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2005-8 modelling

• Examined combinations of NPI, AV 

and pre-pandemic vaccine use

• PNAS model comparison paper 

examined incidence-triggered 

NPI/AV scenarios ranging from 

“flattening the curve” to 

suppression

• Ferguson et al. showed 50%+ 

reductions in health impact possible 

while still achieving herd immunity 



2005-8 modelling: limitations

• Optimistic assumptions about symptomatic case 

ascertainment (60%+)

• AV and vaccine scenarios assumed stockpiles to be 

substantial fraction of population size

• Human influenza-like epidemiological parameters 

assumed (R0, Tg)

• Not modelled:

o Viral evolution

o Adaptive policies (other than incidence triggers)

o Border restrictions (some work done separately)

o Contact tracing (only household/school/workplace)

o Healthcare demand/mortality

o Economic impacts (separate analyses)



2009 H1N1 pandemic

• Rapid early quantitative epidemiological 
characterisation of  virus

• Real-time modelling influenced policy in several 
countries

• Real-time forecasting of incidence trends started to 
be a priority

• BUT:

o Early estimates of CFR/IFR insufficiently precise for 
policymakers

o Some policymakers struggled with changing 
epidemiological estimates (esp upper bound of IFR)

o Data gaps – serology, case ascertainment/testing, …

o Some drew the wrong lessons about the future chances 
of a severe pandemic and ongoing risk from H5N1



What’s changed since 2006

• Global spread of H5N1

• Greater avian species range

• Reduced severity of human cases

• 2009 H1N1:

o Limited use of NPIs

o Limited use of AVs

o Limited testing

o Low Severity

• COVID-19:

o Use of NPIs for suppression

o Widespread testing (in HICs)

o Rapid vaccine production

o Rapid viral evolution



Strategic policy goals and drivers

• Likely to be a perceived tension between twin goals of 

saving lives and minimising socioeconomic disruption

• Decisions will be driven by: 

o Severity (IFR) and predicted healthcare demand

o How long NPIs might need to be in place (time to vaccination)

o Politics

• COVID: keeping infection incidence low minimised health 

impacts at no additional economic cost

• But a politically challenging strategy in many contexts

http://images.google.com/imgres?imgurl=http://www.thewonderingeye.co.uk/Images/Large/london_big_ben.jpg&imgrefurl=http://www.thewonderingeye.co.uk/Scripts/LargeImagePage.asp?ImageID=85&h=597&w=600&sz=123&hl=en&start=20&tbnid=r8Y6GOQ0Xs4sJM:&tbnh=134&tbnw=135&prev=/images?q=houses+of+parliament&svnum=10&hl=en&lr=&rls=com.microsoft:en-US&sa=G
http://images.google.com/imgres?imgurl=http://www.johnbowis.com/image_flags5.jpg&imgrefurl=http://www.johnbowis.com/eu.htm&h=400&w=399&sz=52&hl=en&start=4&tbnid=i3n71pcuqAVMhM:&tbnh=124&tbnw=124&prev=/images?q=european+parliament&gbv=2&svnum=10&hl=en
http://images.google.com/imgres?imgurl=http://europeforvisitors.com/paris/photos/images/paris2_national_assembly_wide_shot_205050.jpg&imgrefurl=http://armenianaffairs.blogspot.com/2006/05/uproar-as-french-parliament-shelves.html&h=238&w=349&sz=14&hl=en&start=1&tbnid=gH-7X2i27J-8CM:&tbnh=82&tbnw=120&prev=/images?q=french+parliament&gbv=2&svnum=10&hl=en


• What is the true scale of the epidemic?

o Case ascertainment, serology, testing capacity,…

• How fast is it spreading?

o Doubling time, R0, Tg

• How much of a threat does it pose?

o CFR, HFR, IFR – by age and risk group

• What can we do?

o Likely impact of mitigation measures

Early questions/data needs

Need to be prepared for estimates to be uncertain, and for parameters to change (viral evolution)



• UK 2020 response rooted in earlier crises – too 
much focus on one “reasonable worst case” scenario

• Key issues: decision-making under uncertainty, time 
horizon for costs/benefits, trust in counterfactual 
modelling

• In future: 

o need to plan for a range of scenarios

o generate policy playbooks for each

o evaluate the costs of both inaction and action

o use accumulating data to narrow down the set of 
compatible scenarios

Decision-making under uncertainty/change



1. Forecasting – lots of progress on short-medium 
term, but quantitative accuracy rapidly fell off

2. Limited use of agent-based models

3. Fitting spatiotemporal models (easy to fit space or 
time, not both) – models typically represented 
spatial heterogeneity as disconnected areas

4. Curse of dimensionality meant social heterogeneity 
(beyond age) rarely included – including by income 
group, ethnicity etc…

5. Most current models underestimate 
heterogeneity/over-dispersion

6. Integrating large numbers of data sources into 
models (including sequence data)

7. Estimating/disentangling effects of different NPIs

8. Adding dynamical representations of behaviour, 
economics into epidemic models

Kraemer et al., Science, 2021

Research challenges for modelling



• Optimising measurement of behaviours 
relevant to transmission (e.g. COMIX)

• Validating proxy data sources – Google 
mobility, social media etc

• Mechanistic behavioural modelling –
responses to mandatory/voluntary measures, 
risk avoidance, vaccination

• What measures were most effective, and what 
messaging?

• Role of social heterogeneity
(income, ethnicity, politics,
social networks/cliques)

• Minimising economic impacts
while controlling transmission

COMIX data

Twitter data

Interdisciplinary challenges



• COVID led to a paradigm shift in pandemic response: 
suppression policies, testing, accelerated vaccine production

• Still a lot of research to do comparing countries’ COVID 
experience – some did much better than others

• Need innovation in transmission models: haven’t evolved 
much in 20 years

• Given its role in informing policy, need to expect and prepare 
for modelling being emmeshed in politics

• Data-sharing can’t be relied upon – intrinsically political, and 
requires incentives

• Need to build global capacity, especially in LMICs – all 
countries used modelling in 2020, but major HIC centres had 
limited capacity

• Better pre-packaged software tools will help, but skilled and 
experienced analysts still essential 

Last thoughts

Michailidis et al., Information, 2022


