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Coronavirus Survival on Healthcare 
Personal Protective Equipment 

Epidemiologic studies of transmission of severe acute respi­
ratory syndrome (SARS) in healthcare environments estab­
lished a crucial role for personal protective equipment (PPE) 
in preventing the spread of SARS to healthcare workers.1 

However, viruses can survive on PPE materials,2 suggesting 
that items of PPE may pose a risk of disease transmission if 
they become contaminated with infectious viruses and if virus 
transfer to hands occurs during handling. Healthcare workers 
and patients face emerging risks posed by coronaviruses and 
human-derived and non-human-derived influenza viruses 
(eg, novel H1N1 and avian H5N1 viruses) in healthcare set­
tings. Data on the survival of enveloped viruses on PPE is 
important for assessing risks posed by handling of contam­
inated PPE and for making decisions regarding extended use 
or reuse of PPE in outbreak settings. This work was under­
taken using a surrogate for SARS coronavirus, transmissible 

gastroenteritis virus (TGEV), to examine the survival and 
inactivation of coronaviruses on PPE. 

TGEV was kindly provided by R. Baric (University of North 
Carolina-Chapel Hill) and was grown in swine testicular cells. 
Viruses were propagated by infecting confluent layers of cells 
in flasks, harvesting cell lysates, centrifuging (at 3000g for 30 
min at 4°C), and storing supernatants at — 80°C. Viral titers 
were determined using the most probable number (MPN) 
assay on confluent cell layers in 24-well plates containing 
maintenance medium (Eagle's minimum essential medium, 
10% bovine serum replacement; Fetal Clone II [Hyclone]), 
10% lactalbumin hydrolysate, and gentamicin-kanamycin [0.1 
mg/mL and 0.05 mg/mL, respectively]). 

Test materials were 1-cm2 pieces of contact isolation gowns 
(MediChoice), latex gloves (Evolution One; Microflex), res­
pirators (N95 1860 Healthcare Particulate Respirator; 3M), 
hospital scrubs, and nitrile gloves (N-DEX; Best Manufac­
turing). Viruses in 10 piL of liquid suspension were inoculated 
onto 3 replicate pieces for each time point and placed at 20°C 
and 50% ± 3% relative humidity to simulate ambient health­
care environment conditions. Time 0 pieces were sampled 
immediately. At each time point, pieces were removed and 
eluted by placing them in a 24-well plate with 1 mL of 1.5% 
beef extract (pH, 7.5) and agitating on a shaking platform 
(60 rpm) for 20 min. Eluent was diluted in cell culture me­
dium and assayed for infectivity. Virus survival at each time 
point was expressed as log10 (Nt/N0), where Nt denotes virus 
concentration in MPN/mL at time t and N0 denotes initial 
virus concentration in MPN/mL at time 0. 

Coronavirus survival on PPE items varies by material, but 
infectious virus was detectable on all materials for at least 4 
hours (Figure). Only a small amount of infectious virus (0.8 
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FIGURE Survival of transmissible gastroenteritis virus on personal 
protective equipment materials. Gray diamonds, N95 mask; white 

triangles, latex gloves; black triangles, scrub fabric; black squares, con­
tact isolation gown; gray circles, nitrile gloves. 
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log10) was lost on an N95 respirator within the first 2 hours, 
and virus was detectable for up to 24 hours (loss of 3 log10). 
On gowns, TGEV was detectable for up to 24 hours, with a 
l-log,0 decrease over 2 hours and a ~3-log10 decrease by 24 
hours. Virus was still detectable at 4 hours on scrub fabric. 
Survival on latex and nitrile gloves was comparable, with a 
1.3-log10 decrease by 2 hours and a 2.5-log10 decrease by 4 
hours. 

Survival experiments using TGEV suggest that infectious 
coronaviruses can survive on PPE items for the duration of 
a single patient encounter. This finding is consistent with 
previous studies of human coronavirus 229E,3 SARS coro-
navirus,2 and influenza A (H1N1) and B,4 showing that en­
veloped viruses can survive for hours on gloves and fabric. 
Survival of infectious virus on PPE for the length of a patient 
care encounter creates the potential for viral transfer when 
PPE is handled after wearing; transfer of infectious viruses 
from fabric and gloves to hands has been demonstrated,5 and 
experiments with model virus show that virus is transferred 
to hands and scrubs during the removal of contaminated PPE 
items.6 Viral loads in nasopharyngeal aspirates up to 4.8 log10 

polymerase chain reaction copies/mL for influenza7 and 6 
log10 copies/mL for SARS coronavirus8 have been observed, 
suggesting these viruses could be deposited on PPE during 
patient care in sufficient numbers that a 0.5-l-log10 decrease 
during wearing leaves enough infectious virus to pose a risk 
of transfer during handling. In addition, survival on scrub 
fabric may pose risks of downstream exposure for house­
keeping and laundry staff if used scrubs are laundered in-
house. However, dose-response relationships for SARS and 
influenza are not well understood; additional research is 
needed to determine the relationship between virus quantity 
on objects and risk of infection. Survival of viruses on res­
pirators also matters for extended use or reuse of PPE during 
pandemics. The possibility of PPE shortages during outbreaks 
of pandemic influenza led the Institute of Medicine to ex­
amine the option of using the same N95 respirator for mul­
tiple patient encounters. They concluded that "reuse should 
be considered an option only in circumstances in which ad­
equate supplies simply cannot be obtained,"9(p x,l) in part be­
cause there is no available method for decontaminating a 
disposable N95 respirator that is harmless to the user, removes 
the viral threat, and does not compromise the integrity of 
the respirator. The results of this study suggest that, in the 
absence of such decontamination, viruses may survive on the 
respirator for hours, posing a continued risk of transfer to 
the wearer during handling over multiple uses. The potential 
long-term survival of viruses on contaminated PPE is an 

important factor when formulating recommendations for re­
moval and handling of used PPE and reuse of PPE in the 
pandemic setting. It also highlights the continued importance 
of reinforcing good hand hygiene after PPE removal for pre­
venting the spread of infection. 

A C K N O W L E D G M E N T S 

We thank Maria Gergen-Teague for technical assistance. 
Financial support. The Centers for Disease Control and Prevention. 
Potential conflicts of interest. All authors report no conflicts of interest 

relevant to this article. 

Lisa Casanova, PhD; William A. Rutala, PhD; 
David J. Weber, MD; Mark D. Sobsey, PhD 

From the Department of Environmental Sciences and Engineering, Gillings 
School of Global Public Health (L.C., M.D.S.), and the Department of 
Medicine (W.A.R., D.J.W.), University ofNorth Carolina-Chapel Hill, Chapel 
Hill, North Carolina 

Address reprint requests to Lisa M. Casanova, CB 7431 McGavran-
Greenberg Hall, Rm 3206, University ofNorth Carolina-Chapel Hill, Chapel 
Hill, NC 27599 (casanova@email.unc.edu). 

Received September 15, 2009; accepted October 23, 2009; electronically 
published March 29, 2010. 
© 2010 by The Society for Healthcare Epidemiology of America. All rights 
reserved. 0899-823X/2010/3105-0023$15.00. DOI: 10.1086/652452 

R E F E R E N C E S 

1. Seto WH, Tsang D, Yung RW, et al. Effectiveness of precautions against 
droplets and contact in prevention of nosocomial transmission of severe 
acute respiratory syndrome (SARS). Lancet 2003;361(9368):1519-1520. 

2. Lai MY, Cheng PK, Lim WW. Survival of severe acute respiratory syn­
drome coronavirus. Clin Infect Dis 2005;41(7):e67-e71. 

3. Sizun J, Yu M, Talbot P. Survival of human coronaviruses 229E and OC43 
in suspension and after drying on surfaces: a possible source of hospital-
acquired infections. / Hosp Infect 2000;46(l):55-60. 

4. Bean B, Moore B, Sterner B, Peterson L, Gerding D, Balfour H Jr. Survival 
of influenza viruses on environmental surfaces. / Infect Dis 1982;146(1): 
47-51. 

5. Hall C, Douglas R Jr, Geiman J. Possible transmission by fomites of 
respiratory syncytial virus. J Infect Dis 1980;141(1):98-102. 

6. Casanova L, Alfano-Sobsey E, Rutala W, Weber D, Sobsey M. Virus trans­
fer from personal protective equipment to healthcare employees' skin and 
clothing. Emerg Infect Dis 2008;14(8):1291. 

7. Peiris J, Yu W, Leung C, et al. Re-emergence of fatal human influenza A 
subtype H5N1 disease. Lancet 2004;363(9409):617-619. 

8. Hung I, Cheng V, Wu A, et al. Viral loads in clinical specimens and SARS 
manifestations. Emerg Infect Dis 2004;10(9):1550-1557. 

9. Institute of Medicine. Reusability of Facemasks during an Influenza Pan­
demic: Facing the Flu. Washington, DC: The National Academies Press, 
2006. 

https://doi.org/10.1086/652452 Published online by Cambridge University Press

mailto:casanova@email.unc.edu
https://doi.org/10.1086/652452

