(t, @, v1,0,0)
— 2wlyospiraso(t, a,v4,0,0)

Alyospirar(t, a,v4,0,0)
dt

= 2¥30lnospiraro(t @ v1,0,0) — 2v30lyospirars (t @, 1, 0,0) — 2wlyospirar (L, a,v1,0,0)



Alyospiraso(t, a,v1,1,0)
dt

= 6(H)u(a)(1 — ¢2(a))2v2lcase 1 (t, a,v1) — 2¥30lnospiraso(t, a,v1,1,0)
— 2wlyospiraro(t, a,v4,1,0)

Alyosprras (t, a,v1,1,0)
dt

= 2¥30lnospiraro(t @ v1, 1,0) — 2v30lpospirars (t @, v1, 1,0) — 2wlyospirar (t, a, v, 1,0)

dlyospirano(t a,v,,0,1)
dt

=1 -6(H)A — p(a) = ¢2(a))2v2lcase 1t a,v1) — 2v31lpospiraso(t, a,v4,0,1)
— 2wlyosprar o(t, a,v1,0,1)

dlyospirars(t,a,v4,0,1)
dt

= 2Y31lnospiraLo(t, @, v1,0,1) = 2y31lhospirar(t, @, v1,0,1) — 2wlyospirani (6 @, v1,0,1)

Alyospiraro(t, a,vy,1,1)
dt

=6(H)(1 — p(a))(1 — ¢, (a))2V216A55,1 (ta,v,) — 2Y311nospiraso (t,a,vy,1,1)
— 2wlyosprrano(t, a,v4,1,1)

Alyosprrars(t a,v1,1,1)

dt
= 2Y31lnospiraro(t, @ v1, L,1) — 2v311yospirara (8 @, v, L1) — 2wlyospiran: (6 a,v1, 1,1)
dlicyo(t,a,vy,0,0)
dt
=1 -dUcu)u(@)p,(a)2yz1case 1 (t a,v1) — 2YVa0licuo(t a,v1,0,0) — 2wlicy o (¢, @, v41,0,0)
dlicy1(t,a,v4,0,0)
cu1 = 1 = 2¥a0licv,0(t a,v1,0,0) = 2y, 0l1cu1(t, a,v4,0,0) — 2wlicy 1 (t, @, v4,0,0)
dlicy(t,a,v5,1,0)
ICU,0 i 1 = 5(ICU)'U'(a)¢2(a)ZYZICASE,l(t' a, Ul) — 2‘,/4’0116,”‘0({:’ a, vy, 1’0) _ ZwIICU’O(t, vy, 1’0)
dlicy1(t,a,v5,1,0)
cu1 = 1 = 2¥a0licu0(t a,v1,1,0) = 2y40l1cu1(t @, v4,1,0) — 2wlhcy 1 (t, @, v1,1,0)
dlicyo(t,a,v4,0,1)
dt

=1 -60CU))A — u(a))p2(a)2yolcase (8, v1, @) — 2Y41licu0(t, a,v4,0,1)
= 2wlicyo(t,a,v,0,1)
dlicy1(t,a,v,,0,1)
dt
dlicyo(t,a,vy,1,1)
dt

= 2YV41licuo(t, @, v1,0,1) = 2¥4111cy,1 (8, a,v1,0,1) — 2wlcy,4(t, a,v41,0,1)

=8(CU)Y(A — p(a)P2(a)2valcase 1 (t, a,v1) — 2Va1licyo(t, a,v1,1,1) = 20lhcy o(t, a,v4,1,1)

dlicy4(t,a,vy,1,1)
dt

= 2Va1licuo(t, a,v1,1,1) = 24151y (8 a,v1, 1,1) = 2wy 4 (¢, a,v1,1,1)



dlgeco(t, a,v1)
= 2Va1licua(t,a,v1,0,1) + 2y41L1cp1 (8 @, v1, 1,1) — 2y5lgpeo(t, a,v1) — 20lgeco(t, a, v1)

dt

dlggc(t,a,vq)

— a 2¥slreco(t, a,v1) — 25lgpc1 (6 a,v1) — 20Igge1 (8 a,v4)

dR(t,a,v,)

— a k(@R (t, a,vo) + Vilmip (6, @, v1) + 2v31lhospirar(t, @, v1,0,1) + 2v3 1 lyospirasa (t, @, v, 1,1)
+ 2Y5lrpc1 (8 @, v1) + 2Va1licu i (E a,v1,0,1) + 2y41L1cy1 (8 a, v, 1,1) — 2pR, (8, a, ;)
— 2wR(t,a,v,)

dR,(t,a,v

% =k(a)R,(t,a,vy) + 2pR,(t,a,v,) — 2pR,(t, a,v,)

dD(t,a,v;)

—ar 2y30lhospiras1(t @ v1,0,0) + 2v30lhospirar1 (8 @ v1, 1,0) + 2¥a0lcy,1 (¢ @, v, 0,0)

+ 2¥a0licv1(t, a,v4,1,0)

3. Vaccination group vz (vaccinated but not yet protected (state 2))

ds(t,a,v,) S(t,a,v;)
—a 2pRy(t, a,v;y) — ﬁT

dEl(t, a, 172) _ 'B S(t! a, UZ)

Yac(a, a)[z,, (IM,LD(t, a',v) + Icas(t, a’, v))] +2wS(t,a,v,) — 2wS(t,a,v,)

Yarc(a, [Ty (o (8, @', v) + Icase (t, @', v))| = 2aE; (t, a,v,) + 20E; (t, a,v,)

dt N
— 2wE;(t,a,v,)

dE,(t,a,v;)
—a - 20E,(t,a,vy) — 2aE,(t, a,v,) + 2wE,(t,a,v1) — 20wE,(t,a, vy)
dlyp(t,a,v;)

MILDdt 27 = (1 - ¢1(a))(2aE2(t, a, 172)) - yllMILD(t' a, 172) + ZwIMILD(tr a, 171) — ZwIMILD(tF a, UZ)
Alcaso(t, a,v;)
- dt = ¢1(a)(2aE2(t, a, Vz)) - ZVZICASE,O(tl a,v;) + zwICASE,O(tv a,vy) — Z(UICASE,O(f. a,vy)
dlcasea(t,a,v7)
- a 2¥2lcaseo(t a,v2) = 2y2lcase 1 (8 @, v2) + 2wlcasg 1 (8 a, v1) — 20lcp5e,1 (L, @, v2)
dlyospiraso(t, a,v,,0,0)

dt
= (1= 6H)Nu(@)( — ¢2(a))2v2lcase 1 (t @, v2) — 2V30lnospiraro(t, a, V2, 0,0)
+ 2wlyospiraro(t, @,v1,0,0) — 2wlyospiraro(t @, v2,0,0)

dlyospitar, 1(t, a,v,,0,0)
dt

= 2¥30lH0spiTAL, 0 (8, @, V2, 0,0) = 2¥3 oIHospiTAL (t, @, V2, 0,0) + 2wlk0spiTaL 1 (t, @, V4, 0,0)
— 2wlyospirar(t, a,v2,0,0)

Alyospiraro(t, a,v;,1,0)
dt

= S(H)pu(@)(1 — ¢2(a))2Y21case 1 (t @ v2) — 2V30lhospiraso(t @, v2, 1,0) + 2wlyospirare(t @, v1,1,0)

— 2wlyospiraso(t, a,v2,1,0)



dlyospirari(t, a,v,,1,0)

dlyospiral,

dt
= 2y30lHospirar 0t @ V2, 1,0) = 2v3 0lospirar, 1(t @, v2, 1,0) + 2wlyospirar 1 (¢, @, v1,1,0)
= 2wlyospirar(t, a,v2,1,0)

o(t,a,v,,0,1)

dt
= (1 - S(H))(l - #(a))(]- - ¢2(a))2}/21CASE,1(t' a, 1.72) —_ 2y3.11HOSPITAL,O(t! a, 172' 0'1)

+ 2wlyospiraro(t, a,v1,0,1) = 20lyosprraro(t @, v,,0,1)

dlyospitari(t,a,v,,0,1)

dt

= 2y31I5ospirar,o (6 @, 12,0,1) — 2v3 1 lnospiran1(t, @, V2, 0,1) + 2wlyospiras (¢ a, v1,0,1)

— 2wlypspirars(t, a,v2,0,1)

Alyospiraro(t a, vz, 1,1)

dlyospiral,

dt
=6(H)(1 — pu(a))(1 — ¢, (a))ZVZICASE,l(tJ a,vy) — 2y3,11HOSP1TAL,0(t' a,v,,1,1)
+ 2wlyospiraso(t a,v1, 1,1) = 2wlyogprrar o(t @, v2,1,1)

1(t,a,v,5,1,1)

dt
= 2¥311nospiraLo(t @ v2, 1,1) — 2¥31lnospiraia (6 @ V2, 1L,1) + 2wlyospirars (6 a,v4, 1,1)

— 2wlyosprrari(t,a,v2, 1,1)

dlicyo(t, a,v,,0,0)

dt

dlicy1(t, a,v,,0,0)

= (1 - 8UCUNu(@)P2(a)221case (t, a,v2) — 2¥aolicyo(t, a,v2,0,0) + 2wliey o (¢, a,v4, 0,0)
= 2wlcyo(t, a,v,,0,0)

dt

= 2Y4,0l1cu,0(t, @, 2,0,0) — 2401101 (8, @, V5, 0,0) + 2wl1cy 1 (8 @, v4,0,0) — 2wlicy,1 (¢, a,v2,0,0)

dlicy o(t, a,v,,1,0)

dt

dlicy1(t, a,v,,1,0)

= 6(IC)u(a)d2(a)2Y2lcaspa (t a,v2) — 2Ya0licyo(t, a,v2,1,0) + 2wlicy o (t, a,v4,1,0)
- zwIICU,O(t' a, vy, 1:0)

dt

= 2}’4,0IICU,O(t, a, v,, 1,0) - 2)/4_'011(:[]'1(1:, a, v,, 1,0) + ZwIICU'l(t, Qa,vq, 1,0) - ZwIICU,l(tJ a, vy, 1'0)

dlicyo(t, a,v,,0,1)

dt

dlicy1(t,a,v,,0,1)

= (1 - 6(ICU))(1 - I-l(a))¢2 (a)ZYZICASE,l(t! Uy, a) - 2y4,1I[CU,0(t; a, vy, 0‘1) + ZwIICU,O(t! a, vy, 0'1)
= 2wlicy,p(t,a,v,,0,1)

dt

= 2¥V41licu0(t, a,v2,0,1) — 2y, 1110y 1 (t, @, v2,0,1) + 2wlicy 1 (¢, a,v1,0,1) — 2wlicy 1 (E, a,v2,0,1)

dlicyo(t,a,v,,1,1)

dt

dlicy1(t,a,v,,1,1)

= SUCUY(1 — u(@)$2(a)2v2lcasp 1 (t @ v2) — 2¥a1licy ot @, v, 1,1) + 2wlicy o (t, @, v4,1,1)

= 2wlicyo(t,a,v,,1,1)

dt

= 2¥a1licuo(t, a,v2, 1L,1) — 2y4 1110y 1 (8, a,v2, 1,1) + 2wlicy 1 (8, a,v4, 1,1) — 2wlicy 1 (E, a,v2,1,1)



dlrgco(t,a,vy)
a4 2Ya1licua(6,a,v5,0,1) + 2¥4101cu,1 (8, @, V2, 1,1) = 2¥slrec,o(t, @, v2) + 20lgpeo(E a,v1)

— 2wlgpco(t, a,v;)
Algec1(t, a,v;)
dt
dRy(t,a,v,)
dt

= 2¥slpgco(t, @, v2) = 2Vslrpc1 (t, @, v2) + 20lggc 1 (t, a,v1) — 20lgpe 1 (t, a, V)

= Y1luio (6, @, v2) + 2¥31lhospirars (6 @, v2,0,1) + 2y31lnospirar1(t, @, va, 1,1) + 2yslggca (6 a,v2)

+ 2¥a1licua (6 4, v2,0,1) + 241 Licy 1 (8, a4, v2, 1,1) — 2pRy (8, @, v,) + 2wRy(t, a,v1) — 2wR; (¢, a, 1)
dR,(t,a,vy)
dt
dD(t,a,vy)
dt

=2pR,(t,a,v;) —2pR,(t,a,v,) + 2wR,(t,a,v;) —20wR,(t, a,v,)

= 2y30lnospirar, (¢ @, V2, 0,0) + 2y5 oInosprrar 1 (8 @, V2, 1,0) + 2¥40l1cy,1 (¢, @, v2,0,0)

+ 2¥a0licu 1 (t @, v2,1,0)

4. Vaccination group vs (vaccinated and protected (state 1))

ds(t,a, vs) S(t,a,v3) , , ,
= 3) _ 2pR,(t,a,v3) — vip(a)p — 3 Yoclaa )[Z,, (IM,LD(t,a V) + Icase(t,a ,v))] + 2wS(t, a,v,)
—2YS(t,a,vs)
dE;(t,a,v3) S(t,a,v3)

= Vinp(W)B———Fa (@ @[Ty (Inip (t, @', V) + Ieasp(t, @', v))] = 2aE; (8, a,v;) + 20E; (8, a,v;)
N

— 2YE;(t,a,v3)

dt

dE,(t,a,v3)
————— =2aE,(t,a,v3) — 2aE,(t,a,v3) + 20E,(t,a,v;) — 2PYE,(t, a, v3)

dt

Alyp(t, a,vs)

dt = (1 - vdis(a)d)l(a))(zaEZ (t, a, 173)) - V1IM1LD (t; a, 173) + ZwIMILD (t, a, 172) - zwIMILD (t, a, 1]3)
dlcasgo(t, a,v3)
T Vais(@)p1 (@) (2aE;(t, a,v3)) = 2¥2lcaspo(t, @, V3) + 20casgo(t, a,v2) — 2lcasgo(t, a, v3)
dlcasea(t,a,v3)
- a4 2¥2lcaseo(t a,v3) — 2¥2lcase 1 (t a,v3) + 2wlcasg 1 (t @, v3) — 2Plcsse1 (L, a,v3)
Alyospirao(t, a,v3,0,0)

dt
=1 - sH)u(@)(1 = ¢2(a))2y2lcase 1 (t @ vs) — 2v30lhospiras,o(t a, v, 0,0)
+ 2wlgospiraro(t, a,v2,0,0) — 2¢¥lyospiraro(t, a,vs, 0,0)

dlyospirar, 1(t, a,v3, 0,0)
dt

= 2¥30lnospiraLo(t @ v3,0,0) — 2v30lpospirari (&, @ v3,0,0) + 2wlhospirar (¢, a, v2, 0,0)
— 2¢lyospitar 1 (¢ a, v3,0,0)

dlyospiraso(t, a,vs, 1,0)
dt

= S(H)u(a)(1 — ¢2(a))2y21caspa (t @, v3) — 2V30lnospiraro(t @, vs, 1,0) + 2wlyospirare(t, a, vz, 1,0)

= 2Yyospita 0 (t @, v3,1,0)



dlyospirari(t, a,vs,1,0)

dlyospirat,

dt
= 2¥30lnospiraLo(t @ v3,1,0) = 2v30lpospirara (t @, v3,1,0) + 20lhospirar (¢, a, v, 1,0)
— 2¥lyospirari(t a,vs, 1,0)

O(tr a, 173, 0:1)

dt

=1 -8H))A — u(@)A = ¢2(a))2y2lcase s (t a,v3) — 2¥31lhospiraro(t, @, v3,0,1)

+ 2wlyospirar,o(t, a,v2,0,1) — 2¢Iyosprrar o(t @, v3,0,1)

dlyospirar(t a,v3,0,1)

dt

= 2ys1lnospirar o (6, @, v3,0,1) — 2y31Inosprrar, (6@, v3,0,1) + 2wlyosprrar 1 (8 a,v5,0,1)

— 2¥lyospirari(t a,v3, 0,1)

dlyospiraso(t a,v3, 1,1)

dt

=8(H)(1 — u(a))(1 — ¢2(a))2y2lcase1 (t, a, v3)

= 2¥31lnospiraLo(t @ v3, L,1)2wIyosprrar, o (& @, v2, 1L,1) = 2¥Ihosprrar o(t a,vs, 1,1)

dlyosprrar, 1(t a,v3,1,1)

dt
= 2y3,11HOSP1TAL,O(t, a, vz, 1;1) — 2y3,11HOSPITAL,1(t' a,vs, 1,1) + ZwIHOSPITAL,l(t' a, vy, 1'1)

— 2¥lyospirari(t a,vs3, 1,1)

dlicyo(t, a,vs,0,0)

dt

dlicy 1 (¢, a,v3,0,0)

= (1 - 8UCU)u(@)p2(@)2y21case (6 a, v3) — 2Y40licu,0(E a,v3,0,0) + 2wlicy (8, a,v2,0,0)
= 2¥licy,0(t, a,v3,0,0)

dt

= 2¥40licu0(t, a,v3,0,0) — 2y40l1cp 1 (t, @, v3,0,0) + 2wlicy 1 (t, a, v, 0,0) — 2910y 1(E, @, v3,0,0)

dlicyo(t, a,v3,1,0)

dt

dlicy1(t, a,v3,1,0)

= 6(IC)u(a)d2(a)2Y2lcaspa (t a,v3) — 24 0licyo(t, a,v3,1,0) + 2wlicy o (t, a, vz, 1,0)
= 2Ylicyo(t, a,v3,1,0)

dt

= 2¥40licu,0(t, @, v3,1,0) — 2V 0l1cu1 (8, @, 13, 1,0) + 20licy 1 (8, a, V2, 1,0) — 21y 1 (8, @, v3,1,0)

dlicyo(t,a,vs,0,1)

dt

dlicy1(t,a,v3,0,1)

=1 -6UCcU) —u(a))p(a)2y2Icase 1t v3,a) = 2Va1licuo(t, a,v3,0,1) + 2wlicy o (t, a,v,,0,1)
= 2Ylicyo(t,a,v3,0,1)

dt

= 2¥V41licu0(t, a,v3,0,1) — 2y, 1110y 1 (8, @, v3,0,1) + 2wlicy 1 (t, a,v2,0,1) — 2910y 1 (E, @, v3,0,1)

dIICU,O(t! a,vs, 1r1)

dt

dlicy1(t,a,vs,1,1)

=8(CUY(A — p(a))p2(a)2yalcase 1 (t, a,v3) — 2¥411icu0(t a, v3, 1,1) + 2wl1cy 0(E, @, v, 1,1)
= 2Plicyo(t a,v3,1,1)

dt

= 2y4,111CU,0(t; a, v, 1,1) - 2)/4_'111(1]'1(1:, a,vs, 1,1) + 2w11cu,1(t' a, vy, 1,1) - lellcU,l(t' a,vs, 1‘1)



dlrgco(t,a,v3)
a4 2Y41licua(6,a,v3,0,1) + 2¥a1licu1 (¢, @, v3, 1,1) = 2¥5lpec,o(t, @, v3) + 2wlgpco(t @, v5)
= 2YIgpco(t @, v3)
dlrgc (L, a,v3)
dt
dR,(t,a,v3)
dt

= 2¥slreco(t, @, v3) — 2¥5lrpca (t, @, v3) + 2wirpc 1 (t @, V) — 2¢lRgc 1 (t, a, v3)

= Yilyip (6, @, v3) + 2¥3 11nospirar (t @, v3,0,1) + 23 1Ihospiran: (t @, v3, 1,1) + 2yslppc 1 (t, a, v3)

+ 2y41licu1(t a,v3,0,1) 4 2y, 15icu 1 (8, a,v3, 1,1) — 2pRy (8, a, v3) + 2wR, (¢, a,v,) — 2YR, (¢, a, v3)
dR,(t,a,v3)
dt
dD(t,a,vs3)
dt

= 2pRi(t,a,v3) — 2pR,(t,a,v3) + 2wR,(t,a,v,) — 2YR,(t, a, v3)

= 2¥30lnospirar1(t @, v3,0,0) + 2v3 0lpospirars (6 @, v3, 1,0) + 2y, 01cu 1 (8, a, 3, 0,0)

+ 2V¥a0licu 1 (t a, v3,1,0)

5. Vaccination group v (vaccinated and protected (state 2))

ds(t,a,v,) S(t,a,v,) , ’
.8 2 = 2pR,(t,a,v4) — Ving(@)B — Y c(@ @[Sy (ip (@', v) + Ieasp (t,a',v))] + 208 (t, @, v3)
—2yYS(t,a,v,)
Alyospirar(t, a, vy, 0,0)
dt

= 2¥30lnospiraLo(t @ V4, 0,0) — 2y3 0lyospirar,i (t @, v4,0,0) + 2¥1yospirar (t, @, v3,0,0)
— 2¢Iyosprrar 1 (8 @, 14, 0,0)

Alosprrar o(t, @, v4,1,0)
dt

= S(H)u(a)(1 — ¢2(a))2V21casga(t @, va) = 2¥30lnospiraro(t, @ va, 1,0) + 2¥ly0spirare(t, a, v3, 1,0)
— 2¢lyosprtaL 0 (8 @, v3,1,0)

Alyospirar, 1(t, a,v4,1,0)
dt

= 2v30lnospiraro(t, @, v4,1,0) = 2v30lnospirar1(t, @, va, 1,0) + 2¢lyospiras (t, a, v3, 1,0)
— 2¢lyosprrar 1 (t @, v4,1,0)

Alyospiraro(t, a,v4,0,1)
dt

=1 -8H))A - u(@)A = d2(a))2y2lcase 1 (t @ va) = 2¥311HospiTaLo(t @, v4,0,1)
+ 2YPlyospiraso(t, a,v3,0,1) — 2¥lyosprraro(t, a, v, 0,1)

dlyospitar, 1(t, a,v4,0,1)
dt

= 2¥311nospiraLo(t @ V4, 0,1) — 23 11yospirar,1 (t @, 4, 0,1) + 2¥1yospirars (¢ @, v3,0,1)
— 2¥lyospirari(t, a,v4,0,1)

dlospirar, o(t a,v4,1,1)
dt

= 0(H)(1 — u(a))(1 — ¢2(a))2v2lcase1(t @ va) — 2Y311nospirare(t, @, va, 1,1)

+ 2¥IyospiraLo(t, a,v3, L1) — 2¥ly0spiraro(t, @, vs, 1,1)



Alyospirar(t, a, v, 1,1)
dt

= 2¥31lnospiraro(t, @, vy, 1,1) = 2¥3 11ospirar (6 @, v4, 1,1) + 20Ig0spira1(t, @, v3,1,1)
= 2YIyospitar 1 (6 @, v4,1,1)
dlicyo(t, a,v4,0,0)
e
= (1 -6UCcU))u(a)pr(a)2y2lcase 1 (t, a,v4) = 2Vaolicy o(t, @, V4, 0,0) + 2911y o (¢, a, v3, 0,0)
= 2Ylicy o(t, a,v,,0,0)
dlicy1(t,a,v4,0,0)
T
dlicy,o(t,a,v4,1,0)
T

= 2y4,OIICU,0(t; A, Vy, 0;0) - 2)/4_,011(:11,1(& A, Vy, 0,0) + ZIIJIICU,l(t; a,vs, 0'0) _ lellcu'l(t, a,v,, 0’0)

= §(ICU)p(a)p,(a)2y2lcase 1 (L, a,vy) — 2Vaolicy o(t, a, v4, 1,0) + 211y 0(E, @, v3,1,0)
= 2YPlicy o(t, a, vy, 1,0)
dlcy 1 (t, a,v4,1,0)
—EAT e
Alicy,o(t,a,v,,0,1)
e

= 2¥aolicu0(t, @, V4, 1,0) — 2¥40licu 1 (t, @, V4, 1,0) + 29110y 1 (8, @, 3, 1,0) — 200110y 1 (8, a, vy, 1,0)

= (1= 68(CU) (1 = u(a)p2(a)2¥2lcase 1 (t va, @) = 2Va1licu,0(t, @, v4,0,1) + 2L1cy o (t, @, v3,0,1)
= 2¥l ey o(t, a,v4,0,1)

dlicy1(t,a,v4,0,1)

e

Alicyo(t, a,vs,1,1)

e

= 2Y41Lcy,0(t, a,v4,0,1) = 2¥4111cy 1 (t, @, 14, 0,1) + 2911cy 4 (8, a,v3,0,1) — 2¢0L1cyy 4 (t, @, v4,0,1)

= 0(ICU)(A — (@) d2(a)22lcase1 (8 @ vs) — 2Y4111cu,0(E @, V4, 1,1) + 20 11cy0(8 @, v3,1,1)
= 2YPlicyo(t,a,vy,1,1)
dlicy1(t,a,v,1,1)
dt

Urrco(t, @ vs)
dt

= 2¥a1licu0(t, a, Vs, 1,1) — 2y4 1Ly (@, 04, 1,1) + 29010y 4 (8, @, V5, 1,1) — 20010y 1 (8, @, g, 1,1)

= 2Va1licu1(t,a,v4,0,1) + 2y4111cp 1 (t, @, vy, 1L,1) — 2¥51ppco(t, @, vy) + 2Igeco (L, a, v3)

— 2Ylpgco(t, a,vs)
Urrea (@ vs)
dt
de (tr a, U4.)
dt

= 2¥slreco(t, @, Va) = 2Yslrec1 (8, @, Va) + 200lgpe,a (8, a,v3) — 2lpgca (t, @, va)

= Y1l (t, @, v4) + 2v311nospirars (8 @ Vs, 0,1) + 2y311nospirars (8 @ Ve, 1,1) + 2¥slpec 1 (t, @, v4)

+ 2Va1licu 1t a,v4,0,1) + 2y 1 1cy 1 (8, a, v, 1,1) — 2pR,(t, a,vy) + 2R, (¢, a, v3) — 2R, (¢, a,v,)
dR,(t,a,v,)
—
dD(t,a,v,)
—

= 2pR.(t,a,vy) — 2pR,(t, a,v,) + 2R, (t, a, v3) — 2YR, (¢, a, v,)

= 2y30lnospirars (6 @, v, 0,0) + 2¥3 olyospirar1(t @, Vs, 1,0) + 2ya0licu 1 (t, a, 14, 0,0)

+ 2¥40licu1(t a, v, 1,0)



6. Vaccination group vs (previously vaccinated but no longer protected)

Beavs) 2pRy(t,a,vs) — ﬁmzarc(a, &[Sy (Inip (6 @', v) + Iease (8, @', v))] + 29S(t, a, vy)

dt
dE,(t,a,vs) S(t,a,vs) , ,
1 = S =p 5 52y e(a, O[Sy (luipp (6, @', V) + Iease (8, a',v))] = 2aE, (t, a,vs) + 29E; (¢, a,v,)
dE,(t,a,v
% = ZaEl(tl a, US) - ZaEz(tp a, 175) + leEz(t, a, 1.74)
dlyip(t a,vs)
— o -a- $1()(2aE;(t,a,v5)) = Vil (t, @, vs) + 2lyyp(t, a,v4)
dt
dl (t,a,vs)
% = ¢1 (a)(ZaEz (t. a, 175)) - ZVZICASE,O(t: a, 175) + 2¢ICASE,0 (t, a, 174)
dl g (t,a, 175)
% = 2¥alcaseo(t, a,Vs) — 2¥alcase s (6, a,Vs) + 2Wlcase 1 (8, a, vy)
dlyospirano(t a,vs,0,0)

dt
=1 -8H)u(a)A — ¢2(a))2v2lcase 1t a, vs) — 2¥30lnospiraso(t, a, vs, 0,0)
+ 2¥IyospiraLo(t, a,v4,0,0)

Alyospirars(t a,vs, 0,0)
dt

dlyospitar o (t, @, vs, 1,0)
dt

= 2¥30lnospiraLo(t @, vs,0,0) = 2v30lpospirara (t, a, vs, 0,0) + 2¥lyospirar 1 (t, @, v4, 0,0)

= 6(H)u(a)(1 — ¢2(a))2y21case1(t a, vs) — 2¥30lnospiraso(t @, vs, 1,0) + 2¥lgospiraro(t, a, v3, 1,0)

dlyospiras(t,a,vs, 1,0)
dt

dlyospiraLo(t a,vs,0,1)

= 2¥30lnospiraLo(t @ vs, 1,0) = 2v30lnospirari (t @ vs, 1,0) + 2¥lyospirari (¢ a, v4, 1,0)

(A =6H))A — u(a))( = ¢2(a))2y2lcase 1 (t, @, vs) — 2V311hospitaro(t, @, vs, 0,1)

+ 2¥IyospiraLo(t, a,v4,0,1)

dlyospirari(t,a,vs,0,1)
dt

dlyosprrar, o(t, a,vs, 1,1)
dt

= 2¥31lnospiraro(® @ vs,0,1) = 2y311pospitara (t, @, vs, 0,1) + 2¥lyospirar1 (¢, a, v4,0,1)

=0(H)(1 — u(a))(1 — ¢2(a))2v2lcase 1 (t @, vs) — 2V31lnospiraro(t a,vs, 1,1)
+ 2¥lyospiTaLo(t, a, v, 1,1)

dlyospirar, 1(t, a,vs, 1,1)

= 2¥31lnospiraro(t, a,vs, 1,1) = 2y3 1 Iyosprran1(t @, vs, 1,1) + 29Iy05pirar 1 (t, @, vs, 1,1)

dt
dIICU,O(t;;tl' vs:0.0) =1 - 8(ICU)Nu(@)$2(a)2y21case 1 (L, a, vs) — 2¥a0licu,0(t, @, Vs, 0,0) + 2911cy,0(t, a, 14, 0,0)
Hicua (t(’;' v500) = 2¥40licu0(t, @, s, 0,0) — 2y, 0l5cy 1 (t, @, Vs, 0,0) + 211y 1(t, a, 14, 0,0)
dIICU'O(t;;: vs: 1O) = §(IC)u(a)P2(a)2¥2lcase 1 (t @, vs) — 2Ya0licu0(t, @ Vs, 1,0) + 2¢]1cy,0(E, a, vy, 1,0)
dIICU,l(t;;tl' vs 10) = 2¥a0licu,0(t, a,vs,1,0) = 2¥40l1cy,1 (¢, @, s, 1,0) + 29l 1cy 1 (¢, @, 14, 1,0)
d11cu,o(t(,;, vs5,0,1) =1 =-6(CU)A —u(a))p2(a)2yz2lcase 1t vs, a) = 2Varlicy o(t, a,v5,0,1) + 210y o (t, a, v, 0,1)

dlicy1(t, a,vs,0,1)
dt

= 2Y41licu0(t, a,v5,0,1) — 2y4111cp 1 (¢, @, s, 0,1) + 211y 1 (¢, @, 14, 0,1)



dIICU,O(t' a, Vs, 1,1)

=8(ICU)Y(1 — u(@))d2(a)2¥2lcas,1(t a,vs) = 2Va1licuo(t @, vs, 1,1) + 20l 1cy o (¢, @, v, 1,1)

dt
dIICU,l (t, a, Us, 1,1)
dt = 2¥arlicu0(t, a,vs, 1,1) = 2¥a1licy 1 (8, @, vs, 1,1) + 29 1cy 1 (t, @, 14, 1,1)
Alggco(t, a,vs)
- ax 2¥41licua (6, a,v5,0,1) + 2¥41l1cu 1 (8, @, 5, 1,1) — 2¥slrec,o(t, @, vs) + 29Igeco(t, a,v,)
dlrgc 1 (t,a,vs)
- ax 2yslgec,o(t, a,vs) — 2¥slreca (6 @, vs) + 2¢Ipec1 (8, @, v4)
dR(t,a,vg)
—a YuImio (6 @, vs) + 2¥3 11nospirari (t @, vs,0,1) + 2y5 1Iyospirar1 (t, @, vs, 1,1) + 2¥slpgc 1 (8, a, vs)
+ 2Va1licua(t a,vs,0,1) + 24 111cy 1 (8, a,vs5, 1,1) — 2pR, (¢, a,vs) + 23R, (¢, a, v3)
dR,(t,a,vs)
—a 2pR(t,a,vs) — 2pR,(t,a,vs) + 2YR,(t,a,v3)
dD(t,a,vs)
—a 2y30lhospirana (8 @, s, 0,0) + 2v30lyospirasa (6 @, vs, 1,0) + 2¥4 01cu,1 (8, @, vs, 0,0)

+ 2¥a0licu1 (L, a, vs, 1,0)

Table S1. Estimated biweekly time-varying reproduction number (R), starting from

March 1, 2020, to December 31, 2022.

Time since March 1, 2020 (days) Median R:(95% CI: Lower-Upper)
0 2.50 (2.49-2.51)
14 1.85 (1.84-1.86)
28 1.85 (1.84-1.86)
42 1.75 (1.74-1.76)
56 1.15 (1.14-1.16)
70 0.90 (0.89-0.91)
84 0.90 (0.89-0.91)
98 0.95 (0.94-0.96)

112 0.95 (0.94-0.96)
126 0.85 (0.84-0.86)
140 0.85 (0.84-0.86)
154 0.85 (0.84-0.86)

168 0.85 (0.84-0.86)



182
196
210
224
238
252
266
280
294
308
322
336
350
364
378
392
406
420
434
448
462
476
490
504
518
532

0.75 (0.74-0.76)
0.75 (0.74-0.76)
0.75 (0.74-0.76)
0.75 (0.74-0.76)
0.75 (0.74-0.76)
0.80 (0.79-0.81)
0.80 (0.79-0.81)
1.50 (1.49-1.51)
1.55 (1.54-1.56)
1.15 (1.14-1.16)
1.29 (1.28-1.30)
1.33 (1.32-1.34)
1.23 (1.22-1.24)
1.21 (1.20-1.22)
1.21 (1.20-1.22)
1.31 (1.30-1.32)
1.29 (1.28-1.30)
1.40 (1.39-1.41)
1.35 (1.34-1.36)
1.30 (1.29-1.31)
1.38 (1.37-1.39)
1.40 (1.39-1.41)
1.40 (1.39-1.41)
1.30 (1.29-1.31)
1.30 (1.29-1.31)
0.98 (0.97-0.99)



546
560
574
588
602
616
630
644
658
672
686
700
714
728
742
756
770
784
798
812
826
840
854
868
882
896

1.10 (1.09-1.11)
1.55 (1.54-1.56)
1.70 (1.69-1.71)
2.10 (2.09-2.11)
2.00 (1.99-2.01)
1.98 (1.97-1.99)
2.00 (1.99-2.01)
2.00 (1.99-2.01)
2.10 (2.09-2.11)
2.25 (2.24-2.26)
2.40 (2.39-2.41)
2.40 (2.39-2.41)
2.50 (2.49-2.51)
2.40 (2.39-2.41)
2.20 (2.19-2.21)
2.10 (2.09-2.11)
1.20 (1.19-1.21)
1.35 (1.34-1.36)
1.40 (1.39-1.14)
1.50 (1.49-1.51)
1.70 (1.69-1.71)
1.90 (1.89-1.91)
2.30 (2.29-2.31)
1.70 (1.69-1.71)
1.26 (1.25-1.27)
1.37 (1.36-1.38)



910 1.35 (1.34-1.36)

924 1.20 (1.19-1.21)
938 1.10 (1.09-1.11)
952 1.40 (1.39-1.41)
966 1.80 (1.79-1.81)
980 1.95 (1.94-1.96)
994 1.50 (1.49-1.51)
1008 0.90 (0.89-0.91)
1022 0.85 (0.84-0.86)
1036 0.50 (0.49-0.51)

Table S2. Model parameters, values, and definitions used in the COVID-19 transmission

model.
Parameters Values Definition
Time-varying A number of secondary infections
reproduction number Table S1 generated by an infectious individual at a
(RY) given time.

Calculated from
Transmission rate
R:

Average time from exposure to the virus
Mean latent period 4.6 days
until the onset of infectiousness.




Mean duration of mild

Average time a patient with mild

symptoms remains infectious. Mild

2.1 days infection is defined as cases with not very
infection
strong or severe symptoms that do not
require hospitalization.
Average time from the onset of severe
Mean duration of symptoms to hospitalization. Severe
severe infection prior 4.5 days infection is characterized by cases with
to hospitalization severe symptoms requiring medical
intervention and ICU care.
Average time of hospital stay for non-
Mean duration of
severe patients who recover. Non-severe
hospitalization
9.0 days cases refer to those who are hospitalized
for non-severe cases if
but do not require critical care (ICU with
survive
ventilator care) for life support.
Mean duration of Average time of hospital stay for non-
hospitalization severe patients who do not survive.
9.0 days
for non-severe cases if
die
Mean duration in ICU Average duration a patient spends in ICU
14.8 days
if survive if they recover.
Mean duration in ICU Average duration a patient spends in ICU
11.1 days
if die if they do not survive.
Average duration a patient spends
Mean duration in
3.0 days recovering post-ICU before hospital

recovery after ICU

discharge.




Mean vaccine efficacy

60%
against infection
Mean vaccine efficacy
70%
against disease
Mean duration of Average  duration of  recovered
naturally acquired 365 days individuals maintain immunity against
immunity COVID-19 reinfection.
Vaccine duration of Average duration of immunity provided
446 days
protection by COVID-19 vaccination.
Probability of death if 90.5%
require critical care but (range 85%-—
do not receive it 95%)
Probability of death if
require hospitalization 60%

but no hospital beds

are available

(range 50-70%)

The total number of available hospital

Number of hospital
158,326 beds across Thailand, as accounted for in
beds in Thailand
the model.
Total number of ventilator-equipped ICU
Number of ICU beds beds across Thailand provided for severe
with ventilators in 13,184 COVID-19 cases requiring critical care for

Thailand

life support, including ventilator support

for breathing.
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