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Shelter-in-place mandates and closure of nonessential businesses have been central to COVID19 response
strategies including in Toronto, Canada. Approximately half of the working population in Canada are em-
ployed in occupations that do not allow for remote work suggesting potentially limited impact of some
of the strategies proposed to mitigate COVID-19 acquisition and onward transmission risks and associated
morbidity and mortality. We compared per-capita rates of COVID-19 cases and deaths from January 23,
2020 to January 24, 2021, across neighborhoods in Toronto by proportion of the population working in
essential services. We used person-level data on laboratory-confirmed COVID-19 community cases and
deaths, and census data for neighborhood-level attributes. Cumulative per-capita rates of COVID-19 cases
and deaths were 3.3-fold and 2.5-fold higher, respectively, in neighborhoods with the highest versus low-
est concentration of essential workers. Findings suggest that the population who continued to serve the
essential needs of society throughout COVID-19 shouldered a disproportionate burden of transmission
and deaths. Taken together, results signal the need for active intervention strategies to complement re-
strictive measures to optimize both the equity and effectiveness of COVID-19 responses.
© 2021 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Purpose

In Toronto, Canada’s largest city, there were 170,023 COVID-
19 cases and 3570 deaths as of July 6, 2021 [1]. In addition
to testing and isolation, shelter-in-place mandates and the clo-

Abbreviations: CCM+, Case and Contact Management Solutions; DA, dissemina-
tion areas; IQR, interquartile range.
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sure of nonessential businesses to reduce contacts were central
to Toronto’s COVID-19 response. However, many services remained
open to support the general needs of society. Public Safety Canada
defined “essential workers” in the context of ten infrastructure sec-
tors, including health, food, transportation, and manufacturing [2].
Before the pandemic, it was estimated that 40% of the working
population in Canada were employed in occupations amenable to
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Characteristics of the three strata defined by concentration of essential workers, Toronto, Canada

Concentration of
essential workers

Proportion of labor force working in
essential servicesMedian (IQR)

Proportion visible
minorityMedian (IQR)

Income (CAD)Median
(IQR)

Proportion multigenerational
householdMedian (IQR)

Low 27.8% (23.4-31.5%)
(Stratum 1)
Medium 44.7% (40.0-50.0%)
(Stratum 2)
High 62.9% (58.4-68.0%)

(Stratum 3)

23.1% (14.9-36.2%)
41.8% (25.6-63.0%)

70.8% (51.4-84.7%)

59728 (49153-72614) 3.2% (1.5-6.2%)

45322 (38560-51947) 8.3% (4.7-12.9%)

37705 (31324-43255) 12.2% (8.2-17.8%)

For each DA, the proportion engaged in essential services was calculated using the denominator of the total labor force age >15 years; and the numerator as
number of persons in the labor force who reported occupations in one of the following National Occupational Classification categories: manufacturing, utilities;
trades, transport, equipment operators; sales, services; health; resources, agriculture, production.(5) The colors denoted here (red for stratum 1, green for stratum
2, and blue for stratum 3) correspond to the colors for the strata in Figure 1. Abbreviations: CAD (Canadian Dollar); IQR (inter-quartile range).

remote work, with the lowest likelihood of remote work among
lower income households [3]. Thus, it has been suggested that
shelter-in-place mandates may be insufficient at protecting essen-
tial workers from COVID-19 and associated morbidity and mor-
tality. In this study, we examined neighbourhood-level per-capita
rates of COVID-19 cases and deaths by the proportion of the work-
ing population engaged in essential services across neighborhoods
in Toronto, Canada.

Methods

We used person-level data on laboratory-confirmed COVID-
19 cases and deaths from the provincial surveillance data (the
Case and Contact Management Solutions database [4] which cap-
tures all laboratory-confirmed diagnoses of COVID-19 and clini-
cal outcomes); and the Statistics Canada 2016 Census data for
neighborhood-level attributes [5]. The study population comprised
community cases and deaths reported between January 23, 2020
and January 24, 2021 (i.e., date of case reported to public health,
and date of death) in Toronto, and excluding residents of long-term
care homes. The data collection or ascertainment period however
was up to January 31, 2021 to allow for delays in data entry of
cases and/or deaths. Toronto has a population of 2.7 million, in-
cluding 51.5% who self-identify as a visible minority (terminology
used by Statistics Canada to classify individuals who do not iden-
tify as Indigenous and do not identify as Caucasian or white) [6].
We defined neighbourhoods by dissemination area (DA), the small-
est geographic unit for which data on occupation were available.
The median population size of a DA in Toronto is 450 (interquar-
tile range, 446-768). We stratified the city’s 3702 DAs into tertiles
by ranking the proportion of the labor force in each DA engaged
in essential services. For each DA, the proportion engaged in es-
sential services was calculated using the denominator of the total
labor force age >15 years and the numerator as number of per-
sons in the labor force who reported occupations in one of the
following National Occupational Classification categories: manufac-
turing, utilities, trades, transport, equipment operators, sales, ser-
vices, health, resources, agriculture, production [5]. Strata 1, 2, and
3 comprised DAs across which a median of 27.8% (inter-quartile
range [IQR] 23.4%-31.5%), 44.7% (IQR 40.0%-50.0%), and 62.9% (IQR
58.4%-68.0%) of the population, respectively, worked in essential
services.

We generated per-capita daily epidemic curves using 7-day
rolling averages for cases and for deaths, and cumulative per-
capita rates using census-reported population of each DA. We de-
picted trends in per-capita cases by the date of report to public
health, and the per-capita trends in COVID-19 deaths by the date
of death. The study period includes different periods of shelter-
in-place restrictions with closure of non-essential workplaces. The
first observed case in Toronto was reported January 23, 2020 and a
work from home policy was instituted on March 25, 2020 and re-
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mained in effect throughout the study period [7]. The first shelter-
in-place mandate took place between March 17 and May 18, 2020
and included, in addition to the work from home policy: closure
of daycare and in-person education; suspension of non-essential
health care services, in-person retail for non-essential goods, and
in-person dining in restaurants and other food establishments; re-
mote (phone/virtual) contact tracing and outbreak investigations
by public health; closure of indoor and outdoor recreation facili-
ties, prohibition of gatherings of more than five people except in
the context of essential services [7] Essential services that con-
tinued onsite work included manufacturing, processing, shipping,
and curbside pick-up of all goods (factories, distribution ware-
houses, stores); agriculture; mining; retail and wholesale of food;
gas stations; pharmaceutical services; kitchen services for take-
away or delivery by restaurants and food facilities; telecommuni-
cations and information technology; transportation providers; and
essential health care services [7]. The region re-opened on May
18, 2020 and instituted the second-major restriction on Novem-
ber 23, 2020 which was similar to the first shelter-in-place with
the following exceptions: nonessential in-store retail, daycare, and
in-person education were continued [7]. On December 26, 2020 a
more stringent shelter-in-pace mandate was re-instituted similar
to the first shelter-in-place mandate with suspension on in-store
retail for non-essential goods and closure of in-person education
[7-9].

Results

Table 1 summarizes the characteristics of each stratum. The
stratum with the highest concentration of essential workers (stra-
tum 3) also includes the highest proportion of the population who
self-identify as a visible minority, who reside in multigenerational
households, and who earn the lowest income.

COVID-19 was initially concentrated in stratum 1 (smallest pro-
portion of essential workers). By early April, per-capita cases were
consistently higher in strata 2 and 3 (Fig. 1A), and persisted dur-
ing each period of closure of nonessential services. By the end of
the study period, cumulative rates of cases per 100,000 were 1332,
2495, and 4355 in strata 1, 2, and 3, respectively; representing a
1.9-fold and 3.3-fold higher rate than stratum 1 (Fig. 1C and D).

Per-capita COVID-19 deaths were similarly concentrated in
strata 2 and 3. By the end of the study period (Fig. 1B), cumula-
tive rates of death per 100,000 in strata 1, 2, and 3 were 49, 81,
and 123, respectively, representing a 1.9-fold and 2.5-fold higher
rate in strata 2 and 3 than stratum 1 (Fig. 1C & D). The number of
daily per capita cases among stratum 2 was consistently between
strata 1 and 3. Daily per-capita deaths fluctuated over the course
of the outbreak, demonstrating similarities with stratum 3 during
the first lockdown and with stratum 1 during the second major
restriction.
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Fig. 1. Daily per-capita COVID-19 cases (a) and deaths (b) and cumulative per-capita COVID-19 cases (c) and deaths (d) by neighbourhood-level proportion of essential
workers in Toronto, Canada (January 23, 2020 to January 24, 2021). The daily per-capita rate is depicted as a 7-day rolling average. Stratum 1 represents neighbourhoods
with the smallest proportion of the population working in essential services, while stratum 3 represents neighbourhoods with the highest proportion of essential workers.
Cases and deaths do not include residents of long-term care homes (LTCH). Essential services include: health, trades, transport, equipment, manufacturing, utilities, sales,
services, and agriculture. In Fig. 1A and B, closure of nonessential workplaces are indicated by: (a) start of the first shelter-in-place mandate on March 17, 2020 to (b) the
re-opening of the province on May 18, 2020; (c) the start of the second-major restriction on November 23; and (d) the start of a more stringent shelter-in-place mandate
on December 26, 2020. By the end of the study period, cumulative rates of cases per 100,000 population were 1332, 2495, and 4355 in strata 1, 2, and 3, respectively; and
cumulative rates of COVID-19 deaths per 100,000 population were 49, 81, and 123 in strata 1, 2, and 3, respectively.

Conclusions

In the context of shelter-in-place mandates, there have been
disproportionate risks and consequences of COVID-19 borne by
those living in neighborhoods with higher proportions of essen-
tial workers. The findings are consistent with early studies fore-
shadowing that many occupations would not be amenable to re-
mote work, and thus a subset of the population may experience
sustained contact rates irrespective of restrictive measures [3]. In-
deed, Google mobility indices for the region suggest person-time in
workplaces remained high, indicative of onsite work [10], and are
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supported by studies in the United States which found that lower-
income neighbourhoods were least likely to be able to reduce their
mobility in response to shelter-in-place restrictions [11]. Our find-
ings are also consistent with data suggesting a concentration of ex-
cess deaths among the essential service sector in California, United
States [12].

Many essential services not amenable to remote work are asso-
ciated with lower wages [3,13,14], and include seasonal, casual, or
contract workers with unclear labor rights and a lack of traditional
employment benefits, such as paid sick leave [13-15]. Precarious
financial conditions among many essential workers may further
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limit bargaining power to demand adequate personal protective
equipment and safe working conditions from employers or clients
[16,17] In the province of Ontario, the second most common site
of SARS-CoV-2 outbreaks after long-term care homes were work-
places [18], and in Toronto, a total of 829 workplace outbreaks
were detected by July 5, 2021 [19]. Our analyses were conducted at
the neighbourhood-level, and thus may reflect transmissions, and
thus consquences, at the network level. For example, the bene-
ficial impact of restrictive COVID-19 mitigation strategies may be
further limited by the observed overlap in lower income essential
work and multigenerational households, wherein workplace trans-
missions may be bidirectionally linked to - and amplified by -
household transmissions [20]. As such, a concentration of deaths
by neighbourhood-level essential work may also reflect household
networks that include older adults at higher risk of severe disease.

Limitations of this descriptive study include examination of
ecological-level measures, and thus we cannot infer an individual-
level association between occupation and COVID-19 risk, although
external data on individual-level data surrounding income and
proxies for structural racism, such as self-identified visible minor-
ity, demonstrate a consistent pattern of elevated relative risks [1]
Although some occupations are captured in routine surveillance
data in Canada, many occupations are not, and characteristics of
employment (remote or onsite/in-person) are rarely included [21].
Future work includes an explanatory analysis to examine and com-
pare lags between cases and deaths at the neighbourhood-level,
given changing testing criteria and demographics of transmissions
and detection over time and disentangling the extent to which
neighourhood-level case and deaths stem and intersect directly
versus indirectly from workplace versus household exposures.

The findings highlight a prevention gap with restrictive COVID-
19 intervention strategies, including shelter-in-place mandates.
Moving forward necessitates policies and programs that actively
protect workers in occupations that remain onsite in the context
of lockdowns. Public and occupational health strategies could in-
clude (1) primordial prevention aimed at keeping COVID-19 out of
essential workplaces, including through paid leave facilitating peo-
ple to stay home if they have symptoms or a known exposure [15];
(2) primary prevention designed to limit transmission within the
workplace, such as onsite rapid testing, improved access to symp-
tom assessments, and improved ventilation; (3) secondary preven-
tion directed at limiting the size of the outbreak, including infec-
tion prevention and control measures, such as isolation, mass test-
ing, and cohorting; and (4) tertiary prevention strategies targeted
at limiting outbreak-related mortality, including temporary housing
support to prevent transmission to households of essential work-
ers [22]. The findings support the specific allocation of COVID-19
vaccines with community-led outreach strategies to ensure reach
and access for essential workers and their households. Leverag-
ing community-led vaccination strategies would be consistent with
best practices in service delivery and likely would support optimal
messaging, increased trust, and ultimately higher vaccine coverage
[23].

In summary, data from a large urban center demonstrate that
communities with a greater proportion of essential workers who
continued serving the needs of society during COVID-19 dispropor-
tionately shouldered the burden of COVID-19 morbidity and mor-
tality. The findings signal a need for active public and occupational
health-oriented intervention strategies to complement restrictive
measures to optimize both the equity and effectiveness of COVID-
19 responses.

Ethics approval

The University of Toronto Health Sciences Research Ethics
Board (protocol no. 39253) approved the study. We used Case
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and Contact Management Solutions (CCM)+ person-level data on
laboratory-confirmed COVID-19 cases and deaths reported between
January 23, 2020 and January 24, 2021. Such data are not currently
publicly available. The analysis code, aggregated output data, and
figures of per-capita daily epidemic curves and cumulative per-
capita rates are publicly available on GitHub: https://git.io/J3GUP.
We used Statistics Canada 2016 Census data for neighbourhood-
level characteristics and the census data are publicly available
on Statistics Canada:https://www150.statcan.gc.ca/n1/en/catalogue/
98-401-X2016044.
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