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replaced by AI?
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Try math epidemiology!

Barrier to entry low (no PhD, unlike econ)

Potential for major impact

Reusable physics skills!





From enthusiasm to emergency





Lord Robert May & Sir Roy Anderson





Host population 



The simple SIR epidemic model
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The simple SIR epidemic model
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2009: H1N1 influenza pandemic















Schematic illustrating the data needed to answer questions at different stages of the epidemic to 
inform the response. 

Anne Cori et al. Phil. Trans. R. Soc. B 2017;372:20160371© 2017 The Authors.



Daniela De Angelis et al. Epidemics 2015;10: PP83-87, Four key 
challenges in infectious disease modelling using data from multiple 
sources



Eric Lofgren et al. PNAS 2014;v111: 51, Mathematical models: A key 
tool for outbreak response





However, this isn’t working

At least not on a reasonable timescale

Math epi has been around for 5 decades but it’s 
barely used in public health agencies, unless…



Ebola

The sky is falling down













CDC leaders integral to the Ebola response, including epidemiologists, laboratorians, logistics, and more, assemble in agency’s 
command center to discuss next steps in directing the response at CDC Emergency Operations  Center in Atlanta, August 8. 
Spencer Lowell for TIME magazine 



Questions from leadership

How many cases might there be?

When will the epidemic end?

What will it take to end the epidemic?









Job creation/destruction



So, why is it so hard to get traction?

Policymakers don’t trust the model(s), they trust the 
person presenting the model

They don’t trust single models, they need ensembles

They’re comfortable with statistics but not 
mechanistic modelling



Multi-model ensembles



IPCC  report (AR4)





� 9 universities: Warwick, Yale, Erasmus, Notre 
Dame, Imperial College London, Case Western 
Reserve, Monash, London and Liverpool Schools 
of Hygiene

� 9 diseases  incl: schistosomiasis, lymphatic 
filariasis, trachoma, soil transmitted helminths

Neglected Tropical Disease 
Modelling Consortium



2 questions from BMGF

Are we on target for the 2020 goals with 
current strategies? 
If not, what other strategies will be 
required, and where?















Improved training to data















Prof Nicholas Reich: http://flusightnetwork.io



Automation



So, what does a mathematical 
epidemiologist do?

9Devises (and performs) data collection
9Cleans the data
9Selects appropriate mathematical models
9Trains those models on the data
9Forecasts/Nowcasts/Scenario Analyses
9Communicates results to leadership



Which of these can be automated?

9Devises (and performs) data collection
9Cleans the data
9Selects appropriate mathematical models
9Trains those models on the data
9Forecasts/Nowcasts/Scenario Analyses
9Communicates results to leadership



However, things are changing

9New data types 
9New mathematical models
9New training methods
9New visualisation of data/results

So, the AI epidemiologist would need to be upgraded 
frequently



In addition…

� Open sourcing code and data (when possible): 
reproducibility

� Breakthrough in model training needed
� ML methods are flexible to adding in new data 

types 
� ML models can be reusable: ’transfer learning’









Thank you
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Questions from leadership

Is the effectiveness and duration of protection of the 
new vaccine different to the old?
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Table 1. Descriptions of the nested models that were fitted to the NNDSS incidence data.

Gambhir M, Clark TA, Cauchemez S, Tartof SY, Swerdlow DL, et al. (2015) A Change in Vaccine Efficacy and Duration of Protection 
Explains Recent Rises in Pertussis Incidence in the United States. PLoS Comput Biol 11(4): e1004138. 
doi:10.1371/journal.pcbi.1004138
http://journals.plos.org/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.1004138

http://journals.plos.org/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.1004138


Total incidence since vaccination began: model vs. 
data



Projecting forward in time



VE*coverage=10%
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Gambhir M, Clark TA, Cauchemez S, Tartof SY, Swerdlow DL, et al. (2015) A Change in Vaccine Efficacy and Duration of Protection 
Explains Recent Rises in Pertussis Incidence in the United States. PLoS Comput Biol 11(4): e1004138. 
doi:10.1371/journal.pcbi.1004138
http://journals.plos.org/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.1004138

http://journals.plos.org/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.1004138


Projects throughout CDC

Pertussis Explaining the recent 
upsurge in cases in 7-10 yos and rise 
in overall cases

Ebola 2014-2015 West African 
epidemic



Lessons



Modelling’s major contribution comes very early 
(when sit. awareness is poor)

Embed within a public health agency

Academic publication often isn’t useful during an 
emergency (but is afterward)



Thank you for your time!
Special thanks to:

David Swerdlow
Lyn Finelli
Carrie Reed
Matt Biggerstaff
Cristina Carias
Martin Meltzer
Rebekah Borse
Isaac Fung
Neil Ferguson 
Simon Cauchemez
Christl Donnelly
Tom Clark
Ben Lopman
Amy Pinsent

+ many others

























Table 2. Parameter estimates for the best-fitting model, Model 8 (models outlined in Table 1).

Gambhir M, Clark TA, Cauchemez S, Tartof SY, Swerdlow DL, et al. (2015) A Change in Vaccine Efficacy and Duration of Protection 
Explains Recent Rises in Pertussis Incidence in the United States. PLoS Comput Biol 11(4): e1004138. 
doi:10.1371/journal.pcbi.1004138
http://journals.plos.org/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.1004138

http://journals.plos.org/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.1004138


Fig 3. Cross-sectional incidence of disease over age of population.

Gambhir M, Clark TA, Cauchemez S, Tartof SY, Swerdlow DL, et al. (2015) A Change in Vaccine Efficacy and Duration of Protection 
Explains Recent Rises in Pertussis Incidence in the United States. PLoS Comput Biol 11(4): e1004138. 
doi:10.1371/journal.pcbi.1004138
http://journals.plos.org/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.1004138

http://journals.plos.org/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.1004138






Model equations
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Inflow & outflow
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As infecteds increase, rate increases













Questions from leadership

What’s a viable vaccine trial design during the outbreak? 





Specific questions

Will an e.g. Cox Proportional Hazards approach be able to 
account for:

-Declining background disease risk
-Clustering of disease risk
-Healthy vaccinee effect 













Questions from leadership

Where should ETUs be constructed next?

Which neighboring countries are at the highest risk? 





Can we learn from the business/start-
up world too?

Research: do it once

Development: can it be done many times?

Product/Service: do it many, many times 
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