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Abstract

Background: The emergence of the Coronavirus disease 2019 (COVID-19) pandemic caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV?2) creates one of the most pressing
issues with a severe shortage of personal protective equipment (PPE) particularly N95 respirators in
healthcare settings worldwide. Recently, possible strategies to decontaminate disposable N95 respi-
rators, including using ultraviolet C (UVC) irradiation and heat treatment, were reported to consider
safely reusing the respirators. However, both methods create potential risks to reduce the ability of
the respirator filter especially when exposed to these methods multiple times resulting in infectious
agents passing through the filter.

Objective: The study aimed to ensure the effectiveness of UVC and dry heat to decontaminate N95
respirators.

Methods: N95 respirators were exposed continually to UVC and dry heat at 70°C. Then the ability of
the aerosol penetration was assessed by introducing an aerosol containing a rotavirus used as a delegate
for SARS-CoV2. The existence of the rotavirus at both external (front) and internal surfaces (back) of
the N95 respirators was investigated using RT-PCR.

Results: UVC and dry heat administered at a 30-minute cycle up to 5 cycles did not change the
filtration performance of the N95 respirators. Our results suggested that the reuse of disposable N95
respirators decontaminated by either UVC or dry heat could be possible under the test conditions
used.

Conclusion: To reuse N95 respirators, UVC and dry heat were useful to apply amid the pandemic
of respiratory diseases.
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Introduction

Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is the cause of
an infectious respiratory disease named
coronavirus disease 2019 (COVID-19).!) Due
to the increase in the number of cases and
expansion of geographic areas, WHO has
declared the global spread of COVID-19 as
pandemic.® To date, no effective vaccination
and specific antiviral treatment for COVID-19 is
available.® Therefore, this infectious respi-
ratory disease is of critical concern for health-
care workers facing the high risk of exposure
to infection with SARS-CoV-2. According to
current evidence, the transmission of the virus
from person to person mainly occurred through
respiratory droplets and contact routes.®-
(However, airborne transmission might be
possible.® To reduce the risk of respiratory
the US
Centers for Disease Control and Prevention

infection in health-care settings,
recommended healthcare workers to wear
respiratory protection while treating patients.”
The NO95 respirator is a respiratory protection
device that is the most commonly used in
healthcare settings due to high filtering effi-
ciency against airborne infectious agents and a
tight-fitting face piece.®? The N95 respirator
is originally designed for single use to avoid
contamination. During the event of COVID-19
pandemic, supplies of NO95 respirators have
experienced a serious shortage worldwide.
Therefore, decontaminating and reusing N95
respirators have been recommended as a crisis
capacity strategy to preserve available supplies
for healthcare settings.'"® Several methods
have been explored for possible application in
healthcare settings includingultraviolet C(UVC)
and dry heat.('""'¥ However, both methods are
at risk to reduce the ability of the respirator
to filter out infectious agents especially when
exposed to these methods multiple times. This
study aimed to evaluate the possible loss of

filtration efficiency of N95 respirators due to
multiple exposures to UVC and dry heat. This
study aimed to ensure the effectiveness of UVC
and dry heat to decontaminate N95 respirators
during respiratory disease pandemics.

Methods
Virus and viral quantity

The RIX4414 strain of the human rotavirus
G1P[8] Wa strain (Rotarix®, GlaxoSmithKline
Biologicals SA, Belgium) was used in this study
to be a representative of SARS-CoV-2. The full
dose (1 mL) of Rotarix vaccine suspension
contained the viral quantity at least 106 CCID50
as mentioned in the pharmaceutical product
information sheet.

Decontamination by Ultraviolet C

The surgical N95 respirator model 1870+
(3M, St. Paul, MN, USA) was used in this study.
The NO5 respirator was exposed to ultraviolet C
(UVC) light (wavelength 254 nm) in a chamber
295 (w) x 375 (D) x 425 (H) mm. The N95
respirator was exposed to UVC on both external
and internal sides (15 minutes per side) with a
total duration of 150 minutes (5 cycles). After
UVC exposure, the N95 respirator was placed on
the solid board with sealing at the back for filtra-
tion test.

Decontamination by dry heat

Hot air incubator (Pol-Eko aparatura, Poland)
was switched on until the temperature of the
device stabilized at 70°C. After this, the N95
respirator was placed in a paper bag and placed
in the incubator for 30 min per cycle. After each
cycle, the N95 respirator was cooled down to
room temperature before re-incubating under the
same condition for 5 cycles (150 minutes). The
filtration test was performed after the N95
respirator cooled to room temperature.



50 JOURNAL OF SOUTHEAST ASIAN MEDICAL RESEARCH

Table 1. RT-PCR detection for G1 and P[8] of rotavirus

Decontamination method G1 P[8]

N95: 5 cycles of dry heat exposure Not detected Not detected

NO95: 5 cycles of UVC exposure Not detected Not detected

Control positive Detected Detected

Control negative Not detected Not detected
Filtration test Discussion

To determine the filtration efficiency of the
NO5 respirators after being exposed to UVC
and dry heat, a nebulizer attached with a face
mask (Ningbo Runmai Medical Technology
Co., Ltd., Zhejiang, China) was used in this
study. The nebulizer was filled with a 1 mL unit
dose of Rotarix set at 60 psi oxygen at 10 L/min.
to deliver the aerosol of the Rotarix into the N95
respirators. To avoid contamination of the N95
respirators with residual Rotarix, the N95 respi-
rators were laid and sealed on a support surface
before the trial. After administering one dose of
Rotarix via the nebulizer, the swab samples were
immediately collected from both outer and inner
surface of the N95 respirators and placed in a
tube containing viral transport media to submit
to the National Institute of Health of Thailand
to detect VP7 and VP4 genes (defining G and P
types, respectively) of the rotavirus by RT-PCR,
as previously described.(14) We investigated the
existence of the rotavirus at both external (front)
and internal surfaces (back) of the N95 respirators.

Results

After five cycles of N95 respirators treatment
by UVC and dry heat, no burning smell of the
rubber mask compound was found. Next, the
ability of aerosol particles to penetrate through
the N95 respirators was determined by testing the
filtration efficacy of N95 respirators. The results
of RT-PCR for rotavirus are shown in Table 1. At
the front, the rotaviral RNA was detected of both
decontamination methods, while the back of N95
respirators, the rotaviral RNA was undetected.

The emerging SARS-CoVs-2 resulting in
the COVID-19 pandemic is considered a serious
public health concern worldwide and has created
a critical shortage of N95 respirators required for
a component of PPE. The filtration mechanism
of N95 respirators are based on mechanical
filtration and electrostatic attraction.!'> 9
Related studies have reported that sterilizing with
UV light could potentially be used to disinfect
disposable N95 respirators.'*!¥ The UV light is
part of the electromagnetic radiation covering
wavelength spectrum from 100 to 400 nm
and is classified as UVA (320-400 nm),
UVB (280-320 nm) and UVC (200-280 nm).
UVC was reported to possess a high germicidal
efficiency for disinfection with a broad spectrum
against microorganisms, including viruses,
bacteria and fungi. UVC is particularly damaging
to microorganisms because they are absorbed
by their nucleic acid. The UVC absorption
induces the formation of pyrimidine dimers
resulting in their inability to replicate.!'”
Moreover, UVC has been reported to have the
ability to decontaminate N95 respirators exposed
to the bacteriophage MS2 and influenza viruses.
(182D In 2020, Chotiprasitsakul et al.’s preliminary
report revealed no significant change to the
structure of the N95 polymer fibers was observed
after UVC exposure (DOI: https://doi.org/
10.21203/rs.3.1s-67838/v1).

However, decontaminating N95 respirators
using UVC exposure might reduce the potential
of N95 filtration.*® Moreover, the number of
cycles for decontamination seemed to be limited

by NOS5 respirator model and the UVC dose
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required to inactivate the pathogens.'" Recently,
Chin et al. reported that SARS-CoV-2 could be
inactivated at 70°C for 5 minutes.®» Nevertheless,
no scientific evidence for re-use of the NO95
respirators after decontaminating using the dry
heat strategy. To extend the supporting scientific
evidence of both strategies, we re-exposed the
surgical N95 respirator model 1870+ with UVC
(254 nm, 8 W) in the cabinet and dry heat (70°C
for 30 minutes) for 5 cycles and subsequently
evaluated the effect of both methods. Herein,
the rotavirus was used as a representative viral
particle to determine the filtration performance
of N95 respirators due to their safety, high
stability and sizes closely fitting SARS-CoVs-2.2420
Interestingly, we found that the aerosol containing
rotaviral particles generated by the nebulizer
could not pass through the filter of the N95
respirators after exposure to either UVC or dry
heat up to 5 times. The physical degradation of
the respirator materials including the changes in
the layer structure of the materials was not
investigated in this study. However, our results
suggested that UVC and dry heat did not change
the filtration performance of the N95 respirators
and both methods were appropriate to apply to
decontaminate N95 respirators to re-use during
the pandemic crisis with respiratory infectious
diseases.

Conclusion

Treating the respirators for 30 minutes per
cycle with both UVC (254 nm, 8 W) cabinet
and dry heat (70°C) did not influence the filtration
properties within a reasonable number of treatment
cycles (up to 5 cycles). Therefore, both methods
could mitigate the NO95 respirators shortage
during the pandemic of respiratory diseases.

Acknowledgement

We would like to thank Mr. Ratigorn
Guntapong and Mr. Athiwat Primsirikunawut
at the National Institute of Health, Thailand for
laboratory diagnosis of rotavirus.

References

1.

Jernigan DB, Team CC-R. Update: Public
health response to the coronavirus disease
2019 outbreak - United States, February 24,
2020. MMWR Morb Mortal Wkly Rep 2020;
69: 216-9.

Cucinotta D, Vanelli M. WHO declares
COVID-19 a pandemic. Acta Biomed 2020;
91: 157-60.

Gabutti G, d’Anchera E, Sandri F, Savio M,
Stefanati A. Coronavirus: update related to
the current outbreak of COVID-19. Infect
Dis Ther 2020: 9: 1-13.

Liu J, Liao X, Qian S, Yuan J, Wang F, Liu
Y, et al. Community transmission of severe
acute respiratory syndrome coronavirus 2,
Shenzhen, China, 2020. Emerg Infect Dis
2020; 26: 1320-3.

Chan JF, Yuan S, Kok KH, To KK, Chu H,
Yang J, et al. A familial cluster of pneumonia
associated with the 2019 novel coronavirus
indicating person-to-person transmission: a
study of a family cluster. Lancet 2020; 395:
514-23.

Morawska L, Cao J. Airborne transmission
of SARS-CoV-2: The world should face the
reality. Environ Int 2020; 139: 105730.
Siegel JD, Rhinehart E, Jackson M, Chiarello
L, Committee HCICPA. 2007 Guideline for
isolation precautions: preventing transmission
of infectious agents in health care settings.
Am J Infect Control 2007; 35(Suppl 2): S65-
164.

Janssen L, Ettinger H, Graham S, Shaffer R,
Zhuang Z. The use of respirators to reduce
inhalation of airborne biological agents. J
Occup Environ Hyg 2013; 10: D97-D103.
MacIntyre CR, Chughtai AA, Rahman B,
Peng Y, Zhang Y, Seale H, et al. The efficacy
of medical masks and respirators against
respiratory infection in healthcare workers.
Influenza Other Respir Viruses 2017; 11:
511-7.



10.

11.

12.

13.

14.

15.

16.

17.

52 JOURNAL OF SOUTHEAST ASIAN MEDICAL RESEARCH

CDC P. Decontamination and reuse of
filtering facepiece respirators. 2020.
Lindsley WG, Martin SB, Thewlis RE,
Sarkisian K, Nwoko JO, Mead KR, et al. Effects
of ultraviolet germicidal irradiation (UVGI)
on NO5 respirator filtration performance and
structural integrity. J Occup Environ Hyg
2015; 12: 509-17.

Narla S, Lyons AB, Kohli I, Torres AE,
Parks-Miller A, Ozog DM, et al. The importance
of the minimum dosage necessary for UVC
decontamination of N95 respirators during
the COVID-19 pandemic. Photodermatol
Photoimmunol Photomed 2020; 36:324-5.
Fischer RJ, Morris DH, van Doremalen N,
Sarchette S, Matson MJ, Bushmaker T, et al.
Effectiveness of N95 respirator decontam-
ination and reuse against SARS-CoV-2 virus.
Emerg Inf Dis 2020; 26:2253-5.

Guntapong R, Tacharoenmuang R, Singchai
P, Upachai S, Sutthiwarakom K, Komoto S,
et al. Predominant prevalence of human
rotaviruses with the G1P[8] and G8&P[8]
genotypes with a short RNA profile in 2013
and 2014 in Sukhothai and Phetchaboon
provinces, Thailand. J Med Virol 2017; 89:
615-20.

Rengasamy S, King WP, Eimer BC, Shaffer
RE. Filtration performance of NIOSH-
approved N95 and P100 filtering facepiece
respirators against 4 to 30 nanometer-size
nanoparticles. J Occup Environ Hyg 2008; 5:
556-64.

Adhikari A, Mitra A, Rashidi A, Ekpo I,
Schwartz J, Doehling J. Field evaluation of
NO95 filtering facepiece respirators on
construction jobsites for protection against
airborne ultrafine particles. Int J Environ Res
Public Health 2018; 15: 1958.

Perdiz D, Grof P, Mezzina M, Nikaido O,
Moustacchi E, Sage E. Distribution and repair
in solar
Possible

of bipyrimidine photoproducts
UV-irradiated mammalian cells.

18.

19.

20.

21.

22.

23.

24.

25.

26.

role of Dewar photoproducts in solar muta-
genesis. J Biol Chem 2000; 275: 26732-42.
Fisher EM, Shaffer RE. A method to determine
the available UV-C dose for the decontam-
ination of filtering facepiece respirators.
J Appl Microbiol 2011; 110: 287-95.

Vo E, Rengasamy S, Shaffer R. Development
of a test system to evaluate procedures for
decontamination of respirators containing
viral droplets. Appl Environ Microbiol 2009;
75:7303-9.

Lore MB, Heimbuch BK, Brown TL, Wander
JD, Hinrichs SH. Effectiveness of three
decontamination treatments against influenza
virus applied to filtering facepiece respirators.
Ann Occup Hyg 2012; 56: 92-101.
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 HIN1 aerosols and droplets. Am J
Infect Control 2011; 39: e1-9.

Rengasamy A, Zhuang Z, Berryann R. Respi-
ratory protection against bioaerosols: litera-
ture review and research needs. Am J Infect
Control 2004; 32: 345-54.

Chin AWH, Chu JTS, Perera MRA, Hui
KPY, Yen HL, Chan MCW, et al. Stability of
SARS-CoV-2 in different environmental con-
ditions. The Lancet Microbe 2020; 1: e10.
Bernstein DI. Live attenuated human rota-
virus vaccine, Rotarix. Semin Pediatr Infect
Dis 2006; 17: 188-94.

Kerdpanich A, Chokephaibulkit K, Watanav-
eeradej V, Vanprapar N, Simasathien S, Phav-
ichitr N, et al. Immunogenicity of a live-at-
tenuated human rotavirus RIX4414 vaccine
with or without buffering agent. Hum Vaccin
2010; 6: 254-62.

Pesavento JB, Crawford SE, Estes MK,
Prasad BV. Rotavirus proteins: structure
and assembly. Curr Top Microbiol Immunol
2006; 309: 189-219.



	1 PathomroekP4

