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In the early months of the coronavirus disease 2019 
(COVID-19) pandemic, there was substantial discourse 
about its estimated impact on people experiencing 

homelessness.1–6 This population is believed to be at 
increased risk of infection, because of high population den-
sity in shelters and other precarious housing,3 and negative 
outcomes following infection.7 Indeed, by May 2020, 
numerous emergency shelters in North American cities had 
reported COVID-19 outbreaks,8–10 prompting distancing 
countermeasures in many Ontario cities (e.g., temporary 
housing in hotels).11–19 Despite this, to date there is little 

Testing, infection and complication rates of COVID-19 
among people with a recent history of homelessness in 
Ontario, Canada: a retrospective cohort study

Lucie Richard MA, Richard Booth PhD, Jennifer Rayner PhD, Kristin K. Clemens MD MSc,  
Cheryl Forchuk PhD, Salimah Z. Shariff PhD

Competing interests: Outside of the submitted work, Kristin Clemens 
has received a research award funded in part by AstraZeneca, she has 
attended Merck-sponsored conferences and she has received personal 
fees to deliver continuing medical education talks from Sutherland 
Global Services Canada ULC and the Canadian Medical and Surgical 
Knowledge Translation Research Group. No other competing interests 
were declared.

This article has been peer reviewed.

Correspondence to: Lucie Richard, lucie.richard@ices.on.ca

CMAJ Open 2021. DOI:10.9778/cmajo.20200287

Background: People with a recent history of homelessness are believed to be at high risk of infection with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) and, when infected, complications of coronavirus disease 2019 (COVID-19). We describe 
and compare testing for SARS-CoV-2, test positivity and hospital admission, receipt of intensive care and mortality rates related to 
COVID-19 for people with a recent history of homelessness versus community-dwelling people as of July 31, 2020.

Methods: We conducted a population-based retrospective cohort study in Ontario, Canada, between Jan. 23 and July 31, 2020, 
using linked health administrative data among people who either had a recent history of homelessness or were dwelling in the com-
munity. People were included if they were eligible for provincial health care coverage and not living in an institutionalized facility on 
Jan. 23, 2020. We examined testing for SARS-CoV-2, test positivity and complication outcomes of COVID-19 (hospital admission, 
admission to intensive care and death) within 21 days of a positive test result. Extended multivariable Cox proportional hazard mod-
els were used to estimate adjusted hazard ratios (HRs) in 3 time periods: preshutdown (Jan. 23–Mar. 13), peak (Mar. 14–June 16) 
and reopening (June 17–July 31).

Results: People with a recent history of homelessness (n = 29 407) were more likely to be tested for SARS-CoV-2 in all 3 peri-
ods compared with community-dwelling people (n = 14 494 301) (preshutdown adjusted HR 1.61, 95% confidence interval [CI] 
1.22–2.11; peak adjusted HR 2.95, 95% CI 2.88–3.03; reopening adjusted HR 1.45, 95% CI 1.39–1.51). They were also more 
likely to have a positive test result (peak adjusted HR 3.66, 95% CI 3.22–4.16; reopening adjusted HR 1.76, 95% CI 1.15–2.71). 
In the peak period, people with a recent history of homelessness were over 20 times more likely to be admitted to hospital for 
COVID-19 (adjusted HR 20.35, 95% CI 16.23–25.53), over 10 times more likely to require intensive care for COVID-19 (adjusted 
HR 10.20, 95% CI 5.81–17.93) and over 5 times more likely to die within 21 days of their first positive test result (adjusted HR 
5.73, 95% CI 3.01–10.91).

Interpretation: In Ontario, people with a recent history of homelessness were significantly more likely to be tested for SARS-CoV-2, 
to have a positive test result, to be admitted to hospital for COVID-19, to receive intensive care for COVID-19 and to die of COVID-19 
compared with community-dwelling people. People with a recent history of homelessness should continue to be considered particu-
larly vulnerable to SARS-CoV-2 infection and its complications.
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understanding of the spread of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) among people who are 
homeless in Canada, in part because capturing the true num-
ber of people experiencing homelessness at a given time is 
difficult.20 There is also no information about this popula-
tion’s risk for SARS-CoV-2 infection and associated compli-
cations of COVID-19 relative to the general, community-
dwelling population.

Leveraging a validated case definition for homelessness21 
and population-level health administrative databases, we 
aimed to describe rates of SARS-CoV-2 testing, test positivity 
and hospital admission, intensive care receipt and mortality 
related to COVID-19 among people with a recent history of 
homelessness and to compare these rates with those for the 
community-dwelling population in Ontario, Canada.

Methods

Study design and setting
We conducted a retrospective population-based cohort study 
in Ontario using health administrative data. Databases were 
linked using unique encoded identifiers and analyzed at 
ICES.22 ICES is a prescribed entity under section 45 of 
Ontario’s Personal Health Information Protection Act, which 
authorizes ICES to collect personal health information, with-
out consent, for the purpose of analysis or compiling statisti-
cal information with respect to the management of, evaluation 
or monitoring of, the allocation of resources to or planning 
for all or part of the health system. This study follows the 
Reporting of Studies Conducted Using Observational 
Routinely Collected Data (RECORD) reporting guidelines.23

Participants
All participants were followed from an index date of Jan. 23, 
2020, the date of the first known COVID-19 case in 
Ontario,24 until July 31, 2020, the latest date for which com-
plete data were available at the time of analysis. Participants 
comprised 2 groups. The community-dwelling group 
included all Ontario residents eligible for Ontario Health 
Insurance Plan (OHIP) coverage who were not living in an 
institutionalized facility (i.e., not living in long-term care, 
admitted to hospital or receiving continuing care services in 
hospital) and not identified as a person with a recent history of 
homelessness.

We identified a person with a recent history of homeless-
ness as anyone eligible for Ontario health coverage who was 
not living in an institutionalized facility and who met the case 
definition of recent history of homelessness (any indication of 
homelessness in the Canadian Institute for Health 
Information [CIHI] Discharge Abstract Database [DAD], the 
CIHI Same Day Surgery [SDS] database, the National 
Ambulatory Care Reporting System [NACRS], the Ontario 
Mental Health Reporting System [OMHRS] and the ICES 
PSTLYEAR data sets; Appendix 1, Supplemental Table S1, 
available at www.cmajopen.ca/content/9/1/E1/suppl/DC1, 
lists specific indicators) during a health care encounter 
between Oct. 1, 2018, and July 31, 2020. The selected case 

definition was adopted from a recent validation study;21 we 
extended the case definition a priori to July 31, 2020, to more 
comprehensively capture people identified as homeless during 
the pandemic. In the validation, the sensitivity of the selected 
algorithm was 33.2% and the specificity was over 99.9%;21 
however, reporting of homelessness in CIHI-administered 
databases using International Statistical Classification of Diseases 
and Related Health Problems, 10th Revision (ICD-10) codes 
Z59.0 and Z59.1 has since become mandatory.25 We antici-
pate this change in coding practice will have increased the 
sensitivity of the case definition.

Data sources
Data sources used to define participants, outcomes and 
covariates included the following: the DAD and the SDS 
database; the NACRS; the OMHRS; the Ontario 
Laboratories Information System; the ICES Registered 
Persons Database demographic and postal year data sets; the 
OHIP claims database; the Immigration, Refugee and 
Citizenship Canada Permanent Resident Database; the 
Ontario Drug Benefit (ODB) Database; and several ICES-
derived population-surveillance data sets, including the 
Chronic Obstructive Pulmonary Disease Database,26 the 
Ontario Asthma Database,27 the Ontario Diabetes Database,28 
the Congestive Heart Failure Database29 and the Ontario 
Hypertension Database.30 These databases are further 
described in Appendix 1, Supplemental Tables S1 and S2.

Outcome measure
Our primary outcome was the receipt of a SARS-CoV-2 test, 
recorded in the Ontario Laboratories Information System or 
during a DAD or NACRS encounter with a diagnosis indicat-
ing laboratory-confirmed SARS-CoV-2 (ICD-10 code 
U07.1), suspected COVID-19 (U07.2) or a negative labora-
tory test result (Z03.8). Because the latter 2 diagnoses do not 
necessarily indicate receipt of a SARS-CoV-2 laboratory test, 
we considered only encounters with these codes after Mar. 17, 
when Ontario declared a state of emergency.31 CIHI mandates 
the use of code Z03.8 when COVID-19 is ruled out by labo-
ratory testing and code U07.2 when COVID-19 is suspected 
but laboratory results are inconclusive or unavailable.32 After 
Mar. 17, symptomatic individuals presenting to hospital were 
likely to receive a SARS-CoV-2 test.

Results of tests for SARS-CoV-2 were categorized as posi-
tive or nonpositive, with indeterminate and pending results 
considered nonpositive. Cancelled or rejected tests were not 
considered. Where there were multiple tests or hospital 
encounters, a person was deemed to have a positive result 
where any test or hospital encounter indicated positivity. The 
first test date was assigned as the outcome date, unless a non-
positive test result was superseded by a following positive test 
result or hospital encounter, in which case the date of the first 
positive result was assigned.

Our secondary outcomes were hospital admission for con-
firmed COVID-19 (U07.1), hospital admission requiring 
intensive care for confirmed COVID-19 and death within 
21 days of first evidence of SARS-CoV-2 test positivity.
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Other covariates
We obtained participants’ demographic characteristics as of 
Jan. 23, 2020, including age, sex, neighbourhood income 
quintile, level of urbanicity and immigrant status. As people 
with a recent history of homelessness are known to have more 
comorbidities,7,33 we measured asthma, chronic obstructive 
pulmonary disorder, diabetes, congestive heart failure and 
hypertension. Finally, we obtained the number of primary 
health care encounters in the previous year, as a proxy for 
propensity to seek SARS-CoV-2 testing, and receipt of health 
care related to mental health in the previous year, as an indi-
cator of potential barriers to following pandemic-related rec-
ommendations.3,33 Complete variable definitions are available 
in Appendix 1, Supplemental Table S3.

Statistical analysis
We conducted all analyses using SAS version 9.4. We com-
pared covariates using one-way analysis of variance, Kruskal–
Wallis, Cochran–Armitage or χ2 tests, as appropriate. As our 
combined groups include nearly all Ontarians, we also 
reported standardized differences, which assess differences 
between group means as a percentage of the pooled standard 
deviation; a difference of 10% or more was considered signifi-
cant.34 We calculated outcome rates per 100 person-years for 
each outcome.

As testing policies varied during follow-up, we used 
extended multivariable Cox proportional hazards models35 to 
estimate the hazard ratio during consecutive observation peri-
ods meeting the proportional hazards assumption. Hazard 
ratios (HRs) and 95% confidence intervals (CIs) were esti-
mated using Heaviside functions. Censoring events included 
entry into long-term care and death (except for the mortality 
outcome, where death was an outcome event). Covariates for 
adjusted models were selected on the basis of substantial dif-
ferences observed between groups and associations with out-
comes (risk for testing, infection or complications after infec-
tion). Model results are presented as unadjusted and adjusted 
HRs, with accompanying 95% CIs. In all outputs, small cells 
(fewer than 6) were suppressed to protect patient privacy.

Ethics approval
The use of data in this project was authorized under section 
45 of Ontario’s Personal Health Information Protection Act, 
which does not require review by a research ethics board.

Results

We identified 29 407 people with a recent history of home-
lessness and 14 494 301 community-dwelling people (Figure 1). 
Compared with the latter group, people with a recent history 

Patients who met the case definition
for having a recent history of homelessness

and were alive as of Jan. 23, 2020
n = 31 352

Excluded n = 1402
• Not eligible for OHIP coverage
n = 894

• DOLC with health care system
< 9 yr n = 508

Community-dwelling patients
alive as of Jan. 23, 2020

n = 17 821 127

Excluded n = 3 194 687
• Not eligible for OHIP coverage
n = 2 183 599

• DOLC with health care system
< 9 yr n = 1 011 088

Patients with a recent history
of homelessness remaining after

data-cleaning exclusions and
linking of administrative data sets

n = 29 950 

Community-dwelling patients
remaining after data cleaning

exclusions and linking
of administrative data sets

n = 14 626 440

Excluded n = 543
• In long-term care n = 171
• Admitted to hospital or ALC

at index date n = 372

Excluded n = 132 139
• In homeless group n = 29 407
• In long-term care n = 83 699
• Admitted to hospital or ALC

at index date n = 19 033

Patients with a recent
history of homelessness
included in final analysis

n = 29 407

Community-dwelling
patients included
in final analysis
n = 14 494 301

Figure 1: Diagram illustrating how the study cohort was built. Note: ALC = alternate level of care (a clinical designation identifying patients in 
Ontario hospitals who no longer require the intensity of resources provided in their current acute care setting and are waiting for discharge to an 
appropriate destination), DOLC = date of last contact, OHIP = Ontario Health Insurance Plan.
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of homelessness were more likely to be 25–39 years old 
(35.8% v. 19.7%) or 40–64 years old (40.5% v. 34.1%), to be 
male (68.0% v. 49.2%) and to reside in the lowest income 
neighbourhoods (43.3% v. 18.8%) or small to medium census 

metropolitan areas (34.3% v. 27.3%) (Table 1). Conversely, 
people with a recent history of homelessness were less likely 
to have immigrated to Canada within the past 10 years (1.7% 
v. 4.3%). People with a recent history of homelessness had a 

Table 1: Cohort characteristics at index, by group

Characteristic at index

No. (%) of patients*

p value
Standardized 
difference, %

People with a 
recent history of 
homelessness 
n = 29 407

Community-dwelling 
population 

n = 14 494 301

Sociodemographic characteristics

Age, yr, median (IQR) 38 (28–52) 41 (23–59) < 0.001 5

Age group, yr < 0.001

    Youth (< 25) 4789 (16.3) 3 996 738 (27.6) 28

    Young adults (25–39) 10 526 (35.8) 2 853 540 (19.7) 37

    Older adults (40–64) 11 898 (40.5) 4 949 782 (34.1) 13

    Seniors (≥ 65) 2194 (7.5) 2 694 241 (18.6) 34

Male 19 994 (68.0) 7 125 208 (49.2) < 0.001 39

Immigrated within past 10 yr† 510 (1.7) 624 664 (4.3) < 0.001 15

Immigrated as refugee† 217 (0.7) 106 997 (0.7) 0.99 0

Income quintile‡ < 0.001

    1 (lowest) 12 723 (43.3) 2 724 338 (18.8) 55

    2 6402 (21.8) 2 791 099 (19.3) 6

    3 5166 (17.6) 3 354 429 (19.3) 14

    4 2744 (9.3) 2 873 618 (19.8) 30

    5 (highest) 2372 (8.1) 2 750 817 (19.0) 32

Level of urbanicity < 0.001

    Large CMA (> 500 000 population) 17 018 (57.9) 8 802 812 (60.7) 6

    Small to medium-sized urban centres  
    (10 000–500 000 population

10 082 (34.3) 3 959 178 (27.3) 15

    Areas with < 10 000 population 1660 (5.6) 1 280 134 (8.8) 12

    Unknown or missing 647 (2.2) 452 177 (3.1) 6

Comorbidities and prior health care use

Asthma or COPD 7308 (24.9) 2 344 954 (16.2) < 0.001 22

Diabetes 3587 (12.2) 1 486 515 (10.3) < 0.001 6

Congestive heart failure 820 (2.8) 264 745 (1.8) < 0.001 6

Hypertension 4833 (16.4) 3 072 844 (21.2) < 0.001 12

Care related to mental health in previous year 21 905 (74.5) 1 909 412 (13.2) < 0.001 157

    Psychotic disorders 9539 (32.4) 171 880 (1.2) < 0.001 92

    Nonpsychotic disorders 16 683 (56.7) 1 744 055 (12.0) < 0.001 107

    Substance use disorders 15 097 (51.3) 204 393 (1.4) < 0.001 137

No. of primary care visits in previous year, 
median (IQR)

19 (6–47) 5 (1–11) < 0.001 89

Note: Cells representing ≤ 5 individuals are suppressed to protect individual privacy. CMA = census metropolitan area, COPD = chronic obstructive pulmonary 
disease, IQR = interquartile range.
*Unless indicated otherwise.
†Immigration status defined based on presence of a landing date in the Immigration, Refugees and Citizenship Canada Permanent Resident Database from 
2008 to 2018. 
‡Income quintiles at the Dissemination Area level, derived from 2016 census data. Missing and unknown values were recoded to quintile 3.
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higher prevalence of respiratory conditions (24.9% v. 16.2%) 
but a lower prevalence of hypertension (16.4% v. 21.2%). 
They also had had more primary health care visits in the pre-
vious year (median 19 visits [interquartile range (IQR) 6–47] 
v. 5 [IQR 1–11]) and were more likely to have received care 
related to mental health (74.5% v. 13.2%).

From Jan. 23 to July 31, 2020, 8451 people with a recent his-
tory of homelessness (62.10 per 100 person-years) received at 
least 1 SARS-CoV-2 test, compared with 1 266 716 community-
dwelling people (17.24 per 100 person-years) (Table 2). In 
unadjusted analyses, we observed 3 periods with distinct test-
ing hazards (the preshutdown period was from Jan. 23 to 
Mar. 13, the peak period was from Mar. 14 to June 16 and the 
reopening period was from June 17 to July 31). The unad-
justed HR of testing was higher among people with a recent 
history of homelessness in all 3 periods. After we adjusted for 
age groupings, sex, immigrant status, income quintile, level of 
urbanicity, presence of comorbidities and outpatient and 
mental health care usage, HRs for testing remained significant 
in all periods (preshutdown adjusted HR 1.61, 95% CI 
1.22–2.11; peak adjusted HR 2.95, 95% CI 2.88–3.03; 
reopening adjusted HR 1.45, 95% CI 1.39–1.51).

We identified 274 people with a recent history of home-
lessness (2.01 per 100 person-years) and 28 430 (0.39 per 100 
person-years) community-dwelling people with a positive 
SARS-CoV-2 test result (Table 2). No cases of COVID-19 
occurred among people with a recent history of homelessness 
during the preshutdown period; HRs for this period are thus 
excluded. People with a recent history of homelessness were 
more likely to test positive during the peak period (unadjusted 
HR 5.07, 95% CI 4.94–5.20) and the reopening period 

(unadjusted HR 1.05, 95% CI 1.04–1.07) (Table 3). After 
adjustment, the HR during both periods remained significant 
(peak adjusted HR 3.66, 95% CI 3.22–4.16; reopening 
adjusted HR 1.76, 95% CI 1.15–2.71).

We identified 104 people with a recent history of home-
lessness and 3685 community-dwelling people who were 
admitted to hospital with COVID-19 (Table 2). No hospital 
admissions occurred among people with a recent history of 
homelessness during the preshutdown period. People with a 
recent history of homelessness were more likely to be admit-
ted to hospital during the peak period (unadjusted HR 
65.12, 95% CI 53.45–79.34) but not during the reopening 
period (unadjusted HR 0.51, 95% CI 0.17–1.59]). After 
adjustment, the hazard of being admitted to hospital during 
the peak period was attenuated but still over 20 times that of 
community-dwelling people (peak adjusted HR 20.35, 
95% CI 16.23–25.53; reopening adjusted HR 0.38, 95% CI 
0.12–1.17).

We identified 15 people with a recent history of homeless-
ness and 1053 community-dwelling people who required 
intensive care for COVID-19 (Table 2). People with a recent 
history of homelessness required intensive care only during 
the peak period. People with a recent history of homelessness 
were much more likely to require intensive care (unadjusted 
HR 33.75, 95% CI 20.27–56.18) (Table 3). After adjustment, 
the hazard ratio remained significant (adjusted HR 10.20, 
95% CI 5.81–17.93).

Finally, we identified 10 people with a recent history 
of homelessness and 730 community-dwelling people who 
died within 21 days of a positive SARS-CoV-2 test result 
(Table 2). All deaths among people with a recent history of 

Table 2: Outcomes during follow-up

Outcome
No. of 

patients
Rate per 100 
person-years

Tested for SARS-CoV-2

    People with a recent history of homelessness 8451 62.10

    Community-dwelling people 1 266 716 17.24

Tested positive for SARS-CoV-2

    People with a recent history of homelessness 274 2.01

    Community-dwelling people 28 430 0.39

Admitted to hospital with COVID-19

    People with a recent history of homelessness 104 0.69

    Community-dwelling people 3685 0.05

Admitted to hospital with COVID-19 and required intensive care

    People with a recent history of homelessness 15 0.10

    Community-dwelling people 1053 0.01

Died within 21 d of positive SARS-CoV-2 test

    People with a recent history of homelessness 10 0.07

    Community-dwelling people 730 0.01

Note: COVID-19 = coronavirus disease 2019, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
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Table 3 (part 1 of 2): Adjusted and unadjusted hazard of outcomes related to COVID-19 (Jan. 23 to July 31, 2020) for people with a 
recent history of homelessness

Characteristic

Hazard ratio (95% CI); outcome

Tested* Positivity†
Hospital 

admission‡
Intensive 

care§ Death¶

Unadjusted analysis

People with a recent history of homelessness  
(Ref. = community-dwelling people)

    Preshutdown period: Jan. 23 to Mar. 13 3.06 
(2.33–4.03)

NR NR NR NR

    Peak period: Mar. 14 to June 16 5.06 
(4.93–5.19)

5.07 
(4.94–5.20)

65.12 
(53.45–79.34)

33.75 
(20.27–56.18)

7.64 
(4.09–14.24)

    Reopening period: June 17 to July 31 2.39 
(2.30–2.49)

1.05 
(1.04–1.07)

0.51 
(0.17–1.59)

NR NR

Adjusted analysis

People with a recent history of homelessness  
(Ref. = community-dwelling people)

    Preshutdown period: Jan. 23 to Mar. 13 1.61 
(1.22–2.11)

NR NR NR NR

    Peak period: Mar. 14 to June 16 2.95 
(2.88–3.03)

3.66 
(3.22–4.16)

20.35 
(16.23–25.53)

10.20 
(5.81–17.93)

5.73 
(3.01–10.91)

    Reopening period: June 17 to July 31 1.45 
(1.39–1.51)

1.76 
(1.15–2.71)

0.38 
(0.12–1.17)

NR NR

Age group, yr (Ref. = youth [18–24 yr])

    Young adults (25–39) 2.02 
(2.01–2.03)

2.05 
(1.97–2.13)

3.47 
(2.70–4.46)

4.39 
(2.37–8.14)

4.99 
(0.56–44.53)

    Older adults (40–64) 2.03 
(2.02–2.04)

2.18 
(2.10–2.26)

9.84 
(7.86–12.31)

21.67 
(12.45–37.73)

44.24 
(6.16–317.75)

    Seniors (≥ 65) 1.90 
(1.89–1.91)

1.31 
(1.25–1.37)

17.66 
(14.04–22.2)

28.81 
(16.40–50.61)

321.6 
(44.9–2299.9)

Sex (Ref. = female) 0.76 
(0.76–0.76)

0.91 
(0.89–0.94)

1.31 
(1.23–1.40)

1.88 
(1.66–2.14)

1.36 
(1.18–1.58)

Immigration status** (Ref. = not an immigrant) 0.87 
(0.86–0.87)

1.83 
(1.75–1.90)

1.41 
(1.22–1.63)

1.64 
(1.27–2.11)

0.93 
(0.57–1.51)

Income quintile  
(Ref. = highest income quintile)††‡‡

    1 (lowest income) 0.96 
(0.95–0.96)

2.01 
(1.93–2.09)

2.02 
(1.82–2.25)

1.93 
(1.57–2.36)

1.64 
(1.30–2.08)

    2 0.95 
(0.95–0.96)

1.52 
(1.46–1.58)

1.38 
(1.23–1.55)

1.48 
(1.20–1.83)

1.22 
(0.96–1.56)

    3 0.94 
(0.94–0.95)

1.42 
(1.36–1.48)

1.33 
(1.18–1.49)

1.27 
(1.02–1.58)

1.24 
(0.97–1.58)

    4 0.94 
(0.94–0.95)

1.18 
(1.13–1.23)

1.19 
(1.06–1.34)

1.34 
(1.08–1.67)

1.00 
(0.77–1.30)

Urbanicity  
(Ref. = large CMA [> 500 000 population])

    Small to medium-sized urban centres  
    (10 000–500 000 population

1.13 
(1.13–1.14)

0.48 
(0.47–0.50)

0.44 
(0.41–0.48)

0.45 
(0.39–0.53)

0.51 
(0.43–0.61)

    Areas with < 10 000 population 1.11 
(1.10–1.11)

0.30 
(0.28–0.32)

0.25 
(0.21–0.31)

0.29 
(0.21–0.41)

0.27 
(0.18–0.40)

    Unknown 1.11 
(1.10–1.13)

0.68 
(0.63–0.74)

0.41 
(0.32–0.54)

0.50 
(0.31–0.81)

0.20 
(0.09–0.45)



	 CMAJ OPEN, 9(1)	 E7

Research

homelessness occurred during the peak period. The unadjusted 
hazard of death was 7.64 (95% CI 4.09–14.24) (Table 3); after 
adjustment, the hazard was attenuated but remained significant 
(peak adjusted HR 5.73, 95% CI 3.01–10.91).

Interpretation

We found that SARS-CoV-2 testing, test positivity and hos-
pital admission, intensive care and mortality rates related to 
COVID-19 were all substantially higher among people with a 
recent history of homelessness than among the community-
dwelling population, in particular during the peak period of 
Mar. 14 to June 16, 2020. During much of this period, 
Ontario’s testing strategy focused on symptomatic people who 
had recently travelled out of country or who had preexisting 
risk factors (e.g., advanced age, comorbidities, homeless-
ness).36–38 Disparate testing criteria probably resulted in an 
undercount of positive cases among the community-dwelling 
population, which may have inflated our observed positivity 
HR. Indeed, the adjusted hazard of positivity in the reopening 
period (when testing criteria were relaxed) was less than half 
that in the peak period.

Disparate testing criteria are less likely to have influenced 
complication-related estimates, as people with severe symp-
toms would have been more likely to receive care, leading to a 
test. During the height of the first wave of the COVID-19 
pandemic, certain regions isolated people experiencing home-

lessness who had COVID-19 in hospitals when alternative 
accommodations were unavailable,39,40 which may have 
inflated our HR for hospital admission during the peak 
period. However, the need for intensive care (also signifi-
cantly higher among people with a recent history of home-
lessness) would not have been affected. Thus, policies may 
explain some but not all of the observed HR for hospital 
admission. Finally, although mortality rates depend on 
COVID-19 case identification, which was lower among the 
community-dwelling population, Ontario was able to meet 
needs for hospital care related to COVID-19 throughout 
the first wave,41 making it unlikely that large numbers of 
community-dwelling Ontarians failed to receive hospital-
based care before dying of COVID-19.

This study offers a population-level assessment of how 
COVID-19 has affected people with a recent history of 
homelessness. Several previous reports from the United States 
have detailed case rates among people experiencing homeless-
ness in the shelters of certain cities, with positivity among 
those tested ranging between 2% and 18%,9,42–44 but they did 
not compare these rates with those in the general population. 
One report from Boston identified a cumulative case rate of 
4.6% among people experiencing homelessness versus 0.19% 
in the general population over a 15-day period.8 Another 
study from Brussels reported a cumulative case rate of 5.88% 
among people experiencing homelessness between March and 
May, with a hospital admission rate 3 times that of the general 

Table 3 (part 2 of 2): Adjusted and unadjusted hazard of outcomes related to COVID-19 (Jan. 23 to July 31, 2020) for people with a 
recent history of homelessness

Characteristic

Hazard ratio (95% CI); outcome

Tested* Positivity†
Hospital 

admission‡
Intensive 

care§ Death¶

Comorbidities at baseline (Ref. = no comorbidity)

    Asthma or COPD 1.24 
(1.24–1.25)

1.06 
(1.03–1.09)

1.27 
(1.18–1.37)

1.32 
(1.15–1.53)

1.36 
(1.17–1.59)

    Diabetes 1.02 
(1.01–1.03)

1.38 
(1.34–1.43)

1.78 
(1.66–1.92)

2.22 
(1.94–2.54)

1.68 
(1.44–1.95)

    Congestive heart failure 1.48 
(1.47–1.49)

1.42 
(1.32–1.52)

1.92 
(1.73–2.13)

1.40 
(1.13–1.74)

2.51 
(2.09–3.01)

    Hypertension 1.10 
(1.10–1.11)

1.30 
(1.26–1.34)

1.63 
(1.50–1.76)

1.57 
(1.36–1.81)

2.35 
(1.91–2.89)

No. of outpatient visits in past year 1.01 
(1.01–1.01)

1.01 
(1.01–1.01)

1.01 
(1.01–1.01)

1.01 
(1.01–1.01)

1.01 
(1.01–1.01)

Health care for mental health in past year 1.40 
(1.40–1.41)

1.04 
(1.01–1.08)

1.22 
(1.12–1.32)

0.98 
(0.83–1.16)

1.37 
(1.14–1.65)

Note: CI = confidence interval, CMA = census metropolitan area, COPD = chronic obstructive pulmonary disease, COVID-19 = coronavirus disease 2019,  
NR = insufficient outcomes in group to report, Ref. = reference category, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
*Receipt of at least 1 test for SARS-CoV-2 that was not cancelled or rejected.
†Receipt of at least 1 positive test for confirmed SARS-CoV-2 infection.
‡At least 1 hospital admission for confirmed COVID-19 or within 21 d of the first positive SARS-CoV-2 test result.
§At least 1 hospital admission requiring intensive care for confirmed COVID-19 or within 21 d of the first positive SARS-CoV-2 test result.
¶Death within 21 d of the first positive SARS-CoV-2 test result.
**Immigration status defined on the basis of the presence of a landing date in the Immigration, Refugees and Citizenship Canada Permanent Resident Database between 
2008 and 2018.
††Income quintiles at the Dissemination Area level, derived from census 2016 data.
‡‡Missing and unknown values recoded to quintile 3.
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population.45 These 2 latter findings are not directly compara-
ble with ours, however, because both reports relied on point-
in-time counts (probably because of a lack of alternatives) to 
estimate the homeless population denominator, which have 
been shown to be unreliable when used for this purpose.46

Limitations
Our study relied on linked health administrative data, which 
follow the entire Ontario population eligible for OHIP cover-
age using encrypted identifiers; this allowed us to passively 
follow people, particularly hard-to-follow people with a 
recent history of homelessness, throughout the pandemic. 
This method also permits adjustment for important testing 
and outcome-related risk factors, such as previous health care 
usage (a proxy for propensity to seek out a test when symp-
tomatic). However, OHIP eligibility does not extend to cer-
tain subgroups, in particular Indigenous people on reserves 
and certain refugee claimants who do not meet the refugee 
definition in the 1951 Geneva Convention.47 As both groups 
are overrepresented in Canada’s homeless population, our 
counts of people with a recent history of homelessness are 
underestimates, particularly in the Greater Toronto Area, 
where refugees comprise one-third of shelter users.48 Our 
results could be affected if people experiencing homelessness 
who did not have coverage were disproportionately affected 
by COVID-19 relative to people with housing who did not 
have coverage. Thus, our results should be generalized only to 
people with Ontario health care coverage.

Our case definition of people with a recent history of 
homelessness also relies on interaction with the health care 
system, and previous work21 shows that a substantial number 
of people experiencing homelessness do not interact regularly 
with health care sources that record homelessness, leading to 
a relatively insensitive case definition. Thus, our cohort of 
people with a recent history of homelessness is probably 
smaller than the true Ontario population of people experienc-
ing homelessness. However, because our numerator (people 
with a recent history of homelessness affected by COVID-19 
outcomes) and denominator (population of people with a 
recent history of homelessness) were measured by the same 
method and the characteristics of our cohort of people with a 
recent history of homelessness (Table 1) were similar to those 
of people in other reports of homeless populations in Can-
ada,20,21 we do not believe our undercount biased our rates, 
although rarer outcomes should be interpreted with caution. 
In particular, hospital admission rates were probably inflated 
as a result of policies leading to the quarantine of people expe-
riencing homelessness who test positive.

A final weakness of health administrative data is the delay 
involved in fully receiving and verifying records. At the time 
of writing, it was impossible to report results with confidence 
beyond July 2020.

Conclusion
Legitimate concerns exist about the potential impact of the 
COVID-19 pandemic on people experiencing homelessness. In 
Ontario, we found that people with a recent history of 

homelessness were more likely to test positive for SARS-CoV-2 
and substantially more likely to experience complications 
related to COVID-19 than the community-dwelling popula-
tion. People experiencing homelessness should continue to be 
considered particularly vulnerable to COVID-19. Further work 
will be needed to update these findings as the pandemic pro-
gresses and to assess the effectiveness of sheltering and other 
countermeasures used by many Ontario cities that are meant to 
mitigate this population’s vulnerability to outbreaks.
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