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Introduction

• Infectious disease modelling is essential to support public 
health decisions and its value was highlighted during the 
recent COVID-19 pandemic.

• However, models intended to support national or large 
jurisdictions may not support the decisions, policy, or 
situational awareness needs of small jurisdictions. 
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Introduction

• As an example, from 2020-22 Atlantic Canada and the 
territories experienced long periods with no community 
spread of SARS-CoV-2.
• Reported cases consisted mostly of travel-related cases.
• An elimination strategy, that reduces infection incidence to 

zero was feasible. In some circumstances, travel measures 
were likely appropriate in smaller jurisdictions, while this 
may not necessarily have been the case in larger jurisdictions 
or Canada as a whole.
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Introduction

• Support for the novel modelling needs of Canada’s smaller 
jurisdictions was provisioned ad hoc, and to support future 
pandemic preparedness this support needs to be planned.
• Healthcare decision-making in Canada is decentralized so the 

majority of decisions during the pandemic occurred at the 
provincial- and territorial-level
• Small jurisdictions need to be supported with specific 

modelling approaches, some of which are yet to be 
developed
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Epidemiology in Atlantic 
Canada and the territories was 
different

5Figure by Abdou Fofana 
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Hurford et al. 2023. Pandemic modelling for regions implementing an 
elimination strategy. J Theor Biol.
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The gap in pandemic preparedness

• It is well-known that Atlantic Canada and the territories had 
different epidemiology during the COVID-19 pandemic
•What has been insufficiently discussed is that this implied 

different:
• Data needs, models, analysis, and visualizations
• Key indicators/parameter that describe the epidemiology
• Recommended control strategies 

7



Modelling needs for Canadian pandemic 
preparedness

(1) Counterfactual simulation framework for jurisdictions 
that are not experiencing community spread

(2) Appropriate key indicators that inform situational 
awareness and decision-making for all Canadian 
jurisdictions;

(3) Theory that describes when travel measures and 
elimination strategies are appropriate (to inform decisions 
and strategy)
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Counterfactual modelling for jurisdictions 
that are not experiencing community spread

1. Extended importation modelling*
2. Community spread models

*Extended importation modelling: extending an importation 
model by adding a spillover model to predict the probability of 
a major community outbreak beginning on any day
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Minor and major outbreaks

10Linda Allen. 2008. An introduction to stochastic epidemic models.



Extended importation modelling (to predict a major outbreak)
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Hurford et al. 2023. Pandemic modelling for regions implementing an 
elimination strategy. Journal of Theoretical Biology



Analogous to Rt vs. time graph for jurisdictions with 
no community spread
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Hurford et al. 2023. Pandemic modelling for regions implementing an 
elimination strategy. Journal of Theoretical Biology



Extended importation models can support 
decisions about when to have events
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*but we should advocate to have these data be available

How to model the importations

The figure on the right just uses 
travel-related cases (no model)

If these data are unavailable* 
or for forecasting:
• Statistical model
• Importation model
• Metapopulation model
• Agent-based model 



Data gaps for modelling importations: requires real-time 
access to travel volume data 
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Preprint on arxiv



Data gaps for modelling importations: requires real-time 
access to travel volume data 
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Figure 1. The OpenSky network provides freely available real 
time data describing aircraft type and location to contributors 
hosting an antennae in the network. Data such as these are 
necessary to inform analysis that considers the appropriateness 
of travel measures. The map is from August 26, 2025 at 
4.24pm. St. John’s is shown with a black dot. 

For details see: Ciupeanu, A.-S., Wickramasinghe, A., 
Muthukumarana, S. & Arino, J. Investigating air travel network 
changes in Canada, USA and Europe during COVID-19 using 
open source data. Preprint at https://doi.org/10.21203/rs.3.rs-
2426208/v1 (2023) 



During a pandemic, when reporting cases to the Public Health 
Agency of Canada (PHAC), provinces and territories should 
also report:
• if cases have a travel history, and if so,
• the province, territory and country of origin

• These data were already made public so there is no 
anonymity issues
•Without travel-related case data, and without 

province/territory/country of origin information, importation 
models are substantially less accurate

Data gaps for modelling importations: travel-related cases

Mohammadi et al. 2025. Importation models for travel-related SARS-CoV-2 cases reported in Newfoundland and Labrador 
during the COVID-19 pandemic. J Roy Soc Open Sci



Extending the importation model

• Spillover model is a mechanistic model for:
• travelers arriving and self-isolating;
• infecting their close contacts;
• contacting and infecting community members;
• that leads to a major outbreak;  
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Hurford et al. 2023 is still not quite there…

19
Hurford et al. 2023. Pandemic modelling for regions implementing an 
elimination strategy. Journal of Theoretical Biology

i0

Rt from an average traveller to NL community member



Counterfactual modelling for jurisdictions 
that are not experiencing community spread

1. Extended importation modelling*
2. Community spread models

*Extended importation modelling: extending an importation 
model to predict the probability of a community outbreak 
beginning on any day
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Counterfactual simulation framework
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Reporting for multiple realizations

DO:
● Av. outbreak frequency
● Av. size of community outbreak
● Av. days without community 

cases
● i.e., key indicators

DO NOT:
● Av. prevalence at a given time
● Consider the date meaningful

● Community outbreak dates affected by extended 
importation model

● Rt > 1 except from when community cases ≥ 100 until 
elimination



Can’t we just use Vicky’s ABM model? Sure! But…
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Ng V, Fazil A, Waddell LA, Turgeon P, 
Otten A, Ogden NH. 2021 Modelling the 
impact of shutdowns on resurging SARS-
CoV-2 transmission in Canada. R. Soc. 
Open Sci. 8: 210233. 
https://doi.org/10.1098/rsos.210233



… it is less about the model that generates the importations, 
more about how the results are presented/interpreted
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Juul et al. 2021. Fixed-time descriptive statistics underestimate 
extremes of epidemic curve ensembles

Reporting for multiple realizations

DO:
● Av. outbreak frequency
● Av. size of community outbreak
● Av. days without community 

cases
● i.e., key indicators

DO NOT:
● Av. prevalence at a given time
● Consider the date meaningful



Counterfactual simulation framework
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● Community outbreak dates affected by extended 
importation model

● Rt > 1 except from when community cases ≥ 100 until 
elimination



Parameters and model needs for 
counterfactual simulation framework

Parameter estimation: outbreak frequency
          community spread Rt (no NPIs)
          community spread Rt (with NPIs)
          time to outbreak detection
 
Models: Importation model
                Spillover model
                Community spread model
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Time series summary:
• 1 major outbreak + 3(?) minor outbreaks  

Parameter estimation:
• outbreak frequency: 1/334 days
• community spread Rt (no NPIs): several 

possible estimation methods*
• community spread Rt (with NPIs): 0.33**
• time to outbreak detection: 10 days 

(assume)
*Multiple outbreaks of same variant – randomly choose  
  Rt during counterfacutal?
** 5 days after NPIs implemented based on Hurford et
      al. 2023. J Theor Biol

Parameter estimation
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Estimating: Rt no NPIs
Method 1. Fit data on reported cases
• Rt (no NPIs) = 0.887/(0.1+0.5) 
                         = 1.48 (n=10)

27
Hurford et al. 2023. Pandemic modelling for regions implementing an 
elimination strategy. Journal of Theoretical Biology



Method 2. Contact tracing data
• Rt (no NPIs) = 1.11 (95% CI: [1.02, 1.21]; n = 474)

28

Estimating: Rt no NPIs

Poisson Negative Binomial

Alert 

Level

!𝑅𝑡 AIC !𝑅𝑡 #𝑘 AIC

2 1.11 1148 1.11 194.0 1151

3 1.19 298 1.19 58.7 301

4 0.95 680 0.95 107.0 684

5 1.33 825 1.33 46.8 826

Overall 1.13 2964 1.13 121 2970

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



Method 3. Probability of a major outbreak
• Rt (no NPIs) = 1.33 (n = 4)
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Estimating: Rt no NPIs

<latexit sha1_base64="o41B/bqkVAeGRxoSnfn078UEuN4="></latexit>
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Summary of Rt estimation example
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Method Rt n
1. Time series 1.48 10
2. Contact tracing 1.11 474
3. Probability of outbreak 1.33 4



Modelling needs

31

(1) Counterfactual simulation framework for jurisdictions that 
are not experiencing community spread;

(2) Appropriate key indicators that inform situational 
awareness and decision-making for all Canadian 
jurisdictions;

(3) Theory that describes when travel measures and 
elimination strategies are appropriate (to inform decisions)



Key indicators example from Ontario Science Table
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https://wayback.archive-it.org/all/20211201183127/https://covid19-sciencetable.ca/ontario-
dashboard/



Key indicators for all Canadian jurisdictions
•What does this dashboard look like if it includes all Canadian 

provinces and territories?

For jurisdictions where no community spread is occurring:
• Rt for community spread (and doubling time etc) cannot be 

estimated using the standard methods
• Rt for community spread is also not the most useful way to 

summarize the epidemiology
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Travel-related and community cases (2020-21)

34All other provinces and territories: no reporting of travel history during 
this period. Travel-related includes out-of-province.



Why should travel-related and community 
cases be separated?
• In NL, travelers arriving from outside the province were 

required to self-isolate for 14 days (with the exception of the 
Atlantic bubble, July 3-Nov 26, 2020)
• The data suggests infection spread from traveler to 

community members was rare
•Mechanisms of community spread versus travel-related 

cases are different
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WHO transmission classification

36
https://www.who.int/publications/m/item/weekly-epidemiological-
update---22-december-2020
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Province/territory Transmission 
classification

Modelling type Key indicators

Ontario
(Nov 29, 2021)

Community 
spread

SEIR (importations likely 
negligible, but can be 
included)

Community outbreak 
Cases per day = 876
Rt = 1.16
Doubling time = 25 days
Hospital occupancy = 312
% Delta variant = 99.9

New Brunswick
(7-day rolling average ending 
May 31, 2021)

Suppression SEIR with importations Community outbreak
Travel-related cases per day = 3.1
Community cases per day = 6.3 (+ other statistics for Ontario)

Nova Scotia
(7-day rolling average ending 
May 31, 2021)

Elimination/
containment

Distinct SEIR and 
extended importation 
modelling (switch 
model)

Current status: community outbreak
Outbreak frequency = 2/334 days
Current community outbreak (began April 2021)
Cases per day = 33 + other statistics for Ontario; and Rt (before NPIs), 
Rt (with NPIs), time to elimination
Last period with no community outbreak (Jan-April 2021)
(all key indicators listed for NL)

Newfoundland and 
Labrador
(7-day rolling average ending 
May 31, 2021)

Elimination/
containment

Distinct SEIR and 
extended importation 
modelling (switch 
model)

Current status: no community outbreak
Outbreak frequency = 1/334 days
Current period with no community outbreak (April 2021-):
Community cases per day = 1.7
Travel-related cases per day = 5.9
% Delta variant in travel-related = ?
Last community outbreak (ended March 2021)
(key indicators as for NS)
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Province/territory Transmission 
classification

Modelling type Key indicators

PEI
(28-day rolling average ending 
May 31, 2021)

sporadic cases/
cluster of cases

Extended 
importation 
modelling

Community cases per day = 0
Travel-related cases per day = 0.8
% Delta variant in cases = ?

Yukon
(28-day rolling average ending 
May 31, 2021)

sporadic cases/
clusters of cases

Extended 
importation 
modelling

Community cases per day = 0.04
Travel-related cases per day = 0.04
% Delta variant in cases = ?

Northwest territories
(28-day rolling average ending 
May 31, 2021)

sporadic cases/
clusters of cases

Extended 
importation 
modelling

Community cases per day = 2.5
Travel-related cases per day = 0
% Delta variant in cases = ?

Vaccination data would also be reported for all provinces and territories



Key indicators table for all Canadian jurisdictions

• It is unsatisfying that the key indicators (and modelling 
frameworks) are not the same for all jurisdictions, but maybe 
this is the reality…
• In the same Public Health Emergency, different Canadian 

jurisdictions potentially need to be supported with different 
key indicators, data and modelling
• This is a gap in future pandemic preparedness that needs 

more attention
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Modelling needs

40

(1) Appropriate key indicators that inform situational 
awareness and decision-making for all Canadian 
jurisdictions;

(2) Counterfactual simulation framework for jurisdictions that 
are not experiencing community spread

(3) Theory that describes when travel measures and 
elimination strategies are appropriate (to inform 
decisions)



WHO recommendations on international travel 
from 2020

41
Updated WHO recommendations for international traffic in relation 
to COVID-19 outbreak. Feb 29 2020

https://www.who.int/news-room/articles-detail/updated-who-recommendations-for-international-traffic-in-relation-to-covid-19-outbreak
https://www.who.int/news-room/articles-detail/updated-who-recommendations-for-international-traffic-in-relation-to-covid-19-outbreak
https://www.who.int/news-room/articles-detail/updated-who-recommendations-for-international-traffic-in-relation-to-covid-19-outbreak
https://www.who.int/news-room/articles-detail/updated-who-recommendations-for-international-traffic-in-relation-to-covid-19-outbreak


Technical considerations for implementing a risk-based approach to 
international travel in the context of COVID-19 2 July 2021

https://iris.who.int/bitstream/handle/10665/342212/WHO-019-nCoV-Risk-based-international-travel-2021.1-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/342212/WHO-019-nCoV-Risk-based-international-travel-2021.1-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/342212/WHO-019-nCoV-Risk-based-international-travel-2021.1-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/342212/WHO-019-nCoV-Risk-based-international-travel-2021.1-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/342212/WHO-019-nCoV-Risk-based-international-travel-2021.1-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/342212/WHO-019-nCoV-Risk-based-international-travel-2021.1-eng.pdf?sequence=1


Province-level importation models are needed to 
support decisions to implement travel measures





Intra-country COVID-19 control strategies

45
Boyd et al. 2025. Impact of Covid-19 control strategies on health and GDP growth outcomes in 193 
sovereign jurisdictions. PLOS Global Health. 



Strategies, definitions, and travel measures
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Report to the House of Assembly on the COVID-
19 pandemic. 2022. 
https://www.assembly.nl.ca/business/electronic
documents/ReporttoHOACOVID-
19PublicHealthEmergency2022.pdf



47

Strategies, definitions, and travel measures



Strategies, definitions, and travel measures
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Plank et al. 2025. Joint economic and epidemiological modelling of 
alternative pandemic response strategies. Preprint 
https://arxiv.org/pdf/2512.08355



Martignoni et al. 2024. Is SARS-CoV-2 elimination or mitigation best? Regional and 
disease characteristics determine the best strategy. Royal Society Open Science
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Adu-Boahen et al. An optimal control model to show the effectiveness 
of pandemic response strategies should be interpreted within the 
regional context. In prep.

50



Adu-Boahen et al. An optimal control model to show the effectiveness 
of pandemic response strategies should be interpreted within the 
regional context. In prep.
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• In Peng et al. (2023), Canada and Australia are described as peer-countries due to 
similarity in ‘income, culture and governance’ but are noted to differ in that Australia 
implemented an elimination strategy, while Canada implemented a mitigation strategy.

• Peng et al. (2023) conclude that ‘a comparison with Australia demonstrated that an 
elimination focus would have saved Canada tens of thousands of lives as well as 
substantial economic costs’.

• However, we know that elimination may not be possible (Martignoni et al., 2024) or 
optimal (Figure 2) in regions with a high importation rate and Canada differs 
substantially from Australia in this respect.

Peng A, Simmons A, Amoako A, Tuite A, Fisman D. Relative pandemic 
severity in Canada and four peer nations during the SARS-CoV-2 
pandemic. Canada Communicable Disease Report. 2023;49(5):197.
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Plank et al. 2025. Joint economic and epidemiological modelling of 
alternative pandemic response strategies. https://arxiv.org/pdf/2512.08355

Plank et al. preprint uses a different 
model for elimination than for the other 
strategies
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Plank et al. 2025. Joint economic and epidemiological modelling of 
alternative pandemic response strategies. Preprint 
https://arxiv.org/pdf/2512.08355



Conclusions
• Healthcare decision-making in Canada is decentralized so the 

majority of decisions during the pandemic occurred at the 
provincial- and territorial-level

• The provinces and territories are very different, and can have 
different data and modelling needs even concurrently during 
the same public health emergency

• This is Canada’s area to lead in
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