Model description for “Integrative modelling of reported case num-
bers and seroprevalence reveals time-dependent test efficiency and
infectious contacts”

Stages for Gamma

Symbol Compartment Chain Trick Mean transition time
Susc susceptible individuals - (nonlinear)
exposed individuals
ExpA . 2 x
*pasym who will not develop symptoms Texp—rasym
exposed individuals
E . 2 :
xpSym who will develop symptoms Texp—rsym
Asym asymptomatic infectious individuals 3 Tasym
i individuals .
ClearAsym asymptomatic 1nd.1v1du.a > - (sink state)
who are no longer infectious
pre-symptomatic infectious
P .
re individuals 4 Tpre
. symptomatic individuals
Mild X . et 2 i
SymMi who will not require hospitalization Trecovery,mild
symptomatic individuals
SymSevere who will require hospitalization 2 Tonset—hosp,severe
but no intensive care
. symptomatic individuals
1 . - . 2 , oo critice
SymCritica who will require intensive care Tonset—hosp,critical
hospitalized individuals
d . A . 2
WardSevere who will not require intensive care Trecovery severe
- hospitalized individuals
dCritical . . . 1
WardCritica who will require intensive care Thosp—1CU
individuals in intensive care
ICUFatal . . 1
CUFata who will not survive TICU—death
individuals in intensive care
ICURecoverable who will survive 1 Trecovery,critical
individuals from SymMild
RecMild who are no longer symptomatic 2 Telearance, mild
but still infectious
individuals from SymSevere
RecSevere who are no longer symptomatic 2 Telearance,severe
but still infectious
hospitalized individuals who have
. . 1 ische
RecWard recovered from intensive care Tdischarge
t tic individual .
ClearSym SYMPLOMALIc INEVICas - (sink state)
who are no longer infectious
deceased individuals
D d 1 1 etec ea’
eadUnreporte who have not yet been reported Jhactect acan (1
dividual '
DeadReported deceased individuals - (sink state)

who have been reported

Table 1: List of model compartments. To each compartment symbol Comp in the table above, there are actually
two associated compartments: Comp, containing only the cases not yet reported to the healthcare authorities,
and Comp™, containing only cases that have already been reported. Additionally, a numeric superscript denotes
the sub-state generated by the Gamma Chain Trick, such as Comp(k) with k& € {1,..., number of sub-states}.



Symbol Sub-compartments Description

Exp ExpAsym U ExpSym exposed individuals
Clear ClearSym U ClearAsym no longer infectious individuals
Sym SymMild U SymSevere U SymCritical ~ symptomatic (but not hospitalized) individuals
Ward WardSevere U WardCritical U RecWard  hospitalized individuals not in the ICU
ICU ICUFatal U ICURecoverable individuals in the ICU
Hospitalized Ward U ICU hospitalized individuals
Rec RecMild U RecSevere non—hospita.lized individuals who are no longer
symptomatic
Dead DeadUnreported U DeadReported deceased individuals

Table 2: List of short-hands for unions of two or more compartments.

Detection rate Compartments

kdetect,asym(t) Asym, Pre
kdctcct,sym(t) Sym
00 Hospitalized, Dead
0 Exp, Rec, Clear

Table 3: Rates at which cases are reported to the healthcare authorities (“detected”). A detection rate equal
to oo means that cases are automatically detected on entry to that compartment; as a consequence only the
* state associated to that compartment exists. A detection rate of 0 does not preclude the existence of an
associated * state, since individuals may have been detected at previous stages.

153 Compartments
Bquaramine all * compartments (detected individuals)
Bick Sym

Brp1(t) = papi(t) Bo + (1 — pxpi(t)) Bsie  Asym, Pre

Table 4: Average number of potentially infectious contacts 3 that individuals from the various compartments
have durlng one day. The reasonable constraint ﬂquammme < leck is enforced, while the equally reasonable
Bswk < BNPI holds by construction since pnpr is always positive.

¥ Compartments

Yasymptomatic Asym
Ypresymptomatic Pre
Ysymptomatic Sym, WardSevere, WardCritical

Yrecovered Rec
0 Exp, ICU

Table 5: Infectiousness level v for each model compartment, i.e., the fraction of potentially infectious contacts
B which actually result in an infection.



Parameter Description

r infection rate
Ny = 1,561,720 initial population

average number of potentially infectious contacts an individual has in one day in a pre-

Bo =T7.769 pandemic setting
(t) effectiveness of NPIs at a given timepoint
PNPIL (always positive, 1 corresponds to a pre-pandemic situation and 0 to the most effective NPIs)
asym fraction of exposed individuals who do not develop symptoms
Y
Jhosp fraction of symptomatic individuals who are hospitalized
Jicu fraction of hospitalized individuals who require intensive care
micuy fraction of individuals in ICU who do not survive
finfected,0 fraction of the total population who is infected with the virus at the simulation start
finfectious,0 fraction of infected individuals who are infectious at the simulation start

fraction of infectious individuals on the symptomatic model branch who have already had

Fsymptomatic,0 symptoms the simulation start

Table 6: Other parameters.
ODEs

d
—Susc = —r Susc

dt

d ExpAsym
2 ExpAsym® = fugur Susc — LxpAsym” ~

dt TSXDﬁaSym/Q
som (D vm (2
d Exp Asym(Q) _ ExpAsym'” — ExpAsym
dt Texp—)asym/Q
ExpSym(l)

%ExpSym(l) = (1 — fasym) 7 Susc —

Texp%:;y!n/Q

EXpSym(l) - EXpSym(2)

d
—ExpSym(Q) =

dt Toxpreym/2
%Asym*(l) _ Afj’inm;:) + Kdetect,asym Asym(l)
%Asym(m _ Asym(zsy_mzsym@)  fteteetasom Asym®
%Asym*@) _ Asym*(isy_mzsym*(ﬁ . kdctcct’asymASym(Q)
aAsym(s) _ Asym(iisy_m/A?)sym@) ~ Faerecs nym Asym
% Asym™® = Asym*(iy_mzsym*(a) A —
%ClearAsym = {S}Z/T/(?
%ClearAsym* = ATSZ:‘;S)
d Pre*() — Pre*™ @
@ T Tore/ 4 + Kdetect,asymPTe



d (2) _ Pre(l) — PI‘G(Z)

—Pre (2)

- kdetect,asympre

dt Tpre/4

d Pre*) — pre*(®

—Pre*(z) = e e + kdetect asymPre(2)

dt Tore/s ’

d Pre® — Pre®

&Pre(S) = T - kdetect,asympre(g)

d_ Pre* — pre*()

&Pre ) = Tprc/4 + kdetect,asympre(3)

d Pre® — Pre(®

&Pre(‘l) = T - kdetect,asympre(4)

d_ Pre*®) — pre*®)

&PI‘G @ = Tprc/4 + kdctcct,asymPre(4)
d . Pre®  SymMild® _
ESymMﬂd(l) — (1 - fhosp) Tpre/4 - Tmcovcryvm“d/2 - kdetect,symsylild(l)
d o Pre*™®  SymMild*™V ,
gsylild . - (1 N thSp) ‘rpre/4 B Trccovcry-,mild/Q + kdEteCt’SymSymMﬂd(l)
d SymMild® — SymMild®
3 SymMild® = ym 17 Zr/r; S KaetectsymSymMild®
d w2 SymMild*™) — SymMild*® @)
aSymMﬂd = F—— + Kdetect,symoymMild

Pre® SymSevere

d
&SymSevere = (1 — ficu) fhosp — Kdetect,symSymSevere

Tpr°/4 Tonset—hosp,severe

Pre*® SymSevere*

d
—SymSevere” = (1 — ficu) fhosp + Kdetect,symSymSevere

dt Tpre/4 Tonset—hosp,severe
Pre™® SymCritical(l)

Tpre/4 Tonset%hosp,critical/Q
Pre*™®  SymCritical**)

'I'pre/4 Tonset%hosp,critical/Q

- kdetect,symsymcritical(l)

d
aSymCritical(l) = f1cu fhosp

d
£SymCritical*(1) = ficU fhosp + Kdeteet,sym SymCritical )

d SymCritical ™ — SymCritical®
< SymCritical® = 2T e Kdetect.symSymCritical ®
dt Tonset—»hosp‘critical/Q ’
d SymCritical*V) — SymCritical*(®)
—SymCritical*(Q) _ Symrnaca yuThca + Kdetect SymSymCritical(2)
dt T()nset—)hosp,critical/Q ?
d WardSevere*(!) SymSevere + SymSevere*  WardSevere*(!)
= v — _
dt Tonset—hosp,severe T"‘”“d_’mcc’"md/2
d WardSevere*(!) — WardSevere* ()
awardsevere*(z) - = eve:jardﬂrecoverilr/Q =
d WardCritical® SymCritical® + SymCritical*®  WardCritical*
— WardCritical* = —
dt Tonset%hosp,critical/Q Thosp—ICU
d WardCritical*  ICUFatal®
A CUFatal” = micy ardCritical” ata,
dt Thosp—ICU TICU—death
WardCritical* ICURecoverable*

%ICURecoverable* = (1 — micu)

Thosp—ICU Trecovery ,critical

%RecMild(l) _ TSyliidil B TRecMﬂn(jlu;Q
%RecMild*(l) = ?{Iilj/[yﬂj:;: N Tliei\:h}i*lil/)z
%RecMil @ _ RecMilij‘:r:“;iijz/md*(2)



1) _ WardSevere*®  RecSevere*)

d
—RecSevere*®
dt Tward%rccovcrcd/Q Tclcarancc,scvcrc/Q

gRecSevere*@) B RecSevere* ™) — RecSevere*()

dt Tclearance,severe/2
d RecWard® — ICURecoverable® B RecWard™
dt Trecovery,critical Tdischarge
d RecMild®
—ClearSym = _eerne —
dt Tclearance,mild/Q
d . RecMild*®  RecSevere*®  RecWard*
— ClearSym™ = +
dt Tclearance,mnd/g Tclearance,severe/g Tdischarge
d ICUFatal*
—DeadUnreported” = ———— — kgetect.death DeadUnreported™
dt TICU—death ’
d
&DeadReported* = Kdetect,death Dead Unreported”
Infection rate
Nor = BNPI’YaSymptomaticASym

+ BNPIrypresymptomatiCPre

+ Bsick’Ysymptomatic (SymCrltlcal + Sylild + SymSevere)
+ BNPI’YrccovcrcdReCMﬂd
+ Bquarantine’YasymptomaticASym*

+ Bquarantine'YpresymptomaticPre*
+ Bquarantine’)’symptomamc (SymCritical® + SymMild* 4+ SymSevere* + WardCritical* + WardSevere™)

+ Bquarantine'yrecovered (RGCMlld* + RECSEVGTG*)

Initial conditions

Susc(0) = (1 — fintected,0) No

ExpAsym (0) = %fasym (1 — finfectious,0) finfected,0No, @ =1,2

BpSym ) (0) = £ (1~ funym) (1~ finectons0) fitecearo No, i = 1,2

Asym™(0) = %fasym Jinfectious,0 finfected,0 No, ©=1,2,3
Pre(0) = i (1 — feymptomatic,0) (1 — fasym) finfectious,0 finfected,0 No, @ =1,2,3,4
SymMild ) (0) = % (1 = fhosp) fsymptomatic,0 (1 — fasym) finfectious,0 finfected,0 No, 4 =1,2
SymSevere(0) = (1 — ficu) fhosp fsymptomatic,0 (1 — fasym) finfectious,0 finfected,0 No
SymCritical(i)(O) = 1fICU frosp fsymptomatic,0 (1 = fasym) finfectious,0 finfected,0 No, 7 =1,2

2

all other compartments, in particular all * compartments = 0



Observables

Rate at which new cases are reported to the healthcare authorities

SymSevere SymCritical(Q)
+ + kdctcct,asym (ASym =+ Pre) + kdctcct,symSym

T .
Tonset—)hosp7severe OnSet—)-hOSp,(‘.rlt]Cal/Q

Rate at which deaths are reported to the healthcare authorities

Edetect, death DeadUnreported ™

Rate at which symptom onsets are reported to the healthcare authorities (by individuals who
have been detected after the onset of symptoms)

Pre®
Pdetected 7_pre/4

where Pgetected 1S the probability that a person who is showing symptoms for the first time and has not been
detected yet will be detected before the virus is cleared from their system, as given by the formula

Trecovery,lnild/Q + Ttest,sym,0

2
Ttest,sym,0
Pdetected = fdctcctod onsets,sym [1 - (]- - fhosp) <

Rate at which symptom onsets are reported to the healthcare authorities (by individuals who
have been detected before the onset of symptoms, i.e., while presymptomatic)

Pre*®

fdetected onsets,asym Tprc/4

Number of hospital ward (not ICU) beds occupied by COVID-19 patients

* * iy *
fobserved beds,severevvardsevere + fobserved beds,critical (RecWard + WardCritical )

Number of hospital ICU beds occupied by COVID-19 patients

*
fobserved beds,criticalICU

Measured prevalence of COVID-19 antibodies in the population at time ¢

N (t — 2 weeks)

1_
N + (1 —sp)

(se+sp—1)

where se = 0.8860104 and sp = 0.9972041 are the sensitivity and specificity of the antibody test, while N(t) is
the number of individuals who will possess COVID-19 antibodies two weeks after the time point ¢, as given by

N = Asym + Asym* 4+ SymMild + SymMild* + SymSevere 4+ SymSevere*
+ WardSevere™ + ICURecoverable® + Rec + Rec* + RecWard™ 4 Clear + Clear™
+ (1 — micu) (SymCritical + SymCritical® + WardCritical®) + (1 — micu ficu fhosp) (Pre + Pre™)



