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Agent-based model technical background

We developed an age-stratified agent-based simulation model for the transmission of SARS-CoV-
2 in Canada. We assumed community transmission began on February 7, 2020 based on the date
of onset reported by the first domestic COVID-19 cases emerging in Canada (1). We initialized an
outbreak with six symptomatic cases over a 2-week period to propagate local transmission. Agents
were modelled in ten distinct age groups to account for differences in age-specific health outcomes
and contact rates (Table S1). The model was simulated using a daily time step over 700 days (day
0 representing February 7, 2020 to day 700 representing January 20, 2022).

Population structure and demographics

The model is a simplified version of movement and connectivity in the Canadian population.
Models were run on a population size of 100,000; with household structure and demographics
scaled to the Canadian population (Tables S1 and S2) (2, 3).

Table S1. Proportion of agents by age group

Category Age group Proportion of ag'ents diStl‘ibl'lted ac.cording to the
2019 Canadian population estimates (2)
Childl 0to 4 0.051695
Child2 5t09 0.054254
Child3 10to 14 0.054052
Youth 15t0 19 0.056256
Adultl 20 to 44 0.338052
Adult2 45 to 54 0.130332
Adult3 55 to 64 0.13997
Seniorl 65 to 74 0.101182
Senior2 75 to 84 0.051903
Elderly >=85 0.022301

Table S2. Household structure in the model

Number of households
Household size according to the 2016 Total agents
Canadian census (3)
1-member household 11,725 11,725
2-member household 13,900 27,800
3-member household 6,200 18,600
4-member household 5,800 23,200
5-member household 2,500 12,500
6-member household 750 4,500
7-member household 125 875
8-member household 100 800
Total 41,100 households 100,000 agents
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Model environment and agent movement

Agents were assigned to a designated household and common environment (school, workplace or
a mixed age meeting venue) according to their age using the Prem et a/ (2017) projections for
Canada as a guide to assigning agents of age groups that are likely to come into contact with each
other at home, at work, at school and in other locations; we call these other locations mixed age
venues (4). Mixed age venues are defined as any place where individuals have contact with agents
from a range of different age groups, this could include restaurants, cafes, shopping centres,
museums, libraries, movie theatres, grocery supermarkets, public parks, and beaches. In our model,
there is no distinction between indoor and outdoor environments. In comparison, workplaces are
defined by a more restrictive group of age groups mixing, primarily those between the ages of 16
and 65 with most agents assigned from the middle year age groups. Agents under 17 years and
over 65 years were restricted from being assigned to workplaces. Schools represent daycares,
elementary and high schools with most agents between the ages of 0 to 16 assigned to schools.
Agents were distributed into the three common environments on weekdays as summarised in Table
S3. A total of 40 schools, 750 workplaces and 415 mixed age venues per 100,000 persons were
modelled to give an approximate density of 500 agents/school, 50 agents/workplace and 100
agents/mixed age venue. These were our estimates for the average Canadian population.

Table S3. Distribution of agents by age into common mixing environments on weekdays.
Category | Age group Schools | Workplaces | Mixed age venues

Childl 0to4 60% 0% 40%
Child2 5t09 100% 0% 0%

Child3 10to 14 100% 0% 0%

Youth 15to 19 80% 10%' 10%
Adultl 20 to 44 2% 50% 48%
Adult2 45 to 54 5% 60% 35%
Adult3 55 to 64 5% 70% 25%
Seniorl 65 to 74 0% 30% 70%
Senior2 75 to 84 0% 0% 100%
Elderly >=85 0% 0% 100%

At model initialization, agents move between their household and common environment during
the weekday spending on average of eight hours per day outside of home. Each weekend, a
different group of agents are selected at random to visit a new mixed age environment than their
regularly assigned one; and we assumed schools and workplaces are closed on weekends.

Mobility varied by age and between weekdays and weekends; we assumed older agents were not
as mobile during the weekdays as younger individuals but for simplicity we assumed weekend
movement was uniform across age groups (Table S4). Mobility was determined daily for each
agent; agents could leave the household if selected by chance based on the probability estimated
for their age group.

! Only agents 17 years or older could be assigned to workplaces
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Table S4. Mobility probabilities by age group on weekdays and the weekend.

T
Childl 0to4 0.7 0.7
Child2 5t09 0.95 0.7
Child3 10 to 14 0.95 0.7
Youth 15to 19 0.95 0.7
Adultl 20 to 44 0.9 0.7
Adult2 45to 54 0.9 0.7
Adult3 55to 64 0.9 0.7
Seniorl 65to 74 0.8 0.7
Senior2 75 to 84 0.7 0.7
Elderly >=85 0.6 0.7

Health and hospitalization states of agents

We developed a framework of compartments representing epidemiological health states of agents
(Figure S1). All agents begin as susceptible (we assume the Canadian population is completely
naive to SARS-CoV-2) except for infected agents used to seed transmission. Infection occurs on
successful contact between susceptible and infectious agents. Infectious agents occur as four states:
asymptomatic, pre-symptomatic, mild symptomatic and severe symptomatic. We assumed severe
cases, after a pre-symptomatic period (Table S5), will remain at home until hospitalization and can
only transmit infection to household members at a reduced rate of 50%. In contrast, asymptomatic,
pre-symptomatic and mild cases can infect both at home and in common environments. On
infection, agents progress through different health states beginning with the exposed states
(distinguished by those exposed by a symptomatic case and those exposed by an asymptomatic
case) until either recovery or death is reached. We assumed recovered individuals remain immune
from re-infection for the duration of the model run. The duration in which agents remain in each
epidemiological health state varied between agents and was determined by sampling from
probability distributions defined by the literature or Canadian data (Table S5).

Transmission of COVID-19 from infected agents to susceptible agents occur within the household
and within common environments. For simplicity, the current model does not incorporate
transmission during agent’s commute or in other unique environments such as in hospitals or long-
term care facilities. The model therefore represents the baseline number of infections,
hospitalizations and deaths excluding isolated outbreaks such as those seen in long-term care
facility, hospitals, and other localised outbreaks. To adjust for hospitalization and mortality rates
that have been inflated due to deaths in long-term case facilities and hospitals, we removed cases
linked to outbreaks in institutions and transmission in hospitals to provide a better estimate of
hospitalization and mortality rate due to general community transmission (Table S5).
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94  Figure S1.  Schematic of the agent-based model structure for SARS-CoV-2 transmission

Agent_Health_State

Contact_With_Unknown_Source I
( B . . B

Unsuccessful_Unknown:Contact

Contact_With_Known_Source [ - 5
&= Initial_Infection

Unsuccessful_Contact

[ Additional_Infection

Successful_contact

‘ S ( UExposed ] [ Exposed ]

Successful_Unknown_contact L

(D) LatentPeriod
Latent_Period

Asymptomatic_Infection Symptomatic_Infection

Hospitalization =" ™ e No_hospitalization

Asymptomatic_Infectious_Period

(L) Time_To_Hospitalization_Period

ICU_Admission

General_Hospitalization Mild_Infectious_Period

© Hospitalization_To_ICU_Period

Hospitalization_Period

ICU_Period

ICU_death

Remaining_Duration_Of_Mild_lliness

Hospital_death Hospital_Recovery

Post_ICU_Hospitalization_Period

Removed

95
96

97
98

Appendix to: Ng V, Fazil A, Waddell LA, et al. Projected impacts of nonpharmaceutical public health interventions to prevent resurgence of
SARS-CoV-2 transmission in Canada. CMAJ 2020. doi: 10.1503/cmaj.200990. Copyright © 2020 Joule Inc. or its licensors



99

100

Table S5.

Model parameters

Parameter (unit) | Description Value(s) Reference/s
or sources of
information

Transmission B was calibrated to the model 0.03931058 Fitted value

probability (B) using Canadian case data linked %)

to community transmission from | Due to a lack of data in the

(per contact) February 20 to March 30, 2020 | literature to date, we assumed

(see page 12 of supplementary B was uniform across age
material) groups. This will need to be
reassessed as new information
about SARS-CoV-2 in
children becomes available
Age-specific Contact rate between individuals | 9.0957 (0-4) 4
contact rate by age group. Younger agents 10.5341 (5-9)
have a higher contact rate than 13.0621 (10-14)
(contacts per day) | older agents. 20.3667 (15-19)
15.3519 (20-44)
14.9039(45-54)
11.0106 (55-64)
6.5229 (65-74)
4.5929(75-84)
4.5929 (>=85)
Latent period Time from successful contact, PERT distribution (2, 5, 3.77) | (6)
(days) i.e. infection, to the time when a | u (mean) — 3.68
person can transmit infection to | o (standard deviation) — 0.5
another person

Probability of There is mounting evidence to 0.5 (0-4) (7-12)

symptomatic suggest that the asymptomatic 0.5 (5-9)

infection infection rate varies by age. We | 0.5 (10-14)

(proportion) used the following estimated 0.5 (15-19)

proportions based on the cited 0.6 (20-44)
literature. Adjusted for the 0.7 (45-54)
Canadian population 0.7 (55-64)
distribution, the values here 0.8 (65-74)
represent an overall 35% 0.95 (75-84)
asymptomatic rate 1.0 (>=85)

Pre-symptomatic | Duration of time from when a PERT distribution (1, 3, 2.5) (13-19)

infectious period | case (who will eventually pn—2.33;0-0.33

(days) develop symptoms) can transmit

infection to another person prior
to becoming symptomatic
Asymptomatic Duration of time from when a PERT distribution (3.5, 10, 6) | (20)

infectious period
(days)

case (who will remain
asymptomatic for the duration of

p—6.25;06-1.08
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their illness) can transmit
infection to another person

they recover or die.

The lower range of 3 days is
based on data reported by the
provinces and territories as of
June 6, 2020.

Hospitalization Proportion of symptomatic cases | 0.03671 (0-4) (1
(proportion)? with severe and critical illness 0.00818 (5-9)
requiring hospitalization or ICU | 0.01668 (10-14)
admission 0.02658 (15-19)
0.05348 (20-44)
0.11904 (45-54)
0.21184 (55-64)
0.40341 (65-74)
0.52133 (75-84)
0.44169 (>=85)
Mild infectious Duration of time in the first PERT distribution (3, 7, 3.5) (18, 21)
period phase of mild illness when cases | p—4.0; 6 —0.67
(days) are symptomatic and can
transmit infection to others
Remaining Duration of time in the second PERT distribution (2, 5, 3) Estimate
duration of mild phase of mild illness when cases | p—3.17; 6 - 0.5
illness (days) are still symptomatic but are no
longer able to transmit infection
to others
Time to Duration of time between when | Normal distribution (0.5, 5) (22-25)
Hospitalization a case develops symptoms to nu—5;6-0.5
period (days) when they seek medical care at
the hospital
ICU admission Proportion of cases that are 0.17241 (0-4) @)
(proportion) critical that are hospitalized first, | 0.0 (5-9)
and then move on to being 0.29412 (10-14)
admitted into the ICU 0.20513 (15-19)
0.22644 (20-44)
0.28866 (45-54)
0.30579 (55-64)
0.28292 (65-74)
0.15492 (75-84)
0.04819 (>=85)
Hospitalization Duration of time a severe case PERT distribution (3, 14, 10) (1, 25-31)
period spends in general hospitalization | p—9.5; 6 — 1.83
(days) for medical care to the time that

2 COVID-19 cases linked to long-term care facilities and healthcare workers were removed to provide a better estimate of

hospitalization rates and mortality rate of COVID-19 in the general population and because our model did not explore outbreaks

from long-term care facilities and hospital transmission.
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Hospitalization to | Duration of time a critical case Normal distribution (0.3, 3) (26-28, 32)
ICU period (days) | spends in hospital prior to being | p—3;0—-0.3
admitted into the ICU
ICU period (days) | Duration of time a critical case PERT distribution (4, 13, 8) (26-28, 30,
spends in the ICU for medical n—-817,6-1.5 32-35)
care to post-ICU hospitalization
or death
Post-ICU Duration of time a critical case PERT distribution (3, 10 ,7) (26-28, 32)
hospitalization spends in hospital after being nu—6.83;0-1.17
period (days) discharged from the ICU to
recovery or to death
General Number of beds available per 64 hospital beds per 100,000 (36)
admission 100,000 for COVID-19 patients | 5 ICU beds per 100,000
hospital beds and
ICU beds
Mortality rate Age specific mortality rate 0.0 (0-4) @8
from general occurring from general 0.0 (5-9)
hospital hospitalization. Approximately | 0.0 (10-14)
admissions 40% of all deaths occurred from | 0.0 (15-19)
(proportion) hospitalized cases. 0.0088 (20-44)
0.0188 (45-54)
Mortality rate was doubled 0.0758 (55-64)
when hospital beds were 0.2252 (65-74)
overcapacity (37, 38) 0.352 (75-84)
0.4719 (>=85)
Mortality rate Age specific mortality rate 0.0 (0-4) (D
from ICU occurring from cases admitted 0.0 (5-9)
admissions into the ICU. Approximately 0.0 (10-14)
(proportion) 60% of all deaths occurred from | 0.0 (15-19)

ICU admitted cases.

Mortality rate was doubled
when hospital beds were at
overcapacity (37, 38)

0.0927 (20-44)
0.1559 (45-54)
0.2432 (55-64)
0.3555 (65-74)
0.5294 (75-84)
0.7294 (>=85)
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Contact Matrices

We incorporated four contact matrices in the model; one for each location in the model for which
contact between agents can occur. The number of daily contacts per agent was defined by age
using projections for Canada from the POLYMOD study (Table S6) (4). Contacts were then
distributed amongst agents based on location and defined by four contact matrices also derived
from Canadian projections from the POLYMOD study (Tables S7(a) to (d)) (4).

Table S6. Age-dependent daily contact rates, adapted from (4).

Daily contact
Category | Age group Za tes
Child1 0to4 9.0957
Child2 5t09 10.5341
Child3 10to 14 13.0621
Youth 15to 19 20.3667
Adultl 20 to 44 15.3519
Adult2 45to 54 14.9039
Adult3 55 to 64 11.0106
Seniorl 65 to 74 6.5229
Senior2 75 to 84 4.5929
Elderly 85 4.5929

Transmission probability (f) calibration

The transmission probability parameter was calibrated by fitting cumulative clinical cases from
the model to domestically-acquired Canadian cases per 100,000 from February 20 to March 26,
2020 using a simulation optimization engine in AnyLogic. The three-week delay in data fitting
was due to restrictions on optimization on integers. The end date was selected as we assumed the
impact of community closures in mid-March would be observed after March 26 and the goal was
to determine the natural transmission of SARS-CoV-2 in Canada prior to restrictive public health
intervention. The model was calibrated to the Canadian data assuming 20% of cases were detected
and isolated during their mild symptomatic period and 50% of contacts of the 20% of cases
detected were identified and quarantined to account for estimated intervention efforts in Canada
over this period (39). The calibrated transmission probability per contact value when applied to
the contact matrices in the model and the average duration of infectiousness returns an estimated
Roof 2.7 at the beginning of the outbreak in Canada. This is consistent with other studies (40). We
assumed susceptibility was uniform across age groups due to the current lack of evidence on this
phenomenon, for this reason, we fitted the transmission parameter uniformly across all age groups.
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Table S7. Contact matrices for a) home, b) school, ¢) workplace and d) mixed age venues, adapted from (4).
a) Home
0-4 5-9 10-14 15-19 20-44 45-54 55-64 65-74 75-84 85+
X1 X2
0-4 0.185268924 | 0.136841211 | 0.062772461 | 0.026486915 | 0.531074593 | 0.03755945 | 0.015109835 | 0.003183077 | 0.000851768 | 0.000851768
5-9 0.079574435 | 0.248676333 | 0.108828251 | 0.034129466 | 0.467304082 | 0.048113943 | 0.009440427 | 0.002962686 | 0.000485188 | 0.000485188
10-14 0.033961819 | 0.102913604 | 0.37182724 | 0.096565139 | 0.302666114 | 0.079605258 | 0.007342565 | 0.004159194 | 0.000479533 | 0.000479533
15-19 0.017385409 | 0.034227758 | 0.12479159 | 0.367875165 | 0.244262838 | 0.187289277 | 0.018563829 | 0.004803152 | 0.000400491 | 0.000400491
20-44 0.113845916 | 0.122409498 | 0.097124589 | 0.070114248 | 0.481927257 | 0.078010985 | 0.030122423 | 0.005147394 | 0.000648845 | 0.000648845
45-54 0.044172607 | 0.061014183 | 0.114531315 | 0.167415659 | 0.244274449 | 0.323341426 | 0.03645493 | 0.004878245 | 0.001958592 | 0.001958592
55-64 0.083402037 | 0.078014699 | 0.057054872 | 0.07080258 | 0.276447468 | 0.08018985 | 0.325864426 | 0.027005 | 0.000609534 | 0.000609534
65-74 0.052446418 | 0.100139912 | 0.09313197 | 0.064808552 | 0.258083077 | 0.060366748 | 0.073748958 | 0.281306523 | 0.007983922 | 0.007983922
75-84 0.063506226 | 0.077012341 | 0.121626883 | 0.095200131 | 0.21448991 | 0.177675224 | 0.053772675 | 0.065268719 | 0.065723945 | 0.065723945
85+ 0.063506226 | 0.077012341 | 0.121626883 | 0.095200131 | 0.21448991 | 0.177675224 | 0.053772675 | 0.065268719 | 0.065723945 | 0.065723945
b) School
0-4 5-9 10-14 15-19 20-44 45-54 55-64 65-74 75-84 85+
X1 X2
0-4 0.667455938 | 0.102112522 | 0.019015295 | 0.025222437 | 0.140713216 | 0.035820713 | 0.009659879 0 0 0
5-9 0.093550235 | 0.74692461 | 0.043109234 | 0.005861935 | 0.077623144 | 0.027317591 | 0.005613251 0 0 0
10-14 0.000609077 | 0.126442172 | 0.761358414 | 0.029027584 | 0.052282537 | 0.023829317 | 0.006450899 0 0 0
15-19 0.002700024 | 0.004018615 | 0.175545221 | 0.745851841 | 0.045619098 | 0.020741558 | 0.005523643 0 0 0
20-44 0.047182146 | 0.139244496 | 0.092980462 | 0.307656708 | 0.345093209 | 0.052082954 | 0.015760025 0 0 0
45-54 0.086538354 | 0.176213291 | 0.188880134 | 0.364729195 | 0.107361531 | 0.06051167 | 0.015765826 0 0 0
55-64 0.123645408 | 0.199257947 | 0.166457593 | 0.288427887 | 0.130244678 | 0.052309999 | 0.039656489 0 0 0
65-74 0 0 0 0 0 0 0 0 0 0
75-84 0 0 0 0 0 0 0 0 0 0
85+ 0 0 0 0 0 0 0 0 0 0
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¢) Workplace

0-4 5-9 10-14 15-19 20-44 45-54 55-64 65-74 75-84 85+
X1 )
0-4 0 0 0 0 0 0 0 0 0 0
5-9 0 0 0 0 0 0 0 0 0 0
10-14 0 0 0 0 0 0 0 0 0 0
15-19 0 0 0 0.230344513 | 0.609452032 | 0.135180423 | 0.025020481 | 2.5502E-06 0 0
20-44 0 0 0 0.050490031 | 0.708783724 | 0.20152575 | 0.039198385 | 2.11074E-06 0 0
45-54 0 0 0 0.045763147 | 0.612394359 | 0.282820703 | 0.059019454 | 2.33625E-06 0 0
55-64 0 0 0 0.037551598 | 0.610427672 | 0.267233687 | 0.084779535 | 7.50828E-06 0 0
65-74 0 0 0 0.041277242 | 0.504506081 | 0.24778632 | 0.180746366 | 0.025683991 0 0
75-84 0 0 0 0 0 0 0 0 0 0
85+ 0 0 0 0 0 0 0 0 0 0
d) Mixed age venues
0-4 5-9 10-14 15-19 20-44 45-54 55-64 65-74 75-84 85+
X1 )
0-4 0.168139804 | 0.073182455 | 0.037321849 | 0.031165597 | 0.401946649 | 0.118595541 | 0.101926314 | 0.057947786 | 0.004887003 | 0.004887003
5-9 0.073632396 | 0.278855522 | 0.101848468 | 0.031936905 | 0.314583842 | 0.07404201 | 0.075324436 | 0.040830057 | 0.004473181 | 0.004473181
10-14 0.019946287 | 0.106621397 | 0.375858913 | 0.066411771 | 0.262526143 | 0.086224369 | 0.041503389 | 0.030674833 | 0.005116449 | 0.005116449
15-19 0.008794229 | 0.027834342 | 0.129072814 | 0.437577757 | 0.291204474 | 0.068153243 | 0.021106225 | 0.013213285 | 0.001521815 | 0.001521815
20-44 0.024976547 | 0.023353486 | 0.02849828 | 0.074076533 | 0.610138038 | 0.133566987 | 0.067573564 | 0.031134162 | 0.003341201 | 0.003341201
45-54 0.011246284 | 0.020290879 | 0.024054085 | 0.044471599 | 0.473232159 | 0.239180085 | 0.12707165 | 0.051900294 | 0.004276483 | 0.004276483
55-64 0.015610564 | 0.01520968 | 0.014876674 | 0.022550805 | 0.436932485 | 0.183184314 | 0.205882008 | 0.095600726 | 0.005076372 | 0.005076372
65-74 0.010953225 | 0.016417351 | 0.014351632 | 0.023580045 | 0.358445882 | 0.164433878 | 0.213938798 | 0.180408283 | 0.008735454 | 0.008735454
75-84 0.015412188 | 0.015768683 | 0.023208638 | 0.014490252 | 0.315027559 | 0.183117471 | 0.166447925 | 0.205473912 | 0.030526687 | 0.030526687
85+ 0.015412188 | 0.015768683 | 0.023208638 | 0.014490252 | 0.315027559 | 0.183117471 | 0.166447925 | 0.205473912 | 0.030526687 | 0.030526687
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Baseline calibration to Canadian data and public health interventions applied in Canada

The first 94 days in the model represents the Canadian baseline (February 7 to May 10, 2020).
This is the period in which we initially observe community transmission in Canada and case
detection, isolation and contact tracing is applied from the onset. By mid-March (March 16, 2020),
heavy restrictions are put in place with the closure of schools and non-essential businesses in many
provinces and territories. In the baseline scenario, these closures are lifted on Monday, May 11,
2020; though we recognise some provinces and territories lifted much earlier while others are still
in the early stages of re-opening. The baseline assumes the following non-pharmaceutical
interventions have been applied for the first 94 days, these are based on data (which are referenced
below) or are estimated:

e 20% of symptomatic cases are identified via contact tracing and isolated for their
remaining infectious period — based on the estimated number of symptomatic cases
believed to be reported in Canada derived from mortality rate, the estimate has changed
from 31% (March) to 17% (April) (39)

e 50% of household members of identified cases also co-isolate (estimate)

e 50% of those exposed by the 20% symptomatic cases detected are identified via contact
tracing and quarantined before they are infectious (estimate)

e 100% of schools, 40% of workplaces and 50% of mixed age meeting venues are closed
for an 8-week period from March 16 to May 10, 2020) — based on the combined averages
for Canada from four Google Mobility reports dated March 29, April 11, April 26 and
May 9 that cover this 8-week period (41, 42)

In addition, we assume there has also been a general 20% reduction in contact rate as a result of
personal physical distancing (estimate) but supported by survey data (43, 44). We did not apply a
higher reduction in contact rate because in the model, the closures already account for a reduction
in contacts in agents who are regularly in contact with each other. As it is difficult to separate out
the reduction in contact due to closures, we estimated a general 20% reduction in contact rate in
addition to reduction in contacts because of closures. Physical distancing is only applied outside
of the household.

Figure S2 compares the mean daily incidence from 200 model runs (50 each from Scenarios 1 to
4) during the baseline period (February 7 to May 10, 2020) to the Canadian incidence data
(February 7 to June 2, 2020), in particular, we compare predicted clinical cases to locally acquired
reported cases not associated with long-term care facility outbreaks and hospital transmission. The
Canadian data are provided to PHAC from the provinces and territories and cases are presented by
their date of onset in Figure S2. We calculated the root-mean-squared error (RMSE) to quantify
the model fit to Canadian data. The lowest RMSE value (0.55278) was observed at a 23-day lag
between the predicted cases and the observed cases. The 23-day delay is primarily due to the
conversion of Canadian cases to cases per 100,000 persons which explains the lengthy burn-in
period that is not observed in the model. However, the model is a fairly accurate representation of
the overall Canadian situation with the peak occurring just before restrictive measures are put in
place peaking at 4 clinical cases per 100,000 in the model, this corresponds to the peak in
domestically-acquired Canadian cases at the peak of the current wave (1,422 new cases reported
on April 13; ~3.8 cases per 100,000). Contributing to the delay may be recall bias on the onset
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173  date. We note that the onset date was missing for approximately 25% of cases, the date of report
174  lagged by 7 days was used as a proxy for the presumed onset date for these cases. For the last three
175  weeks of the time series, the status of patients that were associated with long-term care facility
176  outbreaks and hospital transmission were no longer available so some of these cases remain in the
177  Canadian dataset thus contributing to a larger difference between the observed and predicted
178  values.

179

180  Figure S2 Comparison between locally-acquired Canadian cases by onset date and the
181  predicted clinical cases in the baseline scenario with a 23-day lag. We assume community
182  transmission in Canada began on February 7, 2020.

183

Baseline model comparison with Canadian data
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Interpreting the outputs of the agent-based model

Agent-based models are well suited for modelling events that occur by chance, for this reason, we
have developed a SARS-CoV-2 transmission model using agent-based simulation. By chance, an
infected agent can instigate an outbreak that spreads widely in the population (as has been seen in
multiple countries with imported cases returning) but in the same modelling simulation, we may
not observe secondary cases caused by an the infected agent (also likely to occur in reality but is
unknown). The dichotomy in outcome in the agent-based model is more likely to be observed in
scenarios in which enhance measures are applied and in which there are a small number of agents
infected. Because of the range in outcomes that can be observed in the same scenario, we present
our results as median values with the 2.5 percentile and 97.5™ percentile presented as 95%
credible intervals. The 95% credible intervals are therefore asymmetrical and the wider the 95%
credible interval, the more dichotomous the outcomes were across the 50 realizations. In contrast,
in scenarios where an outbreak is likely to occur (for example, the no intervention scenario), the
credible intervals will be closer to the median indicating the outcome across the 50 realizations
were all similar, i.e. there is more certainty in the results. Therefore, we may see some model
scenarios with estimates that are very precise, these outcomes indicate a scenario that will produce
an outcome that is reliable and reproducible. There are two scenarios when this will occur, when
the intervention levels are set extremely high so that infected agents are unable to infected other
agents in the population (extinction is observed 100% of the time) or in the no intervention
scenario, where agents will continue to infected each other until herd immunity is reached in the
population, in this case, ~65% of the population.

Appendix to: Ng V, Fazil A, Waddell LA, et al. Projected impacts of nonpharmaceutical public health interventions to prevent resurgence of
SARS-CoV-2 transmission in Canada. CMAJ 2020. doi: 10.1503/cmaj.200990. Copyright © 2020 Joule Inc. or its licensors



207

208
209
210
211

212
213

214
215
216
217

218
219

Exploring the impact of interventions on their own

Figure S3. No intervention model. Severe cases are assumed to stay home and self-isolate and
are therefore not considered a source for community transmission (but can be a source for
household transmission; household contacts are reduced by 50% for agents in self-isolation).
Final total attack rate of 64.6% (95% CI, 63.9%-65.0%).
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Figure S4. Model with partial community closure (100% of schools, 40% of workplaces and
50% of mixed age venues) applied on March 16, 2020 (day 38) and remaining active for the
remaining model run (day 700); total duration of 662 days. The shaded green area indicates
the period in which closure is in place). Final total attack rate of 7.6% (95% CI, 0.36-13.2%).
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220  Figure S5. Model with sustained personal physical distancing resulting in a 20% reduction
221  in contact rate when outside of the household. Intervention is active for the duration of the
222  model run. Final total attack rate of 54.0% (95% CI, 53.0%-54.8%).
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224 Figure S6. Model identifying 20% of sick individuals and placing them in isolation for the
225 remainder of their infectious period. 50% of household members co-isolate. Intervention is
226 active for the duration of the model run. Final total attack rate of 59.3% (95% CI, 0.04%-
227  60.0%).
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229  Figure S7. Model identifying 50% of exposed individuals via contact tracing (of 20% of
230  cases detected) and placing them in quarantine before they are infectious. Intervention is
231 active for the duration of the model run. Final total attack rate of 62.5% (95% CI, 62.0%-
232 63.3%).

50% contacts traced (of 20% detected) and quarantined
50 realizations (black line = median)
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235  Figure S8. Model with 20% cases detected and isolated with 50% household co-isolation,
236 50% of contacts of the 20% cases detected traced and quarantined and 20% contact rate
237  reduction due to physical distancing. Interventions are active for the entire duration of the
238 model run. Final total attack rate of 42.3% (95% CI, 0.03%-43.3%).
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Figure S9.

Projected hospitalization bed utilization showing daily hospitalization prevalence per 100,000 persons for Scenarios 1
(minimal control), 2 (maintained physical distancing), 3 (enhanced case detection and contact tracing) and 4 (combined interventions) with
extended school closure. Prevalent cases include those requiring general hospitalization in addition to those requiring pre-ICU and post-
ICU hospitalization resulting from COVID-19. The maximum Canadian hospital capacity is represented by the dashed horizontal red lines.

Median values are represented by the black line. Each grey line represents one model realization out of a total of 50 per scenario.

Scenario 1: Hospitalizations

black line = median; red line = hospital capacity for COVID-19 patients

Scenario 2: Hospitalizations

black line = median; red line = hospital capacity for COVID-19 patients
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Figure S10.

Projected ICU bed utilization showing daily ICU prevalence per 100,000 persons for Scenarios 1 (minimal control), 2
(maintained physical distancing), 3 (enhanced case detection and contact tracing) and 4 (combined interventions) with extended school
closure. The maximum Canadian ICU bed capacity is represented by the dashed horizontal red lines. Median values are represented by the

black line. Each grey line represents one model realization out of a total of 50 per scenario.

Scenario 1: ICU admissions
black line = median; red line = ICU capacity for COVID-19 patients)

Scenario 2: ICU admissions
black line = median; red line = ICU capacity for COVID-19 patients)
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Figure S11. Projected hospitalization bed utilization showing daily hospitalization prevalence per 100,000 persons for Scenarios 1
(minimal control), 2 (maintained physical distancing), 3 (enhanced case detection and contact tracing) and 4 (combined interventions) with
extended workplace and mixed age venue closures. Prevalent cases include those requiring general hospitalization in addition to those
requiring pre-ICU and post-ICU hospitalization resulting from COVID-19. The maximum Canadian hospital capacity is represented by
the dashed horizontal red lines. Median values are represented by the black line (the majority of realizations in these scenarios did not result
in an outbreak, the median values sit on 0). Each grey line represents one model realization out of a total of 50 per scenario.
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Figure S12.

one model realization out of a total of 50 per scenario.

Projected ICU bed utilization showing daily ICU prevalence per 100,000 persons for Scenarios 1 (minimal control), 2
(maintained physical distancing), 3 (enhanced case detection and contact tracing) and 4 (combined interventions) with extended school
closure. The maximum Canadian ICU bed capacity is represented by the dashed horizontal red lines. Median values are represented by the
black line (the majority of realizations in these scenarios did not result in an outbreak, the median values sit on 0). Each grey line represents

Scenario 1: ICU admissions
black line = median; red line = ICU capacity for COVID-19 patients)

Scenario 2: ICU admissions
black line = median; red line = ICU capacity for COVID-19 patients)
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Sensitivity Analyses

We present a sensitivity analysis on the transmission parameter () by modifying B to explore the
impact this parameter has on case incidence and prevalence of hospital and ICU bed utilization
with the public health interventions applied in the 4 scenarios (Table 2). Figures S13 to S16 show
the degree to which B has an impact on epidemic trajectory. Figures S17 to S19 show the range in
impact f would have on our healthcare system in terms of hospital beds and Figures S20 to S24
show the impact § would have on ICU bed utilization. To summarize:

1. With Ro = 2.0 (=0.0303), minimal control resulted in the elimination of the epidemic in most
realizations, an endemic state of transmission in some realizations under maintained physical
distancing, and epidemic elimination with enhanced case detection and contact tracing and
combined interventions. Hospital and ICU bed utilization were within capacity under all
scenarios except minimal control. Only in some realizations under minimal control are hospital
and ICU bed utilizations projected to be over capacity.

2. With Ro = 2.4 ($=0.0364), half of the realizations under minimal control resulted in an
epidemic, while just under half under maintained physical distancing resulted in an epidemic;
these realizations are projected to utilize more hospital and ICU beds than available. Enhanced
case detection and contact tracing and combined interventions are projected to be sufficient to
control the epidemic and hospital and ICU bed utilizations are projected to be within what is
available.

3. With Ro = 2.7 (B=0.0393), our estimated Ro according to the initial trajectory of community
transmission in Canada, the minimal control and maintained physical distancing scenarios
indicate the interventions applied are not sufficient to control an epidemic once restrictive
measures are lifted. The enhanced case detection and contact tracing scenario indicates the
interventions applied are sufficient to control the epidemic in over half of the realizations but
may not be enough for the remaining realizations, i.e. there is some uncertainty as to whether
enhanced case detection and contact tracing issufficient to control an epidemic. Only under
combined interventions were the interventions sufficient to control the epidemic; but some
realizations indicate control may not occur until Fall 2021. Accordingly, hospital and ICU bed
utilizations under minimal control and maintained physical distancing are projected to be over
capacity, there is some uncertainty with resources under enhanced case detection and contact
tracing but no anticipated shortage of resources if combined interventions are applied.

4. With Ro = 3.0 ($=0.0454), it is anticipated the levels of interventions applied in all four
scenarios are insufficient to eliminate an epidemic. Hospital bed utilization may be within
current capacity only under combined interventions while ICU bed utilization is anticipated to
be just at capacity. All other scenarios indicate a shortage of hospital and ICU beds unless
restrictive measures are reimplemented.

The sensitivity analysis indicates that the model results are dependent on f. Studies indicate that
Ro for SARS-CoV-2 is likely to be between 2.4 and 3.0 (40), which is higher than the Ro for
seasonal influenza. Our analysis suggests only under enhance control measures (Scenarios 3 and
4) can we control the epidemic with certainty across a range of [ values; the occasional
implementation of restrictive closures may be necessary to prevent overwhelming our healthcare
system. Comprehensive tables of the model outputs from the sensitivity analysis is presented in
Appendix 2 (Tables S5 to S8).
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Figure S13  Projected epidemic curves showing daily case incidence per 100,000 persons for Scenario 1 (minimal control) with comparison
between four R0 values. The green bar represents the period from March 16 to May 10, 2020 corresponding to restrictive closures. These
figures show the degree to which modifying Ry by changing the transmission parameter () to 0.0303 (Ro=2.0), 0.0364 (R¢=2.4) and 0.0454
(Ro=3.0) from the fitted value of 0.0393 (R=2.7) modifies epidemic trajectory. Median values are represented by the black line. Each grey
line represents one model realization out of 50 per scenario. In the scenario for Ro= 2.0, the median line is not visible because most
realizations did not result in an epidemic.
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Figure S14  Projected epidemic curves showing daily case incidence per 100,000 persons for Scenario 2 (maintained physical distancing)
with comparison between four R0 values. The green bar represents the period from March 16 to May 10, 2020 corresponding to restrictive
closures. These figures show the degree to which modifying Ry by changing the transmission parameter () to 0.0303 (R¢=2.0), 0.0364
(Ro=2.4) and 0.0454 (R¢o=3.0) from the fitted value of 0.0393 (R=2.7) modifies epidemic trajectory. Median values are represented by the
black line. Each grey line represents one model realization out of 50 per scenario. In the Ro= 2.0 scenario, the median line is only visible at
the start of the epidemic and the scale is smaller. In the scenario for Ro= 2.4, the median line is not visible because most realizations did not
result in an epidemic.
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Figure S15  Projected epidemic curves showing daily case incidence per 100,000 persons for Scenario 3 (enhanced case detection and
contact tracing) with comparison between four R0 values. The green bar represents the period from March 16 to May 10, 2020
corresponding to restrictive closures. These figures show the degree to which modifying Ry by changing the transmission parameter (p) to
0.0303 (R¢=2.0), 0.0364 (Ro=2.4) and 0.0454 (R¢=3.0) from the fitted value of 0.0393 (R=2.7) modifies epidemic trajectory. Median values
are represented by the black line. Each grey line represents one model realization out of 50 per scenario. The scale is smaller in the scenarios
for Ro= 2.0 and Ro=2.4. In the scenario for Ro= 2.7, the median line is not visible because most realizations did not result in an epidemic.
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Figure S16

epidemic occur.

Projected epidemic curves showing daily case incidence per 100,000 persons for Scenario 4 (combined interventions) with
comparison between four R0 values. The green bar represents the period from March 16 to May 10, 2020 corresponding to restrictive
closures. These figures show the degree to which modifying Ry by changing the transmission parameter () to 0.0303 (R¢=2.0), 0.0364
(Ro=2.4) and 0.0454 (R¢y=3.0) from the fitted value of 0.0393 (R=2.7) modifies epidemic trajectory. Median values are represented by the
black line. Each grey line represents one model realization out of S0 per scenario. Only in the R¢=3.0 scenario did a large-scale multi-year
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Figure S17. Projected hospitalization bed utilization showing daily hospitalization prevalence per 100,000 persons for Scenario 1 (minimal
control) with comparison between four Ry values. Prevalent cases include those requiring general hospitalization in addition to those
requiring pre-ICU and post-ICU hospitalization resulting from COVID-19. The maximum Canadian hospital bed capacity is represented
by the dashed horizontal red lines (64 per 100,000 persons). Median values are represented by the black line. Each grey line represents one
model realization out of 50 per scenario. Figures show the degree to which modifying Ry by changing the transmission parameter (f§) to
0.0303 (R¢=2.0), 0.0364 (R¢=2.4) and 0.0454 (R¢=3.0) from the fitted value of 0.0393 (R=2.7) has on projected hospital bed utilization.
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Figure S18.

hospital bed utilization.

Projected hospitalization bed utilization showing daily hospitalization prevalence per 100,000 persons for Scenario 2
(maintained physical distancing) with comparison between four Ry values. Prevalent cases include those requiring general hospitalization
in addition to those requiring pre-ICU and post-ICU hospitalization resulting from COVID-19. The maximum Canadian hospital bed
capacity is represented by the dashed horizontal red lines (64 per 100,000 persons). Median values are represented by the black line. Each
grey line represents one model realization out of 50 per scenario. Figures show the degree to which modifying Ry by changing the
transmission parameter (p) to 0.0303 (R¢=2.0), 0.0364 (Ro=2.4) and 0.0454 (R¢y=3.0) from the fitted value of 0.0393 (R=2.7) has on projected
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black line = median; red line = hospital capacity for COVID-19 patients black line = median; red line = hospital capacity for COVID-19 patients
& 8004 & 800
® ©
N N
S s
S ‘a
ge 600 g2 6004
23 23
28 28
33 4 58 4004
38_ 400 88
nS S
2% 2%
S8 2004 88 2001
5 5
© o ______ S e Py AN NN
3 o 0l
Dt O_ T T T T T T T T T o T T . T T T T . T T T
Feb April July Oct Jan April July Oct Jan Feb April July Oct Jan April July Oct Jan
2020 2021 2022 2020 2021 2022
Scenario 2: Hospitalizations (R0=2.7) Scenario 2: Hospitalizations (R0=3.0)
black line = median; red line = hospital capacity for COVID-19 patients black line = median; red line = hospital capacity for COVID-19 patients
_5 8004 _S 800 -
g g
S s
go 600 g 2 600+
< 8 < o
28 28
=5 | 53 4001
%8_ 400 58
?S 03
o A
© B 200 8 o 200
(SN I o
5 5
& R ‘ ‘ ‘ ‘ ‘ ‘ — e * AFTb April  Jul Oct  Ja April  Jul Oct  Ja
Feb April Jul Oct J April Jul Oct Ja €b Apri uly Cl an pri uly Cf an
2020 " Y ¢ 2021 or Y ¢ 020 " 2020 2021 2022




N o o WN

Figure S19. Projected hospitalization bed utilization showing daily hospitalization prevalence per 100,000 persons for Scenario 3
(enhanced case detection and contact tracing) with comparison between four Ry values. Prevalent cases include those requiring general
hospitalization in addition to those requiring pre-ICU and post-ICU hospitalization resulting from COVID-19. The maximum Canadian
hospital bed capacity is represented by the dashed horizontal red lines (64 per 100,000 persons). Median values are represented by the black
line. Each grey line represents one model realization out of 50 per scenario. Figures show the degree to which modifying Ro by changing the
transmission parameter (p) to 0.0303 (R¢=2.0), 0.0364 (R¢=2.4) and 0.0454 (R¢y=3.0) from the fitted value of 0.0393 (R=2.7) has on projected
hospital bed utilization.
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Figure S20. Projected hospitalization bed utilization showing daily hospitalization prevalence per 100,000 persons for Scenario 4
(combined interventions) with comparison between four Ry values. Prevalent cases include those requiring general hospitalization in
addition to those requiring pre-ICU and post-ICU hospitalization resulting from COVID-19. The maximum Canadian hospital bed capacity
is represented by the dashed horizontal red lines (64 per 100,000 persons). Median values are represented by the black line. Each grey line
represents one model realization out of 50 per scenario. Figures show the degree to which modifying R¢ by changing the transmission
parameter () to 0.0303 (R¢=2.0), 0.0364 (Ro=2.4) and 0.0454 (R¢=3.0) from the fitted value of 0.0393 (R=2.7) has on projected hospital bed
utilization.
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Figure S21. Projected ICU bed utilization showing daily ICU prevalence per 100,000 persons for Scenario 1 (minimal control) with
comparison between four Ry values. The maximum Canadian ICU bed capacity for COVID-19 patients is represented by the dashed
horizontal red lines (5 per 100,000 persons). Median values are represented by the black line. Each grey line represents one model realization
out of 50 per scenario. Figures show the degree to which modifying Ry by changing the transmission parameter (f§) to 0.0303 (R¢=2.0), 0.0364
(Ro=2.4) and 0.0454 (R¢=3.0) from the fitted value of 0.0393 (R=2.7) has on projected ICU bed utilization.

Scenario 1: ICU admissions (R0=2.0) Scenario 1: ICU admissions (R0=2.4)
black line = median; red line = ICU capacity for COVID-19 patients black line = median; red line = ICU capacity for COVID-19 patients
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Figure S22. Projected ICU bed utilization showing daily ICU prevalence per 100,000 persons for Scenario 2 (maintained physical
distancing) with comparison between four Ro values. The maximum Canadian ICU bed capacity for COVID-19 patients is represented by
the dashed horizontal red lines (5 per 100,000 persons). Median values are represented by the black line. Each grey line represents one
model realization out of 50 per scenario. Figures show the degree to which modifying Ry by changing the transmission parameter (f§) to

0.0303 (Ro=2.0), 0.0364 (R¢=2.4) and 0.0454 (R¢=3.0) from the fitted value of 0.0393 (R=2.7) has on projected ICU bed utilization.

Scenario 2: ICU admissions (R0=2.0) Scenario 2: ICU admissions (R0=2.4)
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Figure S23. Projected ICU bed utilization showing daily ICU prevalence per 100,000 persons for Scenario 3 (enhanced case detection and
contact tracing) with comparison between four Ry values. The maximum Canadian ICU bed capacity for COVID-19 patients is represented
by the dashed horizontal red lines (5 per 100,000 persons). Median values are represented by the black line. Each grey line represents one
model realization out of 50 per scenario. Figures show the degree to which modifying Ry by changing the transmission parameter (f§) to

0.0303 (Ro=2.0), 0.0364 (R¢=2.4) and 0.0454 (R¢=3.0) from the fitted value of 0.0393 (R=2.7) has on projected ICU bed utilization.

Scenario 3: ICU admissions (R0=2.0) Scenario 3: ICU admissions (R0=2.4)
black line = median; red line = ICU capacity for COVID-19 patients black line = median; red line = ICU capacity for COVID-19 patients
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Figure S24. Projected ICU bed utilization showing daily ICU prevalence per 100,000 persons for Scenario 4 (combined interventions) with
comparison between four Ry values. The maximum Canadian ICU bed capacity for COVID-19 patients is represented by the dashed
horizontal red lines (5 per 100,000 persons). Median values are represented by the black line. Each grey line represents one model realization
out of 50 per scenario. Figures show the degree to which modifying Ry by changing the transmission parameter (f§) to 0.0303 (R¢=2.0), 0.0364
(Ro=2.4) and 0.0454 (R¢=3.0) from the fitted value of 0.0393 (R=2.7) has on projected ICU bed utilization.

Scenario 4: ICU admissions (R0=2.0) Scenario 4: ICU admissions (R0=2.4)
black line = median; red line = ICU capacity for COVID-19 patients black line = median; red line = ICU capacity for COVID-19 patients
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