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A B S T R A C T

Objectives: The coronavirus disease 2019 pandemic increased global demand for personal protective
equipment (PPE) and resulted in shortages. The study evaluated the re-use of surgical masks and
respirators by analysing their performance and safety before and after reprocessing using the following
methods: oven, thermal drying, autoclave, and hydrogen peroxide plasma vapour.
Methods: In total, 45 surgical masks and 69 respirators were decontaminated. Visual integrity, air
permeability, burst resistance, pressure differential and particulate filtration efficiency of new and
decontaminated surgical masks and respirators were evaluated. In addition, 14 used respirators were
analysed after work shifts before and after decontamination using reverse transcription polymerase
chain reaction (RT-PCR) and viral culturing. Finally, reprocessed respirators were evaluated by users in
terms of functionality and comfort.
Results: Oven decontamination (75 �C for 45 min) was found to be the simplest decontamination method.
Physical and filtration assays indicated that all reprocessing methods were safe after one cycle. Oven
decontamination maintained the characteristics of surgical masks and respirators for at least five
reprocessing cycles. Viral RNA was detected by RT-PCR in two of the 14 used respirators. Four respirators
submitted to viral culture were PCR-negative and culture-negative. Reprocessed respirators used in work
shifts were evaluated positively by users, even after three decontamination cycles.
Conclusion: Oven decontamination is a safe method for reprocessing surgical masks and respirators for at
least five cycles, and is feasible in the hospital setting.
© 2020 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-
2), the cause of coronavirus disease 2019 (COVID-19), emerged in
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Wuhan, China in December 2019, and has since spread worldwide.
By 8 December 2020, there had been 66,729,375 cases of infection
worldwide (World Health Organization, 2020a). The main modes
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f transmission and spread are human-to-human contact through
roplets (expelled during sneezing, coughing or speaking) and close
ontact. However, possible airborne transmission is a concern. The
orld Health Organization (WHO) recommends the use of surgical
asks for regular care of patients with COVID-19, and respirators (e.g.
95, FFP2 and FFP3 respirators) when aerosol-generating procedures
re performed (World Health Organization, 2020b). Healthcare
orkers (HCWs) represent the most exposed population in this
andemic. A Chinese study evaluated 138 hospitalized patients with
OVID-19, of which 29% were HCWs (Wang et al., 2020). Global
emand for personal protective equipment (PPE), such as surgical
asks and respirators, has increased substantially due to the
andemic. This has led to a shortage of PPE and the raw materials
or its manufacture (Chaib, 2020). Most PPE is certified and
ecommended by manufacturers for single use. However, due to
hortages, alternative measures are required. HCWs are sometimes
bliged to use PPE for days or weeks without demonstrated effective
nd suitable methods of decontamination. As such, there is a need to
valuate the effectiveness of reprocessing, to identify the best method
or decontamination, and to determine the maximum number of
econtamination cycles that can be performed safely (Cheng et al.,
020; Mackenzie, 2020). This study aimed to compare the perfor-
ance of surgical masks and respirators after reprocessing using
ethods available in hospital central sterile service departments.

ethods

In total, 45 new surgical masks (Descarpack, São Paulo, Brazil)
nd 69 new respirators (KSN, São Paulo, Brazil) were evaluated
Figure 1). Each surgical mask and respirator was used for 4 h (to
valuate the effect of use), 20 min (to evaluate several decontami-
ation cycles) or at least 12 h (work shift), and subjected to
econtamination using one of four methods: dry heat in an oven
Fanem 502; Fanem, Guarulhos, São Paulo, Brazil; 75 �C for 45 min,
30-L capacity); thermal drying machine (Getinge, Wayne, NJ,
SA; drying cycle: 84 �C for 40 min, 300-L capacity); autoclaving
HS 6620; Getinge; 134 �C for 4 min for decontamination and 10
in for drying; 24 min to reach 134 �C, 960-L capacity), and
ydrogen peroxide plasma vapour (Sterrad 100NX; Sterrad, Irvine,
A, USA; standard cycle for 47 min, temperature <55 �C, double
ray, 100-cm deep). Up to 30 surgical masks and respirators were
ested in each decontamination cycle for each method. After each
ycle, the surgical masks and respirators were inspected visually

and submitted to another cycle (maximum of 10 cycles). In
addition, five different brands of respirators [Deltaplus PFF2 and
PFF3, Maskface, Tayco and Proteplus (with headquarters in São
Paulo, Brazil)] were analysed after three cycles of oven decontami-
nation. All decontamination methods were performed in the
Central Sterile Service Department of Hospital das Clinicas, São
Paulo, Brazil. Hospital das Clinicas is a tertiary hospital with 2400
beds and is a referral hospital for patients with COVID-19.

In addition to visual inspection (cleanliness, nose clip and
elastic functionality), surgical masks and respirators were evalu-
ated for air permeability, burst resistance, breathability (pressure
differential), particulate filtration efficiency and DNA retention
capacity. A pilot study was undertaken to evaluate HCWs’
responses (n = 33) regarding sealing and breathing performance
after working a regular shift using a reprocessed respirator.

Furthermore,14 used respirators from two hospitals underwent
SARS-CoV2 reverse transcription polymerase chain reaction (RT-
PCR), and four respirators were also submitted for viral culturing.
These 14 respirators were collected at different times during the
first month of the pandemic; the first four were collected at the
beginning of the pandemic and the last five were collected in the
last week of the first month. This is important as various changes
were implemented during the first month of the pandemic; for
example, during the first week, face shields had not been
distributed in the hospital, and PPE training of new HCWs was
still in progress. By the end of the first month, all frontline HCWs
had been trained and had access to full PPE, including face shields.

Evaluation of physical integrity

Physical integrity and particulate filtration of the surgical masks
and respirators were evaluated as follows. The results are
summarized in Table 1.

� Air permeability (l m�2 s�1) (following ISO 9237:1995 – Textile –

Determination of the permeability of fabrics to air) was tested at
five different points in each surgical mask and respirator for each
decontamination method. The measurement area was 5 cm2 and
the applied pressure drop was 100 Pa.

� Burst resistance (bar) (following ISO 13938.1: 1999 – Textiles –

Bursting properties of fabrics) was measured at five different
points in each surgical mask and respirator for each decontami-
nation method. The measurement area was 5 cm2.
Figure 1. Study flowchart.
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� Pressure differential DP (mmH2O/cm2) (following Annex C of EN
14683:2019 –Medical face masks – Requirements and test
methods).

Particulate filtration efficiency

Particulate filtration efficiency was evaluated by measuring the
particle size distribution that passed through the surgical masks
and respirators as a function of the total amount of NaCl particles
generated by an ATM226 aerosol generator (TOPAS, Saxe,
Germany) using an electronic particle detection system (Scanning
Mobility Particle Sizer 3080; TSI, Shoreview, MN, USA), coupled to
a condensation particle counter (CPC Nanoparticle Counter 3771;
TSI). The number of particles reaching the detector with and
without a surgical mask or respirator was measured from 20 to 800
nm at a distance of 15 cm from the aerosol source. The ratio
between the number of aerosol particles reaching the detector
after the surgical mask/respirator and the total number of particles
indicates the particulate filtration efficiency of the surgical mask or
respirator. This experiment was performed with new surgical
masks, repeating the procedure up to four times after oven
decontamination; and new respirators, repeating the procedure
after two cycles of oven decontamination and two cycles of

extracted using a QiAamp DNA mini kit (Qiagen, Hilden, Germany)
in accordance with the manufacturer’s recommendations. A 47-
mm/0.45-mm cellulose membrane (Merck Millipore, Burlington,
MA, USA) was placed in a Petri dish behind a surgical mask or
respirator at a distance of 1 cm. DNA was dosed in NanoDrop 2000c
(Thermo Fisher, Waltham, MA, USA) and diluted in water. Water
(negative control) or 50 ng DNA was sprayed on to the surface of
the surgical mask or respirator four times from a distance of 5 cm.
DNA or water sprayed on membranes without a surgical mask or
respirator were used as positive and negative controls, respective-
ly. The membranes were transferred to a 1.5-mL Eppendorf tube
and 50 mL of water was added and incubated for 10 min at room
temperature. Next, 5 mL was used as a template for a PCR reaction
spa (Staphylococcus protein A) gene using the following primers:
forward, TAAAGACGATCCTTCGGTGAGC; and reverse, CAGCAG-
TAGTGCCGTTTGCTT. PCR products were applied to agarose (1.2%)
gel and a visible band in the gel was considered positive. This test
was performed with seven surgical masks (one new surgical mask,
three surgical masks that had been decontaminated five times, and
three surgical masks that had been decontaminated 10 times) and
three respirators (one new respirator and two respirators that had
been decontaminated seven times).

User evaluation

Table 1
Summary of tests performed on surgical masks and respirators.

Test Details Surgical masks Respirators

n Pass Fail n Pass Fail

Decontamination method 75 �C, 45 min Oven
Visual integrity Cleanliness 20 Until 9th cycle 10th cycle 14 All 7 cycles –

Nose clip 20 All 10 cycles – 14 Until 2nd cycle 3rd cycle
Elastic/handle 20 Until 5th cycle 6th cycle 14 All 7 cycles –

Physical integrity Air permeability 5 All 5 cycles – 5 All 5 cycles –

Burst resistance 5 All 5 cycles – 5 All 5 cycles –

Pressure differential 5 All 5 cycles – 5 All 5 cycles –

Particulate filtration efficiency 20–800-nm particles 5 All 4 cycles – 3 All 2 cycles –

DNA retention DNA spray 6 Until 5th cycle 10th cycle 3 All 7 cycles –

SARS-CoV-2 RNA detection RT-PCR – – – 14 13 1
Viral culture – – – 4 4 –

Decontamination method 134 �C, 4 min Autoclave
Visual integrity Cleanliness 15 All 5 cycles – 15 All 5 cycles –

Nose clip 15 All 5 cycles – 15 1 cycle 2nd cycle
Elastic/handle 15 All 5 cycles – 15 All 5 cycles –

Physical integrity Air permeability 5 All 5 cycles – 5 All 5 cycles –

Burst resistance 5 Until 2nd cycle 3rd cycle 5 All 5 cycles –

Pressure differential 5 All 5 cycles – 5 All 5 cycles -
Decontamination method H2O2 plasma vapour H2O2

Visual integrity Cleanliness 2 1 cycle – 3 All 2 cycles –

Nose clip 2 1 cycle – 3 All 2 cycles –

Elastic/handle 2 1 cycle – 3 All 2 cycles –

Physical integrity Air permeability 2 1 cycle – 2 1 cycle –

Burst resistance 2 1 cycle – 2 1 cycle –

Pressure differential 2 1 cycle – 2 1 cycle –

Particulate filtration efficiency 20–800-nm particles – – – 2 All 2 cycles –

Decontamination method 84 �C, 40 min Thermal drying
Visual integrity Cleanliness 2 1 cycle – 2 1 cycle –

Nose clip 2 1 cycle – 2 1 cycle –

Elastic/handle 2 1 cycle – 2 1 cycle –

Physical integrity Air permeability 2 1 cycle – 2 1 cycle –

Burst resistance 2 1 cycle – 2 1 cycle –

Pressure differential 2 1 cycle – 2 1 cycle –

SARS-Cov-2, severe acute respiratory syndrome coronavirus-2; RT-PCR, reverse transcription polymerase chain reaction; H2O2, hydrogen peroxide.
hydrogen peroxide decontamination.

DNA retention capacity after oven decontamination

In order to evaluate the ability of surgical masks and respirators
to retain small molecules, DNA of Staphylococcus aureus was
322
Evaluation was undertaken in an intensive care unit with 22
beds used for suspected and confirmed cases of COVID-19.
Respirators used during a work shift (12 h) were placed in
separate paper envelopes, identified with each HCW’s name and
removed each day for oven decontamination. Each respirator was
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e-used by the same HCW who assessed it before each use.
valuation involved answering a questionnaire attached to the
nvelope. Respirators were decontaminated three times, but if a
espirator was rejected by the user, he/she was instructed to
iscard it.

etection of SARS-CoV-2 RNA in respirators

Fourteen respirators (Deltaplus PFF2) used for three to 28 work
hifts were collected from two hospitals: seven from Hospital das
linicas (HC 1, HC 2, HC 5, HC 6, HC 7, HC 8, HC 9, HC10, HC 11, HC
2, HC 13 and HC 14), a public referral hospital for cases of COVID-
9; and two from Hospital São Camilo (SC 3 and SC 4), a private
ospital. The respirators were cut, in the region close to the nose
nd mouth (highest exposure area), generating 16 1-mm punches
rom each respirator using a micro-punch tool (Harris Uni-Core;
erck, Kenilworth, NJ, USA) with a razor-sharp stainless steel
utting tip (Figure S1, see online Supplementary material). One tool
as used per respirator. The procedures were performed in a
iosafety level 3 area.
RT-PCR and viral culture were performed to identify the

resence of SARS-CoV-2. RNA was extracted from eight respirator
ragments in lysis buffer using a QIAamp viral RNA kit (Qiagen,
ilden, Germany) in accordance with the manufacturer’s

instructions. RT-PCR was assessed using the commercial RealStar
SARS-CoV2 RT-PCR Kit 1.0 (Altona Diagnostics, Hamburg,
Germany) and amplified using the LightCycler 96 System (Roche,
Basel, Switzerland). Real-time PCR data were expressed as the
cycle threshold (Ct) value, corresponding to the initial amplifica-
tion cycle. The results were reported as detectable or undetect-
able.

Viral culture was performed for four respirators (HC 11, HC 12,
HC 13 and HC 14) using Vero cells (ATCC CCL-81) as described
previously (Lennette and Schmidt, 1979; Ammerman et al., 2008;
Harcourt et al., 2020). Cells were cultured in Dulbecco minimal
essential medium supplemented with heat-inactivated fetal
bovine serum (10%) and antibiotics/antimycotics (Cultilab, Cam-
pinas, São Paulo, Brazil). For virus isolation, respirator fragments
were inoculated in Vero cell culture in plastic bottles (Jet biofilm,
12.5-cm2 area, 25-mL capacity) immediately after processing.
Inoculated cultures were grown at 37 �C in an incubator in an
atmosphere of 5% CO2. Cell cultures were maintained for at least 2
weeks and were observed daily for evidence of cytopathic effects
(CPEs). At least two subcultures were performed weekly.
Presumptive detection of virus in supernatant showing CPEs
was investigated using an inverted microscope (Nikon, Chiyoda,
Japan) and then confirmed by a specific RT-PCR assay targeting the
E gene.
igure 2. Effect of 4 h of use on the performance of surgical masks (left) and respirators (right). Performance was measured by air permeability (Ap) (l/m2/s) (A, B); burst
esistance (Br) (bar) (C, D); and pressure differential (Pd) (Dp) (E, F). *P < 0.05; **P < 0.01; ***P < 0.001. ns, not significant.
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Statistical analysis

Statistical analysis was performed using GraphPad. t-test was
used to evaluate new and used surgical masks and respirators.
One-way analysis of variance was calculated for each decontami-
nation method, and correlation analysis was undertaken using R2

for performance and filtration efficiency by decontamination cycle.

Results

Visual integrity after use and decontamination

The visual integrity of surgical masks and respirators was
analysed after each decontamination cycle using an oven,

autoclave, thermal drying or hydrogen peroxide. Figure S2 (see
online Supplementary material) shows the visual integrity of
surgical masks after up to 10 decontamination cycles and Figure S3
(see online Supplementary material) shows respirators after seven
decontamination cycles in an oven. The steel clip of all the
respirators came off after three decontamination cycle, the strap of
all the surgical masks broke after six decontamination cycles, and
the surgical masks were visibly altered after 10 decontamination
cycles.

The steel clip of all the respirators came off after two
decontamination cycles in an autoclave, and the surgical masks
became easy to break by simple handling after three cycles. A
single complete thermal drying cycle (including washing with
detergent and water) destroyed the surgical masks and respirators
Figure 3. Effect of 20 min of use followed by one decontamination cycle using different methods – thermal drying (orange), hydrogen peroxide (H2O2) (pink), oven (green) or
autoclave (purple) – on the performance of surgical masks (left) and respirators (right). New surgical masks and respirators are represented in blue. Performance was
measured by air permeability (Ap) (l/m2/s) (A, B); burst resistance (Br) (bar) (C, D); and pressure differential (Pd) (Dp) (E, F). The graphics do not have the same scale. *P < 0.05;
**P < 0.01; ***P < 0.001. ns, not significant.
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o they were submitted to a drying cycle alone. No visual
ifferences were noted in the surgical masks or respirators after
wo cycles of hydrogen peroxide decontamination.

NA retention capacity after oven decontamination

DNA filtering capacity was analysed for new surgical masks and
espirators, surgical masks re-used six and 10 times, and
espirators re-used seven times. Surgical masks were able to
ltrate the sprayed DNA-dope aerosol after six decontamination
ycles in an oven. New surgical masks and surgical masks that had
een re-used six times were able to retain the sprayed DNA.
owever, after 10 decontamination cycles, DNA was identified in
he membrane inside the surgical mask (Figure S4, see online
upplementary material).

ffect of use and decontamination cycles on physical performance

First, the effect of wearing (donning and doffing, humidity from
reathing, etc.) a surgical mask or respirator for 4 h on its
erformance was evaluated. Figure 2 shows that simple wear has a
easurable effect on the performance of surgical masks and

espirators; however, the effect was much smaller than the
ifferences measured between different brands of respirators, and
herefore was of no practical significance. Next, surgical masks and
espirators were evaluated after they had been worn for 20 min
ollowed by reprocessing with one of the four decontamination
ethods. Figure 3 shows that the decontamination method made
o practical difference to air permeability (Figure 3A,B), burst
esistance (Figure 3C,D) or pressure differential (Figure 3E,F) for
urgical masks or respirators. As ovens and autoclaves are readily
vailable in most hospitals, the effect of five decontamination
ycles using these methods was assessed.
After three cycles of autoclave decontamination, the mechan-

cal resistance (burst) of surgical masks was affected, rendering it
mpossible to attach them to the testing machine without
amage. The air permeability of surgical masks was not affected
y oven or autoclave decontamination (Figure 4A,D). Burst

resistance decreased linearly with the number of decontamina-
tion cycles, and the effect of oven decontamination was much
lower than that of autoclave decontamination (Figure 4B,E). The
pressure differential reduced slightly following oven decontami-
nation (Figure 4C), but the autoclave results presented higher
dispersal and no clear tendency (Figure 4F). Except for a slight
improvement in pressure differential due to autoclave decon-
tamination (Figure 4L), no significant effect was observed in
respirators (Figure 4G,H,I,J,K,L).

To test if the effects were reproducible in other brands of
respirators, five different brands were subjected to three decon-
tamination cycles in an oven (Figure 5). The effect of decontami-
nation was significant but was much smaller than the differences
found between the new respirators of various brands.

Particulate filtration efficiency

The number of decontamination cycles did not affect particu-
late filtration efficiency. Differences observed for surgical masks
and respirators are most probably due to variability between
surgical masks and respirators and experimental error. The
particulate filtration efficiency indicates that filtration capacity
remained >92% and >96% for surgical masks and respirators,
respectively, after decontamination (Figure 6).

Detection of SARS-CoV-2 RNA and viral culture

Among the 14 respirators (HC 1, HC 2, SC 3, SC 4, HC 5-14) used by
HCWsduring work shifts, RNAwasdetectedintworespiratorsbefore
decontamination, collected in the first week of the pandemic: HC 1
and SC3. One of them (SC 3, 7%) remained positive after oven
decontamination. HC 1 had a Ct value of 36 before oven
decontamination and undetectable after decontamination. SC3
had a Ct value of 33 before decontamination and 32 after oven
decontamination. HCWs were notified of the positive results but did
not report any symptoms. Four respirators (HC 11, HC 12, HC 13 and
HC 14) were subjected to viral culture; none of them showed a
cytopathic effect and RT-PCR results were negative.
igure 4. Correlation of the effect of 20 min of use followed by up to five decontamination cycles in an oven (75 �C for 45 min; blue) or autoclave (red) on the performance of
urgical masks (A, B, C, D, E, F) and respirators (G, H, I, J, K, L). Performance was measured by air permeability (Ap) (l/m2/s) (A, D, G, J); burst resistance (Br) (bar) (B, E, H, K); and
ressure differential (Pd) (Dp) (C, F, I, L). *P < 0.05; **P < 0.01; ***P < 0.001. ns, not significant.
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User evaluation

Visual and functional evaluation of respirators following oven
decontamination are shown in Table 2. It is important to note that
the respirators were not handled by the persons involved in the

decontamination process. The respirators were decontaminated
without removal from the paper envelopes in which they were
placed by the HCWs. Dirt on the respirators was mainly the user’s
make-up. Clip adhesion and elasticity of straps are likely to be the
problems limiting re-use.

Discussion

After evaluating four decontamination methods for surgical
masks and respirators, the simplest and most useful method
appears to be oven decontamination (75 �C for 45 min). Oven
decontamination did not affect the physical characteristics or
filtering capacity of surgical masks or respirators for at least five
reprocessing cycles. Reprocessed respirators used in 12-h work
shifts in a COVID-19-dedicated intensive care unit were evaluated
positively by users even after three decontamination cycles.

In the context of pandemics and global PPE shortages,
alternatives such as re-use and adaption of existing technologies
are necessary. This study evaluated the possibility of re-using
surgical masks and respirators following decontamination in an
oven, a thermal drying machine, an autoclave and with hydrogen
peroxide, which were available at the hospital. All methods
showed acceptable performance after one decontamination cycle,
so oven and autoclave decontamination were investigated further
as these methods are available in most hospitals. Oven decontam-
ination was found to be the best method for surgical masks, as
autoclave decontamination reduced the burst resistance drastical-
ly. Wearing a surgical mask augmented its air permeability and
burst resistance. Interestingly, this effect was restored after heat
decontamination, making the surgical masks better after decon-
tamination. This phenomenon may be explained by thermal
shrinkage of the material. No relevant changes were found
regarding respirators, as the differences found after decontamina-
tion cycles were smaller than the differences found between
brands. Air permeability and burst resistance are tests used for
general textiles that were included in this study to expand the
analysis. According to the Brazilian standard for non-woven
articles for medical and hospital use (ABNT NBR 15052), the
pressure differential DP must be equal to or less than 4 mmH2O,
which means that all decontamination methods passed the test.
The factor found to prevent re-use of respirators more than twice
was detachment of the nasal clip due to failure of the glue. This
suggests that innovation in the manufacturing process could
increase the number of times that a respirator could be re-used.

Respirators that had been used by HCWs during work shifts
were also evaluated. The viral cultures of respirators were negative
after oven decontamination, suggesting that this is safe. Finally,
HCWs were asked to evaluate their reprocessed respirators, after
use during a 12-h work shift, and reported that they were
adequate.

The concept of re-using PPE has been considered in previous
epidemics (Institute of Medicine, 2006; Pillai et al., 2015; Lin et al.,

Figure 5. Evaluation of the physical integrity of respirators of five different brands
when new and after undergoing three decontamination cycles in an oven. (A)
Deltaplus PFF2. (B) Deltaplus PFF3. (C) MaskFace. (D) Tayco. (E) Proteplus.
Performance was measured by air permeability (Ap) (l/m2/s), burst resistance
(Br) (bar) and pressure differential (Pd) (Dp). The graphics do not have the same
scale.
Figure 6. Correlation between the percentage of particulate filtration efficiency (Pfe) and decontamination cycles of surgical masks (A) and respirators (B, C) after oven
decontamination (A, B; blue) and decontamination with hydrogen peroxide plasma vapour (H2O2; C) (red). *P < 0.05. ns, not significant.
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017; Mills et al., 2018). Most studies on PPE re-use have evaluated
espirators, and data are scarce for surgical masks. Among the
rocesses, some tests on respirators have found that oven
eprocessing is safe with respect to integrity, decontamination
nd filtration (Viscusi et al., 2009). Previous studies have examined
ifferent methods for respirator decontamination such as hydro-
en peroxide vapour (Schwartz et al., 2020) and ultraviolet
rradiation (Mills et al., 2018). In vitro, Darnell et al. (2004) showed
hat SARS-CoV-1 is inactivated by heat decontamination for 45 min
t 75 �C. As such, this method was used in this study, along with
ther methods that were available in the Central Sterile Service
epartment at the study hospital. Heat treatment is a simple and
ccessible method to decontaminate respirators, as viruses are not
table to heat (Abraham et al., 2020; Chin et al., 2020; Loh et al.,
020).
Particulate filtration efficiency was measured using particles

anging from 0.08 to 0.14 mm, and surgical masks and respirators
aintained high efficiency (>92% and 96%, respectively) after
econtamination. The size of SARS-CoV-2 particles is estimated to
e 0.06–0.14 mm (Zhu et al., 2020), which indicates that
econtamination methods may be considered appropriate.
ccording to the Brazilian standard, particulate filtration efficiency
ust be �98%. Our particulate efficiency was 92% for surgical
asks and 96% for respirators. This difference could be explained
ecause in our analysis we used smaller particules (0.08 mm for
xample) than those used by the Brazilian standard (0.105 mm).
he WHO PPE specifications indicate particulate filtration efficien-
y �95% as level 1 and �98% as levels 2 and 3. It is important to
ote that particulate filtration efficiency increased (slightly for
urgical masks and considerably for respirators) with the number
f decontamination cycles.
Real-time RT-PCR showed that SARS-CoV-2 RNA could be

etected in two (14%) respirators used by HCWs after a work shift.
ne respirator remained positive after decontamination, which
robably means that RNA was present but the virus was
nactivated. It was not possible to perform a virus culture of this
espirator. It is important to note that of the 14 HCWs, four
including the two HCWs with positive RT-PCR results) did not use
ace shields because it was the first week of the pandemic and all
afety measures had not yet been implemented. Other factors may
lso influence contamination, such as incorrect doffing. Respirators
ubmitted to viral culture were negative, suggesting that no viable
irus was present after heat decontamination.
Due to the shortage of PPE in the pandemic, this study only

ested a small sample of surgical masks and respirators. However,

SARS-CoV-2 pandemic. Oven decontamination can be performed
easily in a hospital’s central sterile services department.
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