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path to herd immunity by vaccination
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I Situation in Luxembourg

Total deaths Total confirmed cases
648 56110 (9%)
Latest daily figure Latest daily figure
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I Modeling and forecasting

* disease forecast could aid public health responses by informing key
preparation and mitigation efforts

* major tool to understand its diffusion

* fit the observed data well can be simulated forward in time to make
predictions about the future state of the system, a task known as
forecasting

* modeling and forecasting the spread of COVID-19 remains a
challenge

model fitting 5 ‘forecasting’
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I Motivation of the model

» Being confronted with soaring numbers of infections, sickness and dead
* Puts a major constraint on hospital logistics

« Simulate ICU and hospital bed needs in the upcoming week

https://ec.europa.eu/jrc/en/news/forecasting-
covid-19-impact-icu-bed-demand-lombardy 6



https://gdkangshen.en.made-in-china.com/product/dNrmjxaJhWVv

I Basic SEIR Model

 Formulated by Kermack and McKendrick in 1927

 Compartment model

Transmission rate Incubation time Removed rate
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I Scheme of extended SEIR model for ICU/hospital

Parameter Description Units
Pn social distancing (n = 0,...,14) adim.
B average contact rate days™!
o (mean incubation period) ! days—!
T (mean time in 1) ~! days—!
T2 (mean time in Q) ! days~*
3 (mean time in H) ™! days—!
4 (mean time in ICU) ! days—!
Ts (mean time in HI)~! days—!
T6 (mean time in AICU) ™! days™1
7 (mean time in NT)~* days—!
8 (mean time in A)~! days—!
T (mean time in N17)~! days—!
P1 probability of £ — I adim
Do probability of Q — H adim
P3 probability of H — HI adim
P4 probability of ICU — AICU adim
Ps probability of Hl — Ry adim
Pé probability of AICU — Ryy adim
p7 probability of N; — Ry adim
P9 probability of NII — R4 adim




I Scheme of extended SEIR model for ICU/hospital
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I Scheme of extended SEIR model for ICU/hospital

T,
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I Scheme of extended SEIR model for ICU/hospital
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I Scheme of extended SEIR model for ICU/hospital
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I Social interaction is the driver of the epidemic

« Social distancing key in order to reduce the spread
* Implemented as a piecewise constant function of time
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IChange of rho for Luxembourg
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I Projections for Luxembourg
9% of population had a detected COVID-19 infection

Total Detected Cases (Residents)

Total

Cases Detected (Residents)
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I Projections for Luxembourg

Hospitals Occupancy (Considering only residents)
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I Changes in the parameter

* Very close either to the maximum or the mean posteriori estimate
 Fully consistent with our manually calibrated set
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https://lcsbins.slack.com/files/U010GCA1Q6Q/F01GZ6571QF/herdimmunitybyapril_rho_tvac_luxembourg.pdf?origin_team=T74J33Z60&origin_channel=D010NQ54J05

I Fold changes between the different waves

» Changes observed by different fitting methods
* p, decreased between the subsequent waves

A e Luxembourg, 2nd vs 1st Wave B i) Luxembourg, 3rd vs 2nd Wave Parameter | Manual fit Luxembourg
144 . FC from Max Posterior (MCMC) ........... ' ........... ........................... g-g:: . FC from Max Posterior (MCMC) ....... 1st wave 2nd 3rd
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I Basic reproduction

« signifying the average number of cases each
infected person will cause, if no action is taken.
“0” refers to “time zero” (beginning) of the

epidemic How quickly does it spread?

'B Basic reproduction value
. RO - 7 Mers Ebola Small pox Measles
- Ry <1 the disease cannot invade the ) ) ) )
population 1 1 1 1
. R, > 1invasion is possible and infection can spread 1 ™ T MALMAL
 obtained by next generation matrix method T
- R, is one of the eigenvalues 0.7 1.7 ! 17

1 — Source: ECDC, UMICH, Lancet
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18 71

[ ]
2 il | G



I Effective reproduction number

« Re calculated at different time points during the epidemic, i.e. the average
number of expected infected persons by a primary case in a population of

* susceptible and infected individuals
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g 77 N

1
Ry = p()pI

[ ]
2 il | G



Luxembourg

18 July
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I Herd immunity

 also known as 'population immunity'

*a population is immune either through vaccination or immunity developed

through previous infection

e vaccines train our immune systems to create proteins that fight disease

Patterns of virus spread

ARAARARARNRARRARAARA/

Piie
!

Herd immunity

The spread of viruses is limited.
People without immunity are better

@n Source: Robert Koch Institute; cdc
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I Vaccination in Luxembourg

Journée du 02.03.2021 Total
Personnes vaccinées - Dose 1 817 28 476
Personnes vaccinées - Dose 2 925 11 984
Total des doses administrées 1 342 40 440

1.95% fully vaccinated Luxembourgish population

203 doses per day
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I Herd immunity by April

* The interplay between the
vaccination dynamics and social
Interaction

3 potential vaccination strategies
(6 months, 1 year and 1.5 years)

» Estimate folr herd immunity:

=1 - —
Pe R,
» 70% of population needing to be
Immune

Social interaction p(t) from 16th Dec.
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I Herd immunity for 2021

* All three vaccination 1.0
strategies might lead to herd 0.0 Strategy: 6 months Dec. 2021
'mm n't 'n 2021 _ Strategy: 1 year Nov. 2021
I unity | g 08 Strategy: 1.5 years
5 No herd immunity in 2021 10ct. 2021
5 07 {Sep. 2021
£
£ 06 1 Aug. 2021
% 0.5 1July 2021
C
% 0.4 4{June 2021
©
@ May 2021
£ 0.3
5 April 2021
0.2
n March 2021

0.1 Feb. 2021

i RS
0 1000 2000 3000 4000 5000
Vaccinations per day

0.0 Jan. 2021

[ ]
2 il | G



Corona in Austria
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I Projections of Austria

Hospital
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I Herd immunity for 2021 in Austria

* 68% of population needing
to be immune
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Corona in Sweden




I Time-dependent probabilities of detection and hospitalization

* Different strategies and
experienced a different
epidemic dynamics
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of Sweden

Total cases

I Projections
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Pessimistic Projection (as October)
Undetected Cases (No change scenario)

Optimistic Projection (as March)
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6.8% of population had a detected COVID-19 infection



ojections of Sweden
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I Herd immunity for 2021 in Sweden
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I Summary of the talk

» model which describes all the stages of COVID-19
* Allows to describe the situation in Luxembourg, Austria and Sweden

 provides data-based estimations of the interplay between social
measures and vaccination rollouts

» Luxembourg has the highest fraction of infected
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Thanks for your attention

Supported
By
. & Task Force WPG6:
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T BUILT ANOTHER
COVID EXPOSURE
MODEL TO HELP
ME LIMIT MY RISK.

&

ANY NEW INSIGHTS?

| YEAH: “IF YOU SPEND
ALL DAY DEBUGGING
MODELS, YOU DON'T
HAVE CLOSE CONTACT

beTH A LOT OF PEOPLE.

I

WELL, T GUESS IT WORKED.

[ ACCORDING TO MY META-
MODEL, THE END OF THE.
PANDEMIC 15 ONLY FOUR

| MORE MODELS AWAY,

90 CLOSE! }
\

K
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