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Abstract

Background: Understanding inequalities
in SARS-CoV-2 transmission associated
with the social determinants of health
could help the development of effective
mitigation strategies that are responsive
to local transmission dynamics. This
study aims to quantify social determi-
nants of geographic concentration of
SARS-CoV-2 cases across 16 census met-
ropolitan areas (hereafter, cities) in
4 Canadian provinces, British Columbia,
Manitoba, Ontario and Quebec.

Methods: We used surveillance data on
confirmed SARS-CoV-2 cases and cen-
sus data for social determinants at the
level of the dissemination area (DA). We
calculated Gini coefficients to deter-
mine the overall geographic hetero-
geneity of confirmed cases of SARS-

CoV-2 in each city, and calculated Gini
covariance coefficients to determine
each city’s heterogeneity by each social
determinant (income, education, hous-
ing density and proportions of visible
minorities, recent immigrants and
essential workers). We visualized het-
erogeneity using Lorenz (concentra-
tion) curves.

Results: We observed geographic con-
centration of SARS-CoV-2 cases in cities,
as half of the cumulative cases were
concentrated in DAs containing 21%-
35% of their population, with the great-
est geographic heterogeneity in Ontario
cities (Gini coefficients 0.32-0.47), fol-
lowed by British Columbia (0.23-0.36),
Manitoba (0.32) and Quebec (0.28-
0.37). Cases were disproportionately

concentrated in areas with lower
income and educational attainment,
and in areas with a higher proportion of
visible minorities, recent immigrants,
high-density housing and essential
workers. Although a consistent feature
across cities was concentration by the
proportion of visible minorities, the
magnitude of concentration by social
determinant varied across cities.

Interpretation: Geographic concentra-
tion of SARS-CoV-2 cases was observed
in all of the included cities, but the pat-
tern by social determinants varied.
Geographically prioritized allocation of
resources and services should be tai-
lored to the local drivers of inequal-
ities in transmission in response to the
resurgence of SARS-CoV-2.

jectory across provinces and large cities.»? At the national

level® and within regions,*® the burden of confirmed SARS-
CoV-2 cases and severe COVID-19 outcomes has fallen dispropor-
tionately on socially and economically marginalized commun-
ities.® Social determinants of health refer to nonmedical factors
influencing health outcomes, and structural determinants encom-
pass cultural norms, policies and institutions that generate social
stratification and determine socioeconomic position.”® In Canada

T he COVID-19 epidemic in Canada has varied in size and tra-

and elsewhere, data have consistently highlighted the importance
of determinants such as household size and density, work in
essential services and structural racism (measured by proxy) in the
relative risk of COVID-19.%-%

Understanding the factors associated with geographic pat-
terns of transmission within cities can help identify the popula-
tions and, specifically, the contexts with the greatest risks. Geo-
graphic analyses can enable better allocation of resources,
tailoring of policies and implementation of context-specific
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strategies to more effectively and efficiently curb local transmis-
sion.’® Although respiratory virus transmission is often geo-
graphically clustered within a city,® the early public health
response to SARS-CoV-2 transmission in Canada did little to take
within-city clustering into account.?2! Similarly, few studies
have quantified and compared the geographic concentration of
SARS-CoV-2 cases by social determinants across Canada, and
the extent to which the magnitude of inequalities might vary
among cities and provinces.’*?? We therefore sought to quantify
and compare the magnitude of geographic concentration of
SARS-CoV-2 cases by area-level social determinants of health
across metropolitan areas in British Columbia, Manitoba,
Ontario and Quebec, Canada.

Methods

Study design and study population
We conducted a cross-sectional study using SARS-CoV-2 surveil-
lance data from Jan. 23, 2020 (report date of the first docu-
mented case in Canada), to Feb. 28, 2021. We included 4 prov-
inces, British Columbia, Manitoba, Ontario and Quebec, as these
provinces had data available at the level of the dissemination
area (DA), which is the smallest standard geographic unit with
census information, representing 400-700 residents.” Together
these provinces accounted for 81% of SARS-CoV-2 cases in Can-
ada by Feb. 28, 2021.% Specifically, we included data from up to 6
of the largest census metropolitan areas (hereafter, cities) in
each province. In BC, we excluded Victoria because it of its low
cumulative case count. In Manitoba, only Winnipeg is qualified as
a city by census definition.?

Given the unique context of transmission in long-term care
homes, we excluded cases among their residents to focus on
transmission dynamics in the community.

Data sources
We used individual-level data from provincial surveillance data-
bases to calculate the number of SARS-CoV-2 cases per DA. In BC,
confirmed cases are recorded in the Public Health Reporting
Data Warehouse.?® In Manitoba, the COVID-19 surveillance data
and contact investigation information were requested through
the Manitoba Population Research Data Repository.?” In Ontario,
data on laboratory-confirmed cases were recorded in the prov-
ince’s case and contact management system.? In Quebec, con-
firmed cases were recorded in the Trajectoire de santé publique
database.?® For each confirmed case, basic sociodemographic
information was collected (e.g., address) by the relevant public
health authorities, in addition to epidemiological characteristics
such as date of case report and living environment (e.g., long-
term care facility). We assigned cases to a DA according to the
residential address using the Postal Code Conversion File.®

We extracted data describing DA-level social determinants of
health, with the exception of income, from the latest available
Canadian Census (2016),** which represents the most complete,
comparable and representative source of area-level character-
istics of the population in each city.3 We obtained the DA-level
after-tax income from the Postal Code Conversion File Plus

Version 7A/7D for each province.® This variable is generated by
Statistics Canada using administrative data sources and captures
household size to generate a per-person equivalent measure.*

Measures

We defined SARS-CoV-2 cases as those confirmed by laboratory
testing using the polymerase chain reaction.® For Quebec, we
also included cases confirmed by epidemiological link (i.e., indi-
viduals with COVID-19 symptoms without other apparent cause
that had a close contact with a laboratory-confirmed case),
given the lack of testing capacity during the first wave in Febru-
ary to April 2020. We considered measures of social determi-
nants of SARS-CoV-2 transmission based on previous studies
that conceptualized factors as they related to contact rates and
types of potential exposures for transmission.®3"3% These
included sociodemographic indices (after-tax income per-person
equivalent; proportion of population without certificate,
diploma or degree; and proxies for systemic racism, namely the
proportions of self-reported visible minorities***° and of recent
immigrants),}”1838 dwelling-related indicators (proportion of
population not living in high-density housing)®!® and
occupation-related variables (proportion of population working
in essential services, conceptualized using national occupation
classifications* that would be least amenable to remote
work,*>** namely, health; trades, transport and equipment oper-
ation; sales and services; manufacturing and utilities; and
resources, agriculture and production).’* We ranked determi-
nants from the highest value to the lowest and grouped them
into 10 deciles within each city. Appendix 1, Table S1, available
at www.cmaj.ca/lookup/doi/10.1503/cmaj.211249/tab-related
-content details the definitions of each variable.

Statistical analysis

We aggregated the cumulative numbers of confirmed SARS-CoV-2
cases to the DA level, along with population denominators and
social determinants. First, we quantified the magnitude of overall
geographical heterogeneity within each city using Gini coeffi-
cients and crude Lorenz curves. These nonparametric methods
allow for straightforward quantification and visualization of
within-city inequalities.** Second, we quantified the extent to
which cases were concentrated by each social determinant using
Gini covariance (co-Gini) coefficients and concentration curves.*
To generate the curves, we plotted the cumulative proportion of a
city’s population, ranked by number of SARS-CoV-2 cases and by
each social determinant on the X axis, with the corresponding
cumulative proportion of SARS-CoV-2 cases on the Y axis.*® The
Lorenz (concentration) curves depict a diagonal line of equality,
and the further the data deviate from the diagonal, the higher the
variability (i.e., greater inequality or concentration) in cases
across the population. We calculated the Gini and co-Gini coeffi-
cients as twice the area between the Lorenz curve and the line of
equality.”” Values closer to 1 reflect greater inequality, and those
closer to 0 represent uniform distributions.* The methods we
adopted are appropriate to evaluate inequalities within each city
under contexts of varied distributions of social determinants and
the health measures of SARS-CoV-2 transmission. Each provincial
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team conducted data management and analyses separately
using standardized protocols and a shared code base. Aggregated
results were shared across provincial teams as per the data pri-
vacy requirements of each province. All analyses were conducted
using R statistical software.

Ethics approval

Ethics approvals were obtained from the University of British
Columbia Research Ethics Board (H20-02097), the University of
Manitoba Health Research Ethics Board (HS24140 [H2020:352])
and the Health Information Privacy Committee of the Government
of Manitoba (No. 2020/2021-32), the University of Toronto Health
Sciences Research Ethics Board (39253) and the Institutional
Review Board of McGill University in Quebec (A06-M52-20B).

Results

During the study period, 62709 (BC), 15089 (Manitoba), 239160
(Ontario) and 215928 (Quebec) SARS-CoV-2 cases were recorded
in the 16 cities included in the study (Table 1). These 16 cities
accounted for 81%, 57%, 83% and 80% of all 78322, 27764,
287606 and 268789 confirmed cases in BC, Manitoba, Ontario
and Quebec, respectively. Fewer than 6% of DAs recorded 0 cases
during the study period.

Overall heterogeneity

In each city, half of the cumulative SARS-CoV-2 cases were among
people living in DAs that accounted for 21%-35% of their respective
city’s population (Figure 1 and Table 1). The cities in Ontario gener-
ally exhibited the greatest within-city heterogeneity (Gini coefficients
0.32-0.47), followed by BC (Gini coefficients 0.23-0.36), Manitoba
(Gini coefficient 0.31) and then Quebec (Gini coefficients 0.28-0.37).
The magnitude of heterogeneity across cities varied within prov-
inces. The largest and smallest Gini coefficients were observed,
respectively, in Vancouver and Kelowna in BC, St. Catharines-
Niagara and Hamilton in Ontario, and Saguenay and Trois-Riviéres in
Quebec. Lorenz curves and Gini coefficients for each city can be
found in Table 2 and Appendix 2, Figure S1, available at www.cmaj.
ca/lookup/doi/10.1503/cmaj.211249/tab-related-content.

Heterogeneity by social determinants

Nearly all cities had a concentration of cases according to the
proportion of self-reported visible minorities (Figure 2). The dis-
tribution of all social determinants, co-Gini coefficients, the pro-
portion of population and confirmed cases by social determi-
nants and concentration curves for each city can be found in
Table 2; Appendix 2, Figures S2 and S3; and Appendix 3, available
at www.cmaj.ca/lookup/doi/10.1503/cmaj.211249/tab
-related-content.

Table 1: Characteristics of census metropolitan areas (cities) and dissemination areas (DAs) included in the

study from Jan. 23, 2020, to Feb. 28, 2021

Proportion of city’s

population living in DAs No. No. (%) of DAs

No. of

City Population cases
British Columbia

Vancouver 2454378 54222

Kelowna 184190 2865

Abbotsford-Mission 180230 5622
Manitoba

Winnipeg 777496 15089
Ontario

Toronto 5927779 187 764

Ottawa 991726 13975

Hamilton T47 545 12 490

Kitchener-Cambridge-Waterloo 523 894 9598

St. Catharines-Niagara 406 074 6835

Windsor 329144 8498
Quebec

Montréal 4098927 175111

Québec 800 296 22219

Gatineau 332057 5337

Sherbrooke 212105 4572

Saguenay 160980 5056

Trois-Riviéres 156 042 3633

that accounted for 50% of of with no
city’s cases, % DAs reported cases

25.8 3425 94 (2.7)
34.7 239 9(3.8)
27.5 263 6(2.3)
28.5 1224 51(4.2)
29.1 7522 310 (4.1)
21.2 1456 240 (16.5)
26.1 1199 101 (8.4)
29.6 736 42 (5.7)
23.6 678 107 (15.8)
29.7 548 44 (8.0)
29.3 6469 421 (6.5)
30.3 1291 72 (5.6)
33.1 491 24 (4.9)
29.2 327 21 (6.4)
28.2 295 18 (6.1)
335 272 13(4.8)
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Figure 1: Lorenz curves of the cumulative proportion of confirmed SARS-CoV-2 cases (excluding long-term care residents) by cumulative proportion of
population in cities in British Columbia, Manitoba, Ontario and Quebec. The population was ranked by the number of cases in each dissemination area,

from the highest to the lowest.

The distribution of the underlying social determinants was
heterogeneous across cities. Larger cities usually had wider dis-
tributions of social determinants (Appendix 2, Figure S2). Cities
with less variability in the social determinant tended to have a
smaller co-Gini for that determinant. For example, Kelowna (co-
Gini 0.07) had a narrow distribution for proportion of population
not living in high-density housing, compared with Vancouver’s
distribution for this variable (co-Gini 0.19; Appendix 2, Figure S2).
Across all cities, SARS-CoV-2 cases were disproportionately con-
centrated in DAs with lower income, a higher proportion living in
high-density housing, lower education attainment and higher
proportions of visible minorities, recent immigrants and essen-
tial workers (Appendix 2, Figure S3). Concentration of SARS-
CoV-2 cases by visible minority was the most consistent finding
in each city, with variability in other inequalities across cities.
The largest co-Gini coefficients by social determinants were 0.19
for income, in Ottawa; 0.24 for educational attainment, in Van-
couver; 0.27, 0.23 and 0.21 for proportions of visible minorities,
recent immigrants and population not living in high-density
housing, respectively, in Abbotsford-Mission; and 0.25 for pro-
portion of essential workers, in Vancouver (Table 2). In Winnipeg,
after-tax income explained the most heterogeneity (co-Gini 0.13).

Among the 3 largest cities in Canada, the geographic con-
centration by social determinants was similar for Toronto and
Vancouver, particularly with regard to the proportion of the

poulation employed in essential services (co-Gini 0.24 in
Toronto, co-Gini 0.25 in Vancouver). In contrast, although Mon-
tréal had similar overall heterogeneity (Gini 0.33) to Toronto
(Gini 0.34) and Vancouver (Gini 0.36), we observed a different
pattern of heterogeneity by social determinant. In Montréal,
the largest co-Gini was observed for the proportion of visible
minorities (co-Gini 0.16).

Interpretation

This study provides comprehensive and robust evidence of high
geographic concentration of SARS-CoV-2 cases within Canadian
cities in BC, Manitoba, Ontario and Quebec. These hotspots are
largely defined along social determinants related to occupa-
tion, income, housing and proxies for structural racism.
Although the degree of geographical heterogeneity was rela-
tively similar across cities, and a consistent theme across cities
was the concentration of cases by the proportion of visible
minorities, the degree of concentration by social determinants
differed across cities.

These findings have 2 important implications for public
health. First, given that each city showed geographic concentra-
tions of SARS-CoV-2 cases — with 21%-35% of the cities’ popula-
tions residing in DAs accounting for 50% of cases — prioritizing
and allocating resources to geographic hotspots could lead to a
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Figure 2: Distribution of proportion of visible minorities and Gini covariance coefficients by city. The curves (red) represent the density distributions of
the dissemination area-level proportions of visible minorities for each census metropolitan area (i.e., city). Flatter curves indicate that the proportions
of visible minorities by dissemination area are more evenly distributed over the 0%-100% range (e.g., Vancouver, Toronto, Montréal). Density distribu-
tions concentrated near 0% (to the left) show that most dissemination areas had low proportions of visible minorities (e.g., Saguenay, Trois-Rivieres).
For reference, the Gini covariance coefficients (co-Gini) are also displayed. These represent the degree of geographical concentration of SARS-CoV-2
cases by social determinant, with value closer to 1 reflecting greater inequality and values closer to 0 representing uniform distributions.

more effective and efficient response to the pandemic, and
reduce inequalities,* especially in the context of limited
resources. An example of a hotspot-targeted strategy has been
that of vaccination roll-out in some jurisdictions,* but this type
of geographically prioritized approach could also be system-
atically applied to ensure timely access to testing, support for
isolation and quarantine of contacts. Indeed, data suggest that
the absence of a systematic and intentional hotspot- and
community-tailored strategy has meant that both testing and
vaccination coverage were lowest in geographic hotspots®
and among racialized communities®® in Canada and other high-
income countries.*>

The second implication relates to the concentration of SARS-
CoV-2 cases by social determinants of health. In each city, cases
were concentrated across each determinant, but the magnitude
of concentration by determinant differed among cities. That is,
cities may differ with respect to which determinants were most
associated with geographic clustering of SARS-CoV-2 cases. Each
city would therefore benefit from tailoring its geographically pri-
oritized strategy to its local social and structural determinants of
heterogeneity. For example, the distribution of DA-level propor-
tions of essential workers in Montréal, Vancouver and Toronto
was similar, but the co-Gini in Montréal was much lower than in

the other 2 cities. This suggests that the underlying context for
hotspots (e.g., policies for sick leave)** may be different and sig-
nal different unmet needs of the people who disproportionately
shouldered the burden of the pandemic. Thus, using city-specific
spatial clustering of cases by social determinants to guide the
local response could lead to the more equitable allocation of
resources and better access to interventions by providing ser-
vices that actually meet the needs of communities at dispropor-
tionate risk. Such an approach may become even more impor-
tant in the context of appropriately addressing the needs of
unvaccinated pockets of contact networks,> and with increas-
ingly transmissible variants of SARS-CoV-2.%

Our results are consistent with the sociogeographic clustering
patterns observed in other studies from Canada,*%>¢ the United
States®*° and Sweden.®® Higher rates of SARS-CoV-2 cases
among racialized communities or neighbourhoods with greater
diversity have been a consistent finding across countries, and
reflect the products of systemic racism, including occupational
exposure risks and barriers to prevention® and access to effec-
tive isolation.®*% In a previous study of the first wave of COVID-
19 in Ontario, the association between area-level proxies of sys-
temic racism (e.g., proportion of visible minorities) and
SARS-CoV-2 cases was no longer present after adjusting for other
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Table 2 (part 1 of 2): Characteristics of social and structural determinants across all dissemination areas (DAs) of each city

and the corresponding Gini and co-Gini coefficients of cumulative COVID-19 cases

After-tax Proportion no
household diploma or
DA population income, $ certificate, %
Median Median Co- Median Co-
City (IQR)* Gini (IQR)* Ginit (IQR)* Ginit
British Columbia
Vancouver 588 0.36 47638 0.13 6.6 0.24
(478- (40 026- (3.4-
767) 56 094) 11.5)
(0.1%) (0.0%) (0.3%)
Kelowna 649 0.23 47923 0.08 8.2 0.07
(516~ (40 686- (4.7-
890) 55331) 11.6)
(0.4%) (0.4%) (0.4%)
Abbotsford- 597 0.35 46 023 0.17 14.3 0.22
Mission (446~ (39250~ (9.9-
823) 52 714) 19.2)
(0.0%) (0.0%) (0.0%)
Manitoba
Winnipeg 545 0.32 45914 0.13 8.6 0.12
(457- (37357- (4.8-
649) 54 989) 10.4)
(0.1%) (0.0%) (0.3%)
Ontario
Toronto 564 0.34 50 341 0.17 8.1 0.20
(443- (41429- (4.0-
809) 60411) 14.0)
(0.0%) (0.0%) (0.4%)
Ottawa 554 0.47 57 664 0.19 5.1 0.16
(447- (46 856- (2.5-
738) 66 708) 9.1)
(0.0%) (0.0%) (0.2%)
Hamilton 520 0.40 50294 0.11 8.5 0.09
(438- (38292- (4.4-
667) 59 801) 15.2)
(0.0%) (0.0%) (0.3%)
Kitchener- 544 0.32 48 899 0.13 10.5 0.11
Cambridge- (440- (39 710~ (6.4-
Waterloo 749) 57 738) 16.2)
(0.0%) (0.0%) (0.1%)
St. Catharines- 518 0.44 43 266 0.12 9.8 0.08
Niagara (450- (35136~ (6.2-
644) 50738) 14.7)
(0.0%) (0.0%) (0.1%)
Windsor 502 0.35 45227 0.16 8.9 0.11
(430- (32280- (4.8-
615) 54901) 15.2)
(0.0%) (0.0%) (0.0%)

relevant explanatory factors, including occupation, household
size and income.*® Clustering of cases in the context of essential
services may reflect type and rates of contacts, sometimes with-
out occupational protections and access to safe working
environments.%>% Similarly, income, occupation and educational
attainment are often correlated, with the latter further associ-
ated with barriers in access to health information and health
care, including prevention.®™% Meanwhile, high-density house-
holds represent a barrier to physical distancing and effective iso-
lation or quarantine.® Importantly, these determinants are often
correlated,”®™ which likely means that the distribution of certain

Proportion not

Proportion Proportion living in Proportion
visible minority, recent high-density ial
% immigrant, % housing, % worker, %
Median Co- Median Co- Median Co- Median Co-
(IQR)* Ginit (IQR)* Ginit (IQR)* Ginit (IQR)* Ginit
45.0 0.17 2.0 0.11 94.6 0.19 46.6 0.25
(24.2- (5.4- (90.0- (37.8-
69.2) 7.9) 97.6) 56.5)
(0.3%) (0.3%) (0.3%) (0.3%)
6.6 0.11 1.2 0.05 97.4 0.07 56.1 0.08
(3.8- (0.0- (95.4- (49.4-
10.1) 2.5) 98.8) 62.5)
(0.4%) (0.4%) (0.4%) (0.4%)
17.2 0.27 1.9 0.23 95.8 0.21 59.6 0.21
(8.9- (0- (91.7- (52.6-
36.6) 4.3) 98.1) 66.8)
(0.0%) (0.0%) (0.0%) (0.0%)
17.1 0.09 6.2 0.08 95.1 0.12 50.8 0.12
(8.1- (0.0- (89.9- (42.6-
34.2) 9.0) 98.2) 58.8)
(0.3%) (0.3%) (0.3%) (0.3%)
41.3 0.20 3.6 0.12 94.1 0.18 45.8 0.24
(20.7- (1.4- (88.9- (35.7-
68.3) 7.1) 97.4) 56.5)
(0.4%) (0.4%) (0.4%) (0.4%)
17.8 0.21 1.6 0.18 97.1 0.20 37.5 0.16
(9.3- (0- (94.2- (30.1-
30.8) 3.6) 100.0) 45.7)
(0.2%) (0.2%) (0.2%) (0.2%)
12.6 0.15 0.7 0.09 96.8 0.09 52.8 0.10
(6.2— (0- (93.8- (43.5-
21.8) 3.0) 100.0) 62.3)
(0.3%) (0.3%) (0.3%) (0.3%)
12.2 0.13 13 0.11 96.8 0.15 543 0.13
(5.9- (0- (94.1- (44.8-
22.3) 3.5) 98.5) 61.8)
(0.1%) (0.1%) (0.1%) (0.1%)
6.7 0.11 0 0.10 97.4 0.10 60.0 0.07
(2.8- (0-2.0) (95.1- (52.5-
11.8) (0.1%) 100.0) 68.2)
(0.1%) (0.1%) (0.1%)
13.8 0.15 1.6 0.09 96.7 0.12 61.1 0.09
(5.5- (0- (93.6- (52.9-
27.4) 3.8) 98.4) 69.2)
(0.0%) (0.0%) (0.0%) (0.0%)

determinants and cases have a similar explanatory pathway,
especially in the relation between income and cases, and proxies
of systemic racism and cases.>” Taken together, the concentra-
tion of cases by social determinants reflects plausible mechanis-
tic pathways for population-level transmission and, as such, the
local contexts that contribute to hotspots under broad stay-at-
home policies in each city.”

Our descriptive study did not include an explanatory set of
analyses to evaluate sources of heterogeneity in co-Gini across
cities. However, we note that the distribution of each social deter-
minant varied among cities, as depicted in Appendix 2, Figure S2.
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Table 2 (part 1 of 2): Characteristics of social and structural determinants across all dissemination areas (DAs) of each city

and the corresponding Gini and co-Gini coefficients of cumulative COVID-19 cases

After-tax Proportion no
household diploma or
DA population income, $ certificate, %
Median Median Co- Median Co-
City (IQR)* Gini (IQR)* Ginit (IQR)* Ginit
Quebec
Montréal 536 0.33 40 304 0.11 10.3 0.09
(448- (33015- (5.5-
672) 49 411) 16.7)
(0.4%) (0.4%) (0.6%)
Québec 514 0.31 45104 0.10 6.8 0.08
(425- (35 847- (3.8-
682) 51917) 11.4)
(0.4%) (0.5%) (0.6%)
Gatineau 543 0.30 44 891 0.10 135 0.07
(425- (36 112- (7.3-
805) 53 526) 21.4)
(0.0%) (0.0%) (0.0%)
Sherbrooke 543 0.33 37490 0.17 11.3 0.08
(455- (28 906~ (6.7-
734) 44 427) 19.0)
(0.0%) (0.0%) (0.6%)
Saguenay 464 0.37 41091 0.14 10.3 0.09
(398- (32929- (6.2-
607) 46 566) 15.9)
(0.0%) (0.0%) (0.0%)
Trois- 481 0.28 36899 0.08 121 0.07
Riviéres (406- (28382~ (6.1-
620) 45 459) 18.5)
(0.4%) (0.4%) (0.4%)

Note: IQR = interquartile range.

Proportion not

Proportion Proportion living in Proportion
visible minority, recent high-density ial
% immigrant, % housing, % worker, %
Median Co- Median Co- Median Co- Median Co-
(IQR)* Ginit (IQR)* Ginit (IQR)* Ginit (IQR)* Ginit
16.9 0.16 2.4 0.13 96.2 0.14 47.6 0.08
(6.8- (0- (92.5- (38.1-
32.5) 6.2) 98.5) 56.1)
(0.6%) (0.6%) (0.6%) (0.6%)
3.2 0.12 0 0.09 98.4 0.07 47.1 0.10
(1.1- (0- (96.9- (39.6-
6.7) 2.4) 100.0) 54.5)
(0.6%) (0.6%) (0.6%) (0.6%)
8.0 0.13 0 0.12 97.6 0.05 44.7 0.07
(2.7- (0-2.8) (95.5- (35.6-
15.6) (0.0%) 100.0) 53.1)
(0.0%) (0.0%) (0.0%)
3.6 0.16 0 0.15 98.2 0.08 53.7 0.09
(1.0- (0-2.4) (96.7- (46.6-
7.7) (0.6%) 100) 61.1)
(0.6%) (0.6%) (0.6%)
0 0.11 0.0 0.01 100.0 0.09 55.3 0.11
(0-2.2) (0) (97.6- (48.3-
(0.0%) (0.0%) 100.0) 61.9)
(0.0%) (0.0%)
1.9 0.09 0 0.09 98.8 0.05 5549 0.08
(0-3.8) (0-0.6) (97.5- (48.6-
(0.4%) (0.4%) 100.0) 62.9)
(0.4%) (0.4%)

*Median and IQR of social determinant across all DAs within a city. The percentages after IQR represents the proportion of DAs with missing variable (for population column, DAs with

0 population are also included).
TGini coefficients that went above and under the equity line in Lorenz curves are in bold.

When there is less variability of a given social determinant within
a city, it consequently may be less of a determinant of geographic
heterogeneity in SARS-CoV-2 cases. For example, the distribution
of not living in high-density housing was more homogeneous in
Kelowna than Vancouver, whereas the corresponding co-Gini was
higher in Vancouver. As such, the levels of geographic concentra-
tion of cases by social determinants among cities may also vary
because of differences in the underlying degree of homogeneity
or heterogeneity for the determinants.

Limitations

Limitations of our study include our use of observed cases
reported by provincial surveillance systems. We could have
underestimated the co-Gini if testing rates were lower among
marginalized communities.>® Testing capacity constraints were
especially salient in the first wave of the pandemic, likely con-
tributing to under-reporting of cases.”™ " Although we excluded
residents of long-term care homes, our definition of
community-wide cases could still include other congregate set-
tings such as shelters and group homes, reflecting other

unmeasured social determinants that could lead to geographic
concentration within cities. We extracted the DA-level social
determinants from the most recent available census data from
2016, which may not accurately represent the characteristics of
the population in 2020-2021. As individual-level data on social
determinants for cases were not available, we conducted our
unit of analysis at the smallest area (DA) possible to limit mis-
classification in the context of an ecological study. Further-
more, in the few surveillance systems (e.g., Ontario) where
individual-level data on some social determinants were col-
lected and were available, and despite about 50% data miss-
ingness in this individual-level data, the pattern and magnitude
of findings were similar to the DA-level findings.””” We limited
the descriptive study to a cross-sectional analysis of each social
determinant separately. Future work should evaluate sources
of differences in the magnitude of inequalities or concentration
in cases among cities (e.g., underlying differences in distribu-
tion of social determinants, the application of interventions),
over time (to evaluate longitudinal patterns of heterogeneities
over time and in each wave), with mediation or explanatory
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modelling of pathways to further explore the clustering of
cases. Future research could also develop a composite meas-
ure of social determinants® or use multivariable analyses, given
the potential for differential correlation between social deter-
minants in each city.*®

Conclusion

Geographic hotspots have been a consistent feature of the
COVID-19 pandemic across major urban centres in BC, Manitoba,
Ontario and Quebec. The pattern of concentration of SARS-CoV-2
cases and, thus, inequalities by social determinants varied
among cities. Geographically prioritized allocation of resources
and services that are tailored to the local drivers of inequalities
in acquisition and transmission risk offer a path forward in the
public health response to SARS-CoV-2.
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