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In a multifacility prospective cohort study, we identified 116 acute care, 26 long-term care, and 67 rehabilita-
tion patients who received direct care from a universally masked healthcare worker while communicable
with COVID-19. Among 133(64%) patients with at least 14-day follow-up, 3 (2.3%, 95% CI, 0.77-6.4) became
positive for SARS-CoV-2. Universal masking, embedded with other infection control practices, is associated
with low risk of transmission of SARS-CoV-2 from healthcare workers to patients and residents.
© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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INTRODUCTION

SARS-CoV-2 transmission occurs mainly through close contact,
and frequently in the absence or prior to the onset of symptoms.1

Universal masking has been widely adopted across healthcare not
only to provide protection but as a means of providing source control
for those who may unknowingly be communicable to others.

While much attention has been paid to the safety of personal pro-
tective equipment for healthcare workers (HCWs), few studies have
assessed the risk of SARS-CoV-2 transmission from HCWs to patients,
in the presence of universal masking. One case report described
SARS-CoV-2 transmission from a pre-symptomatic masked nurse to
an unmasked patient but the frequency of this occurrence is
unknown.2 A prior systematic review assessed the impact of masking
on SARS-CoV-2 transmission but did not specifically assess HCW to
patient transmission in healthcare settings.3

We performed a prospective cohort study of patients and resi-
dents who received direct care from a HCW with laboratory-con-
firmed COVID-19, to determine the risk of transmission in the
presence of universal masking.
METHODS

Our multi-facility academic health center includes an acute care
hospital, long-term care home and rehabilitation and/or complex
care hospitals. All HCWs are required to self-screen daily for symp-
toms and were required to undergo testing for SARS-CoV-2 if they
had unprotected close contact with anyone with COVID-19 (day 5
and 10 from exposure), travelled outside of Canada, or if they devel-
oped any symptoms whether minimal or atypical. Each HCW SARS-
CoV-2 positive interviewed to confirm role, work schedule, symptom
onset, testing results, vaccination status, and compliance with infec-
tion prevention and control (IPAC) precautions.

Between 1 October 2020 and 30 April 2021, any patient-facing
HCW with laboratory-confirmed COVID-19 who worked during the
period of communicability (POC) triggered a review of patient or resi-
dent assignment. All patients or residents who received direct care
were not placed in precautions, but underwent prospective symptom
surveillance for 14 days, including day 5 and 10 testing if they
remained asymptomatic.4 Among those discharged prior to the end
of the 14-day follow-up period, testing was repeated for any readmis-
sion within 30-days. Patients and residents were excluded if there
was another potential source of exposure identified such as a positive
roommate or an outbreak on the unit at the time of the exposure. The
primary outcome was the incidence of SARS-CoV-2 infection among
patients and residents with at least 14 days of follow-up from the
exposure to the masked HCWwith COVID-19.
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Fig 1. Identification of universally masked healthcare workers (HCW) who tested positive for SARS-CoV-2 and were considered infectious while providing direct care, and subse-
quent prospective follow-up of patients or residents.
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The period of communicability was defined as 48 hours prior to
the onset of symptoms (pre-symptomatic) up to and including
10 days after onset of symptoms (symptomatic) to reflect the limit
for recovery of replication-competent virus.5 If the HCW did not
report any symptoms, the period of communicability was defined as
48 hours prior and up to and including 10 days after the testing date.
The incidence of SARS-CoV-2 infection in patients and residents was
compared between those exposed to HCWs who worked while
symptomatic versus those who did not using the X2 test. Research
ethics review was not required because the study met criteria for
exemption as the project was deemed improvement in quality and
not human subject research.
RESULTS

During the study period, 42 HCWs worked during the period of
SARS-CoV-2 communicability, including 29(69%) asymptomatic and
13(31%) symptomatic, resulting in 214 eligible protected patient and
resident exposures (Fig 1). Among these, 194(91%) occurred within
Table 1
Characteristics of healthcare workers (n = 42) who tested positive for SARS-CoV-2 and consid

Characteristic D
s
N

Setting
Acute care 1
Long-term care 6
Rehabilitation/complex care 6

Role
Physician 3
Nursing 1
Allied health -
Other clinical* 1

Vaccinated 5
Median cycle threshold value (min, max) 1
Mask worn
Surgical mask exclusively 2
Surgical mask, N95 as indicated 5
N95 respirator exclusively -

Median exposed patients/Residents per healthcare worker (min, max) 3

*Other Clinical includes observers, personal support workers, activity aides, and patient trans
48 hours prior to 72 hours after the onset of symptoms and/or posi-
tive test. Table 1 summarizes further characteristics of these HCWs
who remained mostly unvaccinated when the study was performed.
Prospective follow-up occurred among 116(56%) patients in acute
care, 26(12%) residents in long-term care, and 67(32%) patients in
rehabilitation or complex continuing care. Among the 133(64%)
patients or residents who completed at least 14 days of follow-up, 3
(2.3%) tested positive for SARS-CoV-2 (95% CI, 0.77-6.4). In all 3 cases,
no alternate source of transmission was present on the day of expo-
sure but an outbreak was subsequently declared on the unit where
the patient was located during the follow up period. There was no
significant difference in the risk of transmission if the HCW was
working while symptomatic or not (4.3% vs 1.2%; P = .285).
DISCUSSION

We prospectively identified 3 instances of transmission from
HCWs to patients and residents in the context of universal masking
across different healthcare settings. In each case, an alternate source
ered infectious when providing direct care to patients or residents

id not work
ymptomatic (%)

Worked
symptomatic (%)

Total (%)

= 29 N = 13 N = 42

7(59) 9(75) 26(62)
(21) 1(8) 7(17)
(21) 2(17) 9(21)

(10) 1(8) 4(10)
5(52) 11(85) 26(62)

1(8) 1(2.4)
1(38) - 11(26)
(17) 2(15) 7(17)
9.6(15.6,35.0) 21.4 (16.1,32.0) 20.5(15.6,35.0)

2(76) 9(69) 31(74)
(17) 2(15) 7(17)

1(7.7) 1(2.4)
(1-14) 4(1-49) 4(1-49)

port.
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of COVID-19 infection cannot be excluded given that an outbreak was
declared on the unit during the follow-up period.

This experience is consistent with evidence for other respiratory
seasonal viruses showing that wearing a surgical mask as source con-
trol is highly protective against transmission to patients and resi-
dents in healthcare settings. A prior randomized study of surgical
masks found that detection of viral RNA in exhaled breath samples
decreased from 30% to 0% in respiratory droplets and 40% to 0% in
aerosols.6 Prior to the COVID-19 pandemic, an intervention study of
universal surgical masking on a bone marrow transplant unit resulted
in a significant decrease in the incidence of healthcare acquired respi-
ratory viral infection among patients.7 Studies on the impact of mask-
ing on SARS-CoV-2 transmission to patients and residents is more
limited. In one small study, 2 universally masked HCWs who tested
positive for SARS-CoV-2 and worked while pre-symptomatic or
symptomatic resulted in no transmission to the 33 exposed patients
within 30 days of the exposure.8

Although the absolute risk appears low, transmission of SARS-
CoV-2 from HCWs to patients and residents has been documented in
some institutions despite wearing surgical masks.2 This risk of trans-
mission may be influenced by the quality of other IPAC practices
including whether or not masks are worn securely, the grade of the
mask, whether HCWs are touching or manipulating their mask, and
the adherence to hand hygiene.9,10 Current SARS-CoV-2 vaccination
efforts of HCWs remain vital to further reducing the risk of transmis-
sion to patients and residents. In situations where HCWs are unvacci-
nated against SARS-CoV-2, maintaining universal masking may
remain an important mitigation measure.

This study is limited by the observational design and absence of a
comparison group. The small sample size across 3 different health-
care settings may not necessarily have captured HCWs with highest
level of infectivity. In the absence of viral sequencing, we were unable
to confirm transmission between the HCW and patient and/or resi-
dent but this may have resulted in an overestimate in the risk of
transmission. Finally, the risk of HCW to patient and resident trans-
mission may differ in other institutions based on the quality of other
IPAC practices.

Our study provides evidence that universal masking, embedded
with other infection control practices, is associated with low risk of
transmission of SARS-CoV-2 from healthcare workers to patients and
residents.
References

1. He X, Lau EHY, Wu P, et al. Temporal dynamics in viral shedding and transmissibil-
ity of COVID-19. Nat Med. 2020;26:672–675.

2. Klompas M, Baker MA, Griesbach D, et al. Transmission of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) from asymptomatic and presymptomatic
individuals in healthcare settings despite medical masks and eye protection. Clin
Infect Dis. 2021 Mar 11. [Epub ahead of print].

3. Chu DK, Akl EA, Duda S, et al. Physical distancing, face masks, and eye protection to
prevent person-to-person transmission of SARS-CoV-2 and COVID-19: a system-
atic review and meta-analysis. Lancet. 2020;395:1973–1987.

4. Lauer SA, Grantz KH, Bi Q, et al. The incubation period of Coronavirus Disease 2019
(COVID-19) from publicly reported confirmed cases: estimation and application.
Ann Inter Med. 2020;172:577–582.

5. CDC. Interim guidance on ending isolation and precautions for adults with COVID-
19. Mar 16, 2021. Available at: https://www.cdc.gov/coronavirus/2019-ncov/hcp/
duration-isolation.html.

6. Leung NHL, Chu DKW, Shiu EYC, et al. Respiratory virus shedding in exhaled
breath and efficacy of face masks. Nat Med. 2020;26:676–680.

7. Sokol KA, De la Vega-Diaz I, Edmondson-Martin K, et al. Masks for prevention of
respiratory viruses on the BMT unit: results of a quality initiative. Transpl Infect
Dis. 2016;18:965–967.

8. Mponponsuo K, Kerkerian G, Somayaji R, et al. Lack of nosocomial transmission
to exposed inpatients and coworkers in an investigation of five SARS-CoV-2-
infected healthcare workers. Infect Control Hosp Epidemiol. 2021;42:1025–
1026.

9. Brooks JT, Beezhold DH, Noti JD, et al. Maximizing fit for cloth and medical proce-
dure masks to improve performance and reduce SARS-CoV-2 transmission and
exposure, 2021.MMWRMorb Mortal Wkly Rep. 2021;70:254–257.

10. Krein SL, Mayer J, Harrod M, et al. Identification and characterization of failures in
infectious agent transmission precaution practices in hospitals: a qualitative study.
JAMA Intern Med. 2018;178:1016–1057.

http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0001
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0001
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0002
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0002
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0002
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0002
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0003
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0003
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0003
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0004
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0004
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0004
https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0006
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0006
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0007
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0007
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0007
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0008
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0008
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0008
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0008
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0009
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0009
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0009
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0010
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0010
http://refhub.elsevier.com/S0196-6553(21)00556-3/sbref0010

