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S ince the identification of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) in December 2019 in 
China, coronavirus disease 2019 (COVID-19) has caused 

more than 850 000 confirmed cases across 180 countries, includ-
ing Canada.1 As of Mar. 31, 2020, there were 8591 total confirmed 
cases across Canada, including cases caused by local transmis-
sion in several communities. The current approach to public 
health at the federal level aims at decreasing disease transmis-
sion through social-distancing strategies and self-isolation of 
people who are potentially exposed to disease or those with 
symptoms who do not need hospital care.

Initial outbreaks and experience in affected countries show a sub-
stantial surge in demand for hospital and critical care of COVID-19 
patients.2–7 Public health efforts to mitigate this surge focus on volun-
tary social-distancing behavioural changes such as self- isolation, 
reduced mass gatherings and better hygiene practices. Until vaccines 
or therapies are available, these effective nonpharmaceutical inter-
ventions are intended to decrease the rate of rise of new infections so 
that new cases occur over a more prolonged period, often referred to 

as “flattening the curve.” This approach is to avoid overwhelming 
health care systems,7 which have finite capacity. Although these 
measures contribute to overall pandemic response strategies, they 
are not expected to contain COVID-19 outbreaks. 

A primary concern in public health planning is the use of 
health care resources for treatment of patients needing critical 
care.8 For example, in Winnipeg, Manitoba, critical care was 
severely challenged during the initial peak of the influenza A 
(H1N1) virus pandemic in June 2009, as intensive care units (ICUs) 
were at full capacity.9,10 At the peak of the second wave, usage of 
invasive ventilators was 14% greater than average, with 50% of 
this increase being caused by cases of H1N1-associated illness.8 
With Canadian ICU bed occupancy already close to capacity 
before a public health crisis11 and varying widely across jurisdic-
tions,12 it is imperative to ascertain the extent to which these 
resources will be required in a COVID-19 outbreak scenario.

Our objective was to project the timing and magnitude of 
demand for critical care beds at the peak of COVID-19 outbreaks 
in Canadian provinces. 
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ABSTRACT
BACKGROUND: Increasing numbers of 
coronavirus disease 2019 (COVID-19) 
cases in Canada may create substantial 
demand for hospital admission and crit-
ical care. We evaluated the extent to 
which self-isolation of mildly ill people 
delays the peak of outbreaks and 
reduces the need for this care in each 
Canadian province.

METHODS: We developed a computa-
tional model and simulated scenarios 
for COVID-19 outbreaks within each 
province. Using estimates of COVID-19 
characteristics, we projected the hospi-
tal and intensive care unit (ICU) bed 

requirements without self-isolation, 
assuming an average number of 
2.5 second ary cases, and compared 
 scenarios in which different proportions 
of mildly ill people practised self- 
isolation 24  hours after symptom onset.

RESULTS: Without self-isolation, the 
peak of outbreaks would occur in the 
first half of June, and an average of 
569 ICU bed days per 10 000 population 
would be needed. When 20% of cases 
practised self-isolation, the peak was 
delayed by 2–4 weeks, and ICU bed 
requirement was reduced by 23.5% 
compared with no self-isolation. 

Increasing self-isolation to 40% reduced 
ICU use by 53.6% and delayed the peak 
of infection by an additional 2–4 weeks. 
Assuming current ICU bed occupancy 
rates above 80% and self-isolation of 
40%, demand would still exceed avail-
able (unoccupied) ICU bed capacity.

INTERPRETATION: At the peak of COVID-
19 outbreaks, the need for ICU beds will 
exceed the total number of ICU beds even 
with self-isolation at 40%. Our results 
show the coming challenge for the health 
care system in Canada and the potential 
role of self-isolation in reducing demand 
for hospital-based and ICU care.
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Methods

We developed an age-structured, agent-based model and para-
meterized it with the age distribution of the population in each 
province as well as early estimates of COVID-19–specific charac-
teristics. In scenario analyses, we considered self-isolation by 
mildly symptomatic cases as a control measure and evaluated its 
effect on the outbreak trajectory and the need for critical care. 
We simulated the model under the scenarios in which the aver-
age number of secondary infections, referred to as the basic 
reproduction number R0, was 2 and 2.5.13,14

Model structure
We developed a stochastic, age-stratified, agent-based computa-
tional model for the transmission dynamics of COVID-19. This com-
putational model simulates autonomous agents (representing indi-
viduals in a human population) and their interactions within a 
constrained virtual environment. We accounted for the various epi-
demiologic statuses of individuals, including susceptible; infected 
and incubating; infectious and symptomatic with mild, severe or crit-
ical illness; recovered; and dead (Figure 1). For each province, we 
stratified the population into 5 age groups — 0–4 years, 5–19 years, 
20–49 years, 50–64 years and ≥ 65 years — based on demographic 
data from the latest Canadian census.15 We simulated disease trans-
mission within and among these age groups by considering an 
empirically determined contact network.16 Specifically, we sampled 
the daily number of contacts for each individual from an age- specific 
negative-binomial distribution (Appendix 1, Table A1, available at 
www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.200457/-/DC1), based 
on a contact matrix for urban and densely populated regions.

Disease dynamics
We implemented disease transmission probabilistically for con-
tacts between susceptible and symptomatic individuals, with a 
daily transmission probability determined through model calibra-
tion (Table 1). After infection, the newly infected individuals 
entered an incubation period for an average of 5.2 days.13,18 After 
the incubation period, individuals entered a symptomatic phase, 
with an average communicability period of 4.6 days. We calculated 
this period using an estimated average of 7.5 days for the serial 
interval (defined as the duration between the onset of symptoms 
in an index case to the onset of symptoms in a secondary case).13 
Symptomatic cases had an age-dependent probability of develop-
ing mild, severe or critical illness.7,19 We assumed that the relative 
infectivity of individuals with mild illness compared with those 
with severe illness was reduced by 50%.17

Infection outcomes
We assumed that mild cases would recover without the need for 
hospital admission, but may practise self-isolation. Hospital and 
ICU admissions were considered for severe and critically ill indi-
viduals. For those who were admitted to hospital, the average 
time from symptom onset to admission was uniformly sampled 
in the range of 2 to 5 days.7,20 Patients in hospital were assumed 
to be effectively isolated by infection prevention and control 
measures and to no longer spread infection. Patients admitted to 
the hospital occupied a non-ICU bed for an average of 11.5 days 
before recovery.7,20 Further, patients in hospital had an age-
dependent probability of being admitted to the ICU. For these 
patients, the average length of ICU bed occupancy was 14.4 days 
before recovery.7

Hospitalized
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Figure 1: Schematic diagram of the model for natural history of the disease and implementation of self-isolation and hospital admission. Note: ICU = 
intensive care unit.
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Self-isolation
Symptomatic individuals who practised self-isolation were 
assumed to stay isolated until the end of their infectious period. 
In our model, the effect of self-isolation was implemented by 
reducing the number of daily contacts to a maximum of 3. In the 
absence of data quantifying the proportion of symptomatic indi-
viduals who practise self-isolation, we varied this proportion in 
the range 0%–80%, 24 hours after symptom onset. For severe 
cases, we assumed 80% would self-isolate within 24 hours after 
symptom onset before hospital admission. Our assumption is 
based on previous estimates,22 as well as on the perceived seri-
ousness of COVID-19 infection and emphasis on social distancing 
and isolation by public health agencies.

Critical care capacity
A 2015 national cross-sectional study estimated a total of 
3170  ICU beds capable of invasive ventilation across Canada.12 
To project the hospital and ICU bed demand at the peak of out-
breaks, we calculated the number of existing ICU beds in each 
province and estimated the unoccupied ICU beds that could be 

used for treatment of COVID-19 patients, assuming a conserva-
tive occupancy rate of 80% for existing beds.23

Model implementation
To project the hospital and ICU bed demand for each province, we 
calibrated the model to a reproduction number R0 = 2.5 for the 
base-case scenario, as well as an alternative scenario of R0  = 
2.0.13,14 Model parameter values were informed by latest estimates 
of COVID-19 characteristics and were sampled from relevant dis-
tributions (Table 1). The model was computationally imple-
mented in Julia language.24 We seeded all simulations with 
5 in itial symptomatic cases within a population of 10 000 individ-
uals, with the start date of Mar. 1, 2020. We averaged the results 
for daily incidence of infection and hospital admission over 
500 independent simulations. We estimated the average number 
of ICU bed days needed over the course of COVID-19 outbreaks 
using the mean prevalence of all simulations, counting the cumu-
lative number of days that ICU beds were occupied by patients 
during the outbreak. The computational system is available at 
https://github .com/affans/covid19abm.jl.

Table 1: Description of parameters and their values or ranges for each age group

Description

Age group

References0–19 yr 20–49 yr 50–64 yr ≥ 65 yr

Transmission probability per contact, 
calibrated to R0 = 2, 2.5
    R0 = 2
    R0 = 2.5

0.0356
0.0455

0.0356
0.0455

0.0356
0.0455

0.0356
0.0455

Li et al.,13  Wu et al.14

Relative infectivity of mild illness compared 
with severe and critical illness

0.5 0.5 0.5 0.5 Li et al.17

Average duration of incubation period, d LogN 
(5.2, 0.1)

LogN 
(5.2, 0.1)

LogN 
(5.2, 0.1)

LogN 
(5.2, 0.1)

Li et al.,13 Lauer et al.18

Proportion of cases who exhibit mild symptoms 
(based on reported cases in different age groups)

0.80 0.80 0.40 0.20 Moghadas et al.,7 
WHO19

Average infectious period, d 4.6 4.6 4.6 4.6 Estimated

Probability of self-isolation after symptom 
onset for severe and critical cases

0.80 0.80 0.80 0.80 Assumed

Probability of self-isolation after symptom 
onset for mild cases

0–0.8 0–0.8 0–0.80 0–0.80 Varied

Time from symptom onset to self-isolation, d 1 1 1 1 Assumed

Average time from symptom onset to hospital 
admission, d

Unif 
(2, 5)

Unif 
(2, 5)

Unif 
(2, 5)

Unif 
(2, 5)

Moghadas et al.,7 
Sanche et al.20

Proportion of symptomatic patients with 
severe and critical illness requiring hospital 
care or ICU

Unif 
(0.02, 0.03)

Unif 
(0.28, 0.34)

Unif 
(0.28, 0.34)

Unif 
(0.60, 0.68)

Estimated from WHO,19 
MIDAS21

Proportion of cases admitted to hospital who 
require ICU

Unif 
(0.01, 0.013)

Unif 
(0.03, 0.05)

Unif 
(0.05, 0.2)

Unif 
(0.05, 0.15)

Estimated from MIDAS21

Length of hospital stay before recovery, d Gamma (4.5, 2.75) truncated between 8 and 17 Moghadas et al.,7 
Sanche et al.20

Length of ICU stay before recovery, d Gamma (4.5, 2.75) truncated between 10 and 19 Moghadas et al.,7 
Sanche et al.20

Note: Gamma(a, b) = gamma distribution with shape parameter a and scale parameter b, ICU = intensive care unit, LogN(a,b) = log normal distribution with shape parameter a and 
scale parameter b, Unif (a, b) = uniform distribution with mean a and standard deviation b. 
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Ethics approval
This research was based on publicly available data and therefore 
did not  require ethics approval. 

Results

The number of existing ICU beds in each province ranged from 
0.63 to 1.85 per 10 000 population. Assuming an existing occu-
pancy rate of 80%, we estimated that unoccupied ICU beds avail-
able for treatment of COVID-19 patients would range across prov-
inces from 0.13 to 0.37 per 10 000 population (Table 2).

In the base-case scenario of R0 = 2.5 without self-isolation by mild 
cases, we projected that each province would need an average of 
569 ICU bed days (range 548–587) per 10 000 population over the 
course of COVID-19 outbreaks across all provinces (Figure 2). In this 

scenario, the outbreaks lasted for 36 weeks (Appendix 1, Figures A1–
A4). Alberta was projected to have the largest utilization of ICU (mean 
587 bed days per 10 000 population; median 589; interquartile range 
[IQR] 525–657), whereas Prince Edward Island would have the lowest 
(mean 561 bed days per 10 000 population; median 566; IQR 497–623) 
(Figure 2). We estimated that an average of 41 ICU beds per 10 000 pop-
ulation would be required for the duration of outbreaks in each prov-
ince. This average corresponds to the cumulative number of patients 
requiring ICU admission during the outbreak. We projected the peak of 
infection to occur in the first half of June (Figure 3), followed by the 
peak of prevalence for admissions to hospital in mid- to late June 
(Appendix 1, Appendix Figures A1–A4). Although differences across 
provinces were small, we projected that Manitoba and British Colum-
bia would have the largest need for ICU beds per 10 000 population at 
the peak, given the available (i.e., unoccupied) ICU beds (Table 2).

Table 2: Projected peak capacity requirements for ICU and non-ICU hospital beds per 10 000 population, across a range of 
self-isolation scenarios by mildly symptomatic cases in different provinces*

Variables

Hospital bed requirements at the peak ICU beds per 
10 000 

populationNon-ICU beds ICU beds

Self-isolation, % 0 20 40 0 20 40

Province

   British Columbia Mean: 80.2 
Median: 83 
(IQR 72–92)

Mean: 46.6 
Median: 48 
(IQR 38–55)

Mean: 18.6 
Median: 19 
(IQR 12–25)

Mean: 7.5 
Median: 7 
(IQR 6–10)

Mean: 4.2 
Median: 4 
(IQR 2–6)

Mean: 1.6 
Median: 1 
(IQR 0–3)

Existing: 0.63 
Unoccupied: 0.13

   Alberta Mean: 81 
Median: 82 
(IQR 73–93)

Mean: 46.9 
Median: 48 
(IQR 39–56)

Mean: 18.9 
Median: 19 
(IQR 14–25)

Mean: 7.5 
Median: 7 

(IQR 6–9.5)

Mean: 4.3 
Median: 4 
(IQR 3–6)

Mean: 1.6 
Median: 1 
(IQR 0–2)

Existing: 0.68 
Unoccupied: 0.14

   Saskatchewan Mean: 81.1 
Median: 83 
(IQR 72–92)

Mean: 47.0 
Median: 48 
(IQR 39–56)

Mean: 18.9 
Median: 19 
(IQR 13–25)

Mean: 7.6 
Median: 7 
(IQR 5–10)

Mean: 4.3 
Median: 4 
(IQR 3–6)

Mean: 1.8 
Median: 1 

(IQR 0.5–3)

Existing: 0.93 
Unoccupied: 0.19

   Manitoba Mean: 81 
Median: 82 
(IQR 73–95)

Mean: 46.9 
Median: 48 
(IQR 39–56)

Mean: 18.8 
Median: 19 
(IQR 13–25)

Mean: 7.6 
Median: 7 
(IQR 5–10)

Mean: 4.2 
Median: 4 
(IQR 2–6)

Mean: 1.8 
Median: 1 
(IQR 0–3)

Existing: 0.69 
Unoccupied: 0.14

   Ontario Mean: 80.7 
Median: 83 
(IQR 72–92)

Mean: 47.0 
Median: 48 
(IQR 39–65)

Mean: 18.9 
Median: 19 
(IQR 14–25)

Mean: 7.5 
Median: 7 

(IQR 5–9.5)

Mean: 4.2 
Median: 4 
(IQR 2–6)

Mean: 1.7 
Median: 1 
(IQR 1–3)

Existing: 0.79 
Unoccupied: 0.16

   Quebec Mean: 81.1 
Median: 83 
(IQR 72–92)

Mean: 47.0 
Median: 48 
(IQR 40–56)

Mean: 18.3 
Median: 19 
(IQR 11–26)

Mean: 7.5 
Median: 7 
(IQR 5–9)

Mean: 4.2 
Median: 4 
(IQR 2–6)

Mean: 1.7 
Median: 1 
(IQR 1–2)

Existing: 1.05 
Unoccupied: 0.21

   New Brunswick Mean: 80.2 
Median: 82 
(IQR 72–93)

Mean: 46.6 
Median: 48 
(IQR 39–55)

Mean: 18.7 
Median: 19 
(IQR 12–25)

Mean: 7.6 
Median: 8 

(IQR 5.5–9)

Mean: 4.2 
Median: 4 
(IQR 2–4)

Mean: 1.7 
Median: 1 
(IQR 1–3)

Existing: 1.36 
Unoccupied: 0.27

   Prince Edward
   Island

Mean: 81.1 
Median: 83 
(IQR 72–92)

Mean: 47.0 
Median: 48 
(IQR 40–56)

Mean: 18.3 
Median: 19 
(IQR 11–26)

Mean: 7.5 
Median: 7 
(IQR 5–9)

Mean: 4.2 
Median: 4 
(IQR 2–6)

Mean: 1.6 
Median: 1 
(IQR 0–3)

Existing: 1.84 
Unoccupied: 0.24

   Nova Scotia Mean: 80.7 
Median: 83 
(IQR 72–92)

Mean: 47.0 
Median: 48 
(IQR 38–56)

Mean: 18.4 
Median: 19 
(IQR 11–25)

Mean: 7.5 
Median: 7 
(IQR 5–9)

Mean: 4.2 
Median: 4 
(IQR 2–6)

Mean: 1.7 
Median: 1 
(IQR 1–3)

Existing: 1.48 
Unoccupied: 0.30

   Newfoundland
   and Labrador

Mean: 81 
Median: 83 
(IQR 73–93)

Mean: 46.7 
Median: 47 
(IQR 40–56)

Mean: 18.9 
Median: 19 
(IQR 12–25)

Mean: 7.6 
Median: 7 
(IQR 5–10)

Mean: 4.2 
Median: 4 
(IQR 3–6)

Mean: 1.7 
Median: 2 
(IQR 1–2)

Existing: 1.85 
Unoccupied: 0.37

Note: COVID-19 = coronavirus disease 19, ICU = intensive care unit, IQR = interquartile range.
*Reported estimates are mean and IQR. We assumed an occupancy rate of 80% for existing ICU beds to calculate the number of ICU beds available for treatment of COVID-19 patients.
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Figure 2: Distribution of the cumulative intensive care unit (ICU) bed days per 10 000 population during the coronavirus disease 2019 (COVID-19) outbreaks in 
different provinces. Box plots correspond to the level of self-isolation (SI) among mild symptomatic cases: SI = 0% (orange), SI = 20% (blue) and SI = 40% (red). 
Circles on box plots indicate medians; bars indicate interquartile range (IQR); horizontal lines are extended range from minimum (25th percentile – 1.5 IQR) to 
maximum (75th percentile + 1.5 IQR). Vertical dashed lines correspond to the average ICU bed days in all provinces without self-isolation (orange line = 569), 
20% self-isolation (blue line = 435) and 40% self-isolation (red line = 264). These distributions are based on 500 independent simulations in each scenario.
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Figure 3: Projected week of the outbreak peak (based on the highest daily incidence of new infections) in different provinces. Coloured circles cor-
respond to the level of self-isolation (SI) among mild symptomatic cases. 
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We next evaluated scenarios in which self-isolation by symp-
tomatic individuals with mild illness reduces hospital admis-
sions and delays the outbreak peak. When R0 = 2.5 and self-
isolation was practised by 20% of symptomatic individuals with 
mild illness and 80% of symptomatic individuals with severe ill-
ness within 24 hours after symptom onset, we observed a 
decline of 23.6% in the overall use of ICU beds to 435 (range 414 
to 461) bed days per 10 000 population (Figure 2). The average 
number of ICU beds per 10 000 population required for the dura-
tion of outbreaks was estimated at 31 in each province, a reduc-
tion of 24.4% compared with no self-isolation. Furthermore, the 
peak of infection during outbreaks was delayed by 4  weeks in 
Manitoba and about 2–3 weeks in other provinces (Figure 3), 
while the magnitude of peaks reduced (Appendix 1, Figures A1–
A4). This level of isolation reduced the need for non-ICU and ICU 
beds at the peak by 42% and 43%, respectively, across all prov-
inces (Table 2).

Increasing the proportion of cases who self-isolate to 40% fur-
ther reduced the overall ICU bed days per 10 000 population by 
53.6% to 264 (range 250–279) (Figure 2), and delayed the peak of 
outbreaks by up to 8 weeks (Figure 3), compared with no self-
isolation. In this scenario, the earliest outbreak peak among all 
provinces was projected to occur in mid-July. We also observed 
earlier peaks in the eastern provinces compared with Ontario 
and western provinces (Figure 3). At the peak of outbreaks, we 
projected a reduction of 78% in the need for non-ICU beds and 
79% in the need for ICU beds, with an outbreak duration 
12 weeks longer than with no self-isolation. We estimated that an 
average of 19 ICU beds per 10 000 population would be required 
for the duration of outbreaks in each province, a reduction of 
53.7% compared with no self-isolation. The results for higher 
proportion of self-isolation (60% and 80%) are provided in 
Appendix 1, Figures A20–A29.

Extending our analysis to a lower reproduction number at R0 = 
2.0, we observed qualitatively similar results, although the pro-
portional impact of self-isolation on reducing the number of ICU 
beds needed at the peak of outbreaks was substantially higher 
(Appendix 1). In an analysis in which self-isolation was assumed 
to start at 48 hours after symptom onset rather than 24  hours, 
results show a higher peak of outbreaks as well as increased 
need for ICU bed days compared with self-isolation 24  hours 
after symptom onset (Appendix 1, Figures A20–A29).

Interpretation

In the absence of a vaccine or evidence-based disease-altering 
therapies, self-isolation of symptomatic cases can decelerate 
the rate of disease spread and reduce the surge capacity needed 
to manage hospital admissions for COVID-19. Under a plausible 
scenario of R0 = 2.5, our findings indicate that even 40% self-
isolation of symptomatic cases 24 hours after symptom onset is 
still inadequate to bring the need for ICU beds at the peak to 
below the existing capacity in all provinces. At the peak of 
COVID-19 outbreaks, we projected that the required ICU beds 
per 10 000 population (on average) can be as high as 2.6 times 
the existing number of beds. A conservative hospital-bed 

 occupancy rate of 80% suggests that the need for critical 
care may be as much as 13  times higher than the available 
 (unoccupied) ICU beds at the peak of outbreak even with 40% 
self-isolation.

Our results show that higher rates of self-isolation are needed 
to mitigate the increased strain on the health care systems at the 
provincial level. Should resources allow for an increase in COVID-
19 testing, a higher fraction of mildly symptomatic cases would 
be identified, which could lead to a higher percentage of the 
popu lation practising self-isolation. If infection confers immun-
ity, a testing strategy could also permit recovered people to 
return to normal activity.

Limitations
Our results should be interpreted in the context of model 
assumptions. As the outbreak progresses locally, control meas-
ures will be adapted and possibly expanded, which may change 
the trajectory of the outbreaks and would therefore affect our 
results. We have not explicitly modelled other social-distancing 
measures, but their effect can be largely incorporated in the 
reduction of disease transmission by varying degrees of self-
isolation, which could both delay and lower the peak of out-
breaks and therefore the demand for critical care. 

Furthermore, refined spatial dynamics within each province 
could delay the timing of peak capacity at a regional level and 
the peak of the surge for hospital care. For example, social (phys-
ical) distancing of well persons could further reduce transmission 
and, ultimately, the burden of disease. Further, the settings in 
which individuals self-isolate, such as urban or rural commun-
ities, could alter the effectiveness of self-isolation, particularly in 
the context of more vulnerable subpopulations, such as the 
homeless and marginally housed, those with precarious employ-
ment, and rural and isolated communities. 

Jurisdictions may also vary with respect to the kind of local 
measures that are implemented and how well the population 
adheres to public health guidance. Our results are presented at a 
provincial level, aggregating any regional spatial heterogeneity 
regarding population characteristics. Despite the expected vari-
ability at a regional or more local scale, the qualitative findings 
across all provinces can be useful for informing localized strat-
egies within provinces.

Our projections for the effect of self-isolation rely on the 
assumption that all infected cases manifest symptomatic disease 
in either mild or severe form. Given the possibility of asymptom-
atic and presymptomatic transmission,25 the effect of self-
isolation by symptomatic cases may be reduced. Although we 
have not explicitly modelled these stages of illness, delaying the 
start of self-isolation (e.g., 48 hours rather than 24 hours) after 
symptom onset in our model could account for the effect of 
potential transmission in the presymptomatic stage.

We also assumed that patients in hospital are effectively 
 isolated and no longer contribute to infection spread to others 
(e.g., health care workers). Given strict adherence to infection 
prevention and control measures in treatment of COVID-19 
patients, we think this is a reasonable assumption in the acute 
care hospital-based setting in Canada. However, COVID-19 has 
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been reported in health care workers in Canada and else-
where. Where community transmission is established, it is 
more likely that these cases are community acquired rather 
than a result of poor adherence to infection prevention and 
control by health care workers during the performance of their 
duties. Factors such as shortages of personal protective equip-
ment, crowding, extreme fatigue or stress that could lead to 
errors in adhering to best practice would increase the risk that 
health care personnel could acquire infection at work and 
transmit it in the health care setting and to their home and 
community contacts until they are identified as unwell. This 
effect would be minimized by adherence to recommendations 
for infection control, early  recognition of illness in staff and the 
reduced likelihood that health care workers will be caring for 
non–COVID-19 patients as the outbreaks increase in magni-
tude. Although health care worker infection could reduce the 
effect of isolation in a hospital setting, accurate quantification 
of the combined effect of the aforementioned factors is not 
available but could be incorp orated into future models as evi-
dence accumulates.

Our model does not include seasonal factors, which may 
affect disease transmission with possible declining epidemic 
trend in the summer and resurgence of disease concomitant with 
influenza in the next season. The lack of quantification for these 
factors and incomplete understanding of the characteristics of 
COVID-19 at this point in time indicate the uncertainty regarding 
any quantitative projections in modelling efforts. However, as 
new information and data pertinent to COVID-19 become avail-
able, our model can be reparameterized to provide a more accu-
rate projection on outbreak trajectories and the demand for crit-
ical care. Despite these considerations, our findings highlight the 
importance of social-distancing measures, and in particular self-
isolation, on reducing the need for hospital and critical care dur-
ing COVID-19 outbreaks.

Conclusion
Our results highlight the importance of self-isolation in reducing 
the burden on health care facilities during the expected COVID-
19 outbreaks that will occur in the coming months. The rela-
tively low capacity of critical care in Canada — combined with 
hospital occupancy rates above 90% and, in many regions, close 
to or over the capacity in interpandemic periods23 — underscore 
the challenges for treatment of critically ill patients during and 
especially at the peak of outbreaks. The experience with the 
COVID-19 outbreak in countries that are already at or past their 
peak can inform Canadian planning. If the scenarios we describe 
are true, health care planning will move to crisis management in 
Canada, but at different times across the country. This may 
allow some redistribution of human or material resources across 
jurisdictions. While provinces and territories ramp up capacity 
for more ICU beds (human resources, ventilators, beds, personal 
protective equipment, infection prevention and control sup-
port), these estimates can inform the timing and quantity of the 
expected need. Laboratory confirmation of the degree of com-
munity spread will aid in predicting the shape of the local out-
breaks. Provincial and federal governments have been taking 

the initiative to rapidly expand testing capacity, which will aid in 
disease surveillance.26–29 Experience in other countries also sug-
gests that early transfer of severe cases to the ICU can help to 
stabilize patients’ conditions before patients exhibit respiratory 
failure.30,31 Best practices for care of critically ill patients is evolv-
ing rapidly.
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