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ABSTRACT

BACKGROUND: The implementation of
outbreak management measures has
decreased the frequency and severity of
SARS-CoV-2 outbreaks in Ontario long-
term care homes. We describe the epi-
demiological and laboratory data from
one of the first such outbreaks in
Ontario to assess factors associated
with its severity, and the impact of pro-
gressive interventions for infection con-
trol over the course of the outbreak.

METHODS: We obtained line list and
outbreak data from the public health
unit to describe resident and staff cases,
severity and distribution of cases over
time and within the outbreak facility.

Where available, we obtained data on
laboratory specimens from the Public
Health Ontario Laboratory and per-
formed whole genome sequencing and
phylogenetic analysis of viral specimens
from the outbreak.

RESULTS: Among 65 residents of the
long-term care home, 61 (94%) con-
tracted SARS-CoV-2, with a case fatality
rate of 45% (28/61). Among 67 initial
staff, 34 (51%) contracted the virus and
none died. When the outbreak was
declared, 12 staff, 2 visitors and 9 resi-
dents had symptoms. Resident cases
were located in 3 of 4 areas of the home.
Phylogenetic analysis showed tight

clustering of cases, with only 1 addi-
tional strain of genetically distinct
SARS-CoV-2 identified from a staff case
in the third week of the outbreak. No
cases were identified among 26 new
staff brought into the home after full
outbreak measures were implemented.

INTERPRETATION: Rapid and unde-
tected viral spread in a long-term care
home led to high rates of infection
among residents and staff. Progres-
sive implementation of outbreak
measures after the peak of cases pre-
vented subsequent staff cases and are
now part of long-term care outbreak
policy in Ontario.

proportionately represented in overall cases of SARS-
CoV-2 and COVID-19 both in Canada and internation-
ally.* Older adults in LTC are vulnerable to SARS-CoV-2 and are
at increased risk of complications and death given their under-
lying health status and age.*In Ontario, LTC residents
accounted for 18% of confirmed cases during the first wave of
the pandemic that ended by June 2020. As of Feb. 6, 2021, LTC
residents accounted for 5.3% of confirmed cases of COVID-19
and had an overall case fatality rate of 25.4%, compared with
2.4% for all cases in Ontario.®
In Ontario, LTC homes were provided provincial direction on
enhanced measures to prevent COVID-19 as of Mar. 9, 2020;
updated directives were provided over time to include measures
such as expanded testing indications, visitor policies, staff work
locations, universal masking and strict outbreak definition and
management.®” Implementation of these measures corresponded

R esidents of long-term care (LTC) homes have been dis-

with fewer and less severe outbreaks over the course of the
pandemic’s first wave in Ontario.?

We report on the epidemiological data, infection prevention
and control (IPAC), laboratory testing and phylogenetic analysis
of one of the earliest and largest COVID-19 outbreaks in an
Ontario LTC home, and the impacts of progressive outbreak
management measures that eventually influenced provincial
guidance for LTC outbreak management.

Methods

Sources of data and epidemiological analysis

Outbreaks of respiratory infections in LTC and cases of COVID-19
are reportable to public health in Ontario under the Health
Protection and Promotion Act.® Using data extracted from the
province’s integrated Public Health Information System (iPHIS)
on June 11, 2020, we analyzed COVID-19 cases among staff,

© 2021 CMA Joule Inc. or its licensors

CMAJ | MAY 10,2021 | VOLUME 193 | ISSUE 19

E681



RESEARCH

residents and close contacts of residents (visitors) that were
linked to this outbreak.l® We extracted case data on age, sex,
date of symptom onset, symptoms, specimen collection date
and laboratory testing history.

We categorized confirmed and probable cases according to
the provincial case definition at the time, where confirmed cases
had laboratory confirmation of SARS-CoV-2. Probable cases were
defined as those with 2 or more symptoms (abnormal tempera-
ture, lethargy, nasal congestion, new or worsening cough, loss of
appetite or hoarseness, difficulty swallowing or sore throat) with
an onset date of Mar. 9, 2020, or later, and either no laboratory
testing or an inconclusive result.!! We obtained lists of staff and
residents at the onset of the outbreak for initial at-risk denomi-
nators. No additional residents were admitted during the out-
break; additional staff were brought in for support throughout
the outbreak. We obtained information on implemented IPAC
measures from the public health unit outbreak management
summary. We mapped residents by room occupancy at the start
of the outbreak, with progression of confirmed and probable
cases by single, double and quadruple rooms.

Laboratory analysis

Laboratory testing was initially conducted primarily at the Public
Health Ontario Laboratory, with later samples tested across the
Ontario laboratory network. Public Health Ontario Laboratory test-
ing used either a laboratory-developed test targeting the SARS-
CoV-2 envelope (E) gene, or a commercial assay targeting the E and
orflab genes (cobas SARS-CoV-2 test, Roche Diagnostics).*?

We conducted whole genome sequencing of SARS-CoV-2
specimens with sufficient viral quantities at the Public Health
Ontario Laboratory (for technical details, please see Appendix 1,
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.202485/tab
-related-content). We uploaded consensus sequences to GISAID
(www.gisaid.org/) and accession numbers are available in
Appendix 2 at www.cmaj.ca/lookup/doi/10.1503/cmaj.202485/
tab-related-content.

Statistical analysis

For epidemiological data, we report the attack rate of confirmed
and probable cases of COVID-19 among residents and staff, rep-
resenting the percentage of the at-risk population who became
infected with SARS-CoV-2 during the outbreak.

For laboratory data, we reviewed positive specimens by
the cycle threshold value of the E gene from the laboratory-
developed test (indeterminate 38.1-39.9, negative = 40) and the
cobas test from Roche (cycle threshold value interpreted as a
negative result not specified by manufacturer). Cycle threshold
values represent the number of polymerase chain reaction
amplification cycles required to detect the target, with higher
values corresponding to lower amounts of virus in the speci-
men. We calculated independent Student t tests using SAS
Enterprise Guide version 7.1 to compare the mean cycle thresh-
old values of initial specimens from asymptomatic and symp-
tomatic cases and to compare any specimen collected
< 14 days with those collected > 14 days after symptom onset
(for symptomatic cases).

Ethics approval

The Public Health Ontario Ethics Review Board determined that
this project did not require research ethics committee approval
as the activities described in this manuscript were conducted in
fulfillment of Public Health Ontario’s legislated mandate “to pro-
vide scientific and technical advice and support to the health
care system and the Government of Ontario in order to protect
and promote the health of Ontarians” (Ontario Agency for Health
Protection and Promotion Act, SO 2007, c 10) and are therefore
considered public health practice, not research.

Results

A cluster of residents with acute respiratory illness was initially
identified in an LTC home on Mar. 17, 2020, with 3 testing posi-
tive for SARS-CoV-2 on Mar. 20. Initial outbreak measures in
accordance with 2018 respiratory outbreak guidance were initi-
ated the evening of Mar. 17; the outbreak was declared on
Mar. 18, based on the provincial case definition of respiratory
outbreaks, in the absence of specific guidance and definitions for
COVID-19 (Figure 1).>** Additional measures specific for COVID-19
were implemented Mar. 20, including placing all residents on
droplet and contact precautions and universal masking of staff.
All LTC homes in Ontario had been closed to visitors as of
Mar. 14, by provincial directive.!!

Between Mar. 20 and Mar. 26, specimens from 28 staff and
2 visitors to the home tested positive for SARS-CoV-2. On case
interview, 12 staff, 2 visitors and 9 residents reported symptom
onset between Mar. 9 and Mar. 18. Between Apr. 1 and Apr. 3, the
home began testing of all newly deceased residents and symp-
tomatic residents, including those who had developed symptoms
since the start of the outbreak, identifying 27 additional residents
positive for SARS-CoV-2. On Apr. 6, testing of asymptomatic resi-
dents was initiated (Figure 1). The last case identified among resi-
dents had a positive specimen collected Apr. 10 with symptom
onset Apr. 30. The last case identified among staff had symptom
onset on Apr. 20. The outbreak was declared over on May 14, 2020.

At the start of the outbreak, 65 residents and 67 staff were
associated with the LTC home. Including confirmed and prob-
able cases, there was a resident attack rate of 94% (n = 61) and a
staff attack rate of 51% (n = 34). Resident and staff cases are
described in Table 1. There were no asymptomatic cases
reported for staff; among resident cases, 5% (n = 3) developed
symptoms after collected specimens tested positive (presymp-
tomatic) and 13% (n = 8) remained asymptomatic (including
7 confirmed asymptomatic cases and 1 probable asymptomatic
case in a resident with no documented COVID-19 symptoms
whose death was attributed to SARS-CoV-2 after assessment by
the public health unit). Most symptomatic residents and staff
reported cough and fever or abnormal temperature. For staff,
headache was the most common symptom. No residents or staff
were hospitalized for COVID-19. Of note, most residents had do-
not-resuscitate orders (n = 60). The case fatality rate was 46%
(n = 28) for the 61 residents with confirmed and probable SARS-
CoV-2 infections; no staff deaths were reported. Both visitors
required hospitalization for COVID-19 and 1 visitor died.
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Figure 1: Number of confirmed and probable cases of COVID-19 among residents, staff and visitors (n = 96) associated with an outbreak in a long-term
care home, by date of symptom onset date or specimen collection (if asymptomatic) from March and April 2020. Figure excludes 1 probable case in a
resident who did not have symptoms recorded before death and was not tested, but that was determined to be a probable case based on assessment

by the public health unit.

Residents with symptom onset before the outbreak declara-
tion were in 3 out of 4 resident blocks of the home, and in a mix
of single, double and quadruple occupancy rooms (Table 2). The
index resident case was in a quadruple room. By Mar. 21, after
the peak of resident cases, all areas of the home were affected.

Early in the outbreak, there were critical staffing shortages
because of the high and rapid staff attack rate. Additional staff
(n = 26) were introduced over the course of the outbreak. To our
knowledge, all staff cases occurred among the original 67 staff,
with no additional cases reported among subsequent staff, giving
a final staff attack rate of 37% (n = 34) among all 93 staff members.
Preexisting staffing shortages led to staff working while symptom-
atic before the outbreak was declared (Mar. 18). Some staff were
allowed to work while masked once their symptoms improved,
caring for residents who had already tested positive for SARS-
CoV-2, while still self-isolating at home. Although IPAC measures
specific for COVID-19 were implemented on Mar. 20, including
droplet and contact precautions for all residents (symptomatic or

not), critical shortages in personal protective equipment early in
the outbreak resulted in its underuse and reuse by staff.

We obtained cycle threshold values for 79 initial and
31 follow-up specimens. Of the 79 initial specimens, 69 were
from symptomatic cases and 10 were from asymptomatic
cases. Mean cycle threshold values for the E gene were signifi-
cantly lower (i.e., viral loads were higher) in initial specimens col-
lected from symptomatic cases (24.7, 95% confidence interval
[CI] 22.9-26.5) compared with asymptomatic cases (33.3; 95%
Cl 31.0-35.6, p < 0.001). Cycle threshold values were also signifi-
cantly lower among the 60 specimens collected from symptom-
atic cases within 14 days of symptom onset (23.6, 95% Cl 21.8-
25.5) compared with the 33 specimens collected 14 days after
symptom onset (35.4, 95% Cl 34.4-36.4, p <0.001).

Specimens from 24 staff and 4 residents were available
and had sufficient viral quantities for genome sequencing.
The average genome coverage was 99.6%. Overall, outbreak
specimens had 6-9 single nucleotide polymorphisms (SNPs)
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Table 1: Demographic characteristics, symptoms and outcome severity of confirmed and probable COVID-19 among residents

(n =61) and staff (n=34) of a long-term care home in Ontario

No. (%) of residents* No. (%) of staff*
Confirmed Probable Confirmed Probable
Variable n=48 n=13 n=33 n=1
Sex
Male 17 (35) 6 (46) 1(3) 0(0)
Female 31(65) 7 (54) 32(97) 1(100)
Age, yr, median (range) 87 (45-97) 82 (56-98) 51 (26-78) 46
Age group, yr
20-29 0(0) 0(0.0) 2 (6) 0(0)
30-39 0(0) 0(0.0) 5(15) 0(0)
40-49 1(2) 0(0.0) 8 (24) 1(100)
50-59 3(6) 1(8) 9 (27) 0(0)
60-69 4(8) 2 (15) 8(24) 0(0)
70-79 7(15) 3(23) 1(3) 0 (0)
80-89 18(38) 3(23) 0(0) 0(0)
290 15 (31) 4(31) 0(0) 0(0)
Ever symptomatic
Yes 417 (85) 12 (92) 33t (100) 1(100)
No 7 (15) 11 (8) 0(0) 0(0)
Major symptoms
Cough 28 (68) 8 (67) 24 (73) 1(100)
Fever or abnormal temperature 29 (71) 10 (83) 20 (61) 1(100)
Lethargy 17 (42) 4(33) 8(24) 0 (0)
Nasal congestion 14 (34) 5(42) 10 (30) 0(0)
Headache 2 (5) 0(0) 25 (76) 0(0)
Sore throat 6 (15) 0(0) 14 (42) 0(0)
Fatigue 0(0) 0(0) 18 (54) 0(0)
Anorexia 7(17) 2(17) 6(18) 0(0)
Chills 1(12) 0 (0) 9(27) 1 (100)
Malaise 0(0) 0(0) 11(33) 0(0)
Hospitalized
Yes 0 (0) 0 (0) 0 (0) 0 (0)
No 48 (100) 13(100) 33(100) 1(100)
Fatal outcome
Yes 15 (31) 13 (100) 0 (0) 0 (0)
No 33 (69) 0(0) 33(100) 1(100)

*Unless indicated otherwise.
tIncludes 3 residents and 1 staff who were asymptomatic at the time of original specimen collection that tested positive, but who subsequently developed symptoms.
tDeceased and was never tested; was determined to be a probable case based on assessment by the public health unit.

compared with the Wuhan-Hu-1 reference strain, and all Epidemiological data showed that a staff member (ON-
belonged to the B.1 lineage. Phylogenetic analysis showed  PHL-20-00235 in Figure 2) had recently returned from interna-
that all sequenced specimens of SARS-CoV-2 were highly  tional travel before the identification of the outbreak, raising
genetically similar, with just 0-4 SNPs separating any  suspicion that this individual introduced the virus into the LTC
2 sequences (Figure 2), and 60.7% (n = 17) forming a single ~ home, given that most cases in the province were related to
group, with 0 SNP differences between them. travel at that time. However, the individual returned to work
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Table 2: Progression of SARS-CoV-2 spread among residents (n = 65) in a long-term care home based on room occupancy

(March and April 2020)*

No. of residents with confirmed and probable COVID-19
(cumulative number of rooms affected)

Mar. 12-17, before

outbreak Mar. 18-21,
declaration outbreak peak
Room occupancy n=5 n=30
Single 1(1) 2(3)
Double 1(1) 16 (12)
Quadruple 3(2) 12 (7)

*Room assignments that changed because of cohorting from Apr. 1 to Apr. 3 are not reflected.

when there were already symptomatic cases in the home and
before the onset of their own symptoms. The SARS-CoV-2
genome sequence isolated from this individual was identical to
those isolated from outbreak cases with earlier symptom onset.
Thus, it is most likely that this individual was infected locally,
rather than through travel. In contrast, the sequence of speci-
men ON-PHL-20-00238, collected from a staff case in the third
week of the outbreak (based on their earliest symptom onset),
appears genetically distinct, with 3 SNPs to the nearest
sequence. As this SNP difference exceeds the expected number
of mutations for SARS-CoV-2, this likely represents a separate
introduction into the facility.!* A specimen from the last staff
case was not available for analysis.

Interpretation

Outbreaks of SARS-CoV-2 in LTC during the pandemic have been
severe.’ We report on one of the first LTC outbreaks in Ontario,
when there were only a few cases in the region and 274 cases in
the province, that resulted in one of the highest attack rates
observed to date.'® The epidemic curve, distribution of cases in
the home, phylogenetic analysis and assessment of IPAC meas-
ures suggest that introduction of virus, which occurred before
the provincial implementation of specific measures for COVID-19
prevention in LTC, led to rapid spread among staff, residents and
visitors. However, subsequent control measures likely limited
ongoing staff transmission, with no staff cases observed among
the 26 new staff introduced during the outbreak. Lessons learned
from this early experience support currently recommended pre-
vention measures and early aggressive management of cases
and outbreaks in LTC.

In Ontario, initial recommendations for active screening of all
LTC staff, residents and visitors for COVID-19 did not include
atypical symptoms, common among older adults, or loss of smell
or taste that were identified as common symptoms later in the
pandemic.! Symptoms that began in 9 staff cases before the
outbreak was declared may have been missed because of a lack
of awareness of the full spectrum of COVID-19 symptoms at that
time. Additionally, pre-existing staffing shortages exacerbated by
the outbreak may have contributed to presenteeism among

Mar. 22-Apr. 5,

before Apr. 6-10, after No. of residents who
asymptomatic asymptomatic never met case
testing testing definition
n=16 n=10 n=4
3(6) 1(7) 0
6(13) 2(13) 1
7(8) 7(8) 3

symptomatic staff and spread. Universal masking of staff was not
implemented until Mar. 20. Provincial measures now require that
staff are excluded from work if displaying any symptoms of
COVID-19 and universal masking for source control.” Ongoing
shortfalls in LTC human health resources continue to contribute
to outbreak management challenges.'’

The number of staff and resident cases in the LTC home
before the outbreak was declared, and the relatedness of their
genomic sequences, suggests an initial single introduction of
SARS-CoV-2 or concurrent introduction by multiple people
infected with highly related strains, that led to rapid spread. The
distribution of resident cases throughout the home early in the
outbreak suggests that staff may have transmitted to residents
or that resident-resident transmission occurred in communal
areas. Resident-resident spread in rooms with double and qua-
druple occupancy or in communal areas, and the overall design
of the home, may have contributed to the higher attack rate, as
shown in analyses of crowdedness and design in LTC homes.18%°
Use of the provincial case definition of suspect respiratory out-
breaks (i.e., 2 or more cases of acute respiratory infection with-
out laboratory confirmation) on Mar. 17 may have delayed identi-
fication of the outbreak when the initial resident developed
symptoms on Mar. 12.° Provincial COVID-19 outbreak guidance
for LTC was subsequently updated to consider a single case in a
resident or staff as evidence of an outbreak.?

Initial testing of all residents and staff when a SARS-CoV-2
outbreak is declared in LTC, as is now provincial guidance, may
have led to earlier and more fulsome identification of cases
within this outbreak.!! Repeat testing during the outbreak and
postmortem testing are also currently recommended for identi-
fication of cases, but was not present during the early stages of
this outbreak. Early identification of asymptomatic and pre-
symptomatic cases assists with identifying outbreak spread and
implementing cohorting measures. One published report of uni-
versal testing of LTC residents in the United States found 39.6%
additional, asymptomatic cases along with symptomatic
cases.? A study from Michigan concluded that repeat testing
every 3-7 days over the course of an LTC outbreak may be
necessary to find additional asymptomatic cases while the out-
break is ongoing.?2 Our identification of higher cycle threshold
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Figure 2: Maximum likelihood tree showing the phylogenetic relationship between 28 SARS-CoV-2 genomes from specimens collected from staff and residents
in March and April 2020. The tree was rooted using the reference genome, Wuhan-Hu-1 (accession MN908947.3). Note: Phylogenetic analysis depicts the evolu-
tionary relationship between sequences, with horizontal branch lengths corresponding to genetic distance (nucleotide substitutions per site). ON-PHL-20-
00238 is genetically distinct, with 3 single nucleotide polymorphisms to the nearest sequence. *Staff member had travelled internationally before the outbreak.

values from specimens collected more than 14 days from
symptom onset and from specimens of asymptomatic cases
suggests that early testing of symptomatic cases and repeat
testing of people who are asymptomatic may prevent false-
negative results from late or missed testing. Serology testing
was not available to assess for the possibility of late false-
negative results among residents who remained asymptomatic
and tested negative later in the outbreak, who may have been
infected early in the outbreak and cleared by the time they were
tested. No other reasons were identified as to why 4 (6%) resi-
dents continued to test negative for SARS-CoV-2, given their
exposure and susceptibility.

Strengths of our study include the detailed collaboration with
the health unit and the LTC home, which allowed a far greater
depth of analysis of the initial days of the outbreak and the chal-
lenges experienced early in the pandemic in Canada than has been
reported in other case reports. This detailed analysis provided
additional insights into the factors that likely contributed to

spread within the LTC home. Our report also showed the effective-
ness of outbreak measures implemented to prevent infection
among staff; no subsequent infections were identified among new
staff introduced into the facility after outbreak measures were
implemented, even though there were still infectious cases pres-
ent. Our analysis of cycle threshold values also provides new
insights as to why cases in the first wave of the pandemic were
likely missed when there was late testing of people who were
symptomatic and no routine testing of those who were asymp-
tomatic. Large-scale whole genome sequencing of SARS-CoV-2 has
made it possible to identify discrete lineages as they arise and dis-
seminate globally, and to distinguish between travel-related infec-
tions, local transmission and multiple outbreak introductions, as
we identified in this analysis.?*2° Few outbreak reports have
included a phylogenetic analysis with their epidemiological analy-
sis as our report did, providing additional insights into transmis-
sion in the LTC home, particularly at the start of the pandemic,
when there were few cases overall in Ontario.
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Limitations

One limitation of our genomic investigation is that only a rela-
tively small proportion (< 30%) of specimens from the total cases
were sequenced, as some viral samples were no longer available
or had insufficient viral load that did not allow for adequate
genome coverage. 2%’

Other study limitations include incomplete information
regarding visitors to the home to link any additional visitor cases,
and limited information on staff-staff, staff-visitor, visitor-
resident or resident interactions outside the LTC home that may
have contributed to initial virus introductions. Additionally, staff
and visitor cases may be underrepresented if never tested or
tested late in the outbreak.

Conclusion

Lessons learned from this early and severe outbreak of SARS-
CoV-2 in an LTC home have helped to inform the current provin-
cial prevention and outbreak measures, specifically, the need for
early identification of symptoms, cases and outbreaks, and for
implementation of additional testing and prevention measures.
Active screening and universal masking for staff are needed to
prevent the introduction and asymptomatic spread of SARS-
CoV-2 from staff. Mass testing of residents and staff in an out-
break allows for early identification of cases to facilitate out-
break measures. Ensuring sufficient staffing and personal
protective equipment is necessary for appropriate care delivery,
protection for staff and prevention of transmission in the home.
Despite the effectiveness of these measures to prevent transmis-
sion after outbreaks arise, the prevention of LTC outbreaks
requires low levels of community transmission and improve-
ments to LTC infrastructure, density and staffing.
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