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One-minute summary 
 The authors examined the size of particles and locations associated with severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA in an acute care hospital environment in 
locations outside of Coronavirus Disease 2019 (COVID-19) patient care areas. 

 For each 48-hour sampling period (n=6), air samples for the three particle size ranges were 
collected simultaneously at five locations in a 134-bed hospital in Boston, Massachusetts 
between April 29 and May 22, 2020. 

 Outside the entrance to a COVID-19 intensive care unit (ICU) 

 Entrance to a COVID-19 ward (CW1) 

 A personal protective equipment donning room outside a COVID-19 ward (CW2) 

 A workstation in the emergency department (ED) 

 A nursing station outside a non-COVID-19 ward (NCW) 

 For each location and sampling period, sampling was performed for three particle size ranges 
(>10.0 µm, 10.0–2.5 µm and ≤2.5 µm). 

 Overall 8/90 (9%) of air samples were positive for SARS-CoV-2 RNA. 

 2/8 were fine particles ≤2.5µm in size (ED=1, ICU=1). 

 3/8 were course particles 10.0-2.5µm (ICU=1, NCW=2). 

 3/8 were large particles >10.0µm (ICU=1, NCW=2). 

 Concentrations of samples ranged from 5 to 51 copies m-3. 

 Designated wards for COVID-19 patients (under negative pressure: CW1, CW2, ICU) did not 
appear to increase the likelihood of detecting viral RNA, having higher viral concentration, or 
finding particles of specific sizes in air samples. 

 ED was observed to have the highest concentrations at 51 and 8 copies m-3 with 2/18 
(11%) positive samples. 

 NCW had the second highest concentration at 47, 12 and 5 copies m-3 with 3/18 (17%) 
positive samples. 

 ICU had 2/18 (11%) samples testing positive (concentrations 7, 5 copies/m3). 

 CW1 had 1/18 (6%) positive samples (concentration 9 copies/m3); however, this was 
during a period of time when the ward was closed for cleaning with no patients present. 

 CW2 had no positive samples; 0/18 (0%). 
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 The probability of finding SARS-CoV-2 RNA across all air samples was positively associated with 
the number of COVID-19 patients in the hospital (r=0.95, P<0.01), which in turn was positively 
associated with the daily COVID-19 incidence in Massachusetts (r=0.99, P<0.01). However, it was 
noted: 

 The probability of a positive air sample in the ED was neither associated with the number 
of patients present nor the number of patients with respiratory complaints. 

 The two samples with the highest viral concentrations were not taken during the time of 
the peak number of COVID-19 patients in hospital. 

 The areas where staff congregated during times of high community rates of COVID-19 was 
associated with positive air samples for SARS-CoV-2 RNA. The authors speculated that negative 
pressure units were effective in limiting airborne exposure to SARS-CoV-2 outside those units. 

Additional information 
 Micro-environmental cascade impactors that simultaneously collect air samples of the three 

particle sizes were placed at breathing zone (48–56 inches above the floor) at each sampling 
location. 

 The only positive sample from CW1 was collected between May 11 and 13, 2020, when the unit 
was closed for cleaning between May 12 and 18, 2020. The unit was not under negative 
pressure during the cleaning period and ward doors were left open for cleaning staff, who had 
to pass by the air sampler to access the area for cleaning. 

 A significant positive association was observed between the average number of COVID-19 
patients staying in the hospital during each sampling period and the likelihood of an air sample 
testing positive for SARS-CoV-2 RNA: 

 April 29–May 1: 35 patients in hospital; 3/15 samples positive 

 May 5–May 7: 24 patients in hospital; 2/15 samples positive 

 May 11–May 13: 17 patients in hospital; 2/15 samples positive 

 May 13–May 15: 14 patients in hospital; 1/15 samples positive 

 May 18–May 20: 9 patients in hospital; 0/15 samples positive 

 May 20–May 22: 7 patients in hospital; 0/15 samples positive 

 Viral concentration in air samples was quantified by reverse transcription quantitative 
polymerase chain reaction. 

 COVID-19 prevention policies in place during the sampling period included universal masking for 
staff and patients when outside their rooms, visitation restrictions and universal testing for 
COVID-19 on admission. 

 The detection of viral RNA does not by itself indicate a risk of transmission as the infectivity of 
those viral particles and the infective dose of SARS-CoV-2 is unknown. 

PHO reviewer’s comments 
 In this study, the authors collected air samples of 3 different size fractions in a hospital in 

Massachusetts. The number of positive samples was small and the probability of a positive 
sample was equally distributed among the size ranges and associated with community COVID-19 
incidence. This study also notes that positivity did not seem to be associated with the location of 
COVID-19 patients, but with staff. The authors attributed this observation with the effectiveness 
of negative-pressure ventilation systems in patient care areas. There are other non-ventilation 
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factors that may have also contributed to a positive sample, including the timing of infection 
(patients are likely to be later in their illness course compared to staff), crowding in work areas, 
re-suspension of particles from cleaning, and differences in personal protective equipment use 
and staff behaviours at work stations compared to patient care areas. 

 The authors did not reference the numerous studies that have not detected SARS-CoV-2 RNA in 
hospital air samples.1 Few studies have identified culture-positive SARS-CoV-2 from air samples 
which were positive by polymerase chain reaction. This study did not attempt viral cultures of 
positive samples. 

 This study did not evaluate nosocomial transmission based on positivity of air samples. Further 
research evaluating the association between the presence of SARS-CoV-2 RNA in air samples and 
infection risk would be of interest. 

 Notably, two samples in non-patient care areas detected fine particles ≤2.5 µm in size, raising 
the possibility of long-range aerosol transmission occurring. However, this study did not 
demonstrate that these particles were infectious. 

 The findings in this study also suggest that nosocomial infection risk may be related to staff 
infection and community COVID-19 rates more than from COVID-19 infected patients. This 
observation is consistent with known transmission dynamics of SARS-CoV-2 as the highest risk of 
transmission is in the presymptomatic or early symptomatic period.2-5 

References 
1. Ontario Agency for Health Protection and Promotion (Public Health Ontario). COVID-19 routes 
of transmission – what we know so far [Internet]. Toronto, ON: Queen’s Printer for Ontario; 2020 [cited 
2021 Mar 05]. Available from: https://www.publichealthontario.ca/-/media/documents/ncov/covid-
wwksf/2020/12/routes-transmission-covid-19.pdf?la=en 

2. Cheng HY, Jian SW, Liu DP, Ng TC, Huang WT; Taiwan COVID-19 Outbreak Investigation Team, et 
al. Contact tracing assessment of COVID-19 transmission dynamics in Taiwan and risk at different 
exposure periods before and after symptom onset. JAMA Intern Med. 2020;180(9):1156-63. Available 
from: https://doi.org/10.1001/jamainternmed.2020.2020 

3. Johansson MA, Quandelacy TM, Kada S, Prasad PV, Steele M, Brooks JT, et al. SARS-CoV-2 
transmission from people without COVID-19 symptoms. JAMA Netw Open. 2021;4(1):e2035057. 
Available from: https://doi.org/10.1001/jamanetworkopen.2020.35057 

4. Subramanian R, He Q, Pascual M. Quantifying asymptomatic infection and transmission of 
COVID-19 in New York City using observed cases, serology, and testing capacity. Proc Natl Acad Sci U S A. 
2021;118(9):e2019716118. Available from: https://doi.org/10.1073/pnas.2019716118 

5. Sun K, Wang W, Gao L, Wang Y, Luo K, Ren L, et al. Transmission heterogeneities, kinetics, and 
controllability of SARS-CoV-2. Science. 2021;371(6526):eabe2424. Available from: 
https://doi.org/10.1126/science.abe2424 

 

http://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2020/12/routes-transmission-covid-19.pdf?la=en
http://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2020/12/routes-transmission-covid-19.pdf?la=en
https://doi.org/10.1001/jamainternmed.2020.2020
https://doi.org/10.1001/jamanetworkopen.2020.35057
https://doi.org/10.1073/pnas.2019716118
https://doi.org/10.1126/science.abe2424


Review of “Characterization of Hospital Airborne SARS-CoV-2”  4 

 

 

Citation 
Ontario Agency for Health Protection and Promotion (Public Health Ontario). Review of 
“Characterization of hospital airborne SARS-CoV-2”. Toronto, ON: Queen’s Printer for Ontario; 2021. 

Disclaimer 
This document was developed by Public Health Ontario (PHO). PHO provides scientific and technical 
advice to Ontario’s government, public health organizations and health care providers. PHO’s work is 
guided by the current best available evidence at the time of publication. 

The application and use of this document is the responsibility of the user. PHO assumes no liability 
resulting from any such application or use. 

This document may be reproduced without permission for non-commercial purposes only and provided 
that appropriate credit is given to PHO. No changes and/or modifications may be made to this document 
without express written permission from PHO. 

Public Health Ontario  
Public Health Ontario is an agency of the Government of Ontario dedicated to protecting and promoting 
the health of all Ontarians and reducing inequities in health. Public Health Ontario links public health 
practitioners, front-line health workers and researchers to the best scientific intelligence and knowledge 
from around the world.  

For more information about PHO, visit publichealthontario.ca. 

 

 


