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The application of antiviral coatings to masks and respirators is a potential mitigating step toward
reducing viral transmission during the SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2)
pandemic. The use of appropriate masks, social distancing, and vaccines is the immediate solution for
limiting the viral spread and protecting people from this virus. N95 respirator masks are effective in
filtering the virus particles, but they cannot kill or deactivate the virus. We report a possible approach to
deactivating SARS-CoV-2 by applying an antimicrobial coating (Goldshield 75) to masks and respirators,
rendering them suitable for repeated use. Masks coated with Goldshield 75 demonstrated continuous
inactivation of the Alpha and Beta variants of the SARS-CoV-2 over a 3-day period and no loss of inac-
tivation when stored at temperatures at 50 �C.
Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

The SARS-CoV-2 (severe acute respiratory syndrome coronavi-
rus 2) pandemic has stimulated the need for personal protective
equipment, specifically filtering face masks such as N95 masks, to
be worn as part of a strategy that includes social distancing and
vaccinations. Typically, N95 masks or respirators contain electro-
statically charged melt-blown polypropylene fabrics embedded
between top and bottom layers of spun-bond polypropylene (SP)
materials. The charged fabrics filter virus effectively, and the large
porosity in the fabrics enable easy breathing [1]. To ensure suitable
performance of N95 respirator/mask which filters at least 95% of
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non-oil-containing ~0.3 mm size particles as defined in the Code of
Federal Regulations (CFR Title 42 Chapter I Subchapter G part 84
subpart K) [2] over their shelf life commercial N95 masks are
overdesigned and initially filter ~ 99.97% particles such that after
any decay (up to 70 �C temperature, 85% humidity and 24 h of
exposure time), the filters still meet or exceed the required 95%
performance criteria [2,3]. Several types of masks, including N95
masks and cloth masks, have been demonstrated to limit the
inhalation of the virus that causes the novel coronavirus disease
(COVID-19); however, they cannot deactivate the virus and when
contaminated presents as a potential fomite and source of infection
[4,5]. The role that fomites play in the spread of the virus has been
demonstrated in Syrian hamsters [6,7], and although the likelihood
is thought to be low, fomites cannot be ruled out as a potential
source of infection. Hence, there is a critical need to develop an
antiviral coating that can be either sprayed on or embedded in
masks for deactivating the virus.

Given the current SARS-CoV-2 pandemic and the use of face
masks as a community and professional countermeasure against
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spreading the virus, there has been a growing interest in antimi-
crobial coatings for face masks [8e10]. Several approaches to
applying antiviral coatings to face coverings have been demon-
strated in the literature, including the use of metal ions such as Ag
and Cu, along with other coatings, such as benzalkonium chloride,
polymers, metal oxides, and functional nanomaterials [11e15]. The
main issue with some of these coatings is that they can create
serious consequences for the user and the surroundings [16e18]. It
would be advantageous to develop an antiviral coating that is user-
friendly as well as effective in deactivating the virus. The main goal
of this research is to study GS75 (~0.75% active ingredient) as a
unique, nonleaching water-soluble antiviral spray that imparts re-
sidual antiviral activity to N95 masks, cotton cloth masks, N95
polypropylene fabrics/filters, and nonwoven SP fabric surfaces.
Here, we have successfully demonstrated the use of an antiviral
coating (Goldshield 75 [GS75]), on masks and mask materials that
is effective for deactivating both Alpha and Beta variants of the
SARS-CoV-2.

2. Methods

GS75 is based on the formulation of an organosilane water-
stabilized quaternary ammonium chloride formulation in long
alkyl chains consisting of a nonionic surfactant, a siloxane molecule
that forms a nonpolar covalent bond between the surfaces of masks
and filters and that will cross-link to the inert materials. GS75
contains a positively charged nitrogen atom, in a quaternary
ammonium group that attracts microbes to the surfaces of masks or
filters towhich it has bonded and a long alkyl chain that dissolves in
and disrupts the lipid layers that are typically on the surfaces of
microorganisms and allows the cellular contents to leak out of the
microbes, leading to their demise (Fig. 1). Thus, the antiviral func-
tionality is an electrochemical action that is expected to provide
durable, residual protection against SARS-CoV-2 and subsequent
variants that arise.

The antiviral water-stabilization technology was originally
developed by Liebeskind and Allred at Emory University (Atlanta,
Georgia) and was initially licensed to AP Goldshield LLC [19e21].
Fig. 1. (A) Structure of (3-trihydroxysilyl)propyldimethyl octadecyl ammonium chloride, the
to determine whether it would inactivate Alpha and Beta variants of the SARS-CoV-2. (B)
chemically bound to a surface. (D) The Gas Chromatography Mass Spectrometry (GCMS) p
Fourier Transform Infrared spectroscopy (FTIR) spectrum is consistent with a fatty quaternary
SEM images of (F) uncoated and (G) GS-75-coated N95 polypropylene fabrics. See also Fig
Tables and Charts, 3rd Edition 2005. [2] Know-It-All Spectral Analysis Software, John C. Wile
Brinker and G.W Scherer, Sol-Gel Science, Academic Press, 1990 pp582-583. [5] R.K. Iler, Th
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The scientists at AP Goldshield, Higgins and Shlisky, further
advanced the chemistry by developing nonionic compounds that
break down the interfacial tension on substrates, permitting the
antimicrobial substance to disperse over the substrates more
evenly, providing enhanced anti-viral activity [22]. The technology
is currently registered with the US Environmental Protection
Agency (85556e1 and 85556e2). Previous work has demonstrated
that Goldshield products have bactericidal properties [23e25]. For
example, Goldshield 5 used as a coating on masks had been shown
to be an effective antibacterial agent against both gram-positive
and gram-negative bacteria [26].

For use in this study, GS75 was used without any dilution. We
obtained several types of test materials and tested their abilities to
inactivate SARS-CoV-2 when coated with GS75. The coating was
done by spraying the GS75 solution onto various masks and fabrics
by a simple hand held plastic spray bottle with a nozzle on both
sides. The coatings left the mask surfaces visibly damp and they
were left to air dry. The spray coating followed by air drying was
repeated twice for preparing double coated masks. Electrostatic
and other types of spraying pumping methods will be developed
for scale up. Materials include NIOSH-approved N95 masks, 100%
cotton cloth masks, melt-blown filter media produced at the Car-
bon Fiber Technology Facility (CFTF) at Oak Ridge National Labo-
ratory (ORNL) from Exxon polypropylene (Ex-FM), and SP materials
obtained from an industry partner (Cummins). Filtration efficiency
of N95 fabrics with double coated (99.6%) and uncoated (99.7%)
were measured using a TSI automated filter tester 8130A standard
testing media by penetration of the filter media by a sodium
chloride aerosol particle generator. The typical airflow rate used
during the test was 50 L per minute. It was determined that the
coating does not affect the filtration efficiency of the N95 fabrics.

Test materials coated with GS75 were screened for the ability to
inactivate SARS-CoV-2 in cell-based assays. After the virus was
exposed to these materials for various lengths of time, the solution
containing the virus was removed and introduced to Vero E6 cells.
Viral activity was measured through the release of the cytosolic
enzyme lactate dehydrogenase (LDH) into the culture media
(CyQUANTTM LDH Cytotoxicity, ThermoFisher), which is an
active ingredient in Goldshield GS75, which was coated onto the N95 filters and masks
Structure of water-stabilized organosilane compound. (C) Structure of the compound
rofile of the GS75 solution confirming the presence of two fragmented peaks. (E) The
ammonium structure, confirming the composition of GS75 [1e5]. The micrographs are
s. S6 and S7. [1] G. Socrates, Infrared and Raman Characteristic Group Frequencies e

y and Sons, 2020. [3] Know-It-All Library Search, John C. Wiley and Sons, 2020. [4] C.J.
e Chemistry of Silica, John C. Wiley and Sons, 1979, p639.
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indicator of viral cytopathic effects (CPEs); high LDH levels would
indicate little to no viral inactivation, and low LDH levels compa-
rable to uninfected control would indicate viral inactivation. Where
possible, uncoated test materials were used as controls. Presence of
the virus and CPE was observed on a laser scanning confocal mi-
croscope following immunofluorescent staining of Vero E6 cells
exposed to the virus. SARS-CoV-2 was visualized using an anti-
SARS spike protein antibody; the Vero E6 cells were stained with
the nuclear stain DAPI, and actin was stained with phalloidin. Two
SARS-CoV-2 variants were used: (1) the USA-WA1/2020 (lineage A),
which was isolated from a patient in Washington, USA, who had
traveled to China, and (2) the hCoV-19/South African/KRISP-EC-
K005321/2020 (lineage B.1.351), which was isolated from a patient
in South Africa.

2.1. Viral stocks and cultures

SARS-CoV-2 was obtained through BEI Resources, NIAID, NIH:
SARS-Related Coronavirus 2 lineage A, Isolate USA-WA1/2020, NR-
52281 and SARS-Related Coronavirus 2 lineage B.1.351, Isolate
hCoV-19/South Africa/KRISP-EC-K005321/2020, NR-54008,
contributed by Alex Sigal and Tulio de Oliveira. Virus was propa-
gated in confluent monolayers of Vero E6 cells (ATCC CRL-1586)
cultured in Dulbecco's Modified Eagle Medium (DMEM) contain-
ing 5% FBS at 37 �C under 5% CO2. Following passage and viral
amplification in Vero E6 cells aliquots were stored at �80 �C.

2.2. Anti-viral testing

Vero E6 cells were plated out in 96 well tissue culture plates at a
cell density of 2.0 x 104 cells per well in a 100 ml volume the day
prior to infection with SARS-CoV-2. Nine mm punches of the test
fabrics were cut from sheets or masks and placed into the wells of a
separate 96 or 48 well tissue culture plates; test fabrics included
those coatedwith Goldshield and those not coatedwith Goldshield.
Additionally, separate wells were coated with 10 ml of the Gold-
shield solutions and left to dry. Viral stocks of the USA-WA1/2020
variant were diluted in PBS to 1.0 x 106 PFU/ml and 100 ml of
these viral solutions were pipetted onto the test materials in the 96
well plates or in the case of 48 well plates 250 ml of a 4.0 x 105 PFU/
ml viral solution in PBS was used. For the experiments with the
B.1.351 variant in 48 well tissue culture plates, 250 ml of a 2.0 x
104 PFU/ml solution in PBS was used. Less virions of the B.1.351
variant were used because of limited viral stocks available. Forty-
eight well plates were used in later experiments to accommodate
the thicker more rigid mask materials used. The virus solutions
were left on the fabrics for various lengths of time out to 24 h in a
37 �C CO2 incubator. After interacting with the test materials, 10 ml
of the USA-WA1/2020 virus solutions or 20 ml of the South African
virus solutions were pipetted from the test material wells onto the
Vero E6 cells in 96 well tissue culture plates; prior to adding the
virus solutions to the Vero cells the old cell culture media was
removed and replaced with 200 ml of fresh cell culture media. The
entire portion of the virus inoculum was not carried over to the
Vero cells from the test materials because of absorption of these
solutions by the test materials. Controls included uninfected cells
and mock infected cells with 10,000e4000 PFUs SARS-CoV-2 USA-
WA1/2020 variant or in the case of the B.1.351 variant 400 PFUs;
10,000 PFUs was used during the earlier materials testing done in
96 well plates and 4000 PFUs with the later materials testing in 48
well plates with the USA-WA1/2020 virus. These PFUs represent
the maximum PFUs that could be transferred over to the Vero cells
if no inactivation of virus had occurred during the materials testing
phase and would ensure prolific development of CPE based on
previous work were as little as 50 PFUs resulted in complete CPE of
3

Vero cell monolayers over a 3-day period (data not shown). Two
hours after applying the virus, the media with virus was removed
from the Vero E6 cells and the cells werewashed oncewith PBS and
then 200 ml of DMEM with 10% FBS and 100 units/ml penicillin and
streptomycin was added. The Vero E6 cells were maintained at
37 �C and 5% CO2 for 3e4 days for viral cytopathic effects (CPE) to
develop. When CPE was evident, viral cytotoxicity was measured
through an LDH cytotoxicity assay following the manufacturer's
recommended protocol (CyQUANTTM LDH Cytotoxicity Assay,
Invitrogen). Viral activity was calculated using the formula: % viral
cytotoxicity¼ [(test material LDH activitye uninfected control LDH
activity)/(mock infected control LDH activity e uninfected control
LDH activity)]*100. Representative images were taken with a
bright-field microscope.

Additional testing including high temperature storage
mimicking, where the test materials were held at 50 �C for 48 h
prior to exposing these materials to virus. With the remaining
testing proceeded as described above. To test whether these ma-
terials could inactivate repeated applications of virus, test materials
were exposed to virus for 24 h, and then this virus was removed
and tested for inactivation. Additional virus was then placed onto
these materials for another 24 h and tested for inactivation. This
cycle of virus application and testing occurred three times. Testing
of inactivation followed the above protocol using CyQUANTTM LDH
Cytotoxicity Assay.

2.3. Microscopy

Vero E6 cells were plated at 100,000 cells per well in a 24 well
plate containing coverslips and infected with virus incubated with
each test material, as described for the anti-viral testing. After in-
cubation, they were fixed in 4% PFA. Once fixed, they were washed
twice with PBS and incubated in a blocking buffer of 10 mg/ml
donkey gammaglobulin for an hour at room temperature. The
target of the antibody used was a mouse monoclonal against the
spike glycoprotein of the Urbani strain of SARS-CoV. Primary anti-
body staining was performed by diluting anti-SARs-CoV-2 (BEI)
1:200 in a buffer of BSA and saponin for an hour at room temper-
ature and then washed three times in PBS. Secondary antibodies
directed against primary host species (Jackson ImmunoResearch)
were incubated with coverslips for an additional hour incubation at
a 1:200 dilution in the BSA/saponin buffer. Polymerized actin was
detected by staining with Alexa 660 fluorophore conjugated phal-
loidin (Invitrogen) at a 1/100 dilution. Nuclei were stained using
5 mg/ml DAPI. Secondary antibody and additional stains were then
removed via washing with PBS three times, after which the cov-
erslips were mounted to a slide using a mountant. Coverslips were
imaged using inverted confocal Olympus Fluoview 2000 with 60�
apochromatic objective with final image preparation with ImageJ
(NIH Image).

2.4. Mammalian cell cytotoxicity

A549 cells were plated out in 96 well tissue culture plates at a
cell density of 2.0 x 104 cells per well in a 100 ml volume the day
prior to exposure to media incubated with the test materials. Nine
mm punches of the test fabrics were cut from sheets or masks and
placed into the wells of a separate 48 well tissue culture plates; test
fabrics included those coated with Goldshield and those not coated
with Goldshield. Additionally, separate wells were coated with
10 ml of the Goldshield solutions and left to dry. 500 mL of 2% FBS
DMEM was added to each well with a test material and incubated
overnight at 37 �C. The next day, the media on the cells was
removed and replaced with media incubated with the test mate-
rials and incubated for 24 h at 37 �C. Cellular cytotoxicity was
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measured through an LDH cytotoxicity assay following the manu-
facturer's recommended protocol (CyQUANTTM LDH Cytotoxicity
Assay, Invitrogen). Percent cytotoxicity was calculated by dividing
the sample readout by the average of the readings for the
maximum LDH output, and multiplying by 100.
2.5. Gas Chromatography e mass spectrometry (GCMS)

GCMS analysis was performed using an Agilent 6890 Gas
Chromatograph equipped with 7673 Mass selective detector. The
Goldshield sample was dissolved in methanol diluted 100 mg to
5 mL. The column was an Rxi-5MS from Restek. The temperature
profile was 50 �C for 10 min followed by 10 �C per min ramp to the
final 320 �C temperature and kept at that temperature for 30 min.
The inlet temperature was 340 �C, the MS transfer line was 320 �C.
The flow was held at 1 ml per min with a 10/1 split ratio. The in-
jection volumewas 1 ml. The GCMS data for the Goldshield solution
is reported in Fig. 1d. Since the Goldshield is a salt and not volatile,
it will not chromatograph as a single peak. Only couple of fragment
peaks are visible. The Fig. 1d chromatographic profile shows two
fragmented peaks that are consistent with the known structure
(Fig. 1).
Fig. 2. Inactivation of SARS-CoV-2 by GS75 coated materials. (A) Schematic of experimenta
virus and subsequently given an antiviral assessment using Vero E6 tissue culture cells. Mas
virus in phosphate buffered saline (PBS) for various durations and were tested for inactivatio
the cell culture media. Viral activity was calculated using the formula % viral cytotoxicity ¼
LDH activity e uninfected control LDH activity)]*100. (B) Inactivation of SARS-CoV-2 USA/W
CoV-2 (South African/KRISP-EC-K005321/2020) by various materials and GS75 coating comb
variance with Dunnett's comparison of means between test materials and virus (no materi
0.001). (D) Fluorescence confocal laser scanning microscopy images of Vero E6 cells exposed
period by materials coated with GS75. Blue: DAPI-tained nuclei. Magenta: Phalloidin-staine
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2.6. Fourier Transform Infrared (FTIR) spectroscopy

FTIR was collected over the range 4000 to 600 cm�1 to confirm
the composition of the Goldshield solution. The measurements
were conducted on a Bruker Tensor 27 instrument equipped with a
Hyperion 1000 microscope. The sample was smeared onto a low E
(emissivity) microscope slide and allowed to evaporate to dryness.
A thin film was leveled out until a good signal, generally 0 to 1
absorbance unit could be collected. A reflectance spectrum in
absorbance was obtained on the instrument. The FTIR spectra for
the Goldshield solution is shown in Fig. 1e.

2.7. Inductively coupled plasma optical emission spectroscopy (ICP-
OES)

ICP-OES analysis was performed on the Goldshield solution and
it confirmed the presence of 1mol of silicon (Si) present permole of
Goldshield solution.

2.8. Scanning Electron Microscopy (SEM)

SEMwas used to determine themicrostructure of both uncoated
and GS75 coated N-95 polypropylene fabrics and the images were
l plan for combinations of materials tested, in which the materials are exposed to the
ks and materials, both uncoated and coated with Goldshield GS75, were exposed to the
n by infecting Vero E6 cells and measuring viral cytopathic effects via LDH release into
[(test material LDH activity e uninfected control LDH activity)/(mock infected control
A1 strain by various materials and GS75 coating combinations. (C) Inactivation of SARS-
inations. Values represent the means ± the standard error of mean. One-way analysis of
als). Statistical significance from untreated viral samples is indicated. (*P < 0.01, **P <
to SARS-CoV-2 (South African/KRISP-EC-K005321/2020) following a 24 h inactivation
d actin. Red: anti-SARS-CoV-2 antibody. Scale represents 20 mm.
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obtained in a Carl Zeiss Merlin instrument operating at 1 kV. Energy
Dispersive X-Ray Spectroscopy (EDS) elemental mapping images
have been acquired for both samples with a system from Bruker
Nano Gmbh using a XFlash detector 5030.
3. Results and discussion

Initial testing of the SP (Cummins) material that makes up the
outer material of N95masks with the USA-WA1/2020 virus showed
that the material on its own in the absence of GS75 resulted in
prolific Vero E6 cell CPEs, indicating that material has little impact
on inactivating this virus (Fig. S1). In the case of SP material coated
with the GS75 product, it was observed that a double coating
resulted in better virus inactivation. With a double GS75 coating, a
complete lack of Vero E6 cell CPEs was observed after a 6 h expo-
sure of the virus to the material, indicating complete inactivation of
the applied virus. In contrast, the virus needed a 12 h exposure to
the single-coated material for complete inactivation and resultant
absence of Vero E6 cell CPEs.

The GS75 product in the absence of material coating as a control
step indicated viral inactivation with 6 h of exposure to the virus. A
black cotton cloth mask with a single GS75 coating resulted in
incomplete viral inactivation in 2 h of exposure and complete viral
inactivation in 6 h (An uncoatedmaskwas not tested in conjunction
with these tests.)

Further testing with the USA-WA1/2020 virus, this time using
N95 masks coated with the GS75 product, indicated viral inacti-
vation (Fig. 2B). An uncoated N95 mask showed a significant
decrease in viral CPEs following 24 h of exposure to the virus; the
coated N95masks (single- and double-coated) resulted in complete
inhibition of viral CPEs following 24 h of exposure to the virus. Both
Fig. 3. Pretreatment of coated materials at elevated temperature. (A) Experimental design sc
were cooled and exposed to SARS-CoV-2 for 24 h at 37 �C. (B) Viral inactivation was quantifi
the cell culture media. Viral activity was calculated using the formula % viral cytotoxicity ¼
LDH activity e uninfected control LDH activity)]*100. Values represent the means ± the S
materials and virus (no materials), **p < 0.001. (C) Representative brightfield microscopy ima
for 24 h). 3: N95 (uncoated). 4: N95 (double-coated with GS75). 5: Cloth mask (double-coat
GS75 coated well (10 ml).
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masks also showed significant reductions in viral CPEs following
6 h of exposure to the virus. When applied to a double-coated black
cloth mask, GS75 was observed to completely inactivate the virus
with 24 h of exposure to the virus, and lesser degrees of viral
inactivation with 2 and 6 h of exposure to the virus.
Immunofluorescent-stained cover slips with Vero E6 cells having
been exposed to the virus showed the absence of the virus when
GS75-coatedmaterials after exposure times of 6 and 24 h; virus was
observed in all treatments with a 2 h exposure (Fig. S2). Ample
virus was visualized when the materials used lacked GS75 coating.
We observed similar results when this testing technique was
applied to the B.1.351 lineage virus (Fig. 2C). The uncoated N95
mask resulted in a viral CPE consistent with the virus control in
Vero E6 cells. Complete inactivation of the virus was observed with
6 and 12 h of exposure to the double-coated N95 mask. We
observed similar results with a double-coated cloth mask. Immu-
nofluorescent staining showed an absence of virus within the Vero
E6 cells when GS75-coated materials were used to inactivate the
virus with a 24 h exposure time (Fig. 2D).

The Exxon material used as the internal filter of N95 masks
showed antiviral activity when coated with GS75 (Fig. S3). Un-
coated Exxon material, like the uncoated N95 material, resulted in
substantial viral CPEs in Vero E6 cells regardless of exposure time.
We observed a significant decrease in Vero E6 cell CPEs with 6 h of
viral exposure and an absence of CPEs after 24 h of exposure to
Exxonmaterial that was triple-coated with the GS75 product. A 2-h
exposure of the USA-WA1/2020 virus to double coated Exxon ma-
terial resulted in a 2.74 TCID50 log reduction, which corresponds to
a 99.8% inactivation of this virus; however, no further reduction in
viral inactivation was noted with a 6-h exposure to the treated
materials (S4).
hematic for evaluating stability of materials held at 50 �C for 48 h prior to use. Materials
ed by infecting Vero E6 cells and measuring viral cytopathic effects via LDH release into
[(test material LDH activity e uninfected control LDH activity)/(mock infected control
EM. One-way analysis of variance with Dunnett's comparison of means between test
ges show the presence or absence of viral CPEs. 1: No virus. 2: Virus (maintained in PBS
ed with GS75). 6: SP material (uncoated). 7: SP material (double-coated with GS75). 8:



Fig. 4. (A) Schematic of repeated exposure of coated masks and materials to fresh virus and subsequent antiviral testing. Repeated use of materials against continued exposure to
fresh virus were evaluated for CPE induction with Vero E6 cells and measuring viral cytopathic effects via LDH release into the cell culture media. Material was exposed to fresh virus
in 24 h cycles. Viral activity was calculated using the formula % viral cytotoxicity ¼ [(test material LDH activity e uninfected control LDH activity)/(mock infected control LDH
activity e uninfected control LDH activity)]*100. (B) SARS-CoV-2 (USA-WA1/2020). (C) SARS-CoV-2 (hCoV-19/South African/KRISP-EC-K005321/2020). Values represent the
means ± the SEM. One-way analysis of variance with Dunnett's comparison of means between test materials and virus (no materials), **P � 0.001.
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The same methods were used to test the ability of the GS75
coating to retain its antiviral activity following high-temperature
storage (which could occur during shipping). The materials were
held at 50 �C for 48 h and then tested for the ability to inactivate
SARS-CoV-2 (USA-WA1/2020) (Fig. 3). The double-coated N95
mask, cloth mask, and SP material were all observed to retain
antiviral activity following the high-temperature storage. LDH
cytotoxicity results showed levels comparable to the uninfected
control for the double-coated N95 mask, the double-coated cloth
mask, the double-coated SP material, and GS75 well coating
(Fig. 3B). Microscopic observation showed CPEs only in the mate-
rials lacking GS75 coating (Fig. 3C).

Having a material that can inactivate SARS-CoV-2 continuously
would be highly desirable. To test these materials under repeated
conditions, fresh virus (USA-WA1/2020) was added to thematerials
every 24 h, and Vero E6 cells and the CyQUANT LDH assay were
used to test for inactivation (Fig. 4A). As expected, the uncoated
N95 mask and SP material had a minimal impact of viral activity
when tested on the Vero E6 cells. An N95mask, a cotton clothmask,
and SP material were double-coated with GS75 and exposed to the
USA-WA1/2020 virus were observed to inactivate all virus cycled
over 3 days. We observed similar results when we repeated the
experiment with the B.1.351 lineage virus (Fig. 4B). The double-
coated N95 mask and double-coated SP material were observed
to inactivate the virus over three consecutive applications.
6

Safety is always a concernwhen a chemical may come in contact
with skin. To test the safety of the GS75 product, testmaterials were
incubated in cell culture media for 24 h, and then the media were
applied to A549 cells, and cytotoxicity was measured with the
CyQUANT LDH cytotoxicity assay (Fig. S5). SEM images of both
uncoated and double coated N95 polypropylene fabrics with EDS
elemental mapping data is presented in Figs. S6 and S7. Materials
tested for cytotoxicity in mammalian cell lines were the uncoated
and double-coated N95 masks, a double-coated cotton cloth mask,
uncoated and double-coated SP material, and the GS75 solution.
The only one found to elicit cytotoxicity was the double-coated
cloth mask. Unfortunately, an uncoated cloth mask was not tested
in parallel, but it would seem from the results that it would be a
material or chemical unique to the cloth mask that is causing this
cytotoxicity and not the GS75 coating because none of the other
materials coated with GS75 elicited a cytotoxic response.
4. Conclusion

In this study, we have demonstrated that GS75 coating onmasks
made from a variety of materials can safely inactivate SARS-CoV-2.
The GS75 coating maintains its antiviral properties when stored at
50 �C, and the coated masks will continuously inactivate virus over
a 3-day period. These results show that using GS75 to coat masks,
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as well as potentially other fabrics/materials, adds to our arsenal in
combating the SARS-CoV-2 pandemic.
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