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What is Public Health?

The focus of the talk will be modelling for infectious disease and public health, but 

there are also important aspects (E.g. climate change, chronic diseases etc.) 

Old Chinese quote: “To defeat your enemy, you must know your enemy.” 
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The history of our invisible enemy

Using modern day techniques in the field of molecular and evolutionary 

biology, many pathogens exist on this planet millions of years ago. 

They have been persisting and evolving in harsh environments and times 

throughout history, infecting different host species.
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The history of our invisible enemy

Most (73%) emerging infectious diseases are zoonoses
Woolhouse ME, Gowtage-Sequeria S. 2005 EID

Most affecting Canada have been zoonoses that emerged elsewhere in the world (HIV, 

SARS, WNv, pH1N1, Lyme)
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Historical records of infectious diseases (Rabies; 2000 BC)

Laws of Eshnunna

(dated back to 2000 

BC)

• Owners of dogs 

showing symptoms

should take preventive 

measures

• Responsible for rabid 

dog attacks
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Historical records of infectious diseases (Plague; 16-17th c.)

Earn et al. 2020, PNAS
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Disease patterns and questions (Smallpox, 1766)  

Dietz and Heesterbeek (2002)
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Disease patterns and questions  (Smallpox, 1800s)  

• Farr’s law 

• Rise and fall of epidemics 

• Roughly symmetric

• Bell shape

• I(t) = new cases at time t

(Santillana et al. 2018)
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1918 Influenza: the Mother of All Pandemics

• Bell shape (Farr’s Law)

• Public health measures:
• Don’t visit poorly ventilated places

• Stay at home if you have a cold

• In sick rooms wear a mask
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SIR and Reed Frost model
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SIR and Reed Frost model
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Reproductive number 

• Most well-

known 

epidemiological 

parameter 

• R0, Rt

• Average new 

case per case

• Useful for 

disease control 
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Present

Park et al. (2020)



32

Present



33

Modelling Challenges



34

Modelling Challenges

• Making models is challenging

• Making models that work with the application 

is hard.
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• Making models more realistic is challenging
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basic standard models is challenging 
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Modelling Challenges

• Making models is challenging

• Making models more realistic is challenging

• Making models more realistic without data is challenging

• Buying assumptions is sometimes necessary but 

over buying assumptions for models that are too 

complicated for the application is bad. 

• It is sometimes view as a double-edge sword. 



37

Modelling Challenges

• Making models is challenging

• Making models more realistic is challenging

• Making models more realistic without data is challenging

• Making models more realistic with data is challenging 

• How to incorporate different data streams is hard

• Fitting to data is also hard! 
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Model Complexities to solve problems

• Product-models

• Time varying parameterizations 
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Model Complexities to solve problems

• Product-models

• Time varying parameterizations 
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Product-models 

+ testing mechanism  = 

S RI

(Gharouni et al. 2022)

N PU C
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Product-models 

+    age structure     = 

S RI

(Worden and Porco, 2017)
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Product-models 

S RI + Population heterogeneity

+ Vaccination

+ Variants 

+ many more ….  
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Model Complexities that makes models more realistic 

• Product-models

• Time varying parameterizations 
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Time varying parameterizations 

(Long et al, 2021)
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Time varying parameterizations 

Log-linear function with abrupt (piecewise) 

changes on specific date when controls are 

known to have implemented 
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Time varying parameterizations 

The Apple Mobility Trends data for Ottawa as of May 19

Proportional to a power of 

observed mobility or some 

other exogenous proxy for 

contact behavior 
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Time varying parameterizations 

(Otto et al, 2021)
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Time varying parameterizations 

(Otto et al, 2021)
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Alpha variant in Canada  
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Omicron in RSA

(Pearson et al, 2021)
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Omicron BA.1 in Canada 
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Present

Summary 

• Making models is challenging

• Making models more realistic is challenging

• Making models more realistic without data is challenging

• Making models more realistic with data is challenging 

• Traditional modelers 

are forced to wear too 

many hats 
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Present

Modeler 

Public / Stakeholders

Designer   

Expert 

Math, Biology and etc Public Health Official  

Software developer 
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• Focus on the biology, math, understand the 

needs/motivations from clients  
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Present

Division of Labour

Modelers 

• Focus on the biology, math, understand the 

needs/motivations from clients  

Software Developers and Product Managers

• Finding out what slows down modelers

• Building tools that speeds them up

Footnote: Speed has two meanings in this context: Implementation speed and computational speed.
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Flexibility and Speed 

Flexibility (Implementation speed) 

• Straight-forward to implement from model design -> software 

• Add-ons for complexities  

• Modular 

• Compatible with widely use software and techniques 
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Flexibility and Speed 

Flexibility (Implementation speed) 

• Straight-forward to implement from model design -> software 

• Add-ons for complexities  

• Modular 

• Compatible with widely use software and techniques 

Computational Speed

• Model fitting

• Forecast confidence intervals

• Scenario exploration

• Sensitivity analysis 
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- Emergency 
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What is the “end” of “endemic”? 

The end of:

- Emergency 

- Monitoring 

- Initiatives

- Collaborations 
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War time vs Peace time 

War time Peace time

Emergency increase decrease

Monitoring increase decrease

Initiatives increase decrease

Collaboration increase decrease

Duration short long

Success is challenging, and long-term success is even more 

challenging. Peace time is the real battle after the short war 

time. The goal is to prolong peace time as long as possible 

and to do so, it is important to be proactive.   
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Proactive Monitoring   

Develop better surveillance systems    

- Genomics

- Serology 

- Sentinel 

- Citizen science 

- Wastewater 

Develop ways to routinely analyze, and ways to connect the 

individual pieces. Models can help!
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Proactive Initiatives    

Research and Development

Research
- Much more to be learned

- Only scratched the tip

Development

- Develop capacities



76

Proactive Collaborations    

There are still tons of questions out there and opportunities to 

collaborate. 

WHO collaboratory pandemic and epidemic intelligence 

- EpiParameter Community 

https://worldhealthorganization.github.io/collaboratory-

epiparameter-community/#/
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Future

By involving public health experts, policymakers, 

scientists, and communities in the modeling process, 

models can be co-developed to address public health 

challenges.
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Future

By involving public health experts, policymakers, 

scientists, and communities in the modeling process, 

models can be co-developed to address public health 

challenges.

Thanks! 
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