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The unprecedented pandemic of coronavirus disease 
has created worldwide shortages of personal pro-

tective equipment, in particular respiratory protection 
such as N95 respirators (1). Transmission of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) oc-
curs frequently in hospital settings; numerous reported 
cases of nosocomial transmission highlight the vulner-
ability of healthcare workers (2). The environmental 
stability of SARS-CoV-2 virus underscores the need for 
rapid and effective decontamination methods. 

In general, N95 respirators are designed for one 
use before disposal. Extensive literature is available 
for decontaminating N95 respirators, of either bacte-
rial spores, bacteria, or respiratory viruses (e.g. influ-
enza A virus) (3–6). Effective inactivation methods 
for these pathogens and surrogates include UV light, 
ethylene oxide, vaporized hydrogen peroxide (VHP), 
gamma irradiation, ozone, and dry heat (A. Cramer et 
al., unpub data, https://doi.org/10.1101/2020.03.28.2
0043471) (3–6). The filtration efficiency and fit of N95 
respirators has been less well explored, but reports 
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The coronavirus pandemic has created worldwide short-
ages of N95 respirators. We analyzed 4 decontamination 
methods for effectiveness in deactivating severe acute 
respiratory syndrome coronavirus 2 virus and effect on 
respirator function. Our results indicate that N95 respira-
tors can be decontaminated and reused, but the integrity 
of respirator fit and seal must be maintained.



suggest that both filtration efficiency and N95 respira-
tor fit can be affected by the decontamination method 
used (7; Appendix, https://wwwnc.cdc.gov/EID/
article/26/9/20-1524-App1.pdf).

We analyzed 4 different decontamination meth-
ods, UV light (260–285 nm), 70ºC dry heat, 70% etha-
nol, and VHP, for their ability to reduce contamina-
tion with infectious SARS-CoV-2 and their effect on 
N95 respirator function. The starting inoculum of 
SARS-CoV-2 has cycle threshold values of 20–22, 
similar to those observed in samples obtained from 
the upper and lower respiratory tract in humans. For 

each of the decontamination methods, we compared 
the normal inactivation rate of SARS-CoV-2 virus on 
N95 filter fabric to that on stainless steel. Using quan-
titative fit testing, we measured the filtration perfor-
mance of N95 respirators after each decontamination 
run and 2 hours of wear, for 3 consecutive decon-
tamination and wear sessions (Appendix). VHP and 
ethanol yielded extremely rapid inactivation both on 
N95 and on stainless steel (Figure, panel A). UV light 
inactivated SARS-CoV-2 virus rapidly from steel but 
more slowly on N95 fabric, probable because of its 
porous nature. Heat caused more rapid inactivation 
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Figure. Results of decontamination of N95 respirators by 4 different methods. A) Inactivation of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) virus (Appendix, https://wwwnc.cdc.gov/EID/article/26/9/20-1524-App1.pdf). Points indicate estimated 
mean viable titer across 3 replicates, circles the posterior median estimate of the mean, thick bars a 68% credible interval, and thin 
bars a 95% credible interval. Lines show predicted decay of virus titer over time and were generated by 50 random draws/replicate 
from the joint posterior distribution of the exponential decay rate (negative of the slope) and intercept (initial virus titer). Time points 
with no positive wells for any replicate are plotted as triangles at the approximate single-replicate LOD to indicate a plausible range of 
sub-LOD values. Black dotted line shows approximate LOD: 100.5 TCID50/mL media. Points at the LOD and at t = 0 for ethanol and heat 
methods applied to steel are offset slightly up and to the left to avoid overplotting. B) Mask integrity quantitative fit testing results after 
decontamination and 2 hours of wear for 3 consecutive runs. Data from 6 individual replicates (small circles and triangles) for each 
treatment are shown, in addition to estimated median fit factor (large circles), 68% range of underlying fit factors (thick bars), and 95% 
range (thin bars). Fit factors are a measure of filtration performance, the ratio of the concentration of particles outside the mask to the 
concentration inside. The measurement machine reports values <200; measured values of 200 are shown as upward-pointing triangles 
to indicate that true underlying values may be higher; other measured values are shown as circles. A minimal fit factor of 100 (red 
dashed line) is required for a mask to pass a fit test. See also Appendix Figure 3. C) SARS-CoV-2 decontamination performance after 
1, 2, and 3 decontamination cycles, shown as kill rate vs. mask integrity after decontamination. Circles represent estimated median, bar 
length estimated 68% range. LOD, limit of detection; TCID50, 50% tissue culture infective dose; VHP, vaporized hydrogen peroxide.



on N95 than on steel; inactivation rates on N95 were 
comparable to UV.

Quantitative fit tests showed that the filtration 
performance of the N95 respirator was not mark-
edly reduced after a single decontamination for any 
of the 4 decontamination methods (Figure, panel B). 
Subsequent rounds of decontamination caused sharp 
drops in filtration performance of the ethanol-treated 
masks and, to a slightly lesser degree, the heat-treat-
ed masks. The VHP- and UV-treated masks retained 
comparable filtration performance to the control 
group after 2 rounds of decontamination and main-
tained acceptable performance after 3 rounds.

Our findings showed that VHP treatment had the 
best combination of rapid inactivation of SARS-CoV-2 
virus and preservation of N95 respirator integrity un-
der the experimental conditions (Figure, panel C). UV 
light killed the virus more slowly and preserved respi-
rator function almost as well. Dry heat at 70ºC killed 
the virus with similar speed to UV and is likely to 
maintain acceptable fit scores for 1–2 rounds of decon-
tamination but should not be used for 3 rounds. Con-
sistent with earlier findings (8), ethanol decontamina-
tion reduced N95 integrity and is not recommended.

All treatments, particularly UV light and dry 
heat, should be conducted for long enough to ensure 
sufficient reduction in virus concentration. The de-
gree of required reduction depends upon the degree 
of initial virus contamination. Policymakers can use 
our estimated decay rates together with estimates 
of real-world contamination to choose appropriate 
treatment durations (Appendix).

Our results indicate that, in times of shortage, N95 
respirators can be decontaminated and reused up to 3 
times by using UV light and HPV and 1–2 times by us-
ing dry heat. Following nationally established guide-
lines for fit testing, seal check, and respirator reuse is 
critical (9,10). We recommend performing decontami-
nation for sufficient time and ensuring proper function 
of the respirators after decontamination using readily 
available qualitative fit testing tools. 

Acknowledgments
We thank Madison Hebner, Julia Port, Kimberly Meade-
White, Irene Offei Owusu, Victoria Avanzato, and Lizzette 
Perez-Perez for excellent technical assistance. 

This research was supported by the Intramural Research 
Program of the National Institute of Allergy and Infectious 
Diseases, National Institutes of Health. J.O.L.-S. and A.G. 
were supported by the Defense Advanced Research Projects 
Agency PREEMPT no. D18AC00031 and the UCLA AIDS 
Institute and Charity Treks, and J.O.L.-S. was supported 

by the US National Science Foundation (DEB-1557022), the 
Strategic Environmental Research and Development  
Program (RC-2635) of the US Department of Defense. 

About the Author
Dr. Fischer is a member of the Virus Ecology Section at 
the Rocky Mountain Laboratories Division of Intramural 
Research, National Institute of Allergy and Infectious 
Diseases, National Institutes of Health. His research 
interests include the ecology of emerging viruses in their 
natural and spillover hosts, including SARS-CoV-2. 

References 
  1. Ranney ML, Griffeth V, Jha AK. Critical supply shortages—

the need for ventilators and personal protective equipment 
during the Covid-19 pandemic. N Engl J Med. 2020;382:e41. 
https://doi.org/10.1056/NEJMp2006141

  2. McMichael TM, Currie DW, Clark S, Pogosjans S, Kay M, 
Schwartz NG, et al. Epidemiology of Covid-19 in a long-term 
care facility in King County, Washington. N Engl J Med. 2020; 
NEJMoa2005412. https://doi.org/10.1056/NEJMoa2005412

  3. Batelle. Final report for the Bioquell hydrogen peroxide 
vapor (HPV) decontamination for reuse of N95 respirators. 
2016 [cited 2020 May 22]. https://www.fda.gov/media/ 
136386/download 

  4. Fisher EM, Shaffer RE. A method to determine the available 
UV-C dose for the decontamination of filtering facepiece 
respirators. J Appl Microbiol. 2011;110:287–95.  
https://doi.org/10.1111/j.1365-2672.2010.04881.x

  5. Heimbuch BK, Wallace WH, Kinney K, Lumley AE, Wu CY, 
Woo MH, et al. A pandemic influenza preparedness study: 
use of energetic methods to decontaminate filtering facepiece 
respirators contaminated with H1N1 aerosols and droplets. 
Am J Infect Control. 2011;39:e1–9. https://doi.org/10.1016/ 
j.ajic.2010.07.004

  6. Lin TH, Tang FC, Hung PC, Hua ZC, Lai CY. Relative  
survival of Bacillus subtilis spores loaded on filtering face-
piece respirators after five decontamination methods. Indoor 
Air. 2018;28:754–62. https://doi.org/10.1111/ina.12475

  7. Lin TH, Chen CC, Huang SH, Kuo CW, Lai CY, Lin WY. Filter 
quality of electret masks in filtering 14.6–594 nm aerosol parti-
cles: effects of five decontamination methods. PLoS One. 2017; 
12:e0186217. https://doi.org/10.1371/journal.pone.0186217

  8. Viscusi DJ, Bergman MS, Eimer BC, Shaffer RE. Evaluation 
of five decontamination methods for filtering facepiece  
respirators. Ann Occup Hyg. 2009;53:815–827.  
https://doi.org/10.1093/annhyg/mep070  

  9. US Centers for Disease Control and Prevention. Decontami-
nation and reuse of filtering facepiece respirators. 2020 [cited 
2020 Apr 5]. https://www.cdc.gov/coronavirus/2019-ncov/
hcp/ppe-strategy/decontamination-reuse-respirators.html

10. US National Institute for Occupational Safety and Health; US 
Centers for Disease Control and Prevention. Recommended 
guidance for extended use and limited reuse of N95 filtering 
facepiece respirators in healthcare settings. 2020 [cited 2020 
May 22]. https://www.cdc.gov/niosh/topics/hcwcontrols/
recommendedguidanceextuse.html

Address for correspondence: Vincent Munster, NIAID/NIH, 
Laboratory of Virology, Rocky Mountain Laboratories, 903S 4th 
St, Hamilton, MT 59840, USA; email: vincent.munster@nih.gov

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 9, September 2020 2255

RESEARCH LETTERS


