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The COVID-19 pandemic had profound economic and social effects across the globe. The present study evaluated
the virus attenuation efficacy of an environmental decontamination system named photon-mediated electron
emitter (PMEE) on aerosolized and surface-associated coronavirus. The intensity of hyper-charged photoelec-
trons emitted by the PMEE were measured over distances of 1-5 m using a photon-detection mapping device. The
antiviral efficacy of the PMEE was tested against mouse hepatitis virus (MHV-1) ATCC/VR261. For aerosolised
studies, the MHV-1 was aerosolized using an electronic diffuser in an enclosed booth. Virus particles were
exposed to PMEE for 10 and 15 min. For surface studies, viruses were dried on steel and laminate surfaces and
then exposed to the PMEE from distances of 1 and 5-meters. The antiviral potential of the PMEE was evaluated by
culturing MHV-1 in A9 ATCC/CCL 1.4 cells using a plaque assay. PMEE emission strength ranged from 1.44 to
1.86V inside the booth and 0.83-1.86V outside. The average size of the generated aerosol particles was
3.0 £ 0.3 um. After 10 min exposure, the virucidal effects against particles of 2.1 um, 1.1 ym, and 0.65 um pore
sizes were 74.5+11.1%, 79 +4.9%, and 96 + 1.4 % respectively. On surfaces, a 1-minute exposure at 1 m
resulted in a 60 + 0.5 % reduction on steel and 43 + 2.7 % on laminate. The PMEE-based system effectively
reduced the infectivity of MHV-1 both in aerosols and on surfaces, demonstrating strong potential for environ-
mental decontamination applications.

patients (Park and Bhandari, 2023). Severe acute respiratory syndrome
(SARS-CoV-2), which causes COVID-19 is the seventh documented

1. Introduction

The coronavirus disease 2019 (COVID —19) pandemic has resulted in
countless cases, millions of deaths and significant economic and social
impacts (Mofijur et al., 2021, Organization, 2021, Yasir et al., 2025).
Although the World Health Organization (WHO) declared COVID-19 no
longer a global health emergency on May 5, 2023 (Organization, 2023),
current and future SARS-CoV-2 variants of concern remain a significant
health risk for both immunocompromised populations (Dewolf et al.,
2022) and patients who are prone to develop long-COVID
(Domenech-Montoliu et al., 2023). Studies have suggested that there
is significantly lower vaccine response in some immunocompromised
groups despite additional booster doses, and hence there are needs for
augmented or alternative protection against the SARS-CoV-2 for these

coronavirus to infect humans both through aerosol transmission (World
Health, 2020), and via contaminated surfaces by touching, followed by
touching the mouth, nose or eyes (Harvey et al., 2021).

A previous atomistic simulation study suggested that electric fields of
easily achievable and moderate strengths can dramatically destabilise
the SARS-CoV-2 spike (S) protein, inducing long lasting structural
damage to S proteins of both wild type and mutants seen in variants of
concerns (Arbeitman et al., 2021). The structural damage to S protein
prevented docking of the S protein to ACE2 receptors and should prevent
the entry of the virion into airways cells. MHV-1 (mouse hepatitis virus
type 1) is considered an accepted surrogate of SARS-CoV-2 for manu-
facturers wishing to make specific claims for efficacy against COVID-19.
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MHV-1 is an enveloped single strand RNA virus with similar structural
properties as SARS-COV-2 that has been shown to produce SARS-like
pulmonary disease in BALB/cJ mice.(De Albuquerque et al., 2006).

The present proof-of-concept study aimed to determine the virus
attenuation efficacy and dose-response relationship of an environmental
decontamination system with a photon-mediated electron emitter
(PMEE) on both surface-associated and aerosolized coronavirus. The
device consists of a wall-mounted system that emits a dense ~300 m>
large cloud of low-energy hyper-charged photoelectrons. Based on
physicochemical principles, it is hypothesized that these non-ionizing
photoelectrons generate nano-electric fields when they hit aerosolized
or surface-associated virion particles, destabilizing the S protein. As the
PMEE system does not produce any harmful ozone and complies to all
applicable international regulatory standards relating to electrical
safety, electromagnetic interference (EMI) and electromagnetic safety
(EMC) (Suresh and Kumar, 2020), this novel type of environmental
decontamination technology has potentially wide applications for in-
door healthcare/industrial/commercial or domestic environments.

The present study aimed to determine the dose-response relationship
between signal intensity, distance and time of exposure to low-energy
hyper-charged photoelectrons and their ability to attenuate aerosol
and surface-associated MHV-1 coronavirus from infecting cells.

2. Materials and methods
2.1. Viruses and cell lines

Mouse hepatitis virus strain 1 (MHV-1) ATCC/VR261 stocks were
prepared prior to testing by growing MHV in A9 ATCC/CCL 1.4 cells in
Dulbecco’s Minimum Essential Medium (DMEM) containing 10 % fetal
bovine serum (FBS; Thermo Fisher) and antibiotics (streptomycin sul-
phate and penicillin G) at 37 °C in a humidified incubator with 5 % CO».
Cytopathic effects were visually evident after 3-4 days, and viruses were
then harvested by centrifugation (2000 xg for 20 min), aliquoted in
1.5 ml centrifuge tubes and stored at —80 °C. Aliquots were then used in
subsequent experiments. The titres of MHV were determined by plaque
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assay (Yasir et al., 2022).

2.2. PMEE containing device

The PMEE containing device ViRaTonPowered ByShycocan (1,5 qq]
SHCC-915, Scalene Cybernetics Limited, Bangalore, India) was tested
for its virus attenuation efficacy against Murine Hepatitis Virus strain 1
(MHV-1) ATCC/VR261.

2.3. Signal strength testing

The strength of the hyper-charged photoelectrons emitted by the
PMEE over distances of 1-5 m were recorded using a custom-made high-
sensitivity photon-detection mapping device (Scalene Cybernetics
Limited, Bangalore, India) connected to a digital oscilloscope (Fig. 1)

2.4. Antiviral activity

2.4.1. As aerosols

Aliquots of the viruses (120 ml; at various concentrations of 1.2 x
10* PFU/ml to 1.2 x 107 PFU/ml) were aerosolized using an electronic
diffuser through a nebulizer with a flow rate of 2 ml/min for 1, 10 and
15 mins inside enclosed booths with effective volumes of either 2.88 or
5.76 m° as described before (Khan et al., 2022). After 1, 10 and 15 min,
or left without exposure for the same distance and time points (un-ex-
posed controls), the airflow was stopped to cease aerosol generation,
and MHV-1 aerosols were collected onto glass plates containing 2 %
agar using vacuum pump attached to a 6-stage Anderson impactor that
was run for a further one minute. The virucidal effect over different
distances was determined. Similarly, virucidal efficacy of the PMEE
technology at 1, 1.5 and 5-meter distances with the PMEE system placed
outside the enclosed booth was also tested.

Subsequently, the agar plates were flooded with 1.5 ml of DMEM and
the MHV-1 particles scrapped from the agar surface with a sterile
spatula. The viral particles were then diluted ten-fold in DMEM and
quantified by plaque assay (Yasir et al., 2022). Briefly, 50 uL of each
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Fig. 1. Demonstration of measurement of hyper-charged photoelectrons emitted by the PMEE with digital oscilloscope and aerosolization of viruses over distances of

1 m in the tent.
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diluent was inoculated into the wells of 24-well plates containing mouse
A9 cells that had reached approximately 80-90 % confluency. Then
plates were incubated for 1 h at 37 oC in the presence of 5 % (v/v) COy
atmosphere. The plates were gently shaken two to three times every
15 min for even distribution of the viruses over A9 cells. After the 1 h
incubation, an overlay media containing a 50:50 mix of 2 % (w/v) agar
(Sigma-Aldrich, Castle Hill, NSW, Australia) and DMEM was added to
each well and further incubated for 72 h. Following incubation, the cells
were fixed with 4 % (v/v) formaldehyde (Sigma-Aldrich) for 30 mins at
room temperature, followed by the aspiration of formaldehyde solution
and agar overlay removal. Cell monolayers were stained with 1 % (w/v)
crystal violet (Sigma-Aldrich) for 5 mins at room temperature and the
number of plaques produced were counted.

2.4.2. On surfaces

Inocula (100 pL) of MHV-1 of between 4.5 x 10* PFU/ml and
1.0 x 10° PFU/ml were allowed to dry onto steel and laminate surfaces
for up to 30 mins. The surfaces were then exposed to the hyper-charged
photoelectrons emitted by the PMEE device at distances of 1-5 m, for 1
or 5 mins. After exposure to PMEE device, virus was recovered by
placing the surfaces into 50 ml centrifuge tubes containing Dulbecco’s
Modified Eagle Medium (DMEM; Thermo Fisher Scientific) and glass
beads (0.5 pm) and vortexing for 3-5 mins. The surface inoculated with
the MHV-1 but not exposed to the action of PMEE were used as control.
The effect of hyper-charged photoelectrons emitted by the PMEE system
on the viability of virus particles was assessed by quantifying the viruses
using plaque assay as described above.

2.5. Statistical analysis

Statistical analyses were performed using GraphPad Prism 8.0.2
software (GraphPad Software, La Jolla, CA, USA). The comparison on
the virucidal activity of the PMEE system on different virus aerosols sizes
to control conditions was made using a paired t test and between
aerosols sizes were analysed using one way ANOVA with Brown Forsyth
test, while effectiveness of device from outside the booth at different
distances was determined using ordinary ANOVA setting statistical
significance at p < 0.05.

3. Results
3.1. Number of aerosolised viruses inside the booths
Maximum estimated aerosol concentrations inside the different sized

booths was calculated based on booth volume, aerosolization time and
first-order aerosol fall-out kinetics with an estimated aerosol half-life of

Table 1
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14 min (Table 1) (Stadnytskyi et al., 2020). The average number of
MHV-1 aerosols in a booth with a volume of 2.88 m® were 7.6 x 10°
after 10 min of aerosolization and 1.0 x 10° after 15 min. Similarly, in a
booth with a volume of 5.76 m? , the concentration of MHV aerosols was
4.7 x 10* PFU.m ™ following 1 min of aerosolization (Table 1).

3.2. Efficacy of ViRaTon™S on MHV-1 attenuation inside booth at 1 and
1.5-meter distance

The aerosols generated by the diffuser measured on average 3.0
=+ 0.3 um. Most of the viral particles travelled in aerosols of 2.1-0.65
(Table 2). There were no viral particles detected in aerosols ranging
from 7 to 3.3 um (Table 2).

Overall, the PMEE device demonstrated strong antiviral effects at
1 m distance, reducing overall viral infectivity by 84 +12.2%
(p = 0.002). The virucidal effect for the 2.1 ym, 1.1 ym, and 0.65 ym
pore sizes was 74.5+11.1 % (p=0.011), 79 +4.9 % (p = 0.002)
respectively, and 96 + 1.4 % (p =0.008) (p = 0.01; Table 2). The
antiviral effect in the reduction of virus between different aerosols sizes
21pm vs 1.1 ym (p =0.885), 2.1 ym vs 0.65 um (p = 0.551) and
1.1 pm vs 0.65 pm (p = 0.551) was not significant.

At 1.5 m distance, the device reduced the overall viral infectivity by
84 + 8.7 %. As the distance increased, the signal strength of the PMEE
device dropped slightly, to 1.44 V after 15 min of aerosolization.
Following 15 min of exposure, the virucidal effect on 2.1 pm and 1.1 pm
aerosols was 78 + 3 % (p = 0.025) and 86 + 2 % (p = 0.011) respec-
tively. A complete reduction (99.99 %; p = 0.003) was observed in the
0.65 pm aerosols compared to the controls exposed for 15 min. There
was no difference in the antiviral effect between different aerosols sizes
2.1 ym and 1.1 pm (p = 0.080) but there was for 2.1 ym vs. 0.65 ym
(p = 0.005) and 1.1 pm vs. 0.65 pm (p = 0.018).

3.3. Efficacy of the PMEE device on MHV-1 attenuation outside booth at
1- and 5-meters distance

The PMEE device was placed outside the booth at distance of 1 m
while virus was aerosolized inside the booth. Table 3 shows that the
average reduction in viral numbers at 1 m distance was 77 + 22.3 %
(p = 0.018) after 10 min of exposure. At 5 meters outside the booth, the
viral numbers reduced by 61 + 1.4 %. At a viral concentration of
1.2 x 104 PFU/ml, the PMEE device produced 99.99 % reduction in the
number of infective virions at 5 m distance. At a viral concentration of
1.2 x 105 PFU/ml, the PMEE device reduced viral numbers to 96
+ 5.9 %. At a higher viral concentration of 1.2 x 107 PFU/ml, the PMEE
device resulted in 63 &+ 1.6 % reduction in the number of infective vi-
rions. A comparison of the reduction in viral numbers when the device

The average number of MHV-1 aerosols measured in a booth with a volume of 2.88 m® and 5.76 m>.

Experiment Effective PMEE PMEE Signal MHV-1 viral concentration Aerosolization Booth Maximum estimated aerosolized MHV-
Distance strength medium time volume 1 concentration
(m) 4% (PFU/ml) (min) (m3) (PFU.m™3)
Al (PMEE- 1 1.86 1.2E+ 05 10 2.88 7.6E+ 05
inside)
A2 (PMEE- 1 1.86 1.2E+ 05 10 2.88 7.6E+ 05
outside)
A3 (PMEE- 1.5 1.44 1.2E+ 05 15 2.88 1.0E+ 06
inside)
B (PMEE- 5 0.83 1.2E+ 05 10 2.88 7.6E+ 05
outside)
C (PMEE- 5 0.83 1.2E+ 04 1 5.76 4.7E+ 03
outside)
D (PMEE- 5 0.83 1.2E+ 05 1 5.76 4.7E+ 04
outside)
E (PMEE- 5 0.83 1.2E+ 06 1 5.76 4.7E+ 05
outside)
F (PMEE- 5 0.83 1.2E+ 07 1 5.76 4.7E+ 06

outside)
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Table 2

Overall reduction in viability of MHV-1 following exposure to ViRaTon"2S
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at 1 and 1.5 distances.

Distance (M) Aerosolisation time (min) Exposure time (min) Average reduction p-value Signal Strength (V) Virus Concentration
10 10 84+122% 0.002 1.86 1.2 x 105 PFU/ml
1.5 15 15 84 +8.7% < 0.001 1.44 1.2 x 105 PFU/ml
Table 3

Effectiveness of the PMEE device from outside the booth keeping at 1 and 5 m distance using different concentration of viral inoculum.

Distance (M) Aerosolisation time (min) Exposure time (min) Average reduction p-value Signal Strength (V) Virus Concentration
1 10 10 77 £22.3% 0.018 1.86 1.2 x 105 PFU/ml
5 10 10 61 +1.4% 0.001 0.83 1.2 x 105 PFU/ml
5 1 5 100 + 0.0 % 0.001 0.83 1.2 x 104 PFU/ml
5 1 5 96 +£5.9 % 0.001 0.83 1.2 x 105 PFU/ml
5 1 10 70 £ 0.7 % 0.001 0.83 1.2 x 106 PFU/ml
5 1 5 63 +£1.6% 0.001 0.83 1.2 x 107 PFU/ml

was placed at 1 m either inside or outside of the booth, inducted that
there was no significant (p = 0.600) in the reduction of viability of virus.

3.4. Efficacy of the PMEE device on MHV-1 attenuation for steel and
laminate surfaces

The PMEE device showed antiviral effect against MHV-1 on both
steel and laminate surfaces. Following 1 min’s exposure at 1 m distance,
the PMEE system reduced MHV-1 numbers by 60 + 0.5 % on steel and
43 + 2.7 % on laminate surfaces (Fig. 2a). The virucidal activity of the
PMEE device increased with increased exposure time. Following expo-
sure for 5 min, ViRaTon"®S reduced the infectivity of the viruses by 77
+ 1.8 % and 67 £ 2 % on steel and laminate respectively (Fig. 2b)

Besides viral concentration, the distance and exposure time varied.
The study shows a clear virucidal dose-response relationship between
PMEE signal intensity, exposure time and virion concentrations. In order
to graphically visualize a virucidal dose-response relationship between
exposure time, distance and estimated MHV-1 aerosol concentration, a
correlation matrix was generated in GraphPad Prism10 using a multiple
regression model (Fig. 3).

The regression analysis revealed that virucidal efficacy dropped with
both increasing virion load and increasing distance. However, from an
environmental decontamination perspective it is important to note that
even at an effective 5 m distance from the enclosed booth (and without
any interference of airflow from the device’s internal fan as the device
was placed outside the booth), a brief 5 min exposure to hyper-charged
photo-electrons generated by a single PMEE unit attenuated at least

1 min PMEE exposure at 1 meter distance
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80 % of aerosolized coronavirus.
4. Discussion

The current study investigated the virucidal efficacy of a novel
PMEE-based environmental disinfection technology against a corona-
virus when aerosolised in the air or dried on to surfaces. The findings
demonstrate that within a time window of 5-15 min, a single wall-
mounted PMEE decontamination unit decontaminated the air and sur-
faces from MHV-1 by more than 80 % and 60 % respectively.

SARS-CoV-2 virus can spread from an infected person via their
breath, sneezing, coughing or speaking (World Health, 2020, Yasir et al.,
2025) and may even spread through the oral route at a dinner table, in
particular when meals and drinks are shared. (Saulnier et al., 2023).
Transmission of SARs-CoV-2 via aerosols can happen, particularly in
relatively confined settings with poor ventilation and long duration
exposure to high concentrations of aerosols. (Onakpoya et al., 2021).

In order to capture sufficient amounts of virion particles within a
short period of time, viruses were aerosolized at supraphysiological
concentrations and were found within aerosols measuring 0.65-2.1
micron. Airborne SARS-CoV-2 concentrations have been measured in
different hospital locations ranging from 1 to 42 copies m ™~ depending
on the location and conditions of sampling(Liu et al., 2020). The esti-
mated aerosol particle concentration inside the booths were between a
thousand and a million times higher than measured around COVID-19
patients actively shedding virus. Therefore, the reductions of 80 %
found in the current study may translate to large reductions in infective

5 min PMEE exposure at 1 meter distance
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Fig. 2. Reduction in numbers of viable MHV-1 on different surfaces after PMEE exposure for 1 min (2a) and for 5 min (2b).
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Virucidal Efficacy of ViRaTonP8S
against coronaviruses as function of
distance, exposure time & viral load
(correlation matrix)
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Fig. 3. Correlation matrix of PMEE-based virucidal efficacy and dose-response relationship of ViRaTonPBS against estimated aerosolized MHV-1.

viral particles within hospital settings. Based on total room surface area
and number of required PMEE systems, the combination of multiple
strategically positioned ViRaTon'®S systems may provide high-level
protection against viral transmission across the whole room. Consist-
ing of a wall-mounted (speaker size) system, its general virucidal
working mechanism operates at the speed of light and prevents the
coronavirus (and any mutations) from binding to the ACE2 receptor and
infecting the airways.

Previous experimental studies have shown that SARS-CoV-2 can
survive on various metals, glass plastic and latex surfaces for hours to
days (Aboubakr et al., 2021). The efficacy of the PMEE system on hard
surfaces increased with increased exposure time. Exposure for 1 min
with the ViRaTon™® at 1 m distance from the virion-coated surfaces
reduced viral growth by 60-43 %, while 5 min exposure reduced viral
growth by up to 76 % and 65 % on steel and laminate surfaces respec-
tively. Whereas exposures for 10-15mins at 1-1.5-meter distance
reduced the numbers of infectious virions by up to 84 %. Although more
work is required to determine optimal distance and exposure times for
achieving 100 % attenuation of MHV-1 virions that have landed on steel
or laminate surface, in a real-life setting where the PMEE system is used,
this would be less of an issue as the coronavirus particles would be
spread through aerosols and be attenuated before landing onto a surface
(Van Doremalen et al., 2020).

The system has been tested for its safety, complying with all inter-
national regulatory standards relating to electrical safety such as elec-
tromagnetic interference (EMI) and electromagnetic safety (EMC). In
comparison with HEPA filter-based systems that require airflow-based
virion capture, the ViRaTon™®S system effectively deactivates aero-
solized and surface-based virion particles up to at least 5 m distance as
demonstrated in the current study. Importantly, the PMEE technology
works without the production of toxic substances such as ozone or

ultraviolet (UV)-C light. In contrast to UV-C or ozone based environ-
mental decontamination systems, it may be that the ViRaTon"®® system
can be safely operated with people in the room and provide constant 24/
7 protection. Furthermore, additional cell viability and cytotoxicity
studies on Vero (African green monkey kidney epithelial) cells and
human alveolar basal epithelial cells respectivley showed that the ViR-
aTonPBS system is non-toxic to human or mammalian cells (Safety Re-
ports and Data are available on the manufacturer’s/distributor’s
webpage (https://muvi-uv.com/viraton-photoelectron-technology-rese
arch-and-applications/)).

As the current study demonstrated the PMEE system can deactivate
both aerosolized and surface-based virions (Fig. 4), the ViRaTon"®8
system has the possibility of being widely used in real-life indoor settings
with high virus transmission risk, such as hospitals, health care centres,
dental surgeries, child and aged care facilities, theatres, restaurants,
public transportation systems and other spaces where social distancing
is impossible. The device is not designed for patient’s treatment;
therefore, this is considered an excluded good in Australia under the
Therapeutic Goods (Excluded Goods) Determination 2018, schedule 1,
item 12 — sanitation, environmental control and environmental detoxi-
fication equipment.

5. Conclusion

In conclusion, the virucidal efficacy of ViRaTon"®® depends on the
time of exposure and distance between the source of contamination and
ViRaTon"®® as well as the number of viral droplets. For a given viral
concentration, increasing the exposure time and decreasing distance
between ViRaTon"® and source of contamination can increase its
efficacy.
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Fig. 4. A schematic representation of the overall experimental design used in this study.
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