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Analysis and Modelling



Å The study of the incidence, distribution and control of disease 

in a population

Å Strongly quantitative (statistical)

Å Focus on rigorous data collection and analysis 

Å Most studies are observational, so need to account for biases 

Å Different challenges for chronic vs infectious diseases

ü Chronic diseases result from long-term exposures

ü Infectious disease spread from person to person

Å Now a very broad subject, making use of many other 

disciplines: modern statistics, genetics, mathematical 

modelling, machine learning/AI,é

Epidemiology



Outbreak analytics
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ÅAnalysis:

ü Incubation period, generation time

ü Severity

ü Transmissibility

ü Risk assessment

ü Assessment of interventions

ÅDynamic modelling:

ü Intervention options (counterfactuals)

ü Forecasting
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Types of modelling

Retrospective:

- Understand past trends

- Estimate parameters 

(transmissibility, severity, variants)

- Assess impact of interventions 

(NPIs, vaccines) 

- Less controversial

(except severity & interventions)

Prospective:

- Short-term projections

- Risk assessment

- Counterfactual scenario 

modelling of intervention 

options

ü Easy to criticise - reality rarely 

matches scenarios modelled

ü But invaluable for policymakers



Model uncertainty during a pandemic

Retrospective

Prospective

Early                             Late
Å Little data (or time)

Å Extrapolation from 

other diseases

High

Low

Å Lots of data

Å Well-established 

models/analytical tools



Multiple models

github.com/mrc-ide/individual

mrc-ide.github.io/squire/
github.com/mrc-ide/sircovid

odin

github.com/mrc-ide/odin

github.com/mrc-ide/safir2

github.com/mrc-ide/covid-sim

Compartmental Individual-basedAnalytical

github.com/mrc-ide/EpiEstim

epidemia

github.com/

ImperialCollegeLondon/

epidemia



Early findings which drove policy

https://www.wired.com/story/coronavirus-research-preprint-servers/



Science in a pandemic

ÅLimited data

ÅHigh uncertainty

ÅResearch needs to be fast to be useful

ÅMultiple views better than one

ÅAiming for consensus while 

understanding differences



Early questions

ÅWhat is the true scale of the epidemic?

ÅHow fast is it spreading?

ÅHow much of a threat does it pose?

ÅWhat can we do?



Å 16 January 2020

- 41 cases reported in Wuhan

- 2 deaths

Å 3 international cases

- 2 Thailand

- 1 Japan

Å 1 in 600 chance a case 

would have flown from 

Wuhan

Size of the outbreak in Wuhan



Size of the outbreak in Wuhan

Results as of 17 January 2020
Report 1, shorturl.at/rsNO4

By 3 Feb, estimated 110,000 (49,000-266,000) cumulative symptomatic cases (compared with 6,400 reported cases)



Transmissibility

Å25th January estimate of from v limited data on the early Wuhan epidemic

ÅLater confirmed by detailed cases data from Wuhan

Report 3, shorturl.at/bxPQU

As of Jan 29th

R0 = 2.6 (1.5-3.5) 



Spectrum of COVID-19 cases

Severity 

ÅIFR (Infection Fatality Ratio) = 

proportion who die from infection

ÅDifficult to estimate

üDelays to death

üEasier to detect severe cases

üHard to estimate number 

infected

Å Early infection prevalence 

estimates were crucial

Report 4, shorturl.at/oxQ03



Severity

Early (Feb 2020) estimates for China

ü 0.7% IFR = 0.9% in UK

ü Exponentially increasing with age

ü 3x more need hospital

Later estimate using European data ï

0.8-1.2% in UK

Verity et al. 2020 (Lancet ID)

Brazeau et al. 2020 - https://www.imperial.ac.uk/mrc-global-

infectious-disease-analysis/covid-19/report-34-ifr/
Age



Intervention modelling for COVID-19

ÅNo drugs or vaccines initially

ÅOnly social-distancing, case-isolation etc.

ÅSome data on effectiveness for flu (1918)

ÅEconomically costly

ÅKey strategic question:

ü follow China and supress transmission?

ü or ñmitigateò only?

ÅDecision driven by predicted (overwhelming) 

level of healthcare demand

Report 9 https://www.imperial.ac.uk/mrc-global-infectious-disease-

analysis/covid-19/report-9-impact-of-npis-on-covid-19/

Davies et al, 2020, Lancet Public Health 

Walker et al, Science 2020

https://www.imperial.ac.uk/mrc-global-infectious-disease-analysis/covid-19/report-9-impact-of-npis-on-covid-19/
https://www.imperial.ac.uk/mrc-global-infectious-disease-analysis/covid-19/report-9-impact-of-npis-on-covid-19/


Early global projections

Walker et al, Report 12, https://doi.org/10.25561/77735 

Walker et al, Science 2020

ÅIn March 2020, projected pandemic could cause 

40m deaths and 7bn infections globally, in the 

extreme counterfactual of no interventions

ÅAnd that this could be halved to 20m deaths by 

adopting ñmitigationò measures (short of 

suppression)

ÅSuppression measures could reduce this further, but 

would need to be sustained until vaccination could 

be rolled out

ÅHighlighted the importance of demography ï low 

income countries have younger populations, would 

experience much lower total per capita mortality 

https://doi.org/10.25561/77735


Timing of suppression

Å Acting early always beneficial

Å If infections are doubling every 4 days, then:

ü A 4-day delay in implementing controls 

can lead to a 2x more cases

ü An 8-day delay to 4x more cases

ü é

1 week earlier ï 15k deaths

1 week later ï 100k deaths

Actual UK first wave deaths = 37k

Knock et al. Science Translational Medicine, 2021



Inferring impact of NPIs

ÅSignificant research theme throughout 

pandemic

ÅFocussed on inferring impact on R

ÅMany subtle data and inferential issues

Flaxman et al, Nature 2020

Brauner et al, Science 2020



NPIs and behaviour

ÅHigh correlations between self-

reported behaviour, mobility data, 

intervention stringency and impact 

on transmission

ÅBut significant country differences in 

the precise relationships

Mishra et al, Scientific reports 2021

UK   Sweden     Denmark



Non-UK work

Å Squire: estimate transmission (R) and make 

short-term forecasts using mortality data

Å Information to support resource planning: 

https://mrc-ide.github.io/global-lmic-reports/

Å In-depth work with 11+ countries through 

existing research or public health partnerships:

ü Brazil, Colombia, Panama, Malawi, 

Zimbabwe, Senegal, Nigeria, Sierra 

Leone, India, Indonesia, Italy, US,é

Å Scenario Analysis Tool for user-generated 

simulations: https://www.covidsim.org/

https://github.com/mrc-ide/squire

https://github.com/mrc-ide/squire


Some of our work with Brazilian colleagues



Multiple lockdowns predicted to be needed

ÅAim ï to keep infections low

ÅOn/off trigger based on health care 

usage
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60 

0.25 85,000 12,000 8,700 

0.5 85,000 15,000 10,000 

0.75 85,000 14,000 11,000 

100 

0.25 87,000 19,000 13,000 

0.5 87,000 20,000 15,000 

0.75 88,000 21,000 16,000 

200 

0.25 90,000 30,000 24,000 

0.5 92,000 36,000 27,000 

0.75 94,000 40,000 30,000 

300 

0.25 94,000 43,000 34,000 

0.5 97,000 48,000 37,000 

0.75 99,000 52,000 39,000 

400 

0.25 98,000 53,000 39,000 

0.5 100,000 61,000 46,000 

0.75 100,000 65,000 51,000 

 

Ferguson et al. Imperial College Report 9

https://en.wikipedia.org/wiki/COVID-19_pandemic_in_Europe

Walker et al, Science 2020



Alternative to suppression: test and trace

ÅDifficult due to pre-symptomatic/asymptomatic 

transmission

ÅPrompt case isolation: 25-30% reduction in R

Å+ household quarantine: 35-40%

Å+ intensive contact tracing: 55-65%

Åe.g. S. Korea, Vietnam ï but requires very 

intensive tracing, cluster detection

ÅUK and other European countries achieved 

much less (perhaps 35%) 

ÅInsufficient to keep R<1 in autumn

Kucharski et al., Lancet ID 2020



The second (UK) wave

ÅCountries across Europe slow to act, despite clear science

ÅEconomic and social impacts of controls more apparent

ÅNoise in the popular discourse, more scepticism

ÅHope that test-and-trace would suffice

ÅGovernments adopted incremental and localised approach

ÅResulted in ñlevelling upò of most regions to high infection levels

ÅCountries which acted earlier (e.g. Denmark) saw many fewer deaths

UK deaths:

74% after 1/9/2020



Real-time modelling to inform policy

ÅComplex mathematical 

transmission model 

ÅFitted to multiple data streams 

ÅRun each week during pandemic:

üEstimate R

üMedium-term projections

üEvaluate potential policy 

options

https://github.com/mrc-ide/sircovid

Knock et al. Science Translational Medicine, 2021



October 2020: example of counterfactual modelling

ÅFor SAGE

ÅEvaluating need for November and January lockdowns

Å(and Christmas relaxation of rules)

Knock et al., Sci Trans Med, 2021

https://github.com/mrc-ide/sircovid

https://github.com/mrc-ide/sircovid


Science, policy and politics



UK approach

ÅGenerally, academic scientists do not give advice direct 

to ministers

ÅAdvice through committees ï SAGE, NERVTAG, SPI-M, 

é.

ÅCSA and CMO responsible for communicating 

consensus (and uncertainty) to politicians

ÅIntent: advise on the likely impacts of different policy 

options, but donôt say what policy should be

ÅMultiple academic groups examine each question

ÅChecks and balances enhance authority, reduce agility



Issues

ÅFine line between advising on policy options and 

recommending particular policies

ÅSAGE walked either side of that line at different times

ÅToo much initial focus on the ñreasonable worst caseò, 

rather than planning for a range of scenarios

ÅStrategic objectives lacking ï e.g. ñwhat policy will 

minimise economic impact while preventing health 

service being overwhelmedò

KochaŒczyk, M., Lipniacki, T. Sci Rep 11, 2425 

(2021). https://doi.org/10.1038/s41598-021-81869-2



Diversity of scientific views

Å Inevitable when data is noisy, not always consistent

Å Uncertainties remained ï plenty of areas for debate

Å Unhelpful and inaccurate to portray diversity as dichotomous 

(two ócampsô)

Å Infectious disease researchers working on COVID more 

credible than scientists with no background in the area

Å False balance was a problem in Summer/Autumn 2020 ï 

encouraged lockdown scepticism, delayed action



Ideologically-motivated criticism

ÅScientists received a torrent of abuse 

ÅAttacks on science & scientists have been 

primarily ideologically driven:

ü Downplaying risk, cherry-picking, 

misinformation, conspiracies

ü Various groups: lockdown sceptics, 

antivaxers, COVID-sceptics, é 

ü Reject evidence incompatible with world view, 

rely on rhetoric, want someone to blame

ÅNot just UK ï and worse in current populist, 

polarised, ñpost-truthò, social media age



2021: Variants and Vaccines

© CNRS



Modelling got more difficult

ÅPrediction always hard ï though only a small 

part of what we do:

ü Predicting impact of policies in advance

ü And population behaviour change

ÅBut easier to model spread of new virus in 

population with no immunity

ÅThings got more complicated:

ü Naturally-acquired immunity

ü New variants

ü Vaccination

https://nextstrain.org/ncov/

gisaid/global


