
Mathematical modelling of infectious diseases 
is primarily intended to study the spread and the 
duration of an epidemic, understand the magnitude 
of the challenge posed by the disease and the impact 
of interventions. Modelling allows public health 
decision-makers to work with provincial, territorial 
and international partners to base their responses 
to epidemics on the latest science and situational 
assessment. Modelling also forecasts the possible future 
spread of disease in Canada, and to estimate a range of 
possible numbers of cases, hospitalizations, and deaths 
that may occur.

One of the models developed by The Public Health 
Agency of Canada (PHAC) for the transmission of severe 
acute respiratory syndrome virus 2 (SARS-COV-2) – the 
agent of the coronavirus disease 2019 (COVID-19) – is a 
compartmental model developed using Analytica 
software¹. The model is a dynamic Susceptible-Exposed-
Infectious-Removed (SEIR) model that uses differential 
equations to estimate the change in populations in 
the various compartments. These compartments are 
connected between each other and individuals can 
move from one compartment to another, in a specific 
order that follows the natural infectious process. 
The model uses knowledge obtained from studies 
around the world on the biology of transmission of the 
virus causing COVID-19 to produce a mathematical 
representation of how COVID-19 may spread in the 
Canadian population under different scenarios.

In a Susceptible-Exposed-Infectious Removed 
(SEIR model):

Susceptible (S) individuals have never been 
infected by the pathogen and therefore can 
become infected. 

Exposed (E) individuals have been infected  
with a pathogen, but they are not yet 
infectious, because of the latent period of the 
disease. 

Infectious (I) individuals are infected and 
are able to transmit the pathogen to others. 

Removed (R) individuals are no longer able 
to transmit the disease. This group includes 
the recovered individuals and the fatalities. 1. Copyright © 2019 by Lumina, Inc. and its Licensors. All Rights Reserved. “LuminaDecision Systems”, 

“Analytica”, and “Intelligent Arrays” are trademarks or registered trademarks of Lumina Decision Systems, Inc. in 
the United States and/or other countries.
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The logic, assumptions and structure of the model are 
summarized and illustrated in Figure 1. Since this virus 
is one that humans have never been exposed to before, 
the basic assumption is that the entire population starts 
in the Susceptible compartment. The initial condition 
is such that infectious individuals are introduced into 
the population and this “seeds” the epidemic. Contact 
rates between individuals combined with the number of 
infectious and susceptible individuals in the population, 
are used to calculate the probability that a susceptible 
person and an infectious person come into contact within 
a finite time period. This probability is then combined with 
the probability that the contact got infected, to estimate 
the rate at which susceptible individuals move into the 
exposed compartment. 

Subsequently, progression of individuals in the model 
from the exposed model compartment into the infectious 
severe, infectious mild or infectious asymptomatic stages 
is dictated by both the latent period and the proportion of 
people estimated to be asymptomatic, severe or mild. The 
estimates are derived from studies in different countries 
already experiencing the epidemic. The infectious period  
then dictates the rate at which the infectious population 
progresses to the recovered / removed compartment. 
A key assumption at this stage is that the population 

remains immune from further infection for the duration 
of the time period modelled. 

Key factors that modify the rate of transmission and the 
ultimate outcomes predicted by the model include:

• Physical distancing effects having an impact on 
contact rates,
  
• Exposed individuals being quarantined as a result of 
contact tracing,

• Severely symptomatic infectious individuals getting 
hospitalized and as a result being isolated and no 
longer spreading infection in the community, and

• Mildly symptomatic and asymptomatic individuals 
being isolated as a result of enhanced testing in the 
community.

The model uses best estimates for some parameters, 
which can be replaced with probability distributions 
(a range) to reflect uncertainty. In addition, the model 
naturally allows for parametric analysis to be done when 
a range of parameter values are used prior to viewing  
the results.

Figure 1: PHAC SEIR model overview as depicted in Analytica

Mathematical modelling was conducted by the Public Health Agency of Canada.  
This document is a joint production of the Public Health Agency of Canada and  
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