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SIR: Susceptible-Infected-Recovered
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SEIR: Susceptible-Exposed-Infected-Recovered

SEIR
Model

Infected

Reproduction Rate

Epidemiologic
States
2 '

G
W
G
(@
E.:”
'C}
D
E
E
o
B
A
({4}
8
5N
8

Infected l Infectiuusl l Symptomatic l Reported

>

Time
Course

Latent Period

" Incubation Period I Reporting Delay

[Dehning et int., Priesemann, medRxiv]
https://www.medrxiv.org/content/medrxiv/early/2020/09/18/2020.09.16.20187484 full.pdf



Inference of R under fast changes
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Bayesian Inference of R

* SIR-model: I; Infected persons at time t
 Setbegin:ly =1,,S0=N—1, St Susceptible persons at time t
. S ‘
» recursion: Ipyy — I = A1y = — 11 A Infection rate
B S i Recovery rate
St+1 =S¢ = — Al N N Total number of persons in the population

Adapted from [Dehning et int., Priesemann, Science, 2020]



Bayesian Inference of R

* SIR-model: I Infected persons at time t
 Setbegin:lp=1,,S=N—1, St Susceptible persons at time t
: S '
e recursion: [y — I, = A1, = —ul, A Infection rate
N ¢ | Recovery rate
Sty1 — St = — Al N N Total number of persons in the population
* The cases are reported D days later: C;,p =
I
* change points of lambda with times ¢;, and
length At;

* Weekly modulation with amplitude f,, and  f(t) = (1 — fu)- 1 — |sin(=t — 1o,)))
offset @ ,. T2

-> Likelihood P (C¢ peqs |6) ~ StudentT,—4 (mean = C;(0), width = o\/Ct(G))

* We use Hamiltonian Monte Carlo which adds a momentum, a
modified proposal density and rejection criterion

Adapted from [Dehning et int., Priesemann, Science, 2020]



Bayesian Inference of R

* SIR-model: I, Infected persons at time t

 Setbegin:lp =1,,So=N— 1, St Susceptible persons at time t
, S A Infection rate

* recursion: [y, — I = A1, — —ul
t+1 t ty T Hh 1 Recovery rate

S
Stv1 — St = — Al N N Total number of persons in the population

Priors:
Parameter | Variable | Prior distribution

Change points t; Normal(Sunday of week i, 7)
Change duration At; LogNormal(log(4),0.5)
Spreading rates Ao LogNormal(log(1/8),0.5)
i Relative to ¢ — 1 with factor (country & week dependent)
Recovery rate v LogNormal(log(1/8),0.2)
Reporting delay D LogNormal(log(8),0.2)
Weekly modulation amplitude fuw Beta(0.7,0.17)
Weekly modulation phase o, vonMises(0,0.01) (nearly flat)
Initially infected 1(0) HalfCauchy(depending on country)

Adapted from [Dehning et int., Priesemann, Science, 2020]
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Different Models
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Analysis of the first wave

COVID-19 analysis Germany (as of April 21, 2020)
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Adapted from [Dehning et int., Priesemann, Science, 2020]
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Daily new estimates for Germany
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Daily new estimates for Germany
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Compartmental Vaccination Model — Age Dependent
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Different Strategies of Opening
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Different Strategies of Opening
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Different Strategies of Opening

g =
a b c d

E vaccination ross © & > ;
-g @ 3| miestones ep. number] % 750 § _L%Haéity g_) 750

Q c c . - — c
2@ DL 500 Qs =25 500
C = = _— =
0§ 2F S E §'§ =h E
%E g I:,ol:!ser\.l':’ed %‘8 250 o2 g‘c 2 250
L0 b=t SR -] (&)
& T ————T—— o oLbY———7——T—— 9 0

3 6 9 12 3 6 9 12 3 6 9 12 3 6 9 12
Month of 2021 Month of 2021 Month of 2021 Month of 2021

\(

—
—

o
—y
v @
-

o o >
b ; |
Sy op e N\ B 70 2 o [Goet o ™
28 85 500 85 : o5
S 2 £E OF S®E
g 8 >s5 250 Q g 25 gg EIE'J
-.C_U""_ obser\.l;ed —a3 o2 oY e
LSRR S R T X o 3 . 3}
m LI + T — T 1 1 1 0 T T + T — T 1 -
3 6 9 12 3 6 9 12 3 6 9 12 3 6 9 12
Month of 2021 Month of 2021 Month of 2021 Month of 2021 )
B
5 — ] -
o b : 750
S gl mame /N g 750 s et 0
28 ) 85 500 85 ’ £25
05 EE QF SmE
Be el 28 250 of ES1
W pr=—d—mmmrm - 9 P - @)
S S S Y B A 3 6 9 12 3 6 9 12
- Month of 2021 Month of 2021 Month of 2021 Month of 2021 B
m Restriction lifting n Restriction lifting O Restriction lifting P
. - L 400
(¢} < c )
+ T o - - first
o 57 ©2c 75000 23, 300 § ¢ 3000 dose
58 3T e e 52t Fol
oE ‘£55 50000 855 200 £55
23 2| : FL2 25000 S22 100 g dose
&5 A OE®° OF® > 8
[0} AN d\a_a\\) 2@ 5 =c e
nd 1 % ; N o 0 g :
T 1 11 0 L L L
3 6 9 12 PO GV L VO 20" @V & 3 6 9 12
Month of 2021 PR NS PRSI St Month of 2021
Case numbers before lifting Case numbers before lifting

[Bauer et int., Priesemann, arxiv]



Content

o SEIR
'g»  ifected Model
o Bayesian Inference and short-term ) g ) g O g ()
forecast: it S
SIR_Model, Hamiltonian MCMC, Weekly g§ | Infected | Infectious | | Symptomatic 1Rep0rted>
. FS Flatent Period
Change pOIntS © :Incubation Period ¢ Reporting Delay :
a
o Progress of vaccination determiens
opening steps. ‘
HOW faSt Can we Ilft ,,non-pharmaCeUthal . contact(rjeduction: h
. . G . mi moderate eav
intervions™ (NPIs) given the planned by Co A
vaccination progress? P e R
) Squibrium.

Time
dynamic regime:

e Derive effectiveness of measures: unstable  metastable stable
Contribution of test-trace-isolate (TTI) to
containment of COVID-19



Combined measures to contain COVID-19
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The challenges of containing SARS-CoV-2 via
test-trace-and-isolate

Sebastian Contreras® ""%°, Jonas Dehning1'5, Matthias Loidolt® ', Johannes Zierenberg 1 F. Paul Spitzner1,
Jorge H. Urrea-Quintero!, Sebastian B. Mohr® ! Michael Wilczek® 3, Michael Wibral* &

Viola Priesemann@® 3>

Without a cure, vaccine, or proven long-term immunity against SARS-CoV-2, test-trace-and-
isolate (TTI) strategies present a promising tool to contain its spread. For any TTI strategy,
however, mitigation is challenged by pre- and asymptomatic transmission, TTl-avoiders, and
undetected spreaders, which strongly contribute to "hidden" infection chains. Here, we study
a semi-analytical model and identify two tipping points between controlled and uncontrolled
spread: (1) the behavior-driven reproduction number R of the hidden chains becomes too
large to be compensated by the TTI capabilities, and (2) the number of new infections
exceeds the tracing capacity. Both trigger a self-accelerating spread. We investigate how
these tipping points depend on challenges like limited cooperation, missing contacts, and

—~ . P . ——



Test-Trace-and-Isolate (T Tl) contributes to containment
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The reproduction number R and the external influx of
new cases ¢ determine the level of new infections N
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Test-Trace-Isolate (TTI) moves the stability limit:

Without TTI, R must be below 1
With TTI, R in the day to day life can be up to two
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Crossing the TTI Limit:
Case numbers grow

faster than exponential o
New infections
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Sensitivity Analysis
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Summary of the TTI strategy

Test-Trace-Isolate (TTI) contributes to containing COVID-19:
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