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Effective Reproduction Number Re(t)

- Do not mix RO and Re(t)
- RO describes qualitative characteristics, Re(t) shows local dynamics
- Re(t) captures actual countermeasures, seasonality, iImmunity status, etc.
- their relative influence is hard to distinguish, but the overall picture is valid
- In particular, we are just crossing herd immunity threshold (in given context!) when Re(t) = 1
- Re(t) indicates how the epidemic would spread during outbreaks
- this is regardless if there actually is or is not such an outbreak, it is sort of a potential
- we shall be careful about estimates of Re(t), however; do not forget on confidence intervals

- many different methods, all of them having certain assumptions - this has to be considered



OurWorldIinData Engine for “Reproduction Rate”

gr(l,)=-"—-"

t—1

gr(l)=y(R -1)+¢, € ~1.1d. N(O,562)

PLOS ONE

R =R_ +n,n ~iid N(0,5,")

- SIR-based
observable
INnternal state
function and
INnternal state
update

L)

Check for
updates

-

e W

RESEARCH ARTICLE

Tracking R of COVID-19: A new real-time
estimation using the Kalman filter

Francisco Arroyo-Marioli', Francisco Bullano', Simas Kucinskas®?*, Carlos Rondon-
Moreno@'

1 Central Bank of Chile, Santiago, Chile, 2 Humboldt University of Berlin, Berlin, Germany

* simas.kucinskas @hu-berlin.de

Abstract

We develop a new method for estimating the effective reproduction number of an infectious
disease (R) and apply it to track the dynamics of COVID-19. The method is based on the
fact that in the SIR model, R is linearly related to the growth rate of the number of infected
individuals. This time-varying growth rate is estimated using the Kalman filter from data on
new cases. The method is easy to implement in standard statistical software, and it performs
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Practice of Epidemiology
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The quantification of transmissibility during epidemics is essential to designing and adjusting public health
responses. Transmissibility can be measured by the reproduction number R, the average number of secondary

cases caused by an infected individual. Several methods have been proposed to estimate R over the course of an
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Abstract

Background: Assessing temporal variations in transmission in 1

different countries is essential for monitoring the epidemic, evaluating

the effectiveness of public health interventions and estimating the version 2 >

impact of changes in policy. (up date) m‘
08 Dec 2020

Methods: We use case and death notification data to generate daily

estimates of the time-varying reproduction number globally, version 1

regionally, nationally, and subnationally over a 12.week rolling 01 jun 2020

window, Our modelling framework, based on open source tooling, ®
accounts for uncertainty in reporting delays, so that the reproduction - Francesco Chirico ", Post-graduate School

number is estimated based onunderlying latent infections. of Occupational Health, Universith Cattolica

del Sacro Cuore, Roma, Ital
Results: Estimates of the reproduction number, trajectories of 4

infections, and forecasts are displayed on a dedicated website as both Any reports and responses or comments on the
;1;:';:‘5 and time series, and made available to download in tabular articla can ba found at the end of the articls.

Conclusions: This decision-supporttool can be used to assess
changes invirus transmission both globally, regionally, nationally, and
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Summary (estimates as of the 2021-12-06)

Table 1: Latest estimates (as of the 2021-12-06) of the number of confirmed cases by date
of infection, the expected change in daily confirmed cases, the effective reproduction
number, the growth rate, and the doubling time (when negative this corresponds to the
halving time). The median and 90% credible interval is shown for each numeric estimate.

Estimate
New confirmed cases by infection date 10451 (6023 - 17175)
Expected change in daily cases Likely decreasing
Effective reproduction no. 0.81(06-1)
Rate of growth -0.054 (-0.12 - 0.0092)
Doubling/halving time (days) -13 (75 --5.9)

Confirmed cases, their estimated date of report, date of infection, and
time-varying reproduction number estimates
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Schitzung der aktuellen Entwicklung der SARS-CoV-2-
Epidemie in Deutschland — Nowcasting

Erlauterung zu den verwendeten Daten

Es besteht ein grofdes Interesse daran das aktuelle
Infektionsgeschehen und die zeitnahe Entwicklung
von SARS-CoV-2-Infektionen und Covid-19-Erkran-
kungstillen in Deutschland darzustellen und zu
verstehen. Naturgemifd kann niemand die tatsich-
liche Anzahl der heute oder in der vergangenen Wo-

In Deutschland werden gemifd der Meldepflicht
nach Infektionsschutzgesetz (IfSG) Infektionen mit
SARS-CoV-2 von den Arzten und Laboren an die zu-
stindigen Gesundheitsimter gemeldet und von die-
sen iiber die zustindigen Landesbehdrden an das

...................................................

~ che erfolgten Infektionen genau wissen oder be-

Zum aktuellen Datenstand (13.4.2020, 00:00 Uhrz _
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Inferring UK COVID-19 fatal infection trajectories from
daily mortality data: Were infections already in decline
before the UK lockdowns?
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Abstract

The number of new infections per day is a key quantity for effective epi-
demic management. It can be estimated relatively directly by testing of random
population samples. Without such direct epidemiological measurement, other
approaches are required to infer whether the number of new cases is likely to be
increasing or decreasing: for example, estimating the pathogen-effective repro-
duction number, R, using data gathered from the clinical response to the‘dis-
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E 22.10.2020 omezeni volného pohybu osob, lockdown

\ 18.11.2020 navrat 1.-2. tfidy ZS

3.12.2020 otevieni restauraci, obchodu a sluzeb

5.10.2020 nouzovy stav, max 10 lidi uvnitf

~27.12.2020 zavfeni obchodu a kol (PES 5)

4.1.2021 prvni detekce B.1.1.7
11.1.2021 navrat 1.-2. tfidy ZS

10.2.2021 60% zastoupeni B.1.1.7

11.3.2021 omezeni volného pohybu osob, zavieni 1.-2. tfidy ZS, MS

. 15.3.2021 testovani ve firmach od 10 zaméstnancu

112.4.2021 navrat MS, rotace 1. stupen ZS

=1 1.9.2020 zacatek skolniho roku
=1 12.10.2020 zavreni skol, divadel a kin
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Estimate of the effective reproduction rate (R) of COVID-19

The reproduction rate represents the average number of new infections caused by a single infected individual. If
the rate is greater than 1, the infection is able to spread in the population. If it is below 1, the number of cases
occurring in the population will gradually decrease to zero.
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Source: Arroyo-Marioli F, Bullano F, Kucinskas S, Rondon-Moreno C (2021) Tracking R of COVID-19: A new real-time estimation using tk&C BY
Kalman filter.

OurWorldInData featuring [Arroyo-Marioli et al.]



Where are we now? (It was September 14th)

Estimate of the effective reproduction rate (R) of COVID-19 2091-09-07 a6
The reproduction rate represents the average number of new infections caused by a single infected individual. If 2021-09-08 1.47
the rate is greater than 1, the infection is able to spread in the population. If it is below 1, the number of cases 5021-09-09 143
occurring in the population will gradually decrease to zero. '
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Source: Arroyo-Marioli F, Bullano F, Kucinskas S, Rondén-Moreno C (2021) Tracking R of COVID-19: A new real-time estimation uws
Kalman filter.
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Same engines, confidence intervals marked, cf. http://www.globalrt.live.
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https://onemocneni-aktualne.mzcr.cz/api/v2/covid-19

Estimate of the effective reproduction rate (R) of COVID-19

The reproduction rate represents the average number of new infections caused by a single infected individual. If
the rate is greater than 1, the infection is able to spread in the population. If it is below 1, the number of cases
occurring in the population will gradually decrease to zero.

(It was October 6th)

) - Seasonal oscillations clearly
visible
2 L v & : .
sanplepenie Sepd, 1.6€ - Amplitude scaling due to:
sample peakr Oct 9, 1.57
h caneple peak Sep &, .39 - vaccination ({)
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- natural immunization (1)
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- countermeasures (4)

1 - different strain, 2.5-times higher
RO (T)
0.5 - Recent data (est.)

- R(10/03) = 1.34
- weekly gr. (10/03) = 39.09%
- weekly gr. (10/05) = 34.48%

Source: Arroyo-Marioli F, Bullano F, Kucinskas S, Rondon-Moreno C (2021) Tracking R of COVID-19: A new real-time estimation using the CC BY
Kalman filter.
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Estimate of the effective reproduction rate (R) of COVID-19

The reproduction rate represents the average number of new infections caused by a single infected individual. If
the rate is greater than 1, the infection is able to spread in the population. If it is below 1, the number of cases

occurring in the population will gradually decrease to zero.
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Estimate of the effective reproduction rate (R) of COVID-19

The reproduction rate represents the average number of new infections caused by a single infected individual. If
the rate is greater than 1, the infection is able to spread in the population. If it is below 1, the number of cases

occurring in the population will gradually decrease to zero.
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