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“Could the faculty/faculty observers introduce 
themselves” - Anonymous

“Include background, challenges you faced, and 
relationship to public health” - Anonymous
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Who am I - primer

I’m an infectious disease researcher interested in 
real-time analysis, forecasting, semi-mechanistic 
modelling, and open source tool development.

- Consultant with the Centre for forecasting 
and outbreak analysis at the US CDC

- Research Fellow (i.e., a postdoc) at the 
London School of Hygiene and Tropical 
Medicine

- PhD in modelling Tuberculosis and the 
optimal use of the BCG vaccine

- Background in mathematical biology, 
mathematics, and theoretical physics

samabbott.co.uk
samabbott.co.uk/posts/2022-04-11-a-very-biased-view-of-my-recent-research

https://samabbott.co.uk/
https://samabbott.co.uk/posts/2022-04-11-a-very-biased-view-of-my-recent-research/
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An 80% right paper before a policy decision is made is 
worth ten 95% right papers afterwards, provided the 
methodological limitations imposed by doing it fast are 
made clear. 

Whitty et al. BMC Medicine, 2015, DOI: 10.1186/s12916-015-0544-8

https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-015-0544-8
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Effective reproduction number estimation
The average number of secondary infections 
produced by a single infected person.

- A helpful metric to track transmission (?)

- Tricky to estimate as depends on infections and on 
the interval between primary and secondary 
infections.

- Estimating using various methodologies from 
February 2020.

- Estimates submitted as part of the SPI-M consensus 
estimate each week for two years.

- Estimates also published each day for over 1000 
locations from April 2020 to March 2022 on 
epiforecasts.io/covid w/ 1 million+ views.

- Used by various governments/WHO/CDC etc. Abbott et al. Wellcome Open Res, 2020, DOI: 10.12688/wellcomeopenres.16006.2

https://epiforecasts.io/covid/
https://doi.org/10.12688/wellcomeopenres.16006.2


Effective reproduction number estimation
Key Challenges

- We care about linking policy changes with changes in 
transmission but only observe delayed proxies like 
reported cases and deaths.

- Surveillance data subject to a range of difficult to 
account for biases.

- Estimation at scale in real-time is currently 
computationally challenging.

Sherratt et al. Phil Trans B, 2021, DOI: 10.1098/rstb.2020.0283

Mitigations

- Generative model of expected infections.

- Worked with the Met Office to develop production 
ready code using resources donated by Microsoft Azure.

- Estimate independently on a range of data sources.

https://doi.org/10.1098/rstb.2020.0283


Effective reproduction number estimation

Blog post: epiforecasts.io/posts/2022-03-25-rt-reflections/

https://epiforecasts.io/posts/2022-03-25-rt-reflections/


Lessons learnt

- Routine work can be a useful way to gain situational awareness.

- Real-time analysis often builds on analyses, tools, and data pipelines previously 
developed.

- Outputs are easiest to use when they are robust, modular, evaluated, and available.

- Combining estimates from a range of sources and methodologies are likely to improve 
decision making versus using a single analysis.

- Work that is good enough tends to be work that is available.
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Short–term forecasts

What do we think will happen to reported metrics 
over the next 1-4 weeks

- Using the reproduction number renewal model and 
similar discrete convolution models.

- Submitting to the ECDC and CDC forecasting hubs 
weekly as well as to SPI-M 3 times a week until mid 
2020.

- Performed wellish compared to other models but out 
performed by an all-model ensemble. 

- Also outperformed by a human judgement model.

- All forecasts struggle to account for policy changes 
and behavioural changes.

Bosse et al. medRxiv, 2020, DOI: 10.1101/2021.12.01.21266598

https://www.medrxiv.org/content/10.1101/2021.12.01.21266598v1
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Nowcasts

What is happening now to metrics we partially 
observe

- International collaboration estimating 7-day hospital 
admissions by date of positive test in Germany (the 
key metric used by decision makers).

- Statistical approach is to decompose the model into 
forecast and reporting delay components.

- Multi-method ensemble outperforms any single 
model.

- Nowcasting is conceptually difficult to understand 
and so potentially under used.

- Open access tools, such as epinowcast, make access 
easier.

Wolffram et al: epinowcast.org/posts/2023-05-08-collab-nowcasting-covid19-germany/

Abbott et al. github.com/epiforecasts/epinowcast

 Bracher et al. covid19nowcasthub.de

https://covid19nowcasthub.de/
https://epiforecasts.io/epinowcast/
https://www.epinowcast.org/posts/2023-05-08-collab-nowcasting-covid19-germany/
https://github.com/epiforecasts/eval-germany-sp-nowcasting/
https://covid19nowcasthub.de/


Lessons learnt

- Pre-emptive work can be a useful way to gain situational awareness.
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- Work that is good enough tends to be work that is available.



Real-time analysis case studies from the COVID-19 
pandemic

Reactive

Sam Abbott
@seabbs
samabbott.co.uk

https://twitter.com/seabbs/
https://samabbott.co.uk/


Routine

- Effective reproduction 
number estimation

- Short-term forecasting

- Nowcasting

Case studies

Reactive

- Estimating the 
transmission advantage 
of variants of concern

- Estimating changes in the 
generation time 



Estimating the transmission advantage of Alpha
How much more transmissible is Alpha 
than wild-type?

- Part of a multi-method approach by Davies 
et al.

- Used reproduction number estimates by 
Lower-Tier local authority as “data” + 
S-gene target failure status (SGTF) as a 
proxy for variant status.

- Estimated the transmission advantage 
using an extended regression model 
adjusted for confounders 

- Work done between December 20th 2020 
and January 1st 2021.

Davies et al. Science, 2021, DOI: 10.1126/science.abg3055

https://doi.org/10.1126/science.abg3055


Estimating the transmission advantage of Delta
How much more transmissible is Delta than 
Alpha? 

- Repurposed the approach used for Alpha 
using reproduction number estimates as 
data.

- Extended the methodology to include 
uncertainty for the reproduction number 
estimates and SGTF status.

- Estimates combined with others as apart of 
the SPI-M consensus statement.

Abbott et al. medRxiv, 2021, DOI: 10.1101/2021.11.30.21267056v1

https://www.medrxiv.org/content/10.1101/2021.11.30.21267056v1


Estimating the transmission advantage of Omicron
How much more transmissible is Omicron than Delta and 
does it vary over time? 

- Early evidence from South Africa suggested that Omicron may 
be more successful than Delta at escaping prior immunity.

- This would be identifiable as variation over time in the 
transmission advantage (in the model we were using). Our 
previous analysis didn’t support this. 

- Repurposed methodology developed to evaluate the role of 
sequences for forecasting (forecast.vocs 📦).

- Identified a reduction in transmission advantage prior to 
Christmas (rather than the increase expected due to immune 
escape).

- A real-time report developed, submitted to SPI-M, and updated 
daily from the 18th of December 2021 to the 1st of January 
2022.

Abbott et al. github.com/epiforecasts/omicron-sgtf-forecast/releases/tag/reportv1.3.0
Pearson et al. medRxiv, 2021, DOI: 10.1101/2021.12.19.21268038

https://www.medrxiv.org/content/10.1101/2021.12.19.21268038v1
https://epiforecasts.io/forecast.vocs/
https://github.com/epiforecasts/omicron-sgtf-forecast/releases/tag/reportv1.3.0
https://www.medrxiv.org/content/10.1101/2021.12.19.21268038v1
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Estimating the generation time of Omicron
Is Omicron’s generation time shorter than Delta’s? 

- Observed reduction in transmission advantage could indicate 
a shorter generation time.

- This is due to the relationship between the daily growth rate 
and the reproduction number.

- Used growth rates for Omicron and Delta to explore this and 
found that a shorter generation time was plausible.

- Findings supported by a study from UKHSA using household 
contact data. 

- Results available in early January and formed part of the 
SPI-M consensus statement. 

Abbott et al. medRxiv, 2021, DOI: 10.1101/2022.01.08.22268920 
Park et al. medRxiv, 2021, DOI: 10.1101/2021.05.03.21256545

Park et al. medRxiv, 2022, DOI: 10.1073/pnas.222188712

https://www.medrxiv.org/content/10.1101/2022.01.08.22268920v1
https://www.medrxiv.org/content/10.1101/2021.05.03.21256545v1
https://doi.org/10.1073/pnas.2221887120
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Lessons learnt

- Higher standards can be achieved via teamwork, more pre-emptive work, and 
evaluation. These are currently all poorly incentivised. 

- Real-time analysis is hard and those doing it need to be well trained in statistical 
methodology, software engineering, and public communication of limitations.

-  This skillset is poorly rewarded by traditional academic incentives and difficult to 
acquire through currently available training.



Overview

● Who am I - a primer

● Real-time analysis case studies from the COVID-19 pandemic

● Real-time estimation of the effective reproduction number

● My pandemic (a very abridged tail)

● Epinowcast: Flexible hierarchical nowcasting



Real-time estimation of the effective reproduction 
number

MMED 2023

Sam Abbott
@seabbs
samabbott.co.uk

https://twitter.com/seabbs/
https://samabbott.co.uk/


Overview

Overview

       Challenges

Tools

Case studies

What is left to do?

Summary



Effective reproduction number estimation
Objectives

- Develop a model that can be used for real-time 
surveillance, nowcasting, and short-term forecasting.

- Include known epidemiological structure of the infection 
and reporting process (i.e., delayed reporting, partial 
ascertainment, day of week effects).

- The model should include a parameter that is 
referenced to the infection process and that can be used 
to compare disparate surveillance data  source.

- The model should ideally capture changes in trend as 
quickly as possible to make it useful for situational 
awareness.

Sherratt et al. Phil Trans B, 2021, DOI: 10.1098/rstb.2020.0283

https://doi.org/10.1098/rstb.2020.0283


Effective reproduction number estimation

Abbott et al. Zenodo, 2020, DOI: 10.5281/zenodo.3957489

epiforecasts.io/EpiNow2

http://doi.org/10.5281/zenodo.3957489


How do we define the reproduction number?
Instantaneous reproduction number

- Transmission at a specific point in time

- Backwards looking

- Can be derived from compartmental models 
(i.e SEIR)

- Real-time method

- Potentially useful for understanding how 
transmission changes at a given time-point.



- Bayesian approach combining nowcasting 
and R estimation

- Uncertain generation interval estimates 
allowing for negative serial interval

- Latent process for estimating It

- Negative binomial reporting with 
multiplicative day-of-the-week effect

- Rt estimates with correlation between Rt+1 
and Rt based on a Gaussian Process
prior (with other options).

Our general approach



Stan code: git.io/JUxRt 
Method: doi.org/10.12688/wellcomeopenres.16006.2 

The model

https://git.io/JUxRt
https://doi.org/10.12688/wellcomeopenres.16006.2
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What are we actually trying to do?

- What kind of reproduction number are we 
estimating (case, instantaneous etc).

- Are we trying to estimate the reproduction 
number for the true latent infection process or 
using observed data as a proxy? 

- Do we want a non-parametric estimate, a 
forecast of future transmission, or an 
understanding of the impact of NPIs etc. 

- What do  we a priori believe about how the 
reproduction number and generation time 
evolve over time.



Generation interval misspecification



Adjusting for delays

We observe some later proxy for infections delayed 
by a mixture delay distributions and observation 
processes



Adjusting for right truncation

Incoming data can be delayed meaning what we 
currently observed isn’t what we will ultimately 
observe.

Equally as infections are observed via a delay after 
reconstructing them they are also not fully 
observed. 



How to smooth

How does the reproduction number evolve over 
time and how much of that do we want to include 
in our estimates?



Stan code: git.io/JUxRt 
Method: doi.org/10.12688/wellcomeopenres.16006.2 

Retrospective or real-time?

Real-time = Orange.

This is computationally expensive to care 
about.

https://git.io/JUxRt
https://doi.org/10.12688/wellcomeopenres.16006.2
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EpiNow2 - Real-time non-parametric estimation

Abbott et al. Zenodo, 2020, DOI: 10.5281/zenodo.3957489

epiforecasts.io/EpiNow2

http://doi.org/10.5281/zenodo.3957489


Epidemia - Hierarchical regression + flexible model options

imperialcollegelondon.github.io/epidemia

https://imperialcollegelondon.github.io/epidemia/


EpiEstim -  A fast implementation of the renewal equation

cran.r-project.org/web/packages/EpiEstim/index.html

https://cran.r-project.org/web/packages/EpiEstim/index.html


package.epinowcast.org

https://package.epinowcast.org/
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CFA workshop resources and slides

samabbott.co.uk/cste-forecasting-workshop/

https://samabbott.co.uk/cste-forecasting-workshop/
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https://covid19.who.int/


2020: January

- Jan 6th: Joined the school to work on 
real-time forecasting of infectious disease

- Jan 18th: First COVID-19 working group 
meeting -> Full-time on COVID-19.

- Jan 30th: Report: Reporting delays and Rt 
in China (led by Sebastian Funk)

- Jan 30th: Paper: Size of spillover and 
reproduction number estimates

https://cmmid.github.io/topics/covid19/reporting-delays-and-temporal-variation.html
https://cmmid.github.io/topics/covid19/reporting-delays-and-temporal-variation.html
https://wellcomeopenresearch.org/articles/5-17
https://wellcomeopenresearch.org/articles/5-17
https://cmmid.github.io/topics/covid19/reporting-delays-and-temporal-variation.html
https://wellcomeopenresearch.org/articles/5-17
https://app.powerbi.com/view?r=eyJrIjoiYWRiZWVkNWUtNmM0Ni00MDAwLTljYWMtN2EwNTM3YjQzYmRmIiwidCI6ImY2MTBjMGI3LWJkMjQtNGIzOS04MTBiLTNkYzI4MGFmYjU5MCIsImMiOjh9


2020: February

- Feb 5th: Presented PhD work to the JVCI 
BCG meeting (first Dr Abbott plaque)

- Feb 7th: Feasibility of contact tracing (led 
by Joel Hellewell)

- Feb 19th: In person PhD graduation 
@Bristol

- Feb: 1st/20+ reports to SPI-M-O (??)

https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(20)30074-7/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(20)30074-7/fulltext


2020: March

- March 2nd: Temporal variation in 
transmission (Rt) + release of EpiNow

- March 10th: In person teaching (first and 
last @LSHTM)

- March 10th: Pointing at graphs as an intro 
to John’s newsnight interview

https://cmmid.github.io/topics/covid19/global-time-varying-transmission.html
https://cmmid.github.io/topics/covid19/global-time-varying-transmission.html
https://epiforecasts.io/EpiNow/
https://cmmid.github.io/topics/covid19/global-time-varying-transmission.html


2020: March

- March 20th: Partner flew back from 
Postdoc in the US

- March 23rd: London -> Bristol

- March 31st: epiforecasts.io/covid
- Rt + short-term forecasts
- Daily for 2+ years
- Initially manually
- 2000+ locations

http://epiforecasts.io/covid
https://wellcomeopenresearch.org/articles/5-112
http://epiforecasts.io/covid


2020: April - May

- April 1st: Start of 3 times a week 
short-term forecasts and Rt estimates for 
SPI-M-O

- April: More reports (5+(?)) for SPI-M-0

- April: Became effectively non-verbal 
outside of work.

- May: Forecasts -> Weekly

https://www.medrxiv.org/content/10.1101/2020.11.11.20220962v2


2020: June - September

- June: Stopped forecasts and started 
projections for SPI-M-O

- June: Started speaking outside of work 
again.

- June: Email from Katie Gostic + James 
Hay -> Rt method is flawed

- June: Start forecasting weekly for the 
CDC forecast hub

- July 23rd: First stable EpiNow2 release

- Sept 31st: Moved in with parents in 
Cornwall to try and deal with panic 
attacks

https://epiforecasts.io/EpiNow2/
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1008409
https://epiforecasts.io/EpiNow2/


2020-2021: October - January

- Oct 22nd: Grandma’s funeral (10 people)

- Oct 22nd: Worked overnight 
implementing susceptibility for SPI-M-O 
projections.

- Oct: Sisters wedding (14 people)

- Nov-Jan: Worked with Met office
to productionise our Rt estimates

- Jan 1st: Moved to partner’s parent’s 
house to start our own house hunt

- Jan 8th: Local area Rt and S-gene target 
failure

https://cmmid.github.io/topics/covid19/local-r-sgtf.html


2021: February - August

- Feb: Started forecasting weekly for the 
European forecasting Hub

- March 1st: Start on EpiNow2 v2 dev

- March 18th: Moved out of and sold 
Bristol flat

- 20th April: Gave up on house buying -> 
Cornwall

https://covid19forecasthub.eu/visualisation.html?models=EuroCOVIDhub-ensemble&models=epiforecasts-weeklygrowth&models=epiforecasts-EpiNow2&date=2023-02-25
https://covid19forecasthub.eu/visualisation.html?models=EuroCOVIDhub-ensemble&models=epiforecasts-weeklygrowth&models=epiforecasts-EpiNow2&date=2023-02-25


2021: February - August

- April: Started being able to talk to people 
in shops etc. again

- April 21st: Grandad’s funeral (30 people)

- May: Burned out on EpiNow2 dev

- May - August: Short-term forecasts of 
variant dynamics + cases

https://github.com/epiforecasts/evaluate-delta-for-forecasting
https://github.com/epiforecasts/evaluate-delta-for-forecasting
https://epiforecasts.io/forecast.vocs/


2021-2022: September - January

- Sept 1st: Cornwall -> Bristol (staff flat). 
House buying round 2

- Oct 1st: Dev on epinowcast.org begins

- Nov: Niece born + 1st day
@office since 2020

- Nov 21st: Daily nowcasting of 
hospitalisations in Germany

- Dec 22nd: Daily Omicron short-term 
forecasts

- Jan 1st: Had 1st round of COVID-19

- Jan 7th: Estimate of Omicron’s generation 
time (last SPI-M-O report)

https://www.epinowcast.org/
https://epiforecasts.io/eval-germany-sp-nowcasting/
https://epiforecasts.io/eval-germany-sp-nowcasting/
https://github.com/epiforecasts/omicron-sgtf-forecast
https://github.com/epiforecasts/omicron-sgtf-forecast
https://www.medrxiv.org/content/10.1101/2022.01.08.22268920v1
https://www.medrxiv.org/content/10.1101/2022.01.08.22268920v1
https://www.medrxiv.org/content/10.1101/2022.01.08.22268920v1


2022-2023: Feb - Now

- March 10th: First successful house offer 
(note 1st…)

- March 17th: Had COVID round 2

- March 25th: Turned off Rt pipeline after 2 
years

- 500k unique users
- 1.2 million page views
- Was it worth it?

https://covid19.who.int/
https://samabbott.co.uk/posts/2022-03-25-rt-reflections/
https://samabbott.co.uk/posts/2022-03-25-rt-reflections/


Now

- First Christmas not working in 3 years

- Sept 2022: House (yay!)

- Working on
- Estimating delay distributions during 

outbreaks
- Flexible methods for situational 

awareness during outbreaks 
(epinowcast.org) 

- Start at CDC-CFA as a consultant on 1st 
April 12th -> July 31st

- August 1st: ???

https://covid19.who.int/
https://github.com/parksw3/epidist-paper
https://github.com/parksw3/epidist-paper
https://www.epinowcast.org/
https://samabbott.co.uk/presentations/2023/royal-society-epinowcast.pdf




What was your pandemic like?

Summary: epinowcast.org/posts/2023-06-18-improving-modelling-for-epidemic-responses/

Preprint: biorxiv.org/content/10.1101/2023.06.12.544667v1

https://www.epinowcast.org/posts/2023-06-18-improving-modelling-for-epidemic-responses/
https://www.biorxiv.org/content/10.1101/2023.06.12.544667v1
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Epinowcast: Flexible hierarchical nowcasting

MMED 2023

w/ Adrian Lison, Sang Woo Park, Felix Gunther, Kelly Charniga, Johannes Bracher, Carl Pearson, 
Hannah Choi, Michael DeWitt, Sebastian Funk and many more

(in the sense of nearly now and in the sense of right 
truncated count correction)

Sam Abbott
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w/ Sang Woo Park @Princeton ++

Sierra Leone Ebola virus disease outbreak (Fang et al.) - doi.org/10.1073/pnas.1518587113

https://doi.org/10.1073/pnas.1518587113


w/ Sang Woo Park @Princeton ++

Sierra Leone Ebola virus disease outbreak (Fang et al.) - doi.org/10.1073/pnas.1518587113

https://doi.org/10.1073/pnas.1518587113


From Adrian Lison @ETHzurich
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epinowcast.org

https://www.epinowcast.org/


package.epinowcast.org

https://package.epinowcast.org/


community.epinowcast.org

https://community.epinowcast.org/


Learning more and getting involved

Talk to me?

epinowcast.org -   A community of infectious disease modellers, applied epidemiologists, 
software developers, and others building a suite of tools for real-time analysis of infectious 
diseases. See our package docs, the community site and our GitHub organisation.

Straight to the maths -  package.epinowcast.org/articles/model

See the stan code (here be demons) - github.com/epinowcast/epinowcast/tree/main/inst/stan

Summary slides from an application in Germany - 
samabbott.co.uk/presentations/2022/nowcasting-sacema.pdf

https://package.epinowcast.org/articles/model.html
https://github.com/epinowcast/epinowcast/tree/main/inst/stan
https://samabbott.co.uk/presentations/2022/nowcasting-sacema.pdf


Summary

● Who am I - a primer

● Real-time analysis case studies from the COVID-19 pandemic

● Real-time estimation of the effective reproduction number

● My pandemic (a very abridged tail)

● Epinowcast: Flexible hierarchical nowcasting
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Questions!? (or feel free to come and chat anytime)

Sam Abbott
@seabbs
samabbott.co.uk

https://twitter.com/seabbs/
https://samabbott.co.uk/

