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Abstract
Background: COVID-19 imposed substantial health and economic burdens. Comprehensive population-based estimates of health
care costs for COVID-19 are essential for planning and policy evaluation. We estimated publicly funded health care costs in 2 Canadian
provinces during the pandemic’s first wave.
Methods: In this historical cohort study, we linked patients with their first positive SARS-CoV-2 test result by June 30, 2020, in
2 Canadian provinces (British Columbia and Ontario) to health care administrative databases and matched to negative or untested
controls. We stratified patients by highest level of initial care: community, long-term care, hospital (without admission to the intensive
care unit [ICU]) and ICU. Mean publicly funded health care costs for patients and controls, mean net (attributable to COVID-19) costs
and total costs were estimated from 30 days before to 120 days after the index date, or to July 31, 2020, in 30-day periods for
patients still being followed by the start of each period.
Results: We identified 2465 matched people with a positive test result for SARS-CoV-2 in BC and 28 893 in Ontario. Mean age was
53.4 (standard deviation [SD] 21.8) years (BC) and 53.7 (SD 22.7) years (Ontario); 55.7% (BC) and 56.1% (Ontario) were female.
Net costs in the first 30 days after the index date were $22 010 (95% confidence interval [CI] 19 512 to 24 509) and $15 750 (95% CI
15 354 to 16 147) for patients admitted to hospital, and $65 828 (95% CI 58 535 to 73 122) and $56 088 (95% CI 53 721 to 58 455)
for ICU patients in BC and Ontario, respectively. In the community and long-term care settings, net costs were near 0. Total costs for
all people, from 30 days before to 30 days after the index date, were $22 128 330 (BC) and $175 778 210 (Ontario).
Interpretation: During the first wave, we found that mean costs attributable to COVID-19 were highest for patients with ICU admission and higher in BC than Ontario. Reducing the number of people who acquire COVID-19 and severity of illness are required to
mitigate the economic impact of COVID-19.

T

he COVID-19 pandemic continues to have unpreced
ented effects on social and health care systems.1–5
COVID-19 has been identified as a substantial
driver of increasing health care expenditures in Canada.6 The
total cost of hospital admissions related to COVID-19 was
estimated at more than $317 million from January to November 2020 in Canada (excluding Quebec), with $40 million in
British Columbia and $202 million in Ontario.7 The average
cost per hospital stay with and without intensive care unit
(ICU) admission was $47 000 and $14 000 in BC, and
$49 000 and $15 000 in Ontario,7 respectively, substantially
exceeding the cost of a standard hospital stay in 2018 ($6464
E818

CMAJ OPEN, 10(3)

in BC and $5484 in Ontario).8 However, costs of health care
services related to COVID-19 outside hospitals are unknown.
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Understanding the system-wide costs of health care services
during the first wave for people with COVID-19, including
those who did not require hospital admission, is essential for
economic evaluations of management strategies for COVID-19.
Such evidence is crucial to measure the economic burden of
COVID-19 illness and inform evidence-based health care planning and decision-making that control the spread and severity of
COVID-19. Our objective was to address this gap by estimating
the direct medical costs for patients with COVID-19, stratified
by the highest level of initial care, in BC and Ontario during the
first wave of the pandemic from January to July 2020.

team. In Ontario, these data sets were linked using unique
encoded identifiers and analyzed at ICES.24 ICES is an independent, nonprofit research institute whose legal status under
Ontario’s health information privacy law allows it to collect
and analyze health care and demographic data, without consent, for health system evaluation and improvement. In both
provinces, linkage was 100% for people covered by the provincial health insurance plans. A small proportion of tests (2%
in BC, 0.2% in Ontario) could not be linked to administrative
data (Appendix 2, Figure S1, available at www.cmajopen.ca/
content/10/3/E818/suppl/DC1).

Methods

Outcomes and variables

Study design and setting

We conducted a historical cohort study with matched comparators in 2 Canadian provinces (BC and Ontario).9 With populations of 14.5 million (Ontario) and 5.2 million (BC), these
provinces include more than half of the Canadian population.
We conducted the analysis from the health system perspective
using linked administrative data and SARS-CoV-2 testing
data. British Columbia and Ontario have similar populationbased administrative data holdings.10 We used the Reporting
of studies conducted using observational routinely-collected
health data (RECORD) checklist to report our study.11

Study population

We identified people who tested positive for SARS-CoV-2 up to
June 30, 2020, from the BC Ministry of Health COVID-19 Test
Laboratory Data12,13 and the Ontario Laboratory Information
System (OLIS) COVID-19 databases.14 We set the index date as
the specimen collection date of the first reported positive test
result. Testing criteria evolved during the first wave. In BC, testing was initially limited to patients with severe disease, patients
requiring hospital admission, patients in long-term care or health
care workers. Testing was later expanded to include those with
other symptoms.15,16 In Ontario, testing was initially limited to
people with respiratory symptoms, and later expanded to those
with nonrespiratory symptoms.17
We excluded patients who had an invalid or missing provincial health insurance number (BC Medical Services Plan [MSP]18
or Ontario Health Insurance Plan [OHIP]19), did not reside in
the province of diagnosis at index date or had incomplete provincial health insurance coverage for 1 year before the index date.

Data sources

We used individual-level population-based provincial records
of health care services and demographics (Appendix 1,
Table S1, available at www.cmajopen.ca/content/10/3/E818/
suppl/DC1). In both provinces, the databases included
records of inpatient hospital admissions, emergency department visits, same-day surgeries, physician services, outpatient
prescription drugs, home care and long-term care. In Ontario,
visits to cancer clinics, dialysis clinics and other ambulatory
clinics were also captured in the data. In BC, data linked using
unique encoded patient identifiers were provided through
Population Data BC13,18,20–23 and analyzed by the BC research

Health care costs vary by the setting where care is delivered. To
characterize this heterogeneity, we stratified people with
COVID-19 by the highest level of care received during the first
14 days after the index date25 by admission to hospital with days
in the ICU; admission to hospital without ICU days; long-term
care (LTC) facilities; and community (Appendix 2a). We
adapted the Public Health Ontario classification of COVID19 severity, based on admission to hospital or ICU,25 and
included categories for patients managed in LTC facilities or
the community to account for different patterns of care.26,27
We greedy-matched each patient with COVID-19 in BC and
Ontario28 to as many as 4 controls from the general population
who were registered for MSP or OHIP, respectively, and did not
have a positive test result for SARS-CoV-2 up to June 30, 2020.
The matching strategy (Appendix 2b) included age, sex, residence in LTC (Appendix 2c) and a propensity score containing
comorbidity (Johns Hopkins Adjusted Clinical Groups [ACG]
System version 10, Aggregated Diagnosis Groups [ADGs] and
Resource Utilization Band)29 (Appendix 2d), and geographic and
socioeconomic factors (Appendix 2e). We also computed an
ADG score for each person, which assigned positive or negative
weights to the ADGs depending on the size and direction of
their association with the probability of 1-year mortality.29
We observed patients and controls for as many as 120 days
after the index date. We censored people at the end of the
observation period, July 31, 2020, or the end of their MSP or
OHIP registration. For patients with COVID-19 who died,
their matched controls were censored at the patient’s date of
death. If a control died, we reweighted the remaining controls
in the matched set to maintain the matching ratio.

Statistical analysis

We used standard established methods for estimating direct
medical costs from administrative data in BC and Ontario.30
Resources included hospital admissions, emergency department visits, physician services, outpatient prescription drugs
and others (Appendix 2f).
We calculated mean and median costs for patients and
controls in each 30-day period from 30 days before to
120 days after the index date. We included a preindex period
to capture health care for symptoms before SARS-CoV-2
testing, including hospital admissions and physician visits. We
included people still being followed (i.e., alive and uncensored) at the start of each 30-day period in the cost estimate
CMAJ OPEN, 10(3)
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until the end of that period, with no adjustment for the number of days of observation within each period.
We estimated net costs (mean difference between the cost
for a patient with COVID-19 and their matched controls)31–34
and 95% confidence intervals (CIs) using generalized estimating equations, with a γ distribution, identity link and
exchangeable correlation structure to account for matched
clusters. We stratified net costs in the first 30 days after the
index date by level of care, age, sex and comorbidity.
We estimated net cumulative costs by 30-day period from
the preindex period to 120 days after the index date. We accumulated costs for each person up to the end of the 30-day period
in which the person died or was censored but not beyond.
We calculated total cohort-level costs (in 2020 Canadian
dollars) for initial care by summing the costs of all people with
COVID-19 for the 30 days before the index date and first
30 days after the index date.

Ethics approval

This study was approved by The University of British Columbia/
BC Cancer Research Ethics Board and the University Health
Network Research Ethics Board (Toronto).

Results
After applying exclusion criteria, we included 2465 people in
BC and 28 893 in Ontario (Appendix 2, Figure S1). Their
mean ages were 53.4 (standard deviation [SD] 21.8) years
(BC) and 53.7 (SD 22.7) years (Ontario), and 56% of both
cohorts were female. In both provinces, more than 95% of the
people lived in urban areas. In BC and Ontario, respectively,
44.8% and 50.8% of the people lived in neighbourhoods in
the 2 lowest income quintiles (Table 1; Table 2).35 On their
index date, 288 people (11.7%) in BC and 5152 (17.8%) in
Ontario were living in LTC facilities (Appendix 2, Figure S2).

Table 1: Demographic and clinical characteristics of people with COVID-19 and matched controls in British Columbia at the index
date, by highest level of care
No. (%)*of people with COVID-19 by highest level of care

No. (%)* of
people with
COVID-19
n = 2465

No. (%)* of
controls
n = 9846

Standardized
difference

Community
n = 1752
(71%)

LTC
n = 248
(10%)

Hospital
n = 326
(13%)

ICU
n = 139
(6%)

Mean ± SD

53.4 ± 21.8

53.4 ± 21.7

0

45.3 ± 17.9

85.3 ± 9.2

67.9 ± 17.7

65.1 ± 14.4

Median (IQR)

52 (36–69)

52 (36–69)

45 (33–57)

87 (80–92)

71 (55–82)

68 (58–74)

1007 (57.5)

168 (67.7)

142 (43.6)

55 (39.6)

745 (42.5)

80 (32.3)

184 (56.4)

84 (60.4)

1668 (95.2)

248 (100.0)

310 (95.1)

130 (93.5)

84 (4.8)

0 (0)

16 (4.9)

9 (6.5)

Characteristic
Age, yr

Sex
Female

1372 (55.7)

5483 (55.7)

Male

1093 (44.3)

4363 (44.3)

0

Rurality of residence from Statistics Canada rural flag35
Urban
Rural or
small town

2356 (95.6)

9355 (95.0)

109 (4.4)

491 (5.0)

0.03

Neighbourhood income quintile
1 (lowest)

601 (24.4)

2436 (24.7)

370 (21.1)

111 (44.8)

89 (27.3)

31 (27.3)

2

503 (20.4)

2001 (20.3)

0.03

384 (21.9)

39 (15.7)

53 (16.3)

27 (19.4)

3

515 (20.9)

2046 (20.8)

355 (20.3)

60 (24.2)

72 (22.1)

28 (20.1)

4

434 (17.6)

1773 (18.0)

328 (18.7)

23 (9.3)

64 (19.6)

19 (13.7)

5 (highest)

383 (15.5)

1478 (15.0)

291 (16.6)

15 (6.0)

≤ 47 (≤ 14.4)†

≤ 33 (≤ 23.7)†

29 (1.2)

112 (1.1)

24 (1.4)

0 (0)

≤ 6†

≤ 6†

1752 (100.0)

NA

≤ 325
(≤ 99.7)†

≤ 138
(≤ 99.2)†

NA

248 (100.0)

≤ 35 (≤ 10.7)†

≤ 6†

6.3 ± 10.2

26.7 ± 11.9

18.5 ± 14.3

13 ± 12

4 (0–11)

26 (18–35)

17 (7–27)

11 (4–18)

Missing

Place of residence at the index date
Community
Long-term care

2177 (88.3)

8705 (88.4)

288 (11.7)

1141 (11.6)

10.35 ± 13.1

11.4 ± 14.1

6 (1–18)

7 (1–19)

0

ADG score
Mean ± SD
Median (IQR)

0.08

Note: ADG = Aggregated Diagnosis Group, ICU = intensive care unit, IQR = interquartile range, LTC = long-term care, NA = not applicable, SD = standard deviation.
*Unless specified otherwise.
†Numbers and percentages were suppressed so that small cell sizes were not reported and cannot be calculated.
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Table 2: Demographic and clinical characteristics of people with COVID-19 and matched controls in Ontario at the index date, by
highest level of care
No. (%)*of people with COVID-19 by highest level of care

No. (%)* of
people with
COVID-19
n = 28 893

No. (%)* of
controls
n = 115 098

Standardized
difference

Community
n = 20 545
(71%)

LTC
n = 4478
(15%)

Hospital
n = 2926
(10%)

ICU
n = 944
(3%)

Mean ± SD

53.7 ± 22.7

53.6 ± 22.7

0

44.5 ± 18.1

83.3 ± 10.8)

69.7 ± 17.8)

62.9 ± 13.6

Median (IQR)

53 (35–71)

53 (35–70)

0

45 (30–57)

86 (78–91)

73 (58–84)

63 (55–73)

Female

16 219 (56.1)

64 661 (56.2)

0

11 457 (55.8)

2963 (66.2)

1454 (49.7)

345 (36.5)

Male

12 674 (43.9)

50 437 (43.8)

9008 (44.2)

1515 (33.8)

1472 (50.3)

599 (63.5)

19 814 (96.4)

4337 (96.9)

2852 (97.5)

908 (96.2)

731 (3.6)

141 (3.1)

74 (2.5)

36 (3.8)

5736 (27.9)

1350 (30.1)

874 (29.9)

272 (28.8)

Characteristic
Age, yr

Sex

Rurality of residence from Statistics Canada rural flag35
Urban
Rural or small
town

27 911 (96.6)

109 596 (95.2)

982 (3.4)

5502 (4.8)

0.07

Neighbourhood income quintile
1 (lowest)

8232 (28.5)

32 281 (28.0)

0.03

2

6457 (22.3)

25 666 (22.3)

4382 (21.3)

1174 (26.2)

681 (23.3)

220 (23.3)

3

5820 (20.1)

22 341 (19.4)

4225 (20.6)

847 (18.9)

574 (19.6)

174 (18.4)

4

4409 (15.3)

18 273 (15.9)

3366 (16.4)

468 (10.5)

413 (14.1)

162 (17.2)

5 (highest)

3975 (13.8)

16 530 (14.4)

2836 (13.8)

639 (14.3)

384 (13.1)

116 (12.3)

0 (0)

7 (0)

0 (0)

0 (0)

0 (0)

0 (0)

20 545 (100)

NA

2232 (79.4)

873 (92.5)

NA

4478 (100.0)

603 (20.6)

71 (7.5)

Missing

Place of residence at index date
Home (community)
Long-term care

23 741 (82.2)

94 887 (82.4)

5152 (17.8)

20 211 (17.6)

0.01

11.3 ± 14.1

12.3 ± 14.9

0.07

6.7 ± 10.0

24.4 ± 15.0

21.8 ± 17.8

15.7 ± 15.3

6 (1–18)

7 (1–20)

0.06

4 (0–10)

20 (16–34)

19 (7–34)

12 (4–23)

ADG score
Mean ± SD
Median (IQR)

Note: ADG = Aggregated Diagnosis Group, ICU = intensive care unit, IQR = interquartile range, LTC = long-term care, NA = not applicable, SD = standard deviation.
*Unless specified otherwise.

We matched people with COVID-19 with 1 (0.2%) to
4 controls (98.7%) in both provinces. Balance was achieved in
all covariates, with standardized differences of less than 0.10
(Table 1; Table 2).36
Within the first 14 days of their positive SARS-CoV-2 test,
13.2% and 10.1% of people were admitted to hospital without
ICU days, and 5.6% and 3.3% were admitted to hospital with
ICU days (Table 1; Table 2; Appendix 2, Table S1), in BC
and Ontario, respectively. Most of the patients admitted to
hospital and the ICU were male. Among residents of LTC at
the index date, 86% to 87% remained in LTC after a positive
SARS-CoV-2 test result. In BC, 14% of LTC residents were
admitted to hospital (2% with ICU), and in Ontario, 13%
were admitted to hospital (1.4% with ICU) (Appendix 2,
Figure S2). In the LTC groups, more than 66% of patients
were female, with older mean ages and higher mean ADG
comorbidity scores 29 than patients in the other groups
(Table 1; Table 2).

We found that mean follow-up time was 99.5 (SD 38.0)
and 83.1 (SD 33.5) days in BC and Ontario, respectively.
Death mostly occurred in the first 30 days after the index date
(Appendix 2, Table S2). Few people with COVID-19 (< 6) in
Ontario and none in BC were censored within the first
30 days after the index date. In later months, censoring
ranged from 4.2% to 42.1% and 5.3% to 92.9% in BC and
Ontario, respectively, with most censoring occurring between
91 and 120 days (Appendix 2, Figure S3).
During the preindex period, we determined that the mean
costs for all people with a positive test result in BC and
Ontario, respectively, were $1465 and $1593, ranging from
$302 and $260 for those in the community group to $4494
and $5391 for those in the hospital group (Table 3; Table 4;
Appendix 2, Table S3). In BC, 62.6% of the people in the
hospital group and 67.6% of those in the ICU group were in
hospital on their index date, compared with 21.2% and 11.4%
in Ontario.
CMAJ OPEN, 10(3)

E821

Research
Table 3: Mean cost per person with COVID-19 by resource for 30 days before and the first 30 days after the index date in British
Columbia, by highest level of care
Cost per person with COVID-19, Can$; mean ± SD*
Resource

Community
n = 1752

LTC
n = 248

Hospital
n = 326

ICU
n = 139

Total cohort
n = 2465

122 ± 1563

128 ± 1152

3309 ± 7900

1088 ± 4226

599 ± 3503

Day –30 to Day –1
Hospital admission†
ED visits

18 ± 84

7 ± 55

120 ± 237

87 ± 175

35 ± 126

Physician services‡

51 ± 178

103 ± 194

301 ± 462

197 ± 643

97 ± 292

NA

NA

Outpatient clinics§
Home care

19 ± 368

95 ± 463

136 ± 552

13 ± 75

42 ± 400

LTC and CCC

8 ± 205

5045 ± 1062

367 ± 1331

152 ± 887

571 ± 1636

Outpatient prescription drugs

53 ± 182

134 ± 275

142 ± 240

128 ± 251

77 ± 209

Other¶

30 ± 164

33 ± 83

120 ± 303

83 ± 236

45 ± 190

Total**

302 ± 1983

5545 ± 1693

4494 ± 8447

1749 ± 5153

1465 ± 4223

24 ± 400

415 ± 4342

20 324 ± 21 543

60 587 ± 42 095

6163 ± 19 652

Day 1 to Day 30
Hospital admission†
ED visits

78 ± 167

16 ± 74

308 ± 257

323 ± 223

116 ± 203

Physician services‡

115 ± 190

201 ± 352

1547 ± 1712

4512 ± 2742

561 ± 1418

NA

NA

26 ± 311

75 ± 442

191 ± 641

56 ± 175

54 ± 384

LTC and CCC

6 ± 167

3957 ± 1885

308 ± 1158

90 ± 598

448 ± 1400

Outpatient prescription drugs

57 ± 180

132 ± 174

125 ± 277

69 ± 128

74 ± 195

Outpatient clinics§
Home care

Other¶

33 ± 74

46 ± 81

212 ± 413

688 ± 986

95 ± 326

Total**

339 ± 726

4842 ± 4981

23 015 ± 22 895

66 324 ± 43 992

7512 ± 21 086

Note: CCC = complex continuing care, ED = emergency department, ICU = intensive care unit, LTC = long-term care, NA = not available, SD = standard deviation.
*Unless specified otherwise.
†Includes same-day surgery.
‡Includes general practice, family medicine and specialist services.
§Data not available.
¶Other includes records for diagnostic procedures and other services.
**Mean total cost may not equal the sum of the mean costs for all resources because of rounding.

In the 30 days after index date, the mean cost per person
with a positive test result for SARS-CoV-2 was $7512 in BC
and $4491 in Ontario. Costs increased to $66 324 and
$56 716 for the ICU groups and $23 015 and $17 050 in the
hospital groups in BC and Ontario, respectively (Table 3;
Table 4; Appendix 2, Table S3). In the first month after the
index date, costs for hospital admissions represented about
80%–90% of total costs for patients in the ICU and hospital.
In the community group, physician services and emergency
department visits were the costliest resources after the index
date (Table 3, Table 4).
During the preindex period, we found that mean net
costs in BC and Ontario, respectively, were $3133 and
$3628 for people in the hospital group, and $966 and $2493
for those in the ICU group (Table 5). In the first 30 days
after the index date, net costs were highest for the ICU
groups, at $65 828 and $56 088 in BC and Ontario, respectively, and lowest for the community groups ($117 and $161,
respectively; Table 5).
E822
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We also found that the net costs for the LTC group in
BC were negative before the index date (–$397) and positive for the next 90 days before becoming negative
(Table 5). In Ontario, net costs were –$748 before the
index date and higher in the first 30 days after the index
date (–$327).
We determined that mean net cumulative costs for people
with COVID-19 from 30 days before to 120 days after the
index date were, in BC and Ontario, respectively, $90 056 and
$96 308 (ICU group), $33 640 and $28 329 (hospital group),
–$46 and –$1105 (LTC group), and $96 and $487 (commun
ity group) (Figure 1; Appendix 2, Table S4).
We found that mean net costs in the first 30 days after the
index date increased with age up to 70–79 years and then
decreased (Figure 2A). Mean net costs ranged from $287 for
patients aged 19 years and younger to $21 250 for those aged
70–79 years in BC, and from $248 for patients aged 19 years
and younger to $8914 for those aged 70–79 years in Ontario
(Appendix 2, Table S5).
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Table 4: Mean cost per person with COVID-19 by resource for 30 days before and the first 30 days after the index date in Ontario,
by highest level of care
Cost per person with COVID-19, Can$; mean ± SD*
Resource

Community
n = 20 545

LTC
n = 4478

Hospital
n = 2926

ICU
n = 944

Total cohort
n = 28 893

43 ± 660

158 ± 1531

2785 ± 8378

1880 ± 8549

398 ± 3304

Day –30 to Day –1
Hospital admission†
ED visits

27 ± 117

11 ± 83

238 ± 380

194 ± 371

52 ± 186

Physician services‡

62 ± 217

156 ± 260

604 ± 1360

411 ± 1116

143 ± 549

Outpatient clinics§

37 ± 618

59 ± 600

256 ± 1194

223 ± 1166

73 ± 722

Home care

29 ± 325

28 ± 173

290 ± 1143

112 ± 489

58 ± 475

NR

4224 ± 4395

941 ± 1604

359 ± 880

762 ± 2360

Outpatient prescription drugs

35 ± 296

168 ± 434

186 ± 536

214 ± 947

76 ± 392

Other¶

26 ± 680

33 ± 803

91 ± 252

52 ± 1000

34 ± 788

Total**

260 ± 1519

4836 ± 2370

5391 ± 10 016

3446 ± 10 007

1593 ± 4518
3130 ± 12 322

LTC and CCC

Day 1 to Day 30
Hospital admission†

41 ± 661

171 ± 1316

14 078 ± 10 078

50 463 ± 35 000

ED visits

79 ± 185

28 ± 129

474 ± 414

551 ± 371

126 ± 265

Physician services‡

134 ± 297

219 ± 351

1558 ± 1348

4963 ± 3641

449 ± 1234

Outpatient clinics§

42 ± 381

100 ± 614

285 ± 703

459 ± 796

89 ± 492

Home care

25 ± 292

14 ± 111

159 ± 440

72 ± 243

38 ± 293

NR

3420 ± 4392

303 ± 909

102 ± 461

564 ± 2141

34 ± 278

146 ± 302

125 ± 627

60 ± 286

61 ± 337

LTC and CCC
Outpatient prescription drugs
Other¶

27 ± 751

34 ± 849

70 ± 1170

46 ± 989

33 ± 788

Total**

381 ± 1393

4132 ± 2695

17 050 ± 11 103

56 716 ± 37 128

4491 ± 13 318

Note: CCC = complex continuing care, ED = emergency department, ICU = intensive care unit, LTC = long-term care, OHIP = Ontario Health Insurance Plan, NR = not
reportable because of small cell size (to comply with ICES privacy rules), SD = standard deviation.
*Unless specified otherwise.
†Includes same-day surgery. Mean costs for same-day surgery were available separately in Ontario and were small in comparison to inpatient costs and often not
reportable because of small cell size.
‡Includes general practice, family medicine and specialist services.
§Include cancer clinics, dialysis clinics and other ambulatory clinics.
¶Includes nonphysicians and laboratory tests covered by OHIP, as well as New Drug Funding Program drugs and mental health inpatient services.
**Mean total cost may not equal the sum of the mean costs for all resources because of rounding.

Mean net costs for males were almost twice those for
females ($9939 v. $4613 in BC and $4752 v. $2520 in
Ontario) (Appendix 2, Table S5). We found that comorbidity greatly increased net costs, with a downturn in BC for
the highest comorbidity level (Figure 2B; Appendix 2,
Table S5). Mean net costs for people who resided in LTC
facilities at the index date were lower than those who
resided in the community (BC, $2964 v. $7239; Ontario,
$1916 v. $3802).
Figure 3 shows the total costs for all people in each level
of care group and their matched controls. We found that
the total health care costs from 30 days before to 30 days
after the index date across all levels of care were
$22 128 330 in BC and $175 778 210 in Ontario, for 2465
and 28 893 people, respectively, who had a diagnosis of
COVID-19 from January to June 30, 2020. Total net costs
attributable to COVID-19 were $17 651 803 in BC and
$111 204 497 in Ontario.

Interpretation
We found that costs attributable to COVID-19 during the
first wave varied by health care setting and remained substantive up to 120 days after the index date for patients initially
treated in the hospital or ICU. The total health care costs
were much higher in Ontario than BC because of a higher
caseload, whereas mean costs per COVID-19 case were
higher in BC because of differences in the setting of care and
higher unit costs of hospital admission.
We determined that total costs to the health care system
depended on the number of patients and mean cost per
patient. As of June 30, 2020, about 0.27% of the Canadian
population had SARS-CoV-2 infection. 37 People with
COVID-19 in our study represented about 0.05% and 0.2%
of the BC and Ontario populations, respectively, over the
same period.9 British Columbia was initially more effective
than Ontario at flattening the pandemic curve, with earlier
CMAJ OPEN, 10(3)
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Table 5: Mean net cost per person with COVID-19 in British Columbia and Ontario for each 30-day period before and after the
index date, by highest level of care
Mean net cost (95% CI) per person with COVID-19 in British
Columbia

Mean net cost (95% CI) per person with COVID-19 in Ontario

Time
period

Community

LTC

Hospital

ICU

Community

LTC

Hospital

ICU

Before
index
date

19
(–77 to 115)
n = 1752

–397
(–805 to 11)
n = 248

3133
(2250 to 4016)
n = 326

966
(140 to 1792)
n = 139

34
(11 to 57)
n = 20 545

–748
(–846 to –650)
n = 4478

3628
(3263 to 3995)
n = 2926

2493
(1849 to 3136)
n = 944

Days 1
to 30

117
(70 to 164)
n = 1752

319
(–280 to 919)
n = 248

22 010
(19 512 to 24 509)
n = 326

65 828
(58 535 to 73 122)
n = 139

161
(140 to 183)
n = 20 545

–327
(–410 to –244)
n = 4478

15 750
(15 354 to 16 147)
n = 2926

56 088
(53 721 to 58 455)
n = 944

Days 31
to 60

21
(–51 to 94)
n = 1733

561
(–642 to 1765)
n = 167

5275
(3498 to 7052)
n = 284

17 981
(12 856 to 23 107
n = 118

65
(36 to 93)
n = 2443

–83
(–227 to –60)
n = 3269

5213
(4793 to 5632)
n = 2289

22 255
(19 925 to 24 585)
n = 644

Days 61
to 90

–18
(–81 to 45)
n = 1530

349
(–329 to 1027)
n = 138

2177
(894 to 3460)
n = 259

4099
(1460 to 6739)
n = 107

34
(8 to 61)
n = 16 765

–85
(–235 to –64)
n = 3006

2584
(2262 to 2906)
n = 2013

7785
(7074 to 10 495)
n = 545

Days 90
to 120

24
(–62 to 109)
n = 1290

–347
(–685 to –9)
n = 110

1012
(238 to 1785)
n = 240

2329
(529 to 4130)
n = 101

40
(12 to 68)
n = 10 516

–107
(–224 to –9)
n = 2129

1373
(1063 to 1683)
n = 1402

3562
(2371 to 4754)
n = 420

Note: CI = confidence interval, ICU = intensive care unit, LTC = long-term care.
We observed cases from the index date until death or censoring. Controls were censored on the date of death or censoring of their matched person with COVID-19. Costs
in each 30-day period include only people with COVID-19 and controls who were under observation at the start of the period.

public health restrictions26 and better management to contain
the spread of infection in LTC facilities.27
We determined that Ontario’s caseload contributed to a
higher health system cost during the first wave compared with
BC. The aggregate cost for initial care (30 d before and 30 d
after the index date) for all people with COVID-19 who were
diagnosed from January to June 30, 2020, was $22 128 330 in
BC and $175 778 210 in Ontario. These amounts were about
0.10% and 0.27% of the respective provincial annual 2020
budgets for health care.38,39
COVID-19 and influenza have similar symptoms;40 however, patients admitted to hospital for COVID-19 are more
likely to acquire acute respiratory failure, be admitted to the
ICU and die in hospital.41,42 In 2018, 1429 patients were
admitted to hospital for influenza in BC and 4320 in Ontario.
The mean costs per hospital admission for influenza were
$4572 (BC) and $3613 (Ontario),43 which resulted in budget
impacts of $6.5 million in BC and $15.6 million in Ontario. In
addition, 541 patients were admitted to hospital with respiratory failure in BC and 2743 in Ontario. At average costs of
hospital admission of $30 113 (BC) and $26 746 (Ontario) for
respiratory failure, the total cost for hospital admission was
$16.3 million in BC and $73.4 million in Ontario.43 Costs for
hospital admission for COVID-19 per patient were higher
than for influenza and similar to respiratory failure. Furthermore, in Ontario, the higher case numbers of COVID-19 led
to higher total costs over the first 6 months of 2020 than the
total hospital admission costs of influenza and respiratory failure for all of 2018.
We determined that the mean costs per patient in the first
30 days after the index date for the hospital and ICU groups
were higher in BC than in Ontario, driven by higher hospital
admission costs. The mean costs for hospital admission in
E824
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Ontario were comparable to the estimated mean costs of a
hospital stay related to COVID-19 provided by the Canadian
Institute for Health Information (CIHI)7 and those from a
retrospective study that involved beneficiaries of Medicare in
the United States;44 however, costs for hospital admission in
BC were higher. In recent years, BC’s hospital costs have
been higher than the national average,8 with the highestranked quality of health care in Canada.45 In contrast, Ontario
has the lowest cost per standard hospital stay of all provinces
and territories. 8 Costs of a standard hospital stay after
COVID-19 have not been reported by CIHI.
During the period of our study, more female than male
people with COVID-19 were reported in Canada,46 but males
had worse clinical outcomes,46–48 similar to the Medicare
study.44 Males had higher net costs than females, perhaps owing
to their overrepresentation in the highest level of care groups.
We found that mean net costs in the first 30 days peaked
in both provinces for patients 70–79 years of age and then
decreased. Our findings of lower costs among those
80 years and older were similar to the Medicare study.44
Older adults receive less aggressive care in hospitals than
younger adults and tend to have higher mortality.44,49,50 As
we expected, those with higher comorbidity also incurred
higher net costs.
Residents of LTC facilities had high rates of SARSCoV-2 infection and mortality, and low rates of hospital
admission and ICU admittance51 during the first wave of
COVID-19 in Ontario. Our cost analyses suggested that
residents of LTC facilities in Ontario who remained in
LTC during the first 2 weeks after the index date received
less health care than controls. Ontario LTC facilities had
a 30% decrease in transfers to hospitals between Mar. 1
and Aug. 31, 2020, compared with the previous year,52
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Figure 1: Mean cumulative net costs per person from 30 days before to 120 days after the index date for those with a positive SARS-CoV-2 test
result, by highest level of care, in (A) British Columbia and (B) Ontario. Note: ICU = intensive care unit, LTC = long-term care.

probably because of provincial “care-in-place” recommendations that discouraged hospital transfers, and advance
directives for individual residents that included orders not
to admit to hospital.52 Treatment options requiring sedation (i.e., ventilators) might have been restricted for LTC
residents with comorbidities such as dementia. This is a

potential future research question beyond the scope of the
present study.
People residing in LTC facilities at the time of their positive
SARS-CoV-2 test result made up 18% of the cases in Ontario
but only 12% of the cases in BC. Long-term care facilities in
BC had better preparedness for the pandemic than those in
CMAJ OPEN, 10(3)
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Figure 2: (A) Mean net costs in the first 30 days after the index date and the number of people with COVID-19, by age at index date, in British
Columbia and Ontario. (B) Mean net costs in the first 30 days after the index date and number of people with COVID-19, by John Hopkins ADG
score, in British Columbia and Ontario. Note: ADG = Aggregated Diagnosis Groups.

Ontario and implemented measures that reduced the spread of
infection.27 Facilities in BC had fewer shared rooms, fewer forprofit LTC homes, comprehensive instead of risk-based (in
Ontario) inspection and a more stable health system organizational structure.27,53 Pandemic-response messaging, which
included limiting workers to a single LTC home and starting
infection and control policies, was more consistent in BC and
began on Apr. 10, 2020, in BC and Apr. 15, 2020, in
Ontario. 27,54,55 However, mean net costs for those who
remained in LTC after their positive SARS-CoV-2 test result
were similar between provinces, and their 30-day survival was
67% in BC and 73% in Ontario. Previously reported fatality
rates for those with COVID-19 among residents of LTC facilities in BC and Ontario were similar, at 33.5% and 30.5%,
respectively, up to Sept. 10, 2020.27
We captured direct costs for almost all health care
resources for most people with a positive SARS-CoV-2 test
result in 2 populous Canadian provinces during the first
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wave.9 Despite differing health care costs and structures, the
similar demographics of people with COVID-19 suggest that
differences in management strategies between BC and
Ontario could be further explored to strengthen future pandemic responses.
This interprovincial comparison adds to the literature of
BC–Ontario COVID-19,26,27 and costing studies.10 Our study
contributes relevant and actionable information on costs
attributable to COVID-19 based on level of care, age and
comorbidity. Our findings set a benchmark for the per-person
costs of health resource use attributable to COVID-19 and
provide policy-makers with robust estimates for effective system planning for upcoming COVID-19 waves.

Limitations

We included people with positive SARS-CoV-2 test results in
OLIS 14 and the BC COVID-19 laboratory test database,13,18,20,21,23 which were fewer than those reported by Public
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Figure 3: Total costs for initial care (before the index date and month 1) for all people with COVID-19 and controls, by highest level of care, in
(A) British Columbia (n = 2465) and (B) Ontario (n = 28 893). Note: ICU = intensive care unit, LTC = long-term care.
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Health Ontario17 and the BC Centre for Disease Control.5
Furthermore, testing was limited during the early stages of
COVID-19 and case counts are likely underestimated, par
ticularly for cases in the community and LTC levels of care.
We estimated direct medical costs based on individuallevel health service use captured in the provincial administrative data. These likely underestimate health care costs. With
the exception of the BC PharmaNet database, which captures
both publicly and privately paid prescription drug costs, the
data do not capture indirect or out-of-pocket health care
costs.56 Additional expenditures related to COVID-19, such as
pandemic pay for health care workers, personal protective
equipment and nasopharyngeal swab kits,57 were not captured
in our cost estimates. Furthermore, our hospital-based cost
estimates used CIHI’s resource intensity weights (RIW)
method, which relies on unit costs derived from previous
years’ data. The effects of COVID-19 on these parameters are
yet to be reflected in the RIW.
We present costs as observed, conditional on survival to
the start of each 30-day period and unweighted for censoring.
As a consequence, these total costs are likely underestimated.
Even though net costs for the ICU groups remained high by
90–120 days, at $2329 (BC) and $3562 (Ontario), these costs
are likely underestimated because of a high proportion of censoring during this period.
Our study design included a minimum of 1-month followup and costs reported for the preindex and first 30 days are
complete, but costs reported for days 31–120 are subject to
censoring. For the community and LTC levels of care, where
censoring rates were highest, we observed that the net costs
beyond 30 days were near 0, which suggests that the size of
the bias may be relatively small. For hospital and ICU
patients, for whom net costs remain elevated over time, the
size of the bias may be larger.
We report only on the direct health care costs for patients
with COVID-19 during the first wave. Considering the
changing available treatments, treatment patterns, vaccination
coverage and outcomes, health care costs in subsequent waves
would likely change.
Finally, administrative data lack sufficient clinical information to determine phases of care for COVID-19. Our observation period covered short-term health care costs attributable to COVID-19 up to 120 days but did not capture
long-term complications.

Conclusion

We provide comprehensive population-based estimates of
direct medical costs for people with COVID-19 in 4 settings
of initial care in BC and Ontario for the first wave of the
pandemic.
Reducing both the number of people who acquire
COVID-19 and the severity of illness is required to mitigate
the impact of COVID-19 on health care budgets. Understanding health care costs highlights the importance of adequate infection control and public health measures to reduce
health care costs and the clinical impact of COVID-19, and
plan for recurrent COVID-19 waves.
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