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WHAT’S NEXT?
• BUILDING CAPACITY IN MECHANISTIC MODELLING
• SUPPORTING REGIONAL NEEDS
• ESTIMATING KEY QUANTITIES
• BUILDING RELATIONSHIPS



BUILDING CAPACITY IN 
MECHANISTIC MODELLING
Mechanistic model (epidemiology):

• A mathematical or computer simulation model that describes the 
processes of infectious disease spread. For example, transmission, 
recovery, and control measures.

• Types: mathematical compartmental models or agent-based models

• Distinct from statistical models in: 

• Emphasizing biological realism in describing processes (rather 
than variables and prediction)

• That many parameters are independently estimated
• Can be completed without data
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MECHANISTIC MODELLING FOR 
PANDEMIC PREPAREDNESS

• Support decisions on resource needs for “hypothetical-yet-
plausible” future pandemics

• Ready-to-go methods that can be adapted and used for long-
range forecasting and to explore scenarios to support public 
health decisions on the use of interventions

Ogden NH et al. Mathematical modelling for pandemic preparedness in Canada: 
Learning from COVID-19. Can Commun Dis Rep 2024;50(10):345–56. 
https://doi.org/10.14745/ccdr.v50i10a03

https://doi.org/10.14745/ccdr.v50i10a03


MECHANISTIC MODELS

Slide by Steve Walker (https://canmod.github.io/macpan2/)
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Slide by Irena Papst/Steve Walker (https://canmod.github.io/macpan2/)



“Small jurisdictions problems are different, harder and under-served”

SUPPORTING REGIONAL NEEDS

Hurford et al. Pandemic modelling for regions implementing an elimination strategy. Journal of 
Theoretical Biology. 2023.
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Theoretical Biology. 2023.



SUPPORTING REGIONAL NEEDS

Figure by Zahra Cook (Mohammadi) with Steve Walker

Importation-community spread switch model



SUPPORTING REGIONAL NEEDS
Importation-community spread switch model

● Data: incidence of travel-related cases (dark shading) and 
community cases (light shading)

● Include a model variable that is travelers in isolation

● 10 days before a reported community outbreak, briefly allow the 
rate that an isolating traveler infects a susceptible community 
members to be positive (vertical dashed line)

○  All other times this rate is 0

● When infection incidence is less than a small threshold, set to 0



SUPPORTING REGIONAL NEEDS

Importation-community spread switch modelCommunity spread

Counterfactual scenarios



SUPPORTING REGIONAL NEEDS
Our modelling to understand the role of regional heterogeneity 
aims to support sovereignty in decision-making

Martignoni et al. Is SARS-CoV-2 elimination or mitigation best? Regional and disease 
characteristics determine the recommended strategy. Royal Society Open Science. 2024.
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Martignoni et al. Is SARS-CoV-2 elimination or mitigation best? Regional and disease 
characteristics determine the recommended strategy. Royal Society Open Science. 2024.



SUPPORTING REGIONAL NEEDS

G. Adu-Boahen. Optimal Control Strategies in Epidemic Models: Analysis of Community and 
Traveler Isolation Strategies Under Resource Constraints. MSc thesis. 2025. Model based on 
Hansen and Day. 2011. Optimal control of epidemics with limited resources. J Math Biol.



SUPPORTING REGIONAL NEEDS 

Figure by Francis Anokye

“Small jurisdictions problems are different, harder and under-served”



CANADIAN SMALL JURISDICTIONS 
GROUP

With both large and small jurisdictions, Canada can be a leader in describing 
the role of regional heterogeneity in pandemic preparedness



SUPPORTING REGIONAL NEEDS
Call to Action 55. All levels of government provide reports and data to the 
National Council for Reconciliation:

iii. The income and educational attainments of Aboriginal peoples in 
Canada compared to non-Aboriginal peoples.

iv. Progress on closing the gaps between Aboriginal and non-Aboriginal 
communities in a number of health indicators such as: infant mortality, 
maternal health, suicide, mental health, addictions, life expectancy, birth 
rates, infant and child health issues, chronic diseases, illness injury and 
incidence, and the availability of appropriate health services 

Final report of the Truth and Reconciliation Commission of Canada. Volume One: Summary. 2015

“Small jurisdictions problems are different2, harder and under-served”
          (different from large jurisdictions and different from each other)



Memorial University: Maria Martignoni, Proton Rahman, 
J.C. Loredo-Osti, Zahra Mohammadi (Cook), Francis 
Anokye, George Adu-Boahen

PHAC: Michael Li, Lisa Kanary

McMaster University: Steve Walker

University of Manitoba: Julien Arino

University of New Brunswick: James Watmough

Others: Brian Gaas (Govt. of Yukon), Bilal Saleh Husain 
(UNB), Renny Doig (SFU), Amin Afshari (Memorial U), 
Shokoofeh Nourbakhsh (PHAC), Rania Wasfi (PHAC), 
Ashleigh Tuite (NACI), Steve Guillouzic (DND), Erin 
Rees (PHAC), Valerie Honogh (PHAC)

SUPPORTING REGIONAL NEEDS



ESTIMATING KEY QUANTITIES

Analysis of pandemic data:
• Travel measures
• Contact tracing
• Non-pharmaceutical interventions



ESTIMATING KEY QUANTITIES
Travel to NL during 
the pandemic 
decreased by 82%

Mohammadi et al. Importation models for SARS-CoV-2 cases reported in Newfoundland and Labrador during the COVID-19 
pandemic. Under review  
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ESTIMATING KEY QUANTITIES

Doig et al. Changing contact patterns in Newfoundland and Labrador, Canada in response to public health measures during 
the COVID-19 pandemic. Under review  



ESTIMATING KEY QUANTITIES

Anokye et al. Reconstruction of Omicron (B.1.1.529) transmission dynamics in Newfoundland and Labrador. In prep
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ESTIMATING KEY QUANTITIES

Anokye et al. Reconstruction of Omicron (B.1.1.529) transmission dynamics in Newfoundland and Labrador. In prep



Memorial U: Francis Anokye, Zahra Mohammadi (Cook)

PHAC: Michael Li

U of Manitoba: Julien Arino

U of Guelph: Zahra Mohammadi (Cook), Monica Cojocaru

Simon Fraser U: Renny Doig, Caroline Colijn, Liangliang 
Wang

NLHS: Suzette Spurrell, Andrea Morrissey

NLHS – Digital Health: Kendra Lester, Alicia Blackmore

ESTIMATING KEY QUANTITIES



BUILDING RELATIONSHIPS
• Pandemic preparedness requires establishing relationships 

between modellers and decision-makers prior to a public 
health emergency

• This can be achieved by collaborative modelling on non-
pandemic infectious diseases of concern



BUILDING RELATIONSHIPS
• Estimating the undiagnosed fraction of Hepatitis C in NL*
 Collaborators: Laura Bruce and Peter Daley (Memorial U)

• Estimating human infections of avian influenza*
 Collaborators: Josh Mack, Joseph Baafi, Andrew Lang, Kathryn Hargan (Memorial U),
 Randy Green (Miauwpkek FN), ECCC, Govt of Nunatsiavut, Nunatukavut CC

• Modeling Culex mosquito dynamics in Newfoundland
 Collaborators: Joseph Baafi (Memorial U)

• Building a general modelling framework for pandemic and 
non-pandemic SARS-CoV-2 and Avian influenza, malaria, 
Arctic rabies, and Lyme disease* 

 Collaborators: Michael Li (PHAC) and Memorial U 

* in macpan2



WHAT’S NEXT
• Establishing collaborations that support mutual goals

My goals are to:
 build capacity in mechanistic modelling
 support regional needs
 estimate key quantities 

• Securing funding and advance capacity through training and 
collaboration 


