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Abstract

Airborne infectious diseases have been a major world-
wide concern for many years. The sudden and fast
spread of the severe acute respiratory syndrome 2
(SARS-Cov-2), causing the coronavirus disease 2019
(COVID-19) in a pandemic form, has intensified the ne-
cessity of constant environmental disinfection. Among
the possible technologies that can be used for air disin-
fection, there is ultraviolet germicidal irradiation (UVGI).
The main mechanism involved in UVC inactivation of
microorganisms such as viruses, bacteria, protozoa,
fungi, yeasts, and others is mainly due to its capacity to
promote dimerization of pyrimidine, disturbing the mi-
croorganism’s DNA replication and transcription, there-
fore leading to cell death. The aim of this study was to
validate the efficacy of a new UVC disinfection system
to deactivate microorganisms such as viruses (includ-
ing coronavirus), in different environmental conditions.
The device was effective in the neutralization of air-
borne particles containing coronavirus genus samples,
presenting > 99.99% of inactivation rate in an aerosol-
ization test, simulating the real conditions in which this
virus is most transmitted in different environments.
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1. Introduction

Airborne infectious diseases have been a major world-
wide concern for many years. Several microbial air-
borne infections can be created, either in seasonal or
in pandemic forms, such as influenza, tuberculosis, and
most recently coronavirus infections, representing a
growing challenge to global public health™. When an
infected person coughs, sneezes, or even talks, many
particles are thrown in the air through small droplets
(also called aerosols), and these particles can remain in
the air for a long period or fall on the ground or other
surfaces, carrying a high load of contaminated parti-
cles that can easily go to another person, elevating the
risk of an airborne disease'“.

The sudden and fast spread of the severe acute respira-
tory syndrome 2 (SARS-CoV-2), causing the coronavirus
disease 2019 (COVID-19) in a pandemic form, and sev-
eral studies showing that the virus can be viable for a
long period on different surfaces and in the air¢, has in-
tensified the necessity of constant environmental disin-
fection. Especially indoor, different air disinfection sys-
tems can be used to neutralize potentially pathogenic
particles?’. Among the possible technologies that can
be used for air disinfection, there is ultraviolet germi-
cidal irradiation (UVGI)Z.

The usage of UVC light on the inactivation of microor-
ganisms has been well studied and settled in the past
few years?91°,
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The main mechanism involved in UVC inactivation of
microorganisms such as viruses, bacteria, protozoa,
fungi, yeasts, and others is mainly due to its capacity to
promote dimerization of pyrimidine, disturbing the mi-
croorganism’s DNA replication and transcription, there-
fore leading to cell death®". For this reason, the usage of
UVC light disinfection systems has grown inside health-
care establishments, where there is a high circulation
of contaminated particles, in an attempt to reduce the
transmission of diseases, including COVID-19.

Previous studies and reports have shown the efficacy of
UVC light (207-254nm) as germicidal agents in different
conditions™3, even though there is still concern about
the risk of human exposure to certain levels of radia-
tion, with the possibility of hazard to skin and eyes’2.

To reduce the risk of conventional hazards attributed
to UVC lights, a new device has been introduced in the
global market (UVGI-80 Air Sterilizer, FagronlLab, Ger-
many). The device operates with five double high inten-
sity germicidal lamps, with a wavelength of 254nm, but,
differently from comparative devices, the lamps are en-
closed in the core of the device, avoiding human expo-
sure to the radiation. The UVGI-80 (Figure 1) promotes
air circulation through a double inlet system, that drags
the air with a constant airflow of 800m?/h, directing
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particles and droplets directly to the lamps. After this
process, the air is returned to the environment through
a frontal outlet, and no radiation leakage is observed
from the device™.

Even though previous studies have shown the efficacy
of the UVC light against different microorganisms, there
is poor data on this disinfection technology when it
comes to SARS-CoV-27. Thus, the aim of this study was
to evaluate the efficacy of the UVGI-80 Air Sterilizer to
deactivate microorganisms such as viruses (including
coronavirus), in different environmental conditions.

2. Materials and Methods

2.1. Equipment

The tested device was the UVGI-80 Air Sterilizer,
equipped with five double high-intensity UVC lamps (A=
254nm), each lamp with 35W potency. The lamps are
ozone-free (<0.1mg/m3), with less than 5uw/cm? of UV
leakage. The airflow capacity is of 800m?/h, and there
are no extra filters inside the device.

The UVGI-80 Air Sterilizer operates according to inter-
national standards (ISO 15858:2016).
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Figure 1. (A) UVGI-80 front side picture; (B) UVGI-80 front side and airflow scheme.
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2.2. Preliminary Virucidal Test

To analyze the efficacy of the UVGI-80 against coro-
navirus, a preliminary test was performed. Swabs with
Letheen broth were contaminated with synthetic SARS-
CoV-2 model (Bio-Rad, Brazil), and placed in three dif-
ferent positions inside the chamber of the device, pro-
viding different points of contact with the UVC light.

The exposure times to be analyzed were defined to
be 2 seconds, 7 seconds, and 10 seconds. After UVC
treatment, the RNA was extracted and samples were
analyzed by qualitative detection (presence/absence)
by using the technique of Polymerase Chain Reaction
(PCR) or Real-time Polymerase Chain Reaction (RT-PCR),
(Bio-Rad, Brazil). Tests were performed in triplicate for
each time.

2.3. Virucidal Test

After conducting the preliminary test, a validation test
was performed to evaluate the efficacy of the UVGI-80
against coronavirus in aerosols™.

The test was performed in a virology laboratory, bio-
safety level 2, with the room temperature defined at
22°C +1°C. Incubation temperature was defined at 37°C
+5% of CO, atmosphere. The incubation period was de-
fined as 48 hours.

The tested virus sample was a coronavirus model MHV-
3 (mouse hepatitis strain 3), genus betacoronavirus
(Unicamp, Brazil), from the same genus and family of
the species SARS-CoV, SARS-CoV-2, Middle East respi-
ratory syndrome (MERS-CoV), and others.

Cells were cultivated in 25 cm? cellular culture bot-
tles, with an initial concentration of 1.5 x 10° cells/mL
in Dulbecco Modification of Minimum Essential Media
(DMEM), Gibco®, free from antibiotics and supplement-
ed with 10% of fetal bovine serum (FBS). For the viral
propagation, samples were inoculated in cellular cul-
ture bottles, and when the monolayer presented 70%
of cytopathogenic effect (CPE), proceeded with the
monolayer scraping and vigorous agitation until the
dissolution of cellular agglomerates.

To evaluate the inactivation capacity of the device,
samples were prepared as follow:

1. Cells Preparation: 100uL of cell, diluted in DMEM
culture medium with 10% of Fetal Bovine Serum
(1.5 x 10° cells/mL). The microplates were incu-
bated at 37°C with 5% of CO, for 24 hours;

2. The device UVGI-80 was attached to an air com-
pressor to nebulize the sample (100uL) in the
air inlet. With the device operating, virus sam-
ples were dragged, and sterile Petri dishes with
DMEM culture medium were distributed in the air
outlet, to be tested afterward for the presence or
absence of the virus. Tests were made in quadru-
plicate, with four pre-defined exposure times (1,
5,10, and 15 minutes);

3. After the incubation period (48 hours), the mi-
croplates were read through optical microscopy
for the CPE and titrates were calculated using
the Spearman-Karber method';

4. Results were expressed as the percentage of vi-
ral inactivation in comparison with the non-treat-
ed viral control. Tests were validated by cytotox-
icity control, interference control, neutralization
control, and an internal pattern of formaldehyde
0.7%.

3. Results and Discussion

3.1. Preliminary Virucidal Test

The results for the preliminary test using the UVGI-80
to reduce SARS-CoV-2 contamination are presented in
Table 1. All samples presented similar behavior after the
total analysis time. In the results, it was observed that
the exposure time of 2 seconds was not enough to pro-
mote the absence of the virus. In the results of 7 and
10 seconds, it was observed partial efficacy among the
samples, with 55% and 45% of absence, respectively.
The variability in the results, since there was no appar-
ent relation with the exposure time, might be attributed
to different factors such as proximity of the samples to
the lamp; mechanical stress on the sample due to the
airflow speed; residues of virus sample trapped among
the swab fibers, avoiding the proper direct exposure to
the UVC light, among others.

An important factor to highlight is that the RT-PCR is a
qualitative test, which can lead us to believe that there
was a reduction in the viral load on the samples, but still
in detectable levels.

The germicidal effect of UVC lamps relies on their ca-
pacity to damage the DNA and RNA of microorganisms,
causing different mutations and lesions that leads to
their inactivation through the inhibition of the DNA rep-
lication™"2. To reach this germicidal effect, the microor-
ganism must be directly exposed to high levels of radi-
ation, at a low wavelength (200 to 280nm)*.
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Table 1. Results of the preliminary test with the UVGI-80, through the analysis of contaminated swabs.

Sample Exposure point

1

Pre-treatment

Time (s) Detection of Synthetic SARS-CoV-2

Presence

- Presence

Presence

Presence

2 Presence

Presence

Presence

2 Presence

Presence

Presence

2 Presence

Presence

Presence

7 Presence

Absence

Post-treatment

Absence

7 Absence

Absence

Presence

7 Absence

Presence

Presence
10 Absence
Absence

Presence
10 Absence
Presence

WIN[=2|WIN[]OIN|_,WIN|2,OIN[2]OIN|I_,OIN|_|OIN[_,lOIN,WOW|N

Presence
10 Absence

Absence

3.2. Virucidal Test

It is well known that SARS-CoV-2 is mainly an airborne
transmitted disease'. For this reason, and considering
the partial positive results obtained in the preliminary
tests, a second test was conducted through aerosoliza-
tion of coronavirus samples, to test the capacity of the
UVGI-80 to neutralize the samples in a simulation of a
real life condition, since aerosols are the most common
transmission pathway for this virus'.

The results (Table 2) were expressed in percentual of
viral inactivation, in comparison with a non-treated vi-
ral control, and showed that the device UVGI-80 was
effective as a virucidal agent to the coronavirus sample
in all tested time intervals, with more than 99.99% of
virucidal activity.

This result is even more relevant in comparison with the
virucidal control formaldehyde 0.7%, with a reduction
log of 6 (reduction percentual of 99.9999%). With the
obtained results, it is possible to suggest that the de-
vice UVGI-80 is effective to inactivate viral particles,
therefore being a great addition to reduce the spread of
viral airborne infections, including the ones caused by
coronavirus genus such as MERS-CoV, SARS-CoV, and
SARS-CoV-2 (COVID-19).
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Table 2. Results for the virucidal test with the equipment UVGI-80.

Viral Titrate* ST Vil:xc;gzhi\:::-\g;y1ag;er Infectivity Reduction Infec’;,i‘\elli’::\:e E::aulction
108% 1 4.25 4 99.99%
5 3.25 5 99.999%
10 3.25 5 99.9999%
15 3.25 5 99.9999%

* Average of 10 viral dilutions (10" to 10™) in quadruplicate.
** Average of 10 viral dilutions (10" to 10'°) in quadruplicate.

4. Conclusions

The results presented in this study showed that the UVGI-80 Air Sterilizer was effective in the neutralization of air-
borne coronavirus samples, with > 99.99% of inactivation rate, showing that the device can play an important role
avoiding the spread of different infections, including coronavirus, as well as reducing the level of contamination of
different closed environments.
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