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ABSTRACT
BACKGROUND: Patients undergoing long-

term dialysis may be at higher risk of
infection with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and
of associated disease and mortality. We
aimed to describe the incidence, risk factors and outcomes for infection in these
patients in Ontario, Canada.

METHODS: We used linked data sets to

compare disease characteristics and mortality between patients receiving longterm dialysis in Ontario who were diagnosed SARS-CoV-2 positive and those who
did not acquire SARS-CoV-2 infection,
between Mar. 12 and Aug. 20, 2020. We

A

collected data on SARS-CoV-2 infection
prospectively. We evaluated risk factors
for infection and death using multivariable logistic regression analyses.
RESULTS: During the study period, 187
(1.5%) of 12 501 patients undergoing
dialysis were diagnosed with SARS-CoV-2
infection. Of those with SARS-CoV-2 infection, 117 (62.6%) were admitted to hospital and the case fatality rate was 28.3%.
Significant predictors of infection
included in-centre hemodialysis versus
home dialysis (odds ratio [OR] 2.54, 95%
confidence interval [CI] 1.59–4.05), living
in a long-term care residence (OR 7.67,

s of Aug. 20, 2020, in Ontario, Canada’s most populous
province, almost 41 000 people had tested positive for
severe acute respiratory syndrome coronavirus 2 (SARSCoV-2), the virus that causes coronavirus disease 2019 (COVID19),1 which represented 0.3% of the provincial population. Close
to 2800 people had died, a case fatality rate of 6.8%.2
Patients undergoing dialysis have high rates of comorbid conditions, are often older adults, have varying degrees of immunosuppression and are more likely to reside in long-term care, which puts them
at risk of both acquiring SARS-CoV-2 and developing complicated disease.3,4 Furthermore, in Ontario, those who receive in-centre hemodialysis typically have 3 treatments per week in outpatient units located
in or affiliated with hospitals, and the consequent inability to fully selfisolate means that patients undergoing hemodialysis likely have an
even higher risk of SARS-CoV-2 infection.3,4 Recent studies support this
but do not compare infection rates with those in the local population
of patients not undergoing dialysis.5–10 Several studies have reported
SARS-CoV-2 infection in single or multicentre cohorts of patients
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95% CI 5.30–11.11), living in the Greater
Toronto Area (OR 3.27, 95% CI 2.21–4.80),
Black ethnicity (OR 3.05, 95% CI 1.95–
4.77), Indian subcontinent ethnicity (OR
1.70, 95% CI 1.02–2.81), other non-White
ethnicities (OR 2.03, 95% CI 1.38–2.97) and
lower income quintiles (OR 1.82, 95% CI
1.15–2.89).
INTERPRETATION: Patients undergoing

long-term dialysis are at increased risk of
SARS-CoV-2 infection and death from
coronavirus disease 2019. Special attention should be paid to addressing risk factors for infection, and these patients
should be prioritized for vaccination.

undergoing dialysis,5–10 but we are unaware of any that have identified
risk factors for infection at the level of a large region. Some studies
have found that patients with SARS-CoV-2 infection who are undergoing dialysis are at high risk of severe illness and death.6–10

Methods
Study setting
Ontario has a population of about 14.5 million. More than 12 000 people receive long-term dialysis, with about 74% receiving in-centre
hemodialysis and 26% home dialysis, which comprises 21% peritoneal
dialysis and 5% home hemodialysis. All dialysis in Ontario is funded by
a single payer — the provincial government — operating through the
Ontario Renal Network (ORN), a provincial agency that funds and manages services for patients with chronic kidney disease within 27 Renal
Programs, which provide home dialysis services and operate more
than 100 in-centre hemodialysis units.11 The latter vary in size from 3 to
60 hemodialysis stations. To understand the impact of SARS-CoV-2 on
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Study population
We included all prevalent patients receiving long-term dialysis who
were registered in the Ontario Renal Reporting System (ORRS) as of
Mar. 31, 2020, and all new patients starting long-term dialysis who
were registered in ORRS between Apr. 1 and Aug. 20, 2020. We defined
patients who were undergoing long-term dialysis as those registered
in a Renal Program and funded for nonacute dialysis, even if within
30 days of starting dialysis. We excluded patients from the analyses if
their health card number, postal code, age or sex were missing from
the ORRS, or if they were not residents of Ontario or younger than
18 years of age (Figure 1).
We defined patients with a diagnosis of SARS-CoV-2 infection as
those who tested positive for the infection according to the Ontario
government testing guideline, which states that laboratory confirmation of infection requires a validated assay, comprising a positive
nucleic acid amplification test on at least 1 specific genome target.12
If patients received a negative result on repeat testing of the same or
a subsequent swab in the same 24-hour period, we did not classify
them as positive cases. Most testing was conducted in patients who
were symptomatic or who had suspected exposure to people who
were infected. A province-wide point prevalence testing study involving patients receiving hemodialysis carried out by ORN in June 2020
detected a minimal number of asymptomatic positive cases.

Patients undergoing long-term dialysis who
were registered in ORRS as of Aug. 20, 2020
n = 12 668

• With SARS-CoV-2 infection n = 191
• Without SARS-CoV-2 infection n = 12 477

Excluded n = 167

• Non-Ontario residents n = 142
• Missing age or age < 18 yr n = 7
• Missing postal code n = 17
• Sex unknown n = 1

Final cohort
n = 12 501

• With SARS-CoV-2 infection n = 187
• Without SARS-CoV-2 infection n = 12 314

Figure 1: Flow chart for selection of the cohort of patients undergoing
long-term dialysis in Ontario. Note: ORRS = Ontario Renal Reporting System, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

Data sources
A manual data collection tool was developed to capture key
information on patients with SARS-CoV-2 infection who were
undergoing long-term dialysis in Ontario units: name, health card
number, type of patient residence, name of institution, hospital
admission status, dialysis modality, intensive care and ventilator
status, and whether the patient had an active SARS-CoV-2 infection, was recovered or had died. We included deaths in the
cohort up to 4 weeks after Aug. 20, 2020. We also collected personal health information that could be linked to other data sets.
Data were collected prospectively from the second week of
March 2020, when the first patient with SARS-CoV-2 infection undergoing long-term dialysis was identified. On Apr. 9, 2020, all Renal Programs started submitting data on a weekly basis for all patients with
SARS-CoV-2 infection. These weekly submissions included new cases
and status updates for existing cases. Although not all of the patients
were contacted each week, we considered the data complete
because programs were in close, regular contact with all patients who
were receiving in-centre and home dialysis. Data were collected and
submitted by an experienced designated data lead at each program.
Before the first data submission, orientation webinars were held to
train all data leads on the data collection tool. We subsequently crosschecked data on hospital admissions with the Canadian Institute for
Health Information Discharge Abstract Database (CIHI-DAD) and identified only 1 discrepant case.
We linked 7 data sets using unique, encoded patient identifiers, as
well as postal codes. These were the ORN COVID-19 data collection
tool; the ORRS, which identifies all patients receiving care for advanced
kidney disease and dialysis in Ontario; the Registered Persons Database (RPDB), which provides demographic information for Ontario
residents; the Postal Code Conversion File (Statistics Canada), which
links postal codes to standard geographic areas; the Local Health Integration Network (LHIN) Sub-Regions Postal Code Crosswalk, which
contains a mapping of postal codes to Ontario’s health regions; CIHIDAD, which contains hospital admission diagnosis information for
Ontario residents; and Ontario Health Insurance Plan (OHIP), which
contains health insurance claims information for physician services.
We extracted demographic data on patient sex and age from the
RPDB. Ethnicity information in the ORRS was collected by the data
leads in each program at the time of patient registration, based on
charting by clinical staff who could ask patients to self-identify ethnicity if necessary but were not mandated to do so. We linked
postal codes to 2011 Statistic Canada Census data or LHIN Crosswalk to determine neighbourhood income quintiles or geographic
location, respectively. We identified the latest dialysis modality
from ORRS. We determined residency in long-term care from phys
icians’ billing codes in the OHIP database that indicated long-term
care services (“W” fee codes) in the 6-month period before the last
service date in the fiscal year. We identified transplant history and
comorbidities using the International Statistical Classification of Diseases and Related Health Problems 10th Revision codes in the OHIP
or CIHI-DAD databases. We defined patients with cardiac disease as
those with a history of myocardial infarction or congestive heart
failure identified by relevant diagnostic codes on any hospital discharge (CIHI-DAD). Each chronic condition was defined based on
5 years of look-back data from the date of SARS-CoV-2 reporting.
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patients who receive long-term dialysis, ORN developed a weekly surveillance data collection tool to gather key information on disease
trajectory during the pandemic. Our objective was to describe the incidence, outcomes and risk factors for SARS-CoV-2 infection in this
patient population and to measure outcomes including mortality.
Practices were changed over time in dialysis units in Ontario
between March and August 2020, with increased availability of personal protective equipment, universal masking, easier access to
SARS-CoV-2 testing and screening of patients before they entered
hemodialysis units. It was common practice, especially in larger urban
settings, for staff to work in more than 1 unit throughout this period.

Analysis of additional data
Data collection for patients undergoing dialysis in Ontario not
included in the analysis already described continued subsequent
to Aug. 20, 2020. We calculated updated infection rates to
include the period up to Jan. 21, 2021.

Ethics approval
The data collection was in accordance with Ontario Health’s legislative authority under the Ontario Personal Health Information
Protection Act, 2004.

Results
Peaks in trends of new cases for the general population and the
population of patients undergoing dialysis coincided; although the
peaks coincided, the decline of new cases among patients undergoing dialysis appeared faster compared with that in the general
population (Figure 2).2 We found that the number of new infections
diagnosed among patients undergoing long-term dialysis increased
between Mar. 12, when the first case occurred, and Apr. 23, 2020,
when the case rate peaked at 33 per week. Subsequently, this number steadily decreased. On Aug. 20, 2020, the 12-week average was
just over 1 new case per week (Figure 2) and a total of 187 patients,
1.5% of the total dialysis population, had a diagnosis of SARS-CoV-2.
Almost 80% of cases among patients undergoing dialysis
occurred in 8 of the 27 Renal Programs, and in 6 of these there
was an “outbreak” (defined as 3 or more cases diagnosed in the
same unit within a week). Seven programs had no cases.
Among patients undergoing dialysis, 187 were diagnosed with
SARS-CoV-2 infection and 12 314 tested negative. We did not classify as positive 7 cases in which the patient had discordant test
results within a 24-hour period and the clinical judgment was that
the positive test was false. The median age of those with infection
was 68 years and 61.5% were male (Table 1). With regard to dialysis modality, 88.8% of infected patients were receiving in-centre
hemodialysis compared with 74.4% of patients who did not have
the infection (standardized difference = 40%). Overall, 1.8% of the
entire in-centre hemodialysis population in Ontario had a diagnosed infection compared with 0.3% of the patients undergoing
home hemodialysis and 0.8% of the patients undergoing peri
toneal dialysis.
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We compared the trend in new cases with that seen in the general
Ontario population. We also compared characteristics of patients
undergoing dialysis who were diagnosed with SARS-CoV-2 infection with those who tested negative, by analyzing data for the
time period (Mar. 12 to Aug. 20, 2020). We calculated frequency
(percentages) for categorical variables and means with standard
deviations (SDs) or medians and interquartile ranges (IQRs) for
continuous variables. We used standardized differences for univariate comparisons between patients with a diagnosis of SARSCoV-2 infection and those without infection. We considered a
standardized difference greater than 10% to be meaningful.13
To explore risk factors associated with SARS-CoV-2 infection, we
included all baseline variables in a multivariable logistic regression
model. We used variance inflation factor to screen for multicollinearity. We considered values of 10 or higher to be strong evidence
of multicollinearity; however, we did not find evidence of multicollinearity. We used SAS statistical software to perform the multivariable analysis and set statistical significance at 2-sided p < 0.05.

No. of cases in Ontario population

RESEARCH

Statistical analysis

Date
Figure 2: Number of new cases of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection among patients undergoing long-term dialysis in Ontario and the Ontario general population,2 per reporting week, as of Aug. 20, 2020. Note: We used 12 501 as the denominator for the dialysis
population; peak incidence was 33 cases = 264 per 100 000 population for the week ending Apr. 23, 2020. We used 14 745 04014 as the denominator for
the general Ontario population for this period; peak incidence was 3918 cases = 27 per 100 000 population for the week ending Apr. 23, 2020.
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No. (%) of patients with
SARS-CoV-2 infection

No. (%) of patients without
SARS-CoV-2 infection

187 (NA)

12 314 (NA)

In-centre hemodialysis

166 (88.8)

9159 (74.4)

Home dialysis

21 (11.2)

3155 (25.6)

Characteristic
All patients

13

Years on dialysis
0–5

138 (73.8)

9754 (79.2)

>5

49 (26.2)

2560 (20.8)

No

140 (74.9)

11 753 (95.4)

Yes

47 (25.1)

561 (4.6)

61

Resident of LTC

66

Geographic location
Greater Toronto Area

151 (80.7)

6293 (51.1)

Outside the Greater Toronto
Area

36 (19.3)

6021 (48.9)

Female

72 (38.5)

4909 (39.9)

Male

115 (61.5)

7405 (60.1)

25 (13.4)

1654 (13.4)

50–64

57 (30.5)

3427 (27.8)

≥ 65

105 (56.1)

7233 (58.7)

Sex

3

Age group, yr

6

Age, yr
Median (IQR), yr

3
68 (58–78)

68 (57–77)

20–92

18–102

White

61 (32.6)

7265 (59.0)

Black

38 (20.3)

889 (7.2)

Indian subcontinent

24 (12.8)

1177 (9.6)

Other non-White

57 (30.5)

2675 (21.7)

Missing/unknown

7 (3.7)

308 (2.5)

86 (46.0)

5872 (47.7)

10 (5.3)

856 (7.0)

53 (28.3)

3587 (29.1)

7 (3.7)

807 (6.6)

1 (lowest)

69 (36.9)

3639 (29.6)

2

49 (26.2)

2752 (22.3)

3

42 (22.5)

2348 (19.1)

4

15 (8.0)

1901 (15.4)

5 (highest)

12 (6.4)

1606 (13.0)

Missing/unknown

0 (0.0)

68 (0.6)

Range

59

Ethnicity

Diabetes
Yes

3

Cancer
Yes

7

Cardiac disease
Yes

2
13

Previous transplant
Yes

Standardized
difference, %*
40

Modality

18–49

RESEARCH

Table 1: Clinical and demographic characteristics of patients undergoing long-term dialysis in Ontario with and without
a diagnosis of SARS-CoV-2 infection, as of Aug. 20, 2020

35

Income quintiles†

Note: IQR = interquartile range, LTC = long-term care, NA = not available, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
*Accepted criteria for determining a meaningful difference is a standardized difference greater than 10% and is indicated in boldface type.
†Income quintile is a measure of neighbourhood socioeconomic status that divides the population into 5 income groups of equal size in which group 1 lives in the neighbourhoods
with the lowest incomes and group 5 in those with the highest incomes.
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A larger proportion of patients who tested positive for SARSCoV-2 resided in long-term care; were of Black, Indian subcontinent
and other non-White ethnicities; lived in the Greater Toronto Area;
and were in the lowest 2 income quintiles (Table 1; Appendix 1, Supplementary Table 1, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.202601/tab-related-content).

Predictors of SARS-CoV-2 infection and mortality
The results of our multivariable analysis found the following to
be independent predictors of SARS-CoV-2 infection among
patients undergoing dialysis: in-centre hemodialysis; residence

in long-term care; living in the Greater Toronto Area; Black,
Indian subcontinent and other non-White ethnicities; and lower
income quintiles. Age, diabetes and other comorbidities were
not predictive (Figure 3; Appendix 1, Supplementary Table 1).
Of the 187 patients with SARS-CoV-2 infection, 53 (28.3%) died
and 117 (62.6%) were admitted to hospital (37 [19.8%] were admitted to ICU and 28 [15%] received mechanical ventilation). During
the same period, noninfected patients had a mortality rate of 5.8%
and a hospital admission rate of 27%. Among those patients with
SARS-CoV-2 infection, our multivariable analysis showed that only
older age was predictive of mortality.

OR (95% CI)

p value

Age, yr
50–64

1.01 (0.62–1.64)

1.0

≥ 65

0.74 (0.46–1.19)

0.2

Black

3.05 (1.95–4.77)

< 0.001

Indian subcontinent

1.7 (1.02–2.81)

0.04

Other non-White

2.03 (1.38–2.97)

0.001

Unknown/missing

1.93 (0.86–4.34)

0.1

Geographic location
GTA

3.27 (2.21–4.80)

< 0.001

Long-term care residence
Yes

7.67 (5.3–11.11)

< 0.001

Sex
Male

1.07 (0.79–1.46)

0.6

Modality
In-centre hemodialysis

2.54 (1.59–4.05)

< 0.001

Diabetes
Yes

0.77 (0.56–1.07)

0.1

Cancer
Yes

0.91 (0.47–1.75)

0.8

Cardiac disease
Yes

0.97 (0.68–1.38)

0.9

Previous transplant
Yes

0.52 (0.24–1.15)

0.1

Income quintile
1

1.82 (1.15–2.89)

0.01

2–3

2.01 (1.3–3.12)

0.002

Years on dialysis
>5

0.99 (0.7–1.41)

1.0

Patient characteristic

Favours
decreased
risk

Favours
increased
risk

Ethnicity

0.0

2.5

5.0

7.5

10.0

12.5

OR (95% CI)

Figure 3: Summary of multivariable logistic regression predicting risk of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
among patients undergoing long-term dialysis (no. of patients with a diagnosis of SARS-CoV-2 infection = 187; no. without SARS-COV-2 infection =
12 246). Reference categories: age younger than 50 years, ethnicity White, geographic location outside the Greater Toronto Area (GTA), modality home
dialysis, highest 2 income quintiles, 5 or fewer years undergoing dialysis, sex female and all other variables were No. Note: CI = confidence interval, OR =
odds ratio. We excluded 68 patients from the cohort without SARS-CoV-2 infection because linkage to neighbourhood income quintiles was not
possible.
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Additional data

Interpretation
In Ontario, 1.5% of the population receiving long-term dialysis had
a diagnosis of SARS-CoV-2 infection in the first 5 months of the 2020
pandemic. Of these patients, 62.6% were admitted to hospital,
19.8% required intensive care and 28.3% died. Rates of diagnosed
infection were lower in patients on home dialysis compared with
those on in-centre hemodialysis. Other risk factors for infection
were living in the Greater Toronto Area; residence in long-term
care; being of Black, Indian subcontinent and other non-White ethnicities; and lower income.
The rate of SARS-CoV-2 infection of 1.5% among patients
undergoing dialysis in Ontario is lower than that seen in the
United Kingdom, where more than 8% of patients undergoing
dialysis were infected,15 but is higher than the 0.2% rate in British
Columbia for the same time period (Dr. Adeera Levin, British
Columbia Provincial Renal Association, personal communication,
2020). We have summarized incidence and mortality data for dialysis patients across 11 international jurisdictions in Appendix 2,
Supplementary Table 2, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.202601/tab-related-content.5–8,10,15,17–19 Infection
rates for SARS-CoV-2 in any population of people undergoing
dialysis are likely influenced by those in the broader community.
However, the 1.5% rate in Ontario’s dialysis population is more
than 5 times higher than that recorded for the general Ontario
population during the same period.2 We found that residence in
long-term care was a significant predictor of infection, with more
than 25% of all cases occurring in this setting, consistent with
findings from the general Ontario population and dialysis populations elsewhere.2,20,21 We also found that infection rates were
2.5 times higher among patients receiving in-centre hemodialysis
than among those on home dialysis; a similar excess risk was
reported in the UK.9,15,22 Patients who must visit dialysis units
regularly are potentially exposed to infection, as suggested by our
identification of multiple simultaneous cases in 6 centres.
Patients who were non-White comprised 67% of those with
SARS-CoV-2 infection, whereas they comprise only 41% of all
dialysis patients in Ontario. We also found a higher infection rate
among patients identified as of Black or Indian subcontinent ethnicity, an association not noted in the UK.10 This finding was
independent of diabetes and socioeconomic status and may
reflect related factors such as high density, multigenerational living and well-recognized structural inequalities associated with
health care disparities for these populations.23,24
Our study has a number of strengths. We derived our data from
a population of more than 14 million, with more than 12 000
patients receiving long-term dialysis. The single-payer public funding and delivery of dialysis and acute care in hospital in Ontario
enabled us to report reliably on the entire population of patients

undergoing long-term dialysis. We began data collection at the
start of the 2020 pandemic, and this prospective, standardized
data collection allowed for detailed coverage of all diagnosed
infections. Weekly reporting of cases allowed for accurate capture
of incidence and outcomes over time.

Limitations
The higher infection rates among patients undergoing dialysis may
be partly due to easier access to SARS-CoV-2 testing. Similarly, the
higher rate for those undergoing in-centre hemodialysis compared
with those undergoing home dialysis may be partly related to easier
access to testing, given their regular in-person contact with medical
staff and their participation in surveillance initiatives, even when
asymptomatic. However, most SARS-CoV-2–positive patients were
symptomatic. Surveillance testing was carried out in some hemodi
alysis units with outbreaks and once in June 2020 on a province-wide
basis, but only a small number of asymptomatic positive cases were
identified. Widespread serology testing was not sufficiently available
or reliable to validate our results. Data were not available for some
potential risk factors such as occupation, household density, respiratory disease and body weight.

Conclusion
Patients undergoing dialysis in Ontario who had a diagnosis of
SARS-CoV-2 infection had a case fatality rate almost 4 times
higher than that reported for the general Ontario population for
the same period. Therefore, as the COVID-19 pandemic proceeds,
focused efforts should be made to protect this population from
infection including prioritizing patients on long-term dialysis and
the staff treating them for SARS-CoV-2 vaccination. Apart from
standard precautions, prevention strategies should include specific education of these patients about their risk of infection and
associated high mortality. Paid sick leave for those patients who
are required to work in risk-associated occupations should be
provided. Other strategies should include a low symptom threshold for testing, increased space between treatment stations
within hemodialysis units, universal droplet precautions, as well
as regular surveillance testing of high-risk groups such as people
living in long-term care. Encouragement of suitable patients to
start home dialysis because of a lower infection risk has been
reinforced and strategies to provide on-site dialysis in long-term
care facilities are being developed.
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