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Personal Protective Equipment (PPE), formerly ubiquitous and disposable in the hospital and 

healthcare environment, has become scarce during the COVID-19 pandemic. As of March 27th, 

nearly one-third of facilities were in short supply of face masks, 13% had exhausted supply of 

plastic face shields, and approximately 25% were nearly out of gowns.1 This shortage has 

precipitated creative solutions to re-use and/or extend the lifetime of PPE, most notably the 

N95 mask.2 When supplies are inadequate or unavailable, it is important to ensure PPE is used 

appropriately and not wastefully. This article attempts to summarize options regarding re-use 

of N95 respirators and is for informational purposes only. 

Appropriate usage of PPE significantly reduces risk of viral transmission. PPE should be matched 

to the potential mode of transmission: contact, droplet, or airborne.3,4 COVID-19 has been 

found to predominantly spread by droplet and contact routes and proper PPE includes gloves, 

apron, and a fluid resistant surgical mask with potential use of eye protection. Personal 
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eyewear is considered inadequate. Healthcare workers (HCW) involved in patient care during 

aerosol generating procedures require extensive PPE including gloves, fluid repellent long-

sleeved gowns, eye protection such as a visor or goggles, and a high-performance filtration 

mask, such as the N95.3,5-7 

Appropriate donning and doffing of PPE is also essential to reduce viral transmission. This 

became apparent during the 2014 Ebola outbreak in West Africa, when HCW were infected late 

in the epidemic despite wearing protective equipment. The lack of PPE and insufficient 

knowledge regarding proper donning and doffing were contributing factors, and necessary 

guides were placed at facility exits to ensure proper technique and decrease infection rates.8 

There are different types of PPE masks. A fluid resistant (Type II-R) surgical face mask is used to 

protect against droplets. If worn by the patient it can protect the staff from both droplet and 

contact transmission, and if worn by the staff, it protects against droplets within 1-2m of the 

patient. Risk reduction is estimated at 80%.3 While a surgical mask may be effective in blocking 

splashes and large-particle droplets, it does not filter or block exceedingly small particles that 

may be transmitted by coughs, sneezes, or certain medical procedures. Surgical masks also do 

not provide complete protection because of the loose fit between the surface of the mask and 

face.9Alternatively, the N95 mask is a high-performance filtering facepiece respirator (FFR) with 

filtration achieved by a web of polypropylene microfibers and electrostatic charge. Under test 

conditions, the respirator blocks at least 95% of the solid and liquid aerosol test particles. The 

mask does not work unless it is properly fitted to the face and creates a seal. Facial hair may 
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alter fit and the mask may not provide full protection.7,9 Professional fit-testing must therefore 

be performed prior to use. N95 respirators are not designed for children. 

 
The KN95, is a respirator from China considered an “equivalent” to the N95 of the United 

States, based on its 95% filtration capacity.10 While KN95s were not initially sanctioned for 

import by the U.S. Food and Drug Administration’s Emergency Use Authorization (EUA), drastic 

shortages of N95s led to a revised EUA, making KN95s eligible.11 Certain performance criteria 

was required, and analysis could be performed outside the United States.12 In mid-April, the 

CDC started to oversee testing, and data revealed some KN95s failed to meet performance 

efficiency and protection against COVID-19. As a response, the FDA banned more than 65 of the 

80 authorized manufacturers in China from exporting KN95s to the United States. To date, only 

14 authorized manufacturers remain on the approved list, see Figure 1.13   

 

With respect to the overall use of face masks, the CDC identifies 3 levels of operational status: 

conventional, contingency, and crisis. Conventional relates to normal daily usage but when 

health care systems are stressed, they enter contingency mode. During this mode, the CDC 

recommends conserving resources by selectively canceling non-emergency procedures, 

deferring outpatient encounters, and removing face masks from public areas. In crisis mode, 

the CDC recommends cancellation of all elective procedures and appointments, the use of face 

masks beyond the designated shelf life during patient care activities, limited re-use, and 

prioritization of use for activities where splashes, sprays or aerosols are likely. If face masks are 
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all together unavailable, the use of homemade masks from bandanas or scarves becomes 

necessary.2 

During the COVID-19 pandemic the subjects of extended use, re-use, and re-processing of 

masks have been discussed due to the lack of availability. The CDC reports that prolonged N95 

mask use can be safe for up to 8 hours, but referral to each manufacturer’s recommendations is 

advised.14 Extended use refers to the practice of wearing the same N95 respirator for repeated 

close contact encounters with several patients, without removing the respirator between 

patient encounters. Extended use is favored over re-use because it involves less touching of the 

mask, and therefore less risk of contact transmission.15 The N95 respirator should be discarded 

following use during aerosol generating procedures, if it becomes contaminated with blood or 

any other bodily fluids, or following close contact with, or exit from, the care area of any 

patient co-infected with a disease requiring contact precautions. Respirators are also 

recommended to be discarded if they are obviously damaged or become hard to breathe 

through. Current guidelines encourage wearing a face shield over the N95 to decrease the 

chances of soiling the mask.14  Proper hand hygiene before and after touching or adjusting the 

respirator for comfort or fit is advised and should be strictly enforced. 

Re-use refers to the practice of using the same N95 respirator for multiple encounters with 

patients but removing it after each encounter.  The respirator is stored in between encounters 

to be put on again prior to the next patient encounter. This re-use of masks is based on a 

rotation schedule and the CDC suggests that masks can be reused up to 5 times;14 however, 
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there is no way to determine the maximum possible number of safe reuses for an N95 

respirator.15The CDC recommends obtaining at least 5 masks, and rotating them daily, allowing 

them to dry (>72 hours) so that the virus is no longer viable. Proper storage involves hanging to 

dry, or keeping in a clean, breathable, paper bag between uses.14 If re-using is occurring in your 

practice, proper donning/doffing to avoid contamination is mandatory. Labeling the bag or the 

respirator itself (e.g. on the straps) can help to avoid accidental usage. 

There are risks involved with the extended use and re-use of FFR, most significantly the risk of 

contact transmission from touching the surface of a contaminated respirator. Contact 

transmission occurs through direct contact with others, as well as through indirect contact by 

touching and contaminating surfaces that are then touched by others. One study found that 

nurses averaged 25 touches per shift to their eyes, face, or N95 respirator during extended 

use.15,16 Pathogens can remain infectious on respirator surfaces for extended periods of time 

and can potentially be transferred by touch to the wearer’s hands, thus risking self-inoculation. 

In a small study of 10 participants, HCW were responsible for almost 20% of cases spread 

during the SARS epidemic, and larger viral contaminants were noted to the dominant hand 

from removal of mask and goggles.17 Extended use can also cause additional discomfort to HCW 

from wearing the respirator longer than usual. A study based in Singapore during the COVID-19 

pandemic examined the prevalence and characteristics of de novo headaches and aggravated 

pre-existing headaches among frontline healthcare personnel18 and showed an increase in both 

categories secondary to extended use of the N95 respirator. 
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Numerous proposals regarding reprocessing or decontamination have also been suggested. 

Agents range from ethylene oxide, UV or gamma irradiation, ozone and alcohol. There have 

also been proposals involving mask impregnation with copper or sodium chloride prior to this 

COVID-19 pandemic but there remains uncertainty of structural integrity of the PPE after use of 

these agents.2,19 General principles of reprocessing include inactivating the viral load on the 

mask, the filtration capacity and electrostatic charge must be preserved as much as possible, 

and the fit of the mask cannot be compromised. The mask also cannot be soiled (including 

makeup) in order to be reprocessed. It is important to note that there are many styles of N95 

masks with different strap materials and shapes, and one method is not universal.14 

Hydrogen Peroxide Vaporization (HPV) is a decontamination method that can only be used on 

N95 models that do not contain cellulose, such as the 1860. This HPV process is being used in 

decontamination facilities such as the Battelle CCDS™ (up to 20 cycles),20 Sterrad sterilization 

systems (up to 2 cycles) or Steris V-Pro EUA equipment (up to 10 cycles).14 There are five 

decontamination stages during HPV method: conditioning, pre-gassing, gassing, gassing dwell, 

and aeration. N95 decontamination using this method currently shows no change in the 

physical characteristics of the mask, and fit testing on 2 individuals showed no loss of seal after 

the decontamination,21 with only small changes of the aluminum noseband.22 Dosing protocol is 

complex and could result in incomplete decontamination or explosion risk, therefore only 

trained personnel should operate equipment.23 HPV is a promising method with a potential for 

high capacity throughout, but certain HPV systems, such as the Clarus® R HPV generator, may 

be more compatible with FFR decontamination.24 
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Ultraviolet Germicidal Irradiation (UVGI) is another method put forth by Nebraska Medical 

Center College in Omaha, which requires specific dosing protocols and full surface area 

illumination to ensure proper inactivation of viral particles with minimal mask degradation. The 

process is extensive, with respirators secured on wires that are strung across a room with two 

UVGI towers (ClorDiSys UVGI Light System) on either side. The UVGI exposure dose is 

monitored with a UVGI meter that can be initiated and monitored from outside the room to 

verify that the desired exposure has been achieved. Prior to initiating the decontamination 

program, the walls and ceiling are covered with a UV-reflective coating (Lumacept™).20 Due to 

the extensive precision required, home UV light is not recommended. UVGI is unlikely to kill all 

viruses and bacteria on FFR due to shadow effects produced by the multiple layers of the 

mask’s construction.24 UVGI treatment should be viewed as risk management rather than 

complete decontamination and implemented only if it is approved during a dire shortage of 

N95 masks.25 

Moist heat has been shown to be effective for influenza but there is little data on its use to 

deactivate SARS-COV-2 viral particles. This method involves heating at 60-70 degrees Celsius 

with 80-85% relative humidity and is currently not recommended.14 

Dry heating of masks is another method which has been recently studied at the NIH. The mask 

is heated at 70 degrees Celsius for 30 minutes and has suggested to adequately kill the virus 

while preserving filter integrity. The NIH testing revealed that this could be used for up to 2 

cycles without compromising fit. Optimal parameters are still being tested. In a study by Viscusi 
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et al, N95 mask treatment with dry heat for 60 minutes does not cause visible change in the 

mask but can increase mask penetration.22 

In a recent study pending peer review, an ethanol solution of 70% was prepared with 200 proof 

laboratory grade ethanol and deionized (DI) water. This solution is within the CDC guidelines for 

disinfection.26 Approximately 50 mL of ethanol solution was poured over each mask, until 

complete saturation. Excess liquid was blotted off with a paper towel, and the masks were air 

dried for 2-3 hours. Once dry, the masks were pumped in a vacuum chamber to a pressure 

below 6 mBar and 98% of the filtration efficacy of the N95 mask was restored. If the vacuum 

was not utilized, there was a decrease in efficiency of ~40% after air-drying. To date, this study 

has conducted 18 wet/dry/vacuum cycles on 6 different masks, all of which decline in 

performance after wetting, but return to within 98% of their initial filtration efficiency after 

vacuum treatment. This method has been verified for up to 5 cleaning cycles on specific N95 

respirators.26  

Other methods which have been cited but are not approved include usage of bleach, alcohol, 

baking, boiling, ethylene oxide, sanitizing wipes, soapy water, autoclave, and lastly microwave 

use. Viscusi et al, used microwaves as a source of dry heat and found that 2 minutes of 

treatment does not melt the respirator portion of N95 mask, and deactivates 4 types of 

viruses.22  Microwaves are variable regarding settings and metal portions of the masks may 

catch fire.  
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Implementation of any policy permitting extended use or reuse of N95 respirators should be 

made by professionals who manage the institution’s respiratory protection program, in 

consultation with their occupational health and infection control departments, and with input 

from the state and local public health departments.15 The decision to implement these 

practices are on a case by case basis and must take into consideration the type of pathogen, 

local conditions, and N95 mask availability. 

 

Figure 1. Authorized Imported, Non-NIOSH Approved Respirators Manufactured in China   

Manufacturer Respirator Model 
3M 9001, 9002, 9501, 9501+, 9501V+, 9502, 

9502+, 9502V+, 9505+, 9541, 9541V, 9542, 
9542V, 9552, 9552V  

AOK Tooling Ltd. (aka Shenzhonghai Medical)  
 

20130040, 20130045A, 20180021, 20130038, 
20190019  
 

Bei Bei Safety Co Ltd.  
 

B702, B702V, B704, B704V   
 
 

BYD Precision Manufacture Co. Ltd.  
 

BYD KN95 Particulate Respirator      
 (Model Number: DG3101)  
 

Fujian Kang Chen Daily Necessities Co, Ltd.  
 

K0450, 57793    
 
 

Guangzhou Harley Commodity Company 
Limited  
 

L-103V KN95  
 
 

Guangzhou Powecom Labor Insurance 
Supplies Co., LTD  
 

KN95 

HeiQ Materials 
 

AG HVB-FFP2-01 
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Hangzhou San Qiang Safety Protection 
Products Co., Ltd.  
 

9420 (FFP2), 9420V (FFP2), 9480 (FFP2), 
9480V (FFP2), 9980V (FFP3), 9920V (FFP3)  

Rizhao Sanqi Medical & Health Articles Co., 
Ltd  
 

RIZ100CVb, 3Q KN95, 3Q FFP2 NR, 
RIZQ100Sb, 3Q KN95 9505  
 

Shanghai Dasheng Health Products 
Manufacture Company, Ltd.  
 

DTC3X-1, DTC3X-2, DTC3X-3, DTC3B-1  
 

Suzhou Bolisi Medical Technology Co., Ltd  
 

BS-9501L, BS-9501FL, BS-9502C, BS9502FC  
 

Suzhou Sanical Protective Product 
Manufacturing Co., Ltd 

Model 8015, Model 9015 
 
 

Weini Technology Development Co., Ltd  
 

FFP2 NR E-300, FFP2 NR E-680, FFP2 NR 952, 
FFP2 NR F-820  
 

 

 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/japm

a/article-pdf/doi/10.7547/20-101/2521048/10.7547_20-101.pdf by guest on 20 Septem
ber 2021



JAPMA Article In Press                    DOI: 10.7547/20-101 

This Special Communication has been approved by the author but has not been peer reviewed 
or edited. It is being published immediately due to the timely nature of the topic.  

References 

1. Thompson D. Nationwide Shortages Looming for Respirators, Masks, Gowns: Expert 
poll. HealthDay.com March 27, 2020. https://consumer.healthday.com/infectious-disease-
information-21/coronavirus-1008/nationwide-shortages-looming-for-respirators-masks-gowns-
expert-poll-756165.html 

2. Livingston, E., Desai, A., & Berkwits, M. Sourcing Personal Protective Equipment During 
the COVID-19 Pandemic. JAMA. doi:10.1001/jama.2020.5317 Published online March 28, 2020 
Accessed April 13, 2020 https://jamanetwork.com/journals/jama/fullarticle/2764031 

3. Cook, T.M. (2020) Personal Protective Equipment During the COVID-19 pandemic- a 
narrative review. Pending publication but accepted. Doi:10.1111/anae.15071 

4. Public Health England. COVID-19; infection prevention and control guidance. 
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-
control/covid-19-personal-protective-equipment-ppe 

5. Rational use of personal protective equipment for coronavirus disease (COVID-19) and 
considerations during severe shortages Accessed April 6, 2020  
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/infection-
prevention-and-control 

6. Advice on the use of Masks in the context of COVID-19 Accessed April 6, 2020 
https://www.who.int/publications-detail/advice-on-the-use-of-masks-in-the-community-during-
home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-
outbreak 

7. Honda, H., & Iwata, K. Personal protective equipment and improving compliance among 
healthcare workers in high-risk settings. Current Opinion in Infectious Diseases, 2016, 29(4), 
400–406. doi:10.1097/qco.0000000000000280 

8. Fischer, W. A., Hynes, N. A., & Perl, T. M. Protecting Health Care Workers from Ebola: 
Personal Protective Equipment Is Critical but Is Not Enough. Annals of Internal Medicine, 2014, 
161(10), 753. doi:10.7326/m14-1953 

9. N95 respirators and surgical masks (face masks) Printed Online April 5, 2020’ Accessed 
April 25, 2020  https://www.fda.gov/medical-devices/personal-protective-equipment-infection-
control/n95-respirators-and-surgical-masks-face-masks 

10. Comparison of FFP2, KN95, and N95 and Other Filtering Facepiece Respirator 
Classes. 3M Technical Bulletin, Revision 3, May 2020. 
https://multimedia.3m.com/mws/media/1791500O/comparison-ffp2-kn95-n95-filtering-
facepiece-respirator-classes-tb.pdf 

 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/japm

a/article-pdf/doi/10.7547/20-101/2521048/10.7547_20-101.pdf by guest on 20 Septem
ber 2021



JAPMA Article In Press                    DOI: 10.7547/20-101 

This Special Communication has been approved by the author but has not been peer reviewed 
or edited. It is being published immediately due to the timely nature of the topic.  

11. FAQs on the EUAs for Non-NIOSH Approved Respirators During the COVID-19 
Pandemic. Posted May 7, 2020; Accessed May 15, 2020 
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/faqs-euas-non-
niosh-approved-respirators-during-covid-19-pandemic  

12. Coronavirus (COVID-19) Update: Daily Roundup April 3, 2020. 
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-
daily-roundup-april-3-2020 

13. Appendix A: Authorized Respirators. Authorized Imported, Non-NIOSH Approved 
Respirators Manufactured in China. Updated May 7, 2020; Accessed May 14, 2020  
https://www.fda.gov/media/136663/download 

14. N95 Mask Re-Use Strategies, Society of American Gastrointestinal and Endoscopic 
Surgeons, Published online April 17, 2020; Accessed 4/20/20 https://www.sages.org/n-95-re-
use-instructions/ 

15. Recommended Guidance for Extended Use and Limited Reuse of N95 Filtering 
Facepiece Respirators in Healthcare Settings 
https://www.cdc.gov/niosh/topics/hcwcontrols/recommendedguidanceextuse.html 

16. IOM: Reusability of facemasks during an influenza pandemic: facing the flu. Washington, 
D.C: National Academies Press, 2006 https://www.cidrap.umn.edu/news-
perspective/2006/04/iom-assesses-reuse-masks-flu-pandemic 

17. Casanova, L., Alfano-Sobsey, E., Rutala, W. A., Weber, D. J., & Sobsey, M. Virus 
Transfer from Personal Protective Equipment to Healthcare Employees’ Skin and Clothing. 
Emerging Infectious Diseases, 2008, 14(8), 1291–1293. doi:10.3201/eid1408.080085 

18. Ong, J. et. al, Headaches Associated with Personal Protective Equipment- A Cross-
Sectional Study Among Frontline Healthcare Workers During COVID-19.  Headache 2020; 0:1-
14 doi: 10.1111/head.13811 

19. Institute of Medicine. 2006. Reusability of Facemasks During an Influenza Pandemic: 
Facing the Flu. Washington, DC: The National Academies Press. 
https://doi.org/10.17226/11637. 

20. Lowe, J. et. al. N95 Filtering Facepiece Respirator Ultraviolet Germicidal Irradiation 
(UVGI) Process for Decontamination and Reuse Version Update 4/10/2020 
https://www.nebraskamed.com/sites/default/files/documents/covid-19/n-95-decon-process.pdf 

21. Schwartz, A., et. al. Decontamination and Reuse of N95 Respirators with Hydrogen 
Peroxide Vapor to Address Worldwide Personal Protective Equipment Shortages During the 
SARS-CoV-2 (COVID-19) Pandemic. Applied Biosafety, 2020, 153567602091993. 
doi:10.1177/1535676020919932 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/japm

a/article-pdf/doi/10.7547/20-101/2521048/10.7547_20-101.pdf by guest on 20 Septem
ber 2021



JAPMA Article In Press                    DOI: 10.7547/20-101 

This Special Communication has been approved by the author but has not been peer reviewed 
or edited. It is being published immediately due to the timely nature of the topic.  

22. Viscusi, D. et al, Evaluation of Five Decontamination Methods for Filtering Facepiece 
Respirators.  The Annals of Occupational Hygiene, Volume 53, Issue 8, November 2009, Pages 
815–827, https://doi.org/10.1093/annhyg/mep070 

23. Technical report for H2O2-Based N95 reuse risk management.N95Decon Research 
Document. Not Peer Reviewed.Version 1.2, 4/2/2020 
https://static1.squarespace.com/static/5e8126f89327941b9453eeef/t/5e86d8be51cbbf1de3b368
8e/1585895615567/200402_N95DECON_HPV_technicalreport_v1.2_final.pdf 

24. Decontamination and Reuse of filtering facepiece respirators. Coronavirus Disease 
2019, CDC; Published online april 9, 2020; Accessed April 24, 2020 
https://www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/decontamination-reuse-
respirators.html 

25. Technical Report for UV-C-Based N95 Reuse Risk Management. 2020; N95Decon 
Research Document. Not Peer Reviewed. Version 1.2, 4/1/2020. Accessed April 9, 
2020https://static1.squarespace.com/static/5e8126f89327941b9453eeef/t/5e854176021146762
3b1e 4e4/1585791351199/200401_N95DECON_UV_technicalreport_v1.2_final.pdf. 17.  

26. Nazeeri, A. et al.  An Efficient Ethanol-Vacuum Method for the Decontamination and 
Restoration of Polypropylene Microfiber N95 Medical Masks & Respirators. Posted April 16, 
2020; Accessed April 25, 2020 https://doi.org/10.1101/2020.04.12.20059709   

27. Firth, Shannon. Five Ways to Cope When Masks Run Low, MedPage Today, April 3, 
2020. https://www.medpagetoday.com/infectiousdisease/covid19/85799 

 

 

 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/japm

a/article-pdf/doi/10.7547/20-101/2521048/10.7547_20-101.pdf by guest on 20 Septem
ber 2021


