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IMPORTANCE Nursing home residents have been disproportionately affected by coronavirus
disease 2019 (COVID-19). Prevention recommendations emphasize frequent testing of health
care personnel and residents, but additional strategies are needed.

OBJECTIVE To develop a reproducible index of nursing home crowding and determine
whether crowding was associated with COVID-19 cases and mortality in the first months
of the COVID-19 epidemic.

DESIGN, SETTING, AND PARTICIPANTS This population-based retrospective cohort study
included more than 78 000 residents across more than 600 nursing homes in Ontario,
Canada, and was conducted from March 29 to May 20, 2020.

EXPOSURES The nursing home crowding index equaled the mean number of residents
per bedroom and bathroom.

MAIN OUTCOMES AND MEASURES The cumulative incidence of COVID-19 cases confirmed by a
validated nucleic acid amplification assay and mortality per 100 residents; the introduction of
COVID-19 into a home (�1 resident case) was a negative tracer.

RESULTS Of 623 homes in Ontario, we obtained complete information on 618 homes (99%)
housing 78 607 residents (women, 54 160 [68.9%]; age �85 years, 42 919 [54.6%]). A total
of 5218 residents (6.6%) developed COVID-19 infection, and 1452 (1.8%) died of COVID-19
infection as of May 20, 2020. COVID-19 infection was distributed unevenly across nursing
homes; 4496 infections (86%) occurred in 63 homes (10%). The crowding index ranged
across homes from 1.3 (mainly single-occupancy rooms) to 4.0 (exclusively quadruple
occupancy rooms); 308 homes (50%) had a high crowding index (�2). Incidence in high
crowding index homes was 9.7% vs 4.5% in low crowding index homes (P < .001), while
COVID-19 mortality was 2.7% vs 1.3%, respectively (P < .001). The likelihood of COVID-19
introduction did not differ (high = 31.3% vs low = 30.2%; P = .79). After adjustment for
regional, nursing home, and resident covariates, the crowding index remained associated
with an increased incidence of infection (relative risk [RR] = 1.73, 95% CI, 1.10-2.72) and
mortality (RR, 1.69; 95% CI, 0.99-2.87). A propensity score analysis yielded similar
conclusions for infection (RR, 2.09; 95% CI, 1.30-3.38) and mortality (RR, 1.83; 95% CI,
1.09-3.08). Simulations suggested that converting all 4-bed rooms to 2-bed rooms would
have averted 998 COVID-19 cases (19.1%) and 263 deaths (18.1%).

CONCLUSIONS AND RELEVANCE In this cohort of Canadian nursing homes, crowding
was common and crowded homes were more likely to experience larger and deadlier
COVID-19 outbreaks.
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N ursing home residents have experienced the brunt of
the coronavirus disease 2019 (COVID-19) epidemic. Re-
cent estimates suggest that nursing home residents

comprise approximately 35% of COVID-19 deaths in the US
and between 66% and 81% of deaths in Canada.1,2 Compared
with community-dwelling older adults, nursing home resi-
dents are 5 times more likely to die of COVID-19.3 The concen-
tration of COVID-19 mortality among nursing home residents
can be explained by the high risk of contracting infection be-
cause of congregate living, exposure to staff, and difficulties
with physically distancing because of cognitive and func-
tional impairment. Residents who acquire infection are at
high risk of mortality because of advanced age (immuno-
senescence) and multimorbidity.4-6

It is more difficult to understand why COVID-19 may se-
verely affect certain nursing homes but spare others. Inci-
dence in the region surrounding a nursing home and nursing
home size drive the probability of introduction of COVID-19
by visitors or staff.3 Past studies of other respiratory infec-
tions suggest that, once introduced, crowded nursing homes
may be more susceptible to infection spread, and associa-
tions observed with domestic crowding would also suggest
plausibility for COVID-19.7-9

In a recent cohort study of COVID-19 in Ontario nursing
homes, we found that for-profit nursing homes in Ontario had
a higher incidence of COVID-19 cases and mortality com-
pared with nonprofit and municipal homes, which was par-
tially explained by the fact that for-profit homes tended to be
built to older design standards, a factor associated with crowd-
ing because 4-bed rooms were eliminated from design stan-
dards as of 1999.10,11 In this study, we used the same cohort
that included 618 nursing homes and 78 607 residents to ex-
plicitly examine the association between nursing home crowd-
ing and COVID-19 incidence across the entire nursing home sys-
tem of Ontario, Canada, during the first months of the COVID-19
pandemic in Ontario. Residents of Ontario nursing homes re-
ceive personal and nursing care, as well as subsidized accom-
modation, under a publicly funded long-term care program.
The province provides a base amount of $4200 per resident
per month, supplemented by regulated resident copayments
varying between $1900 for a bed in a quadruple-occupancy
room to $2700 per month for a bed in a single-occupancy
room.12 Residents unable to afford the copayment are subsi-
dized based on means testing.

Methods
Ethics Statement
The study was approved by the research ethics board of the
University of Toronto and the Hamilton Integrated (Ontario,
Canada) research ethics board. The boards waived the need for
informed consent because there was no contact with nursing
home residents and anonymity was assured.

Study Design and Data Sources
We conducted a retrospective cohort study of all nursing homes
in Canada’s most populous province of Ontario from March 29,

2020, the date of the first reported Ontario nursing home out-
break, until May 20, 2020 (52 days). Data used for this study
were obtained from the Ontario Ministries of Health and Long-
Term Care as part of the province’s Emergency Modeling Table
and were derived from 4 sources. The first source was data col-
lected by the Ontario Ministry of Long-Term Care’s Inspec-
tions Branch, which include patients with COVID-19 and deaths
through their COVID Tracking Tool. These data, collected by
inspectors, include case counts and deaths among those who
died in the nursing home or while temporarily discharged.
Tracking tool case counts were correlated with laboratory data
on infections from the Ontario Laboratory Information Sys-
tem (Pearson correlation, 0.93; 95% CI, 0.93-0.93), and death
counts were correlated with data from the Ontario Office of the
Chief Coroner (Pearson correlation = 0.90; 95% CI, 0.90-
0.91). The second source was public health surveillance data
from the Ontario Integrated Public Health Information Sys-
tem, which were used to identify the incidence of COVID-19
in the 35 public health regions surrounding nursing homes.
Third, data from the Canadian Census were used to obtain
neighborhood and region characteristics. Fourth, resident char-
acteristics were obtained from the Resident Assessment In-
strument Minimum Data Set.13

Exposure: Nursing Home Crowding Index
The nursing home crowding index was defined as the mean
number of occupants per room and bathroom across an en-
tire home according to the following equation: Nresidents ÷
(½Nbedrooms + ½Nbathrooms). This translated to weights per resi-
dent according to the room they occupied: single-occupancy
room with private bathroom (1); single-occupancy room with
a shared bathroom (1.5); double-occupancy room (with shared
bathroom) (2); and quadruple-occupancy room (4). In On-
tario nursing homes, there are no rooms with a maximum oc-
cupancy of 3 or greater than 4. Based on the distribution of the
crowding index, we defined homes with values of 2 or greater
(the median) as high crowding index homes and homes less
than 2 as low. When reporting risk ratios for models with the
linear crowding index, we compared estimates for homes with
an index of 1.5 (an equal mix of single-occupancy and double-
occupancy rooms) with homes with an index of 3 (an equal mix
of double-occupancy and quadruple-occupancy rooms).

Key Points
Question What is the association of crowding in nursing homes,
defined as the mean number of residents per bedroom and
bathroom, with nursing home coronavirus disease 2019
(COVID-19) mortality?

Findings In this cohort study that included more than 78 000
residents of 618 nursing homes in Ontario, Canada, COVID-19
mortality in homes with low crowding was less than half (578 of
46 028 residents [1.3%]) than that of homes with high crowding
(874 of 32 579 residents [2.7%]).

Meaning Shared bedrooms and bathrooms in nursing homes are
associated with larger and deadlier COVID-19 outbreaks.

Research Original Investigation Association Between Nursing Home Crowding and COVID-19 Infection and Mortality in Ontario, Canada

E2 JAMA Internal Medicine Published online November 9, 2020 (Reprinted) jamainternalmedicine.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by WRC Research on 12/23/2020

http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.6466


Outcomes
Residents with confirmed COVID-19 were residents with a labo-
ratory confirmation of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection using a validated assay
consisting of a positive nucleic acid amplification test result
(eg, real-time polymerase chain reaction or nucleic acid se-
quencing) on at least 1 genome target.14 The primary out-
comes were the cumulative incidence of confirmed COVID-19
cases per 100 nursing home residents and the COVID-19–
associated deaths per 100 nursing home residents. To iden-
tify potential confounding, we also examined COVID-19
introduction (defined as ≥1 confirmed COVID-19 resident case
in a nursing home) as a negative tracer outcome, because
crowding should only affect COVID-19 transmission within
nursing homes rather than risk of importation.15

Nursing Home Characteristics
In addition to the crowding index, we examined 5 home char-
acteristics, including (1) the type of ownership of the facility
(private for-profit, private nonprofit, or municipal); (2) the size
of the facility (<100, ≥100 beds); (3) the ratio of full-time–
equivalent staff to beds; (4) the proportion of 1-bed, 2-bed, and
4-bed rooms; and (5) the design standard (pre-1999 vs 1999 or
later) that each home met.11 Before 1999, there was no univer-
sal design standard in the province, and as such, the design
of homes was heterogeneous. Changes to the standard since
1999 have been incremental.16 In terms of design elements of
particular relevance for infection control, the 1999 design stan-
dard specifies (1) that all homes have separate and indepen-
dent subunits with a maximum size of 40 occupants (known
as home areas), separate entrances, and independent com-
mon and dining areas, and (2) that resident rooms have no more
than 2 beds.

Region and Resident Characteristics
We examined the incidence of COVID-19 in the surrounding
public health region, excluding nursing home infections, per
10 000 population, and community size (<10 000, 10 000 to
499 999, and ≥500 000 individuals), and the proportion of the
neighborhood population born outside of Canada using Sta-
tistics Canada data.13 Eleven resident characteristics, mea-
sured at the home level, were obtained from the most recent
Resident Assessment Instrument Minimum Data17 from Au-
gust 2019: female sex (percentage), 85 years or older (percent-
age); 6 comorbidities (dementia, congestive heart failure,
chronic obstructive heart failure, cancer, diabetes, and kid-
ney failure) and the mean count of these comorbidities, the
mean of the activities of daily living (ADL) impairment scale
score (0, no impairment to 28, complete impairment), and uni-
versity education completed (percentage).

Statistical Analysis
All analyses were conducted using SAS, version 9.4 (SAS
Institute), and all reported P values were based on 2-sided
testing. P values less than .05 were considered statistically
significant. A quasi-Poisson regression was used to model
cases and deaths using the logarithm of the number of beds
in the home as an offset, while logistic regression was used

to model introduction of COVID-19 into the home. For all
analyses, we included region-level random effects.18 Unad-
justed models adjusted for no additional covariates, while
adjusted models included the crowding index, other nursing
home factors (size, ownership, and the ratio of full-time–
equivalent staff to beds), resident factors (age, sex, comor-
bidity count, ADL scale score, and education), and all 3
region characteristics as covariates.

As a sensitivity analysis, we used propensity score
matching to adjust for potential confounding between the
crowding index and resident or regional factors.19 The pro-
pensity score was the estimated probability for a home to
have a high crowding index based on a logistic regression
model that included nursing home size, ownership, staffing
ratio, 10 resident characteristics (age, sex, 6 comorbidities,
ADL scale, and education), and all 3 region characteristics.
Homes with a high crowding index were matched 1:1 with
homes with a low crowding index within a caliper of 0.2 of
the logit of the propensity score using a greedy matching
algorithm.20 We then assessed the balance using standard-
ized differences and considered greater than 10% a meaning-
ful difference.20 Quasi-Poisson regression, with random
effects corresponding to matched pairs, was then used to
estimate associations with the crowding index.

We used simulations to estimate the incidence of
COVID-19 infections and deaths in scenarios in which nurs-
ing homes were less crowded.21 Specifically, we simulated
scenarios in which (1) all 4-bed rooms were replaced with
2-bed rooms and (2) all 2-bed and 4-bed rooms were
replaced with 1-bed rooms. These scenarios were estimated
by modifying the underlying crowding indexes of homes; for
instance, if a home had 40% 1-bed rooms, 30% 2-bed rooms,
and 30% 4-bed rooms (crowding index = 2.2), we estimated
incidence as if the home had 40% 1-bed rooms and 60%
2-bed rooms (crowding index = 1.6), then as if the home was
fully 1-bed rooms (crowding index = 1.0). We then used
regression coefficients from the adjusted regression model
to estimate incidence for all homes using these 2 simulated
interventions. The preventable fraction was the simulated
incidence divided by the incidence observed.

Results
Cohort
Of the 623 homes in Ontario, we were able to obtain complete
information on 618 homes (99%); information on room types
was missing for 5 homes. There were 78 607 residents in these
homes at the time of the first case on March 29, 2020. Across
the homes, 42 919 residents (54.6%) were 85 years or older,
54 160 (68.9%) were women, 54 868 (69.8%) had dementia,
and the mean (SD) ADL score was 17.5 (Table 1).

Nursing Homes Characteristics
Across the province, 29 006 (36.9%), 29 320 (37.3%), and
20 281 (25.8%) residents were located in single, double, and
quadruple-bedded rooms, respectively. Half (49.8%) of nurs-
ing homes were built according to a pre-1999 design stan-
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dard that allowed quadruple-occupancy rooms. The nursing
home crowding index varied from 1.3 to 4.0 (Figure 1).
Homes meeting the 1999 design standard had a mix of

single-occupancy and double-occupancy rooms and a
crowding index between 1.3 and 1.9, while homes with older
design standards had a mix of single, double and quadruple-

Table 1. Characteristics of Low and High Crowding Index Nursing Homes

Characteristic All homes

Crowding index

P valueLow, 1.3-1.9 High, 2.0-4.0
Homes, No. (%) 618 (100) 310 (50.1) 308 (49.9) NA

Resident characteristics, median % (IQR)

Female 69.2 (64.6-73.7) 70.5 (67.3-73.9) 67.3 (61.9-73.4) <.001

Age ≥85 y 55.3 (48.7-61.0) 58.3 (54.3-63.1) 50.4 (43.9-58.1) <.001

Comorbidities, median % (IQR)

Dementia 70.0 (63.0-76.7) 72.0 (66.3-78.0) 67.1 (58.8-75.2) <.001

Congestive heart failure 11.9 (8.9-14.9) 11.6 (8.8-14.7) 12.1 (9.0-15.0) .38

Chronic obstructive pulmonary disorder 15.6 (11.8-19.8) 13.8 (10.5-17.3) 17.2 (13.7-21.5) <.001

Cancer 11.4 (8.2-15.3) 11.5 (8.6-15.4) 11.1 (7.8-15.0) .24

Diabetes 26.9 (23.0-31.4) 25.9 (22.2-28.8) 29.1 (24.0-34.0) <.001

Kidney failure 10.8 (7.7-14.7) 10.5 (7.7-14.8) 11.2 (7.7-14.7) .74

Count of comorbidities, No. (IQR) 1.47 (1.37-1.61) 1.46 (1.37-1.58) 1.50 (1.37-1.62) .20

ADL long score, No. (IQR) 17.7 (16.0-19.0) 18.0 (16.4-19.1) 17.6 (15.8-18.8) .03

University education 18.4 (11.0-27.2) 20.0 (12.3-29.4) 16.3 (9.2-24.8) <.001

Region characteristics

Regional COVID-19 incidence (per 10 000 residents), No. (%)

First quartile (0.11-0.46) 148 (24.0) 58 (18.7) 90 (29.2)

.02
Second quartile (0.51-0.93) 141 (22.8) 74 (23.4) 67 (21.8)

Third quartile (0.94-1.29) 159 (25.7) 88 (28.4) 71 (23.1)

Fourth quartile (1.30-1.88) 170 (27.5) 90 (29.0) 80 (26.0)

Community population size, No. (%)

≥500 000 253 (40.9) 146 (47.1) 107 (34.7) <.001

10 000-499 999 224 (36.3) 116 (37.4) 108 (35.1)

<10 000 141 (22.8) 48 (15.5) 93 (30.2)

Neighborhood foreign-born residents, median % (IQR) 15.0 (7.0-29.0) 19.5 (10.0-36.0) 12.0 (6.5-24.0) <.001

Nursing home characteristics

Ownership, No. (%)

Private for-profit 358 (57.9) 127 (41.0) 231 (75.0)

<.001Private nonprofit 159 (25.7) 101 (32.6) 58 (18.8)

Municipal 101 (16.3) 82 (26.5) 19 (6.2)

Size of home, No. (%)

<100 244 (39.5) 69 (22.3) 175 (56.8) <.001

≥100 374 (60.5) 241 (77.7) 133 (43.2)

Staff (full-time equivalent):bed ratio, median (IQR) 0.70 (0.66-0.75) 0.72 (0.68-0.77) 0.69 (0.65-0.72) <.001

Design standard, No. (%)

1999 310 (50.2) 310 (100) 0 (0) <.001

Pre-1999 308 (49.8) 0 (0) 308 (100)

Room occupancy, median % (IQR)

Single 45.0 (13.0-60.0) 59.9 (59.0-60.0) 13.1 (6.5-22.2) <.001

Double 40.0 (33.1-41.2) 40.1 (40,0-41.0) 33.3 (21.7-41.8) <.001

Quadruple 0 (0-50.0) 0 (0-0) 50.2 (40.3-57.1) <.001

Crowding index, median (IQR) 2.0 (1.4-2.9) 1.4 (1.4-1.5) 2.9 (2.7-3.1) <.001

Outcomes

Residents, No. 78 607 46 028 32 579

Infections, No. (% of residents) 5218 (6.64) 2071 (4.50) 3147 (9.66) <.001

Mortality, No. (% of residents) 1452 (1.85) 578 (1.26) 874 (2.68) <.001

≥1 Infection, No. (%) 190 (30.7) 97 (31.3) 83 (30.2) .79

Abbreviations: ADL, activities of daily living; COVID-19, coronavirus disease 2019; IQR, interquartile range; NA, not applicable.
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occupancy rooms and crowding indices that ranged between
2.0 and 4.0. A sensitivity analysis demonstrated that the
crowding index was correlated with the proportion of beds
in single occupancy rooms (Pearson correlation = −0.91).

Outcomes
Of 78 607 residents, 5218 (6.6%) developed COVID-19 infec-
tion, and 1452 (1.8%) died of COVID-19 infection as of May
20, 2020. The case fatality rate was 27.8% (1452/5218).
COVID-19 infection was distributed unequally across nursing
homes in the province, with 4496 infections (86%) occurring
in 63 homes (10%).

Association Between Crowding Index and COVID-19
Incidence and Mortality
COVID-19 incidence in high crowding index homes was 9.7%
compared with 4.5% in low crowding index homes (P < .001).
Similarly, mortality was 2.7% in high crowding index homes
vs 1.3% in low crowding index homes (P < .001). The probabil-
ity of COVID-19 introduction into a home did not differ ac-
cording to the crowding index (31.3% vs 30.2%; P = .79). Out-
breaks in crowded nursing homes tended to be larger; there
were 9 outbreaks involving more than 100 residents in high
crowding index homes compared with 1 in low crowding in-
dex homes (Figure 2).

Regression models based on the linear crowding index
(Table 2 and Figure 3) suggested that, compared with a home
with an index of 1.5, homes with an index of 3 had double
the COVID-19 incidence (relative risk [RR], 2.05; 95% CI,
1.49-2.70). After adjustment, the crowding index remained
associated with increased risk (RR, 1.73; 95% CI, 1.10-2.72).
The crowding index was similarly associated with COVID-19
mortality (unadjusted RR, 1.97; 95% CI, 1.36-2.84; adjusted
RR, 1.69; 95% CI, 0.99-2.78). The crowding index was

not associated with the probability of COVID-19 intro-
duction (unadjusted odds ratio [OR], 1.10; 95% CI, 0.76-1.58;
adjusted OR, 1.38; 95% CI, 0.88-2.18), but other factors,
including regional incidence and nursing home size, were.

In the propensity analysis, a matched home with high
crowding index was found for 149 (48%) of the low crowding
index homes (standardized differences ≤10% for all vari-
ables; eTable in the Supplement). The resultant association es-
timates for incidence (RR, 2.09; 95% CI, 1.30-3.38), mortality
(RR, 1.83; 95% CI, 1.09-3.08), and the odds of an outbreak
(OR, 1.25; 95% CI, 0.74-2.11) were similar to those from regres-
sion analyses.

Figure 2. Ranked COVID-19 Outbreak Size in Nursing Homes
in Ontario, Canada
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Figure 1. Crowding Index of Nursing Homes in Ontario, Canada
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Preventable Fraction of COVID-19 Incidence and Mortality
by Reducing Crowding
Simulation analyses suggested that 998 infections (19.1%)
and 263 deaths (18.1%) in Ontario nursing homes may have
been prevented if 4-bed rooms had been converted to
2-bed rooms. In this simulation scenario, an additional
5070 new 2-bed rooms would have been needed to main-
tain capacity across the province. In the simulation in
which all multiple-occupancy rooms were converted to
single-occupancy rooms, we estimated that 1641 infec-
tions (31.4%) and 437 deaths (30.1%) may have been pre-
vented. In this scenario, an additional 29 871 new single-
occupancy rooms would have been required, assuming
current 4-bed and 2-bed rooms had been capped at single
occupancy.

Discussion

In this study of nursing home crowding across 618 nursing
homes in Ontario, Canada, we found that residents of highly
crowded homes were more than twice as likely to develop in-
fection with and die of COVID-19. Our findings extend those
of a recent study based on the same cohort in which we showed
that for-profit nursing homes experienced larger COVID-19 out-
breaks involving more resident deaths, and that this may have
been partially mediated by the older design standards of these
homes.10

In Ontario, more than 60% of nursing home residents are
housed in shared rooms, which contrasts with preferences
among older adults, who favor single-bed rooms by a margin

Table 2. Nursing Home Characteristics and Incidence of COVID-19 Infections and Mortality per 100 Residents

Characteristic

RR (95% CI) OR (95% CI)

COVID-19 incidence COVID-19 mortality COVID-19 introduction (≥1 infection)

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Region factors,
median (IQR)

Region COVID-19
incidence
(per 10 000 residents)

First quartile
(0.11-0.46)

1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Second quartile
(0.51-0.93)

1.79 (0.37-8.77) 1.29 (0.28-6.00) 2.57 (0.34-19.62) 1.82 (0.28-11.92) 1.35 (0.61-2.99) 1.02 (0.52-2.01)

Third quartile
(0.94-1.29)

6.74 (1.70-26.78) 2.87 (0.68-12.15) 8.68 (1.40-53.65) 3.16 (0.50-19.97) 1.89 (0.87-4.09) 0.85 (0.41-1.78)

Fourth quartile
(1.30-1.88)

10.00
(2.53-39.59)

5.00 (1.19-21.11) 13.94 (2.30-84.42) 5.91 (0.96-36.47) 2.69 (1.21-5.96) 1.75 (0.85-3.61)

Community population
size, median (IQR)

<10 000 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

10 000-499 999 1.95 (0.43-8.80) 1.50 (0.35-7.39) 2.15 (0.34-13.54) 2.02 (0.33-12.21) 2.50 (1.29-4.85) 1.99 (0.96-1.11)

≥500 000 8.64 (1.99-37.49) 4.54 (0.94-22.00) 9.94 (1.67-59.16) 6.32 (0.97-41.31) 6.11 (3.00-12.43) 4.71 (1.97-11.25)

Neighborhood
residents born outside
Canada, median %
(IQR)

0.99 (0.98-1.01) 0.99 (0.98-1.00) 1.00 (0.98-1.01) 0.99 (0.97-1.01) 1.03 (1.02-1.04) 1.01 (1.00-1.03)

Nursing home factors

Ownership,
median (IQR)

Municipal 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Private, nonprofit 2.00 (0.98-4.09) 2.09 (0.89-4.94) 2.48 (1.06-5.78) 2.43 (0.88-6.68) 1.22 (0.66-2.27) 1.49 (0.77-2.91)

Private, for-profit 3.30 (1.72-6.32) 2.49 (1.14-5.45) 3.67 (1.68-8.03) 2.67 (1.04-6.84) 1.23 (0.71-2.12) 1.07 (0.59-1.96)

Size of home (beds),
median (IQR)

<100 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

≥100 0.83 (0.49-1.40) 0.91 (0.51-1.64) 0.70 (0.40-1.22) 0.75 (0.39-1.43) 1.77 (1.17-2.69) 1.50 (0.93-2.41)

Crowding index

1.5 (lowest) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

2 1.27 (1.14-1.41) 1.20 (1.03-1.39) 1.25 (1.11-1.42) 1.19 (1.00-1.42) 1.03 (0.91-1.16) 1.11 (0.96-1.30)

2.5 1.61 (1.30-1.99) 1.44 (1.07-1.95) 1.57 (1.23-2.01) 1.42 (1.00-2.02) 1.06 (0.84-1.36) 1.24 (0.92-1.68)

3 2.05 (1.49-2.82) 1.73 (1.10-2.72) 1.97 (1.36-2.84) 1.69 (0.99-2.87) 1.10 (0.76-1.58) 1.38 (0.88-2.18)

3.5 (highest) 2.60 (1.70-3.98) 2.08 (1.13-3.80) 2.47 (1.51-4.02) 2.01 (0.99-4.08) 1.13 (0.70-1.84) 1.54 (0.84-2.82)

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; OR, odds ratio; RR, relative risk.
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of 20 to 1 because they confer increased privacy and a sense
of control.22,23 Benefits of multiple-occupancy rooms are some-
times touted by administrators and health care professionals
because of lower construction costs and enhanced staffing
efficiency.22,24 We also observed that crowded homes were
more likely to be operated by private for-profit owners and had
lower staffing ratios; these findings are associated with those
of our previous study that showed that for-profit owners were
more likely to operate homes with older design standards.10

Our findings align with a prior systematic review demon-
strating that the risk of a respiratory infection in occupants of
2-bed rooms was double that of those in single-occupancy
rooms.25 Physical barriers, such as walls separating bed-
rooms, predict deposition patterns of viral droplets more than
absolute distances between beds in a shared room.26 Be-
cause of this, the crowding index, which is based on resi-
dents per bedroom and bathroom, is likely a better predictor
than measures based on square footage per occupant.27 Crowd-
ing can affect an entire home because higher risk among oc-
cupants of shared rooms may spillover to private room occu-
pants as residents come into contact with each other directly,
in common areas, or indirectly via health care workers.28,29

Current guidance for COVID-19 prevention in nursing
homes includes the following pillars: frequent testing of health
care personnel and residents, face mask use for health care per-
sonnel and visitors, visitor restrictions, supply of hand hy-
giene and personal protective equipment, cohorting of known
infections and new admissions, and adequate ratios of full-
time, fairly paid staff who work at a single home.30-32 While
this study did not evaluate the effectiveness of specific inter-
ventions, our results suggest that reinforcement of the previ-
ously described measures is needed in crowded homes. Fur-
ther, our results suggest that cohorting may be ineffective in
crowded homes with many shared rooms, as has been noted
by nursing home administrators in Ontario.33

Insights from this study, and the experience of Ontario,
suggest that interventions targeting crowding may reduce
COVID-19 risk in nursing homes. Such interventions have been
used in shelter systems, specifically by reducing capacity and
adding new shelter beds in separate locations.34 In Ontario nurs-
ing homes, on the basis of early communication of these find-
ings, the maximum room occupancy for incoming residents has
beencappedat2asofJune10,2020.35 Additionalmeasures,such
as retrofitting of underoccupied hotels to act as temporary nurs-
ing homes and rapid structural adaptations to homes that are
overly crowded, could be considered.36,37

Limitations
This study had several limitations. First, the nursing home
crowding index and the 1999 design standard were strongly

associated, and as such, other design features introduced by
the new standard may have played a role in lowering COVID-19
incidence.11 These include larger square footage per room, im-
proved ventilation systems, and resident home areas (smaller,
self-contained units [<40 beds] within the home that facili-
tate cohorting). Second, our examination of crowding was at
the nursing home level and we did not know which specific
residents occupied single, double, or quadruple-occupancy
rooms. Third, while we adjusted for aggregate characteristics
of nursing home residents, we only had up-to-date informa-
tion on nursing home resident characteristics until August
2019, the time of the most recent resident assessment. Fourth,
we did not have access to information on nursing home resi-
dent race, immigration status, or ethnicity, although we were
able to adjust for nursing home resident education levels. Fifth,
adjustment of regional incidence when some community cases
may have been secondary to nursing home cases may have
caused overadjustment.

Conclusions
In this cohort study of Canadian nursing homes, we found
that crowding is common, and crowded homes were more
likely to experience larger and deadlier COVID-19 outbreaks.
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Figure 3. Association Between Nursing Home Crowding Index
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Points represent the mean crowding index and the incidence of COVID-19 cases
(gray; cases per 100 residents) and deaths (orange; deaths per 100 residents)
for 20 equally sized groups of homes based on the crowding index. Specifically,
each group of homes included 5% of homes in each group (30-31). Groups
were based on homes and represented a vigintile of the crowding index.
Solid lines represent quasi-Poisson regression estimates and shaded regions
represent 95% CIs.
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