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Abstract

The severe acute respiratory coronavirus virus 2 (SARS-CoV-2) delta variant is highly transmissible, and current vaccines may have reduced
effectiveness in preventing symptomatic infection. Using epidemiological and genomic analyses, we investigated an outbreak of the variant in
an acute-care setting among partially and fully vaccinated individuals. Effective outbreak control was achieved using standard measures.
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The delta variant of severe acute respiratory coronavirus virus 2
(SARS-CoV-2) continues to rapidly spread and, as of early October
2021, the variant was already responsible for >75% of all coronavirus
disease 2019 (COVID-19) cases in Canada and the United States.1

The rapid spread of the variant, secondary to its increased transmis-
sibility compared to other variants, has also been coupledwith a resur-
gence in hospitalization in regions where it predominates.2 Currently,
vaccines that are widely available are somewhat less effective against
the variant; the most recent estimations indicate an ∼20% reduction
in protection against symptomatic disease after a single BioNTech-
Pfizer BNT162b2 vaccine dose, for example.3 Whether the variant
poses increased risk of severe disease and mortality, particularly
among vulnerable populations, remains unknown.

The delta variant is highly transmissible and current COVID-19
vaccines may be less protective; thus, hospitals continue to be suscep-
tible to outbreaks. The effect the variant will have on transmission
dynamics among vulnerable hospitalized patients who may or may
not be fully vaccinated remains unknown. Whether current control
measures (symptom screening, isolation of patients with high-risk
exposures, physical distancing, surveillance testing, and universal
masking of patients and staff) are effective inmitigating outbreaks also
remains unknown. Here, we describe an outbreak due to the delta
variant in an acute-care setting involving partially and fully vaccinated

patients and healthcare workers (HCWs) along with the control mea-
sures necessary to curb transmission. The outbreak occurred at
Toronto Western Hospital, Toronto, Canada, a tertiary-care hospital
with 272 inpatient beds. The neurovascular unit has amaximum cen-
sus of 31 beds in primarily multibed rooms, 10 of which are level-2
intensive care unit (ICU) beds.

Methods

During the study period, Toronto COVID-19 daily case rates ranged
between 0.2 and 0.25 new cases per 100,000 people. Nearly all patients
admitted to our facility during this time were tested for SARS-CoV-2
on admission, and all the patients included in our outbreak were
tested on admission. Nosocomial cases of COVID-19 were defined
as a positive SARS-CoV-2 polymerase chain reaction (PCR) test using
nasopharyngeal swab detected≥72 hours after admission. Confirmed
epidemiological links were defined as any exposures between patients
or HCWs during the period of infectivity. Outbreak control measures
included SARS-CoV-2PCRpoint-prevalence testing of allHCWs and
of all patients every 3–5 days. Furthermore, HCWs were assigned to
their units (ie, cohorted). Ambulation of patients was restricted, and
strict adherence to patient masking within 2 m of others was strictly
enforced. Droplet and contact precautions were observed for all
patients, and daily cleaning of high-touch surfaces was enhanced.
The unit was closed to new patient admissions and visitors.

PCR testing was performed using 1 of 4 platforms: BGI real-
time fluorescent RT-PCR 2019 nCoV assay (BGI Gemonics,
China), cobas SARS-CoV-2 assay (Roche Diagnostics, Basel,
Switzerland), Seegene Allplex 2019 nCoV assay (Seegene, Seoul,
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South Korea), and Luminex ARIES 2019-nCoV assay (Luminex,
Austin, TX). Screening for variants of concern (VOCs) was con-
ducted using the C19-SPAR-Seq platform, a multiplex RT-PCR
method using primers corresponding to the RNA-dependent
RNA polymerase, S-receptor–binding domain, envelope, nucleo-
capsid, and 2 regions of the spike gene.4 Whole-genome sequenc-
ing (WGS) was conducted at the Hospital for Sick Children.

Results

During the outbreak, from June 15 to 22, 2021, COVID-19 cases
were identified in 7 patients and 5 HCWs (Fig. 1A). Patient 1,

admitted to hospital on June 7, developed fever upon transfer to
the neurovascular unit on June 10. Although the fever was initially
attributed to a urinary tract infection, the patient tested positive on
June 14. The acquisition of SARS-CoV-2 infection was not attrib-
utable to the unit due to a symptom onset date prior to their trans-
fer. A second patient tested positive on June 14, triggering a closure
of the unit to new admissions and/or visitors 1 day after the first
case was identified on June 15. Unit-wide point-patient prevalence
screening of 22 patients was conducted on June 16, which identi-
fied 3 additional cases (patients 4, 5, and 6). Patients 3 and 7 were
roommates of patient 2 during their period of infectivity (POI) and
tested positive on June 15 and 18, respectively. Patient 2 was

Fig. 1a. (A) Timeline of events pertaining to the outbreak. New cases are indicated below the corresponding date of testing. Patients (P) are identified in rounded rectangles; new
healthcare worker (HCW) cases are identified in diamonds. Dotted lines represent suspected epidemiological links.

Fig. 1b. (B) SARS-CoV-2 whole-genome sequencing analysis and report for outbreak cases. Lineage assignment was determined using the phylogenetic assignment of the named
global outbreak lineage (PANGOLIN) software tool Colors represent the detected amino acid at the position listed along the X axis. The phylogenetic tree on the left indicates the
relatedness of the sequenced SARS-CoV-2 isolates for each patient. Isolates that differ by 0mutations are considered “identical”; those that differ by 1–2mutations are considered
“nearly identical”; those that differ by 3 mutations are considered “similar”’ and those that differ by >3 mutations are considered “different.”
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considered a community case because symptom onset occurred
only 48 hours into their admission.5 None of the other patients
had epidemiological links. Among the 7 patients, 4 patients
(patients 1, 4, 5, and 6) developed mild symptoms. Of the remain-
ing 3 patients, patient 3 was asymptomatic, patient 2 was readmit-
ted to an intensive care unit at another hospital because their
COVID-19 illness required supplemental oxygen but this patient
was not intubated. Patient 7 developed pneumonia that required
supplemental oxygen and treatment with dexamethasone but
did not require ICU admission.

Point-prevalence testing of the staff working on the unit were
performed from June 17 to 19 and again from June 21 to 22, yield-
ing 3 positive results among 155 tests and 2 cases among 157 staff,
respectively. Moreover, 3 HCWs were deemed to have had high-
risk exposures to the SARS-CoV-2–positive staff, and none
resulted in a transmission event. HCWs 3 and 4 had contact with
SARS-CoV-2–positive patients P1 and P4, respectively, during
their period of infectivity, but these HCWs were wearing eye pro-
tection and ASTM level III masks during these interactions. The
remaining 3HCWs did not have epidemiological links nor did they
report exposures outside the workplace. All cases were fully vacci-
nated, with both doses of Pfizer-BioNTech vaccine>14 days before
the outset of the outbreak except for patient 2 and HCW 4; they
each had 1 dose of the Pfizer-BioNTech vaccine 14 days prior to
infection. No HCW required hospitalization and 1 HCW was
asymptomatic.

Of the 12 cases, 7 generated high-quality data (genome com-
pleteness >90%) with an additional 2 specimens providing
adequate coverage for comparison (Fig. 1B). Overall, 8 specimens

(6 patients and 2 HCWs) were consistent with the delta variant,
and 1 specimen was a beta variant. All delta variant sequences were
identical or nearly identical (with a 1 SNP difference). Patient 4,
who was admitted on June 13 after a recent stay at a healthcare
facility in South Africa, was initially considered part of the out-
break but was excluded when WGS confirmed the beta variant
in this patient (Table 1). HCW 1 was excluded because they had
a beta variant, which differed from the outbreak (delta) variant.

Discussion

This is the first publication of an outbreak in an acute-care setting
involving the delta variant in partially or fully vaccinated individ-
uals. Even full vaccination did not preclude infection or transmis-
sion of the delta variant in this setting, given the reduction in
efficacy of vaccination against the delta variant.6,7 Prior studies
from skilled nursing facilities have demonstrated breakthrough
SARS-CoV-2 infections in fully vaccinated individuals with non-
delta variants; however, no transmission was demonstrated.7,8

Another study involved a skilled nursing facility outbreak with
SARS-CoV-2 infection in fully vaccinated residents and healthcare
workers (26 and 20 cases, respectively) but with the SARS-CoV-2
R.1 lineage, which is not a VOC.8 No prior studies describe out-
breaks with the delta variant occurring in an acute-care setting.

Our outbreak study yielded several important findings. All
HCW cases and most patient cases were mild to moderate in
nature, with only 1 patient case requiring ICU admission.
Despite vaccination, certain high-risk exposures (eg, patients shar-
ing the same multibed room) or low-risk exposures (eg, HCWs

Table 1. Line List of Patients (P) and Healthcare Workers (HCWs) Involved in the Outbreak

Identifier
Admission

Date
Symptom
Onset Date Test Date WGS VOC Screen Vaccination Statusa Symptom Statusb

P1 07-Jun-21 10-Jun-21 14-Jun-01 Delta N501Yþ
E484K-

1 dose Mild

P2 11-Jun-21 13-Jun-21 14-Jun-21 Delta N501Y-
E484K-

1 dose Severe

P3 11-Jun-21 NA 15-Jun-21 Delta N501Y-
E484K-

2 doses Asymptomatic

P4 18-May-21 14-Jun-21 16-Jun-21 Delta N501Y-
E484K-

2 doses Mild

P5 20-May-21 15-Jun-21 16-Jun-21 Delta N501Y-
E484K-

1 dose Mild

P6 13-Jun-21 17-Jun-21 16-Jun-21 Beta N501Yþ
E484Kþ

2 doses Mild

P7 11-Jun-21 18-Jun-21 18-Jun-21 Delta N501Y-
E484K-

2 doses Moderate

HCW1 NA 13-Jun-21 17-Jun-21 NA 501Yþ
E484K-

2 doses Mild

HCW2 NA 14-Jun-21 17-Jun-21 NA NA 2 doses Mild

HCW3 NA 17-Jun-21 18-Jun-21 Delta N501Y-
E484K-

2 doses Mild

HCW4 NA 21-Jun-21 21-Jun-21 Delta N501Y-
E484K-

1 dose Mild

HCW5 NA NA 22-Jun-21 NA N501Y-
E484K-

2 doses Asymptomatic

Note. WGS, whole-genome sequencing; VOC, variant of concern. The N501Ymutation is commonly found in the Alpha, Beta, and Gamma variants; the E484Kmutation is commonly found in the β
and γ variants.
aAll vaccines were mRNA vaccines.
bMild = cough, rhinorrhea, sore throat, no therapy required; moderate = requiring therapy but no ICU admission; severe = ICU admission.
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exposed to patients during their presymptomatic shedding) may
result in transmission of the delta variant. Despite this risk, all con-
ventional tools used for outbreak management were effective and
managed to contain the outbreak at an early stage of detection
including closing the unit to admissions, cohorting staff, and per-
forming frequent testing surveillance on staff and patients. Finally,
due to vaccination, falling case counts, and staff fatigue, timely rec-
ognition of COVID-19 symptoms among inpatients may become
inconsistent; therefore, ongoing vigilance remains necessary for
preventing future acute-care setting outbreaks.

Although vaccines are a critical tool, other measures (ie, univer-
sal masking, careful screening for COVID-19 symptoms and
physical distancing), particularly in high-risk settings, will need
to continue in acute-care settings because VOCs like the delta vari-
ant are becoming predominant circulating variants.9
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