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Assessment of COVID-19 virucidal activity of 3D layered structure with
copper-base Copperline face mask of LSK FINETEX
JOHN HWA Lee, DVM, PhD

College of Veterinary Medicine, Jeonbuk National University, South Korea

COVID-19 is caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a beta-coronavirus, similar to severe acute respiratory syndrome coronavirus
(SARS CoV). The pandemic of COVID-19 is growing, and a shortage of masks and
respirators has been reported globally. Prevention of infection with airborne pathogens
(viruses, bacteria) can be facilitated through the use of disposable face masks.
Development of a biocidal mask (and in general, all protective personal equipment (PPE))
capable of rendering the pathogens that come into contact with them non-infectious, may
significantly reduce pathogen transmission and contamination of the wearers themselves
and the environment. Copper has potent biocidal properties. For example, copper
inactivates bacteriophages [1], bronchitis virus [2], poliovirus [3], herpes simplex virus
[4], human immunodeficiency virus (HIV) and influenza viruses [5,6]. In the present study,
we will evaluate the anti-corona biocidal properties of copper that have incorporated into
the fabric of the mask acts as a barrier to the transmission of COVID-19 coronavirus.

Methodology
Virus and cells

Vero EB cells were obtained from the American Type Culture Collection (ATCC CRL-1586)
and maintained at 37°C with 5% CO:in Dulbecco's modified Eagle’s medium (DMEM),
supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 1x antibiotic-
antimycotic solution (Gibco). SARS-CoV-2 (BetaCoV/Korea/KCDC 03/2020) was provided
by the Korea Centers for Disease Control and Prevention (KCDC) and was propagated in
Vero EB cells. All experiments using SARS-CoV-2 were performed at Chonbuk National
University Zoonotic Center, using enhanced biosafety level 3 (BSL3) containment procedures
in laboratories approved for use by the KCDC.
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Cytopathic effects (CPE)

5 x 10* cells/well Vero E6 cells were seeded into 12-well plates in 10% DMEM growth
medium and cultured overnight at 37°C in 5% COz. Before the experiment mask materiais
were autoclaved and dried. Then face mask materials will be placed on a new 12 well
plate tissue culture plate.

For the viral infections, plates were transferred into the BSL3 containment facility and the
membranes will be incubated with SARS-CoV2 at different time points (30min, 1hr, and
2hr) with a multiplicity of infection (moi) of 0.1, (Pfu/mi = 10,000/mi).
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Calculation of infection dose (0.1 moi);

moi; multiplicity of infection

Virus titer of the original stock: 1x10%/ml

Cell number : 1 x 10° cells/well

Pfu/ml = 0.7x virus titer

=0.7x 1x108
= 700,000/ml
. S e L
moi of original virus stock = Call nisnbar
,
= 700,000/1 % 305
=7moi, - "/

Media of plates containing calfs Wil be removed and washed with 1X PBS meantime
after each incubation time, membranes will be washed with 500ul of DMEM and added
to the cell culture plates accordingly. Then the cell culture plates will be incubated at 37°C
in 5% CO2 incubator for 1 hour.

After 1 hour incubation infection media was removed and 1ml of DMEM containing 2%
FBS was added and cultured at 37°C in 5% CO2 incubator for 3 days. After 3 day of
post-infection the cytopathic effects (CPE) were observed under light microscopy.
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Immunofluorescence assay (IFA)

To more intuitively observe the antiviral effect of copper on SARS-CoV2, we
performed an immunofluorescence assay. The monolayer of Vero E6 cells infected with
0.1 moi of SARS-CoV2 was exposed to different copper percentages and then fixed in
80% cold acetone for 30 min. Next, the cells were washed 3 times with PBS containing.
Then, the primary antibody (SARS-CoV2 S protein, Sino Biological) diluted at a ratio of
1:1000 with 5% BSA was added, and the cells were incubated overnight at 4°C. The
supernatant was discarded, the cells were washed 3 times with PBS, and 1:5000 diluted
FITC-labelled Alexa fluor anti-rabbit secondary antibody was added to the cells in the
dark and incubated at 37 °C for 1 h. The fluorescence was observed under an inverted
Leica fluorescence microscope (Leica, Germany).

Quantitative Real-Time PCR \

Virus-containing supemaler'uts"'ﬁrere collected from the cells infected with virus
(0.1 moi) with SARS CoV2 at 30min, 1 hour, and 2 hours post-infection. Total RNA was
isolated using viral takara Viral DNA/RNA Extraction Kit and used for cDNA synthesis
using elpis Reverse transcriptase (elpis Biotech, Daejeon, Korea) according to the
manufacturer's instruction. Real-time PCR using applied biosystems (Massachusetts,
USA) was performed by subjecting the reaction mixtures to initial denaturation at 94°C
for 3 min, followed by 40 cycles of 94°C for 20 sec, 54°C for 20 sec, and 72°C for 30 sec.
The primer sequences specific for the Nucleocapsid gene of the SARS CoV2 virus are
used for PCR (forward CACATTGGCACCCGCAATC,  reverse
GAGGAACGAGAAGAGGCTTG).
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Results
Cytopathic Effect (CPE) Assay

M.O: media only, V.O: virus only

The mask materials with different copper percentages were screened for their antiviral
activities by using CPE inhibition assay. Vero E6 cells were infected at 0.1moi (10,000
pfu/ml) and incubated for 30min, 1 hour, and 2 hours. As shown in figure mask with
different copper percentages showed significant inhibition of the cytopathic effect induced
by the SARS-CoV2.

Non infected VERO EB cell monolayer after 72 hours, showed no CPE. Mask material
with 0% of copper was inactive against SARS-CoV2 at each different infection time points.
After 30 min of infection, the 3D textured with copper-base mask materials with 22%
of copper had nearly 100% and the 49% and 60% of copper coated general mask
materials had approximately 80% of inhibitory effect against SARS-CoV2. After 1
hour and 2 hours of infection, compared to each other no compound appeared to be
significantly superior in activity to another among the copper percentages tested.
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Immunofluorescence Assay

MO V.0 0.1 mod % 0.1 mail 22% 0.1 mod A% 0.1 mal % 0.1 maid

M.O: media only, V.0: virus only

To study the inhibitory impati of copper on the expression of SARS-CoV2 virus S
protein on the Vero-E6 cells surface, an indirect immunofluorescence assay (IFA) was
performed including both negative and positive controls.

According to the results, a substantial decrease in fluorescence emission intensity in
SARS CoV2-infected cells treated with different copper percentages of 22, 49, and 60
compared to an intense green fluorescence signal that was observed 0% copper
treatment group. There was almost no fluorescence signal at cells treated with the 3D

textured with copper-base mask materials with 22% of copper to that of the control

group
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Quantitative real time RT-PCR (qRT-PCR)

10930min B mvo
& 0% copper
B+ =3 22% copper
10+ (1D 49% copper
6 £57 60% copper
N
44 { :
2-
0- 0 i

“PS0.05 P s'ﬂcﬁi;)‘{ £50.001
V.0: virus only, P: p-value o /

To evaluate the antiviral effects of different percentages of copper on SARS-CoV2,
we examined RNA levels of SARS-CoV2 in Vero E6 celis after incubation SARS-CoV2

on different percentages of copper-based mask materials.

After 30 mins of infection, in the presence of 22%, 49%, and 60% copper, the SARS-
CoV2 RNA replication levels were reduced by 2.8 (64.4%),1.4 (35.9%), and 2.2 (55.6%)-
fold, respectively. Furthermore, after Thour of post-infection the mRNA levels were
reduced by 6.8 (92.8%), 2.8 (76.8%), and 2.7 (75.96%) fold in 22%, 49%, and 60% copper
treated cells. A more pronounced decline in the relative expression of the SARS-CoV2 N
gene was found when the virus was incubated for 2 hours by 5.6 (90.5%), 3.4 (80.8%)
and 4.2 (85.3%) folds respectively.

Conclusion

A variety of respiratory pathogenic agents such as influenza, SARS-CoV, MERS-
CoV have been exposed to a variety of copper forms in several cultivating media (MDCK,
Vero, etc.) having similar results and same conclusion: Copper is capable to inhibit,
inactivate, reduce and irreversibly destroy coronavirus, influenza virus, and other
pathogenic agents. A recent study has evaluated and compared SARS-CoV-1 and SARS-

7
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CoV-2 stability and decay rates in copper, no viable virus was observed after 8 hours and
after 4 hours of SARS-CoV-1 and SARS-CoV-2 respectively.

The described data appears to support the use of copper in different percentages to
actively inactivate SARS-CoV2 viruses and it seems to be effective, limiting
environmental contamination and a low-cost strategy in reducing transmission of
infectious diseases such as the SARS-CoV. It appears that superoxide and hydroxyl
radical generation may be important in the inactivation of coronaviruses on copper but
that inactivation is primarily due to the direct effect of copper ions. However, the described
data support the incorporation of copper in different percentages (22%, 49%, and 60%)
increases cell viability by reducing the viral load. The Vero E6 cells treated with copper
percentages of 22%, 49%, and 60% showet cell activity greater than 80%, which was
similar to that previously reported for the cyt icity of soluble copper [7]. After treatment
with different concentrations of mpn{_r__.: t; viral titer and RNA expression levels of SARS-
CoV2 in cells were significantly reduced from those in the control cells.

Interestingly, the 3D textured with copper-base mask materials with 22% of
copper had a higher capacity to readily kill the virions that remain in the mask. The reason
for this major significance may be due to its increased surface area, and hence improve
their microbicidal action via the interaction of copper ions with the virions that are
entrapped in the mask or that come into contact with the surface of the copper
impregnated outer surfaces of the masks.

Nevertheless, more research would be beneficial to support its usage of copper along
with effective formulation against Coronaviruses.
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