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Background: Nursing home (NH) residents are prioritized for COVID-19 vaccination. We report monthly
mortality, hospitalizations, and emergency department (ED) visit incidence rates (IRs) during 2010–2020
to provide context for COVID-19 vaccine safety assessments.
Methods: We observed outcomes among all NH residents in Ontario using administrative databases. IRs
were calculated by month, sex, and age group. Comparisons between months were assessed using one-
sample t-tests; comparisons by age and sex were assessed using chi-squared tests.
Results: From 2010 to 2019, there were 83,453 (SD: 652.4) NH residents per month, with an average of
2.3 (SD: 0.28) deaths, 3.1 (SD: 0.16) hospitalizations, and 3.6 (SD: 0.17) ED visits per 100 residents per
month. From March to December 2020, mortality IRs were increased, but hospitalization and ED visit
IRs were reduced (p < 0.05).
Conclusion: We identified consistent monthly mortality, hospitalization, and ED visit IRs during 2010–
2019. Marked differences in these rates were observed during 2020, coinciding with the COVID-19
pandemic.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Nursing home (NH) residents have been disproportionately
affected by the coronavirus disease 2019 (COVID-19) pandemic,
comprising a substantial proportion of total COVID-19 deaths in
many countries, including over 80% of COVID-19 deaths in Canada
during the first epidemic wave [1,2]. The vaccine rollout has prior-
itized, among others, NH residents because of their high risk of
poor outcomes from COVID-19 [3].

However, NH residents are generally frail and are at compara-
tively higher risk of poor outcomes, even outside the context of a
global pandemic [4,5]. As a result, deaths and healthcare use
within the expected range of event numbers for NH residents could
create an erroneous impression that vaccine rollout is associated
with increased risk of such events [6]. There is a lack of data on
poor outcome rates among NH residents in Canada to facilitate
comparisons of observed versus expected outcome rates during
vaccination rollout. Therefore, we sought to quantify background
rates of all-cause mortality, hospitalizations, and emergency
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department (ED) visits among all NH residents in Ontario, the most
populous province in Canada. Since COVID-19 and related restric-
tions may also impact these outcomes, we report these rates sep-
arately during 2020.

2. Methods

We conducted an observational analysis using population-level
health administrative databases encompassing all residents of
Ontario, Canada (2020 population: approximately 14.7 million, of
which 10% live in rural areas; median age: 40.4 years) [7,8].
Ontario has a single-payer health system that provides universal
access to physician and hospital services for all Ontario residents,
including NH residents, who require 24-hour personal and nursing
care in an institutional setting [9]. In Ontario, NH may be for-profit
(approximately 58% of total homes) or not-for-profit (approxi-
mately 42% of total homes), including institutions owned by reli-
gious, lay, or government entities [10]. All homes receive similar
reimbursement from the Ontario Health Insurance Plan according
to the number of residents they have; and the same restrictions
are applied to all homes regarding fees for basic room-and-board
reimbursement [11].

These datasets were linked using unique encoded identifiers
and analyzed at ICES (formerly called the Institute for Clinical Eval-
uative Sciences). ICES is a not-for-profit research institute that is a
prescribed entity under Ontario’s Personal Health Information Pro-
Fig. 1. Nursing home residents (A) and monthly incidence rates of mortality, hospitalizati
sex(panels E-G) and by age (panels H-J).
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tection Act (PHIPA). Section 45 of PHIPA authorizes ICES to collect
personal health information, without consent, for the purpose of
analysis or compiling statistical 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.
2.1. Cohort definitions

We identified all Ontarians aged 18 years or older living in NHs
using the physician billing database Ontario Health Insurance Plan
(encompassing most outpatient interactions with the healthcare
system), Ontario Drug Benefit (encompassing prescriptions), and
the Continuing Care Reporting System (encompassing information
about individuals in NH) databases. Information on age, sex and
death were collected from the Registered Persons Database. We
identified individual cohorts beginning at the start of each month
from January 1, 2010 to December 31, 2020 inclusive. Individuals
were included in these cohorts if they were alive at the beginning
of a month and recorded as living in a NH at least one day in that
month or in the previous 90 days. We defined NH residents in this
way because administrative datasets in Ontario experience pro-
cessing delays and they incompletely capture exits from NH care.
As a result, we used a multi-component definition of who is resid-
ing in a NH based on information from recent healthcare system
interactions.
on and emergency department visit per 100 nursing home residents (panels B-D), by



Table 1
Mean incidence rates per 100 nursing home residents, monthly from 2010 to 2019.

Overall: IR (SD) Women: IR (SD) Men: IR (SD) 18–69: IR (SD) 70–79: IR (SD) 80–89: IR (SD) 90+: IR (SD)

Mortality rates
January 2.8 (0.28) 2.7 (0.29) 3.2 (0.29) 1.1 (0.18) 2.2 (0.19) 2.8 (0.26) 4.0 (0.47)
February 2.4 (0.19) 2.3 (0.20) 2.7 (0.20) 0.9 (0.09) 1.8 (0.21) 2.5 (0.19) 3.4 (0.25)
March 2.5 (0.13) 2.4 (0.16) 2.9 (0.11) 1.0 (0.10) 1.8 (0.14) 2.6 (0.12) 3.6 (0.25)
April 2.3 (0.11) 2.2 (0.10) 2.6 (0.14) 0.9 (0.13) 1.8 (0.14) 2.4 (0.11) 3.2 (0.18)
May 2.2 (0.07) 2.1 (0.07) 2.5 (0.09) 0.9 (0.08) 1.7 (0.12) 2.3 (0.12) 3.1 (0.13)
June 1.9 (0.10) 1.8 (0.10) 2.20 (0.12) 0.8 (0.08) 1.4 (0.13) 2.0 (0.07) 2.7 (0.19)
July 2.0 (0.07) 1.9 (0.07) 2.3 (0.10) 0.8 (0.09) 1.6 (0.09) 2.1 (0.06) 2.8 (0.18)
August 2.1 (0.11) 1.9 (0.08) 2.4 (0.18) 0.8 (0.09) 1.5 (0.08) 2.1 (0.15) 2.9 (0.16)
September 2.1 (0.11) 1.9 (0.11) 2.4 (0.14) 0.8 (0.05) 1.6 (0.11) 2.1 (0.16) 2.9 (0.15)
October 2.3 (0.16) 2.2 (0.13) 2.7 (0.22) 0.9 (0.16) 1.8 (0.16) 2.4 (0.16) 3.3 (0.21)
November 2.3 (0.14) 2.2 (0.14) 2.7 (0.18) 0.9 (0.11) 1.8 (0.13) 2.3 (0.14) 3.3 (0.22)
December 2.5 (0.14) 2.4 (0.13) 2.9 (0.18) 1.0 (0.11) 1.9 (0.12) 2.6 (0.13) 3.5 (0.25)

Hospitalization rates
January 3.3 (0.16) 3.0 (0.17) 4.1 (0.17) 3.4 (0.40) 3.8 (0.19) 3.5 (0.23) 2.9 (0.20)
February 3.0 (0.07) 2.6 (0.06) 3.7 (0.13) 3.1 (0.16) 3.4 (0.21) 3.0 (0.10) 2.5 (0.13)
March 3.3 (0.10) 2.9 (0.10) 4.1 (0.13) 3.4 (0.24) 3.8 (0.24) 3.4 (0.15) 2.8 (0.14)
April 3.1 (0.14) 2.7 (0.13) 3.8 (0.21) 3.3 (0.31) 3.6 (0.22) 3.2 (0.17) 2.6 (0.15)
May 3.1 (0.10) 2.8 (0.09) 3.8 (0.15) 3.4 (0.22) 3.5 (0.14) 3.2 (0.13) 2.6 (0.10)
June 2.9 (0.08) 2.6 (0.08) 3.6 (0.13) 3.2 (0.21) 3.3 (0.17) 3.0 (0.16) 2.5 (0.08)
July 3.1 (0.10) 2.8 (0.10) 3.7 (0.15) 3.4 (0.13) 3.5 (0.17) 3.1 (0.13) 2.6 (0.12)
August 3.0 (0.08) 2.7 (0.08) 3.7 (0.14) 3.3 (0.22) 3.5 (0.24) 3.1 (0.15) 2.6 (0.10)
September 3.0 (0.06) 2.7 (0.07) 3.7 (0.09) 3.2 (0.19) 3.4 (0.14) 3.1 (0.10) 2.5 (0.13)
October 3.1 (0.07) 2.8 (0.09) 3.9 (0.09) 3.4 (0.16) 3.6 (0.19) 3.2 (0.09) 2.6 (0.08)
November 3.0 (0.07) 2.6 (0.07) 3.7 (0.12) 3.2 (0.21) 3.4 (0.23) 3.0 (0.09) 2.5 (0.14)
December 3.1 (0.12) 2.7 (0.13) 3.9 (0.13) 3.4 (0.18) 3.6 (0.10) 3.2 (0.15) 2.6 (0.18)
ED visit rates
January 3.7 (0.10) 3.4 (0.08) 4.3 (0.21) 4.7 (0.20) 3.9 (0.21) 3.6 (0.14) 3.2 (0.13)
February 3.3 (0.09) 3.0 (0.08) 3.9 (0.22) 4.2 (0.23) 3.6 (0.26) 3.2 (0.07) 2.8 (0.16)
March 3.7 (0.09) 3.4 (0.12) 4.3 (0.12) 4.7 (0.22) 3.9 (0.13) 3.6 (0.11) 3.2 (0.18)
April 3.6 (0.08) 3.3 (0.12) 4.2 (0.09) 4.7 (0.19) 3.9 (0.19) 3.5 (0.12) 3.1 (0.13)
May 3.7 (0.08) 3.4 (0.08) 4.4 (0.15) 4.8 (0.17) 4.0 (0.14) 3.6 (0.11) 3.3 (0.15)
June 3.7 (0.10) 3.4 (0.09) 4.3 (0.18) 4.8 (0.21) 3.9 (0.25) 3.6 (0.11) 3.2 (0.12)
July 3.8 (0.10) 3.5 (0.14) 4.4 (0.11) 5.0 (0.20) 4.1 (0.10) 3.8 (0.13) 3.2 (0.18)
August 3.8 (0.09) 3.5 (0.09) 4.4 (0.19) 5.0 (0.26) 4.1 (0.15) 3.7 (0.10) 3.2 (0.14)
September 3.6 (0.05) 3.3 (0.09) 4.2 (0.15) 4.6 (0.14) 3.8 (0.19) 3.5 (0.09) 3.2 (0.10)
October 3.7 (0.10) 3.4 (0.13) 4.3 (0.16) 4.9 (0.19) 3.9 (0.20) 3.6 (0.15) 3.1 (0.12)
November 3.4 (0.09) 3.1 (0.11) 4.0 (0.15) 4.4 (0.16) 3.7 (0.19) 3.4 (0.11) 2.9 (0.10)
December 3.6 (0.11) 3.3 (0.15) 4.2 (0.15) 4.6 (0.19) 3.9 (0.15) 3.6 (0.14) 3.1 (0.18)

IR = incidence rate; SD = standard deviation.
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2.2. Statistical analysis

We calculated monthly rates per 100 NH residents overall, by
sex, and by age group (18–69 years, 70–79 years, 80–89 years,
and �90 years). We also conducted analyses comparing adults
aged � 80 years with adults younger than 80 years. Estimates from
2010 to 2019 were combined over years by month, and by sex and
age group separately. Direct comparisons were conducted either
with one-sample t-tests, in the case of comparisons by month from
2010 to 2019 vs. 2020, or with chi-squared tests, in the case of
comparisons by sex or age. We also calculated the relative change
in mortality, hospitalization incidence, and ED visit incidence in
2020, compared with average values by month in 2010–2019,
using a simple ratio (incidence in 2020 divided by average inci-
dence in 2010–2019). As the first presumed SARS-CoV-2 positive
case in Canada was identified in Ontario on January 25, 2020,
and Public Health Agency of Canada did not report that the primary
source of infections was ‘‘local” transmission until March 24, 2020
[12], we defined the pandemic period in 2020 as beginning approx-
imately on March 1, 2020.
3. Results

From January 1, 2010 through December 31, 2019, there were
an average of 83,453 (SD: 652.4) NH residents in Ontario in any
given month (Fig. 1A). Of these, an average of 57,104 (SD: 291.6;
5267
~68% of the total in any given month) were women, and an average
of 58,733 (SD: 550.6; ~70% of the total in any given month) were
aged � 80 years.

During this period, approximately 2.3 (SD: 0.28) deaths per 100
NH residents occurred per month (Fig. 1B; Table 1). These rates
were higher for men (incidence rate [IR]: 2.6; SD: 0.31) than
women (IR: 2.2; SD: 0.27) (p < 0.001; Fig. 1E), and for residents
aged � 80 years (IR: 5.6; SD: 0.68) than residents
aged < 80 years (IR: 2.6; SD: 0.33) (p < 0.001; Fig. 1H). An average
of 0.4 (SD: 0.04) more monthly deaths per 100 residents occurred
during winter months (December, January, February, and March)
than during other months during 2010–2019 (p < 0.001; Table 1).

We observed monthly averages of 3.1 (SD: 0.16) hospitaliza-
tions per 100 residents and 3.6 (SD: 0.17) ED visits per 100 resi-
dents during 2010–2019 (Fig. 1C and D; Table 1). Hospitalization
rates were higher for men (IR: 3.8; SD: 0.20) than women (IR:
2.7; SD: 0.15) (p < 0.001) (Fig. 1F; Table 1) and were lower for older
residents (IR: 5.8; SD: 0.34) than younger residents (IR: 6.8; SD:
0.35) (p < 0.001; Fig. 1I). Similarly, ED visit rates were higher for
men (IR: 4.3; SD: 0.21) than women (IR: 3.3; SD: 0.18)
(p < 0.001; Fig. 1G) and lower for older residents (IR: 6.7; SD:
0.33) than younger residents (IR: 8.6; SD: 0.45) (p < 0.001; Fig. 1J).

We observed a steady decline in the total number of NH resi-
dents during 2020 (non-parametric test for trend p < 0.01;
Fig. 1A). No statistically significant differences were observed in
mortality rates in January or February of 2020 compared to those
months in previous years. Mortality rates rose during March



Table 2
Incidence rates per 100 nursing home residents during 2020.

Overall Women Men 18–69 70–79 80–89 90+

Mortality rates
January 2.8 2.8 2.9 1.1 2.3 2.8 4.0
February 2.4 2.2 2.8 0.9 1.7 2.4 3.4
March 2.6 2.4 3.2 1.1 1.8 2.8 3.6
April 4.0 3.7 4.7 1.7 3.0 4.1 5.5
May 3.3 3.0 3.9 1.8 2.7 3.4 4.2
June 2.2 2.0 2.6 1.1 1.7 2.2 2.8
July 2.1 2.0 2.4 0.9 1.5 2.1 3.0
August 2.2 2.0 2.6 0.9 1.6 2.1 3.1
September 2.2 2.1 2.5 0.9 1.7 2.3 3.0
October 2.6 2.5 2.9 1.0 1.7 2.7 3.7
November 2.9 2.6 3.5 0.8 2.1 3.0 4.1
December 3.3 3.1 3.8 1.3 2.5 3.4 4.6

Hospitalization rates
January 3.2 2.8 3.8 3.6 3.5 3.4 2.5
February 2.8 2.5 3.5 3.3 3.4 2.9 2.3
March 2.2 1.9 2.8 2.9 2.5 2.2 1.7
April 1.7 1.5 2.1 2.6 2.1 1.7 1.1
May 1.9 1.7 2.3 2.7 2.5 1.8 1.3
June 1.9 1.6 2.4 2.4 2.2 1.8 1.5
July 2.0 1.7 2.5 2.5 2.2 2.0 1.6
August 2.2 1.9 2.8 2.6 2.5 2.2 1.9
September 2.2 1.9 2.9 2.6 2.8 2.3 1.7
October 2.3 2.0 3.0 2.7 2.6 2.6 1.8
November 2.4 2.0 3.2 3.0 2.9 2.4 1.8
December 2.4 2.0 3.2 3.0 3.1 2.2 1.9

ED visit rates
January 3.5 3.2 4.1 4.8 3.8 3.2 3.0
February 3.1 2.9 3.5 4.1 3.3 3.0 2.7
March 2.3 2.1 2.6 3.3 2.5 2.2 1.8
April 1.2 1.0 1.5 2.1 1.3 1.2 0.8
May 1.6 1.4 2.0 2.3 1.6 1.6 1.4
June 1.9 1.8 2.3 2.9 2.0 1.8 1.6
July 2.2 1.9 2.6 3.2 2.3 2.1 1.8
August 2.3 2.1 2.9 3.3 2.4 2.3 2.0
September 2.4 2.1 2.9 3.0 2.6 2.3 2.0
October 2.3 2.0 3.0 3.2 2.5 2.4 1.8
November 2.3 2.0 2.8 3.2 2.5 2.4 1.7
December 2.4 2.1 3.0 3.7 2.7 2.2 1.9
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2020, and were higher in all months of the pandemic period
(March – December 2020) compared to the corresponding months
in 2010–2019 (p < 0.05 for each month) (Fig. 1B, Table 2); these
differences were most pronounced in April and May 2020. Mortal-
ity was higher for men (Fig. 1E) and older residents (Fig. 1H). The
ratio of deaths in 2020 to average mortality incidence in 2010–
2019 was highest in April and May 2020, across sexes and age
groups (Table 3).

There was a substantial reduction in hospitalizations during
2020 compared to previous years (p < 0.01 for each month during
2020; Fig. 1C and Tables 2 and 3). Hospitalization rates were higher
for men than women (p < 0.01; Fig. 1F) and lower with increasing
age throughout the pandemic period (Fig. 1I). Similar to hospital-
izations, there was a substantial reduction in ED visits during
2020 compared to previous years (p < 0.001 for each month during
2020; Fig. 1D and Tables 2 and 3). Patterns by sex and age were
similar as for hospitalizations (Fig. 1G and J).
4. Discussion

This report presents rates of all-cause mortality, hospitaliza-
tions, and ED visits in NH residents in Ontario, Canada during a
10-year pre-pandemic period (2010–2019) and during 2020. Mor-
tality rates in 2010–2019 are similar to rates reported by others in
Canada [4], with rates being higher in men compared to women,
and higher with increasing age. As expected, mortality rates spiked
during the early phase of the COVID-19 pandemic, with high mor-
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tality rates among all age groups and sexes in April and May of
2020, similar to overall estimates for the province of Ontario
[13]. Although mortality rates returned to values closer to pre-
pandemic rates in August 2020, they rose again in November and
December 2020, in keeping with the timing of Ontario’s second
wave [14].

The decrease in mortality rates during summer 2020 is likely
multifactorial. First, changes in provincial-level testing guidelines
may have enabled earlier identification of COVID-19 cases. On
April 8, 2020, Ontario officially expanded its testing guidelines
beyond symptomatic NH residents to all residents, including all
newly admitted individuals and asymptomatic residents who had
contact with a confirmed-positive case [15]. Earlier identification
of COVID-19 cases may have contributed to a subsequent reduc-
tion in mortality by preventing potential outbreaks and by provid-
ing needed care to residents earlier in the course of their illness.
Second, enhanced infection prevention measures were imple-
mented in NHs province-wide [16]. Third, reduced mortality rates
in the summer months likely reflects a reduction in community-
level transmission of SARS-CoV-2 experienced throughout Ontario
[13].

Our analysis additionally identified a decline in hospitalizations
and ED visits during 2020, compared to 2010–2019. This finding
may initially seem counterintuitive but, taken in context with
simultaneous increases in NH setting mortality and decreases in
the total number of NH residents, these reductions likely indicate
a reduction in hospitalized deaths, which has been reported previ-



Table 3
Ratio of deaths, hospitalization incidence, and ED visit incidence in 2020 to average incidence in previous years (2010–2019).

Overall Women Men 18–69 70–79 80–89 90

Mortality
January 1.01 1.05 0.93 1.04 1.05 0.99 0.99
February 0.99 0.96 1.05 0.98 0.95 0.99 1.00
March 1.05 1.01 1.10 1.14 0.99 1.07 1.02
April 1.74 1.71 1.78 1.99 1.67 1.73 1.71
May 1.48 1.44 1.55 2.02 1.61 1.49 1.35
June 1.11 1.08 1.16 1.36 1.20 1.11 1.05
July 1.04 1.05 1.01 1.09 0.98 1.01 1.06
August 1.05 1.03 1.08 1.05 1.03 1.01 1.06
September 1.07 1.09 1.04 1.11 1.05 1.09 1.05
October 1.11 1.12 1.09 1.09 0.95 1.13 1.13
November 1.24 1.20 1.30 0.85 1.20 1.30 1.23
December 1.31 1.30 1.34 1.29 1.31 1.31 1.31

Hospitalizations
January 0.94 0.95 0.93 1.07 0.92 0.98 0.86
February 0.95 0.96 0.93 1.05 0.98 0.95 0.90
March 0.67 0.65 0.69 0.85 0.66 0.66 0.61
April 0.55 0.55 0.55 0.79 0.59 0.54 0.43
May 0.61 0.60 0.61 0.78 0.70 0.56 0.51
June 0.63 0.61 0.67 0.76 0.67 0.60 0.59
July 0.64 0.62 0.68 0.74 0.64 0.64 0.62
August 0.73 0.71 0.75 0.78 0.72 0.72 0.72
September 0.75 0.73 0.78 0.82 0.82 0.76 0.67
October 0.75 0.74 0.77 0.78 0.73 0.81 0.68
November 0.82 0.78 0.87 0.94 0.84 0.81 0.75
December 0.76 0.72 0.81 0.88 0.86 0.69 0.73

ED visit rates
January 0.94 0.93 0.94 1.03 0.98 0.89 0.93
February 0.94 0.98 0.88 0.97 0.92 0.94 0.94
March 0.61 0.61 0.62 0.69 0.63 0.60 0.57
April 0.33 0.32 0.36 0.45 0.32 0.35 0.26
May 0.43 0.41 0.46 0.48 0.40 0.43 0.43
June 0.52 0.52 0.53 0.59 0.53 0.51 0.50
July 0.56 0.55 0.59 0.63 0.56 0.54 0.55
August 0.61 0.59 0.64 0.66 0.59 0.61 0.60
September 0.65 0.63 0.69 0.65 0.68 0.66 0.62
October 0.63 0.60 0.68 0.64 0.65 0.66 0.58
November 0.66 0.65 0.68 0.72 0.67 0.70 0.58
December 0.66 0.63 0.70 0.81 0.69 0.63 0.60

Estimates are calculated with the following formula: (incidence rate in 2020)/(average incidence rate in 2010–2019).
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ously [17]. There may have also been an increased unwillingness to
seek hospital-based care for non-COVID-19-related issues during
the beginning of the first pandemic wave; future analyses should
also consider the reasons noted for ED visits and hospitalizations
to identify COVID-19-related vs. non-COVID-19-related incidents.
Our analysis identified that older adults (�90 years) had the lowest
hospitalization and ED visit rates both in pre-pandemic and pan-
demic periods; and that younger adults (18–64 years) had the
highest hospitalization and ED visits in both periods. We believe
these patterns reflect a constellation of factors including different
goals of care, risks and benefits of hospital transfers, and underly-
ing health conditions for different age groups (e.g., those who are
older are dying more often of frail causes (e.g., dementia) versus
organ failure (e.g., congestive heart failure) causes that often have
higher acute medical needs) [11].

This analysis uses large-scale health administrative datasets. As
a result, we are only able to report data up to the end of 2020, an
important limitation of this work.

We intend for these findings to be used to contextualize poten-
tial increases in adverse events of special interest (AESI) [18] dur-
ing the COVID-19 vaccine rollout in NH residents. Whereas
mortality, hospitalization, and ED visit rates were highly stable
over 10 pre-pandemic years, the marked changes in rates observed
during 2020 indicate that caution is needed in determining the
appropriate baseline to use when interpreting rates of AESIs fol-
lowing the COVID-19 vaccine rollout. Existing investigations on
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mortality in elderly and frail individuals who received COVID-19
vaccines has identified that mortality rates were consistent with
high background rates of death in this population [19]; our data
will help contextualize Canada- and Ontario-specific rates in a sim-
ilar way.
5. Conclusions

This report identified relatively consistent monthly mortality,
hospitalization, and ED visit rates for Ontario NT residents over a
ten-year pre-pandemic period. During 2020, we identified a sub-
stantial increase in mortality rates during April and May, followed
by a regression during summer 2020 and subsequent increase in
November and December 2020. In contrast, hospitalization and
ED visit rates declined markedly in 2020 and (as of the latest data
available) have not yet returned to baseline levels. These results
provide important context for future analyses to identify potential
AESI in NH residents.
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