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ARTICLE INFO ABSTRACT

Keywords: Ultraviolet (UV) light can inactivate SARS-CoV-2. However, the practicality of UV light is limited by the
SARS-CoV-2 carcinogenic potential of mercury vapor-based UV lamps. Recent advances in the development of krypton
Bil'clfemon chlorine (KrCl) excimer lamps hold promise, as these emit a shorter peak wavelength (222 nm), which is highly

absorbed by the skin’s stratum corneum and can filter out higher wavelengths. In this sense, UV 222 nm irra-
diation for the inactivation of virus particles in the air and surfaces is a potentially safer option as a germicidal
technology. However, these same physical properties make it harder to reach microbes present in complex so-
lutions, such as saliva, a critical source of SARS-CoV-2 transmission. We provide the first evaluation for using a
commercial filtered KrCl excimer light source to inactivate SARS-CoV-2 in saliva spread on a surface. A con-
ventional germicidal lamp (UV 254 nm) was also evaluated under the same condition. Using plaque-forming
units (PFU) and Median Tissue Culture Infectious Dose (TCIDsy) per milliliter we found that 99.99% viral
clearance (LDgg.99) was obtained with 106.3 mJ/cm? of UV 222 nm for virus in DMEM and 2417 mJ/cm? for
virus in saliva. Additionally, our results showed that the UV 254 nm had a greater capacity to inactivate the virus
in both vehicles. Effective (after discounting light absorption) LDgg 99 of UV 222 nm on the virus in saliva was
~30 times higher than the value obtained with virus in saline solution (PBS), we speculated that saliva might be
protecting the virus from surface irradiation in ways other than just by intensity attenuation of UV 222 nm. Due
to differences between UV 222/254 nm capacities to interact and be absorbed by molecules in complex solutions,
a higher dose of 222 nm will be necessary to reduce viral load in surfaces with contaminated saliva.

222 nm
Krypton chlorine lamp

1. Introduction mouth, and nose) with virus-containing droplets of saliva and sputum
circulating in the air from a contaminated individual [3]. As COVID-19

SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) is a evolves, the body’s inflammatory response to the virus can dangerously
respiratory virus responsible for the coronavirus disease 2019 (COVID- harm the neurological, cardiac, gastrointestinal, and respiratory systems
19) pandemic [1,2]. SARS-CoV-2 infects humans mainly through the [4], with a wide variety of symptoms, such as fever, cough, dyspnea,
contact of a healthy person’s mucous membranes (e.g., lungs, eyes, nausea, and anosmia [4]. By the time this article was prepared, almost
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half a billion people were infected by the virus worldwide, with more
than six million deaths associated with COVID-19 [5].

Although there has been significant progress in the development of
vaccines and small molecule inhibitors, there is no cure for the disease,
and there is much to be learned about the virus and COVID-19 [6-9].
Many antivirals, antibodies, and other drugs have been tested via clin-
ical trials, but only a few drugs have been approved by the FDA [10,11].
Moreover, due to the inadequate global distribution of approved drugs
and vaccines, variants of concern can frequently appear [12,13]. In this
sense, the continuous development of effective preventive methods,
such as UV irradiation for the inactivation of virus particles in the air and
surfaces, becomes vital.

UV radiation represents electromagnetic radiation with a wave-
length from 100 to 400 nm. The UV spectra are commonly subdivided
into UV-A (315-400 nm), UV-B (280-315 nm), and UV-C (100-280 nm);
further technical subcategories of UV-C exist. Radiation-based disin-
fection methods rely on the already well-known germicide effect of UV-
C light, as it can be applied to the inactivation of bacteria, bacterial
spores, fungi, viruses (including coronavirus), and protists from the skin,
object surfaces, water, and air [14-16]. UV inactivation is controlled by
wavelength and total exposure (commonly referred to as UV dose).
Germicidal efficacy varies with UV-C wavelength and depends on the
targeted microbe or virus. Although the germicidal action varies even
among microorganism species, a common feature is a local peak in the
260-270 nm region, where UV-C induces nucleic acid breakdown,
resulting in the inactivation of the pathogen. The discovery of this
process, coupled with readily available mercury vapor-based UV lamps,
led to the popularity of upper-room ultraviolet germicidal irradiation
(UVGI) systems (emitting predominantly at 254 nm), which can be
found in heating and ventilation systems and air conditioning equip-
ment, all of which are often used in hospitals and other public spaces
[17-20]. Although widespread, human exposure to mercury
vapor-based UVGI systems should be restricted since they harm the
corneal cells of the eyes and the outermost layer of skin cells, potentially
causing cancer.

Wavelengths below 230 nm are generally highly effective for inac-
tivation due to the absorbance of photons by both nucleic acids and
proteins. Interestingly, however, due to its physical properties, UV light
below 230 nm barely penetrates human tissues at a level similar to that
of 254 nm wavelength, and it is often recommended as a potentially
safer option as a germicidal technology [21]. Filtered KrCl excimer
lamps emitting primarily at 222 nm are commercially available and
have been reported to display comparable effective dose to 254 nm
lamps regarding the inactivation of SARS-CoV-2 when either
surface-dried or diluted in liquid [22-24]. However, while target path-
ogens can readily absorb this shorter UV-C wavelength, surrounding
media can also readily attenuate this radiation, resulting in a higher
irradiation dose. It is important to note that airborne viral pathogens are
often contained within saliva and aerosol droplets, which also contain
relatively high concentrations of unrelated proteins and other macro-
molecules. These compounds may limit the penetration of far UV-C ra-
diation into human fluids relevant to SARS-CoV-2 transmission and may
influence the delivery of photons to the target pathogens [25]. The ef-
fects of absorbance by natural human saliva proteins (and other con-
stituents) are understood qualitatively. However, the direct comparison
between the dose received by a solution with the target element and the
effective dose (the dose able to inactivate the target after light absor-
bance through the liquid column) of UV 222 nm and 254 nm when
SARS-CoV-2 is diluted in this vehicle remains elusive. We demonstrate
that human saliva significantly attenuates the effects of UV 222 nm light,
and a much higher dose of 222 nm light than of 254 nm light is required
to achieve the same LD percentage. These results raise concerns about
the practical use of this type of radiation for environmental disinfection.
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2. Materials and methods
2.1. UV-C devices

Two test apparatuses were designed, optimized, fabricated, and
calibrated to enable accurate and controlled UV-C (at 254 nm or 222
nm) treatment of test samples. The top chamber contained the UV-C
light source, the electronic driver, and a chronometer to control the
exposure times of the samples to the light. Samples were treated in the
bottom chamber using UV-C light generated with a low-pressure mer-
cury lamp 8 W HNS (Osram), generating a peak wavelength at 254 nm,
or a 15 W Care222 B1 illuminator KrCl excimer lamp with a filtering
system for wavelengths > 240 nm (Ushio). The irradiance levels for the
lamps inside the treatment chamber were measured using calibrated UV-
C sensor systems, HD2302.0 Delta OHM with detector LP 471 UV-C (260
nm) or UIT2400 Handheld Light Meter 222 nm radiometer, which
provided irradiance patterns and levels from which optimal treatment
locations could be derived. Additionally, the irradiation spectrum of the
KrCl excimer lamp was measured using the spectrometer QEPro (Ocean
Insights) from 200-950 nm with a 400 pm optical fiber XSR-UV-Vis
(Ocean Insights). Data were acquired using Ocean View software in
triplicate and are presented as the average of the three spectra (with
standard deviation) collected by analysis.

2.2. Virus irradiance assays

The viral strain HIAE-02 SARS-CoV-2/SP02/human/2020/BRA
(GenBank accession number: MT126808.1) was initially isolated from
the first COVID-19 patient from Brazil and was kindly provided by Dr.
Edison Durigon from USP-Sao Paulo. Viruses were propagated in Vero
CCL8L1 cells cultivated in Dulbecco’s modified Eagle’s medium (DMEM;
Cultilab, Campinas, Brazil) for 36-48 h and clarified by centrifugation.
Virus titer was defined by PFU/mL in a biosafety level 3 laboratory
(BSL3) laboratory. The confirmation of the identity of the virus and copy
number determination were performed using RT-qPCR as described
below. For the UV absorption studies utilizing human saliva, we
collected and pooled 1 mL of saliva samples from 8 volunteers according
to the principles of the Declaration of Helsinki previously approved by
the ethics committees Centro Universitario de Paulinia - UNIFACP (CAAE:
46338521.3.0000.0123). DMEM and dermal cell basal medium (ATCC)
were also used.

The virus stock had a concentration of 2x10% PFU/mL or 4x10°
PFU/mL and was diluted in 1 mL of PBS 1X, DMEM, or natural human
saliva from donors to a final concentration of 2x10° PFU/mL. The assays
were performed in a 35 mm dishes. The human saliva was previously
centrifuged at 805 x g for 10 min at 4°C before dilution to decrease
viscosity. All irradiation experiments with SARS-CoV-2 were performed
in a BSL3.

2.3. TCIDsp/mL determination assay

Vero CCL18 cells were plated in DMEM containing 10% fetal bovine
serum (FBS) and 1% penicillin and streptomycin in 96-well plates at 10*
cells per well. After incubation for 24 h at 37°C and 5% CO3 to promote
adhesion of the cells, the plate was taken to the BSL3 laboratory for
infection with inactivated SARS-CoV-2 or was left untreated followed by
treatment with UV-C 222 nm or 254 nm at different doses. Infection was
performed in triplicate, starting with an initial MOI of 1, followed by
three serial dilutions with a dilution factor of 10. Next, the cells were
incubated with the virus (or only medium as a negative control) in
DMEM without serum and antibiotics for 1 h at 37°C. After this period,
the supernatant was removed, and fresh DMEM containing serum and
antibiotics was added, followed by incubation for 48 h at 37°C and 5%
COo. Next, the cells were stained with 2 pM Hoechst-33342 (Invitrogen),
followed by 4% methanol-free formaldehyde fixation. Data were
collected with an Operetta plate reader microscope (PerkinElmer), and
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the analysis was performed with Columbus 2.4 software (PerkinElmer).
To quantify the cytopathic effect (CPE) induced by SARS-CoV-2, images
of all fields in the well were acquired, and the number and area of nuclei
stained with Hoechst-33342 per well were determined. CPE was defined
as the number of dead cells (total number of cells in nonirradiated
control subtracted from the total number of cells in the irradiated con-
dition) added to the number of sick cells (cells with condensed nuclei).
To define the viral titer, the Sun method [26], modified by Karber by
incorporating the Bliss weighting method [27], was used to calculate the
median lethal dose. This methodology gives the 99% infection dose (ID)
value as:

logIDgg = log(dilution that giver higher CPE) — log(dilution factor)x
(3" Infection rate for each dilution0.99)

The method used provides values identical to those of Spearman-
Karber but with the presentation of a 95% confidence interval (CI)
through the calculation of the standard error (SE), as follows:

p(1—p)

SE(logIDgy) — log(dilution factor) x Z ,
n

where p is the infection rate at a given dilution and n is the number of
test units per dilution. TCID5p/mL is the reciprocal value of ID50. A
spreadsheet provided by Lei et al. [28] was used in this work. By
applying the Poisson distribution, the TCIDso/mL was multiplied by 0.7
to predict the PFU/ml.

2.4. PFU/mL determination assay

Vero CCL18 cells were plated in DMEM containing 10 % FBS and 1 %
penicillin and streptomycin in 24-well plates at 10* cells per well. After
24 h at 37°C and 5 % CO», the plate was taken to the BSL3 laboratory for
infection with inactivated SARS-CoV-2 or lack of treatment followed by
UV-C 222 nm or 254 nm treatment as described above. Infection was
performed in triplicate, starting with an initial MOI of 1, followed by five
serial dilutions with a dilution factor of 10. Cells were incubated with
the virus (or only medium as a negative control) in serum-free DMEM
and without antibiotics for 1 h at 37°C. After this period, the supernatant
was removed, and 1 % CMC semisolid medium (1 % carboxymethyl-
cellulose in DMEM) containing serum and antibiotics was added. Cells
were incubated for 72 h at 37°C and 5 % COx, for viral replication. The
medium was discarded, and the cells were fixed in 8% methanol-free
formaldehyde and stained with 1% methylene blue. Lysis plaques
formed by the virus were counted, corrected for the dilution factor, and
expressed as PFU (plaque-forming units) per mL, defined by the
following formula:

VT =PN x (1/VD) x (1/V)

VT = virus titer

PN = plaque number (at a chosen dilution)

VD = virus dilution chosen to count the plaques
V= inoculated volume

2.5. Lethal dose (LD) calculation

All assays were performed in two or three independent experiments,
each performed in three technical replicates. First, the surviving fraction
(surviving fraction, S) of the virus was calculated by dividing the titer
number at each UV dose (Titeryydose) by the titer at dose zero (Titer-
Control), Namely, S = Titeryydose/Titercontrol- Then, a 1-phase exponential
fitting using the [S] value and UV doses (D, mJ/cm?) was performed
using GraphPad Prism. Using this approach, virus survival [S] was
described by the equation:

Y= Yoe('k*X) where Y =S, X = dose, Y is the value when X = 0, and k
is the decay factor (inactivation rate) of the curve. The adjustment was
performed considering that the curve plateaued at O (curve touches the
X-axis for S = 0). The LDgg g9 or UV dose that inactivated 99.99 % of the
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virus was calculated as:

LDgg.99 = (1/k) x (In(Y(/1-0.999))

The following equation was used to calculate the effective dose (De):

De = D x (1-e7 4P ¥ 2303 x ) / Apg) - x 2.303 x h) x DF x PDF where
Absicn is the absorption value at a 1 cm path length, h is the liquid
column in the assay, DF is the divergence factor as in [29], and PDF is
the Petri dish factor as in a previous study [29].

2.6. RT-qPCR

An RNA/DNA shield (Zymo) was added to protect the viral RNA, and
then lysis buffer (Zymo) was added to lyse cells and viral particles,
releasing the genetic material of the virus. Using the manufacturer’s
recommendations, RNA extraction was performed with the Quick-RNA
Viral Kit (Zymo). Quantification of SARS-CoV-2 RNA was performed
according to the one-step RT-qPCR protocol of a previous report [30]
using primers and probes for the virus gene E (forward primer: 5'- ACA
GGT ACG TTA ATA GTT AAT AGC GT-3/, reverse primer: 5-ATA TTG
CAG CAG TAC GCA CAC A-3/, probe: 5'-6FAM-ACA CTA GCC ATC CTT
ACT GCG CTT CG- QSY-3'). The reactions were performed in a final
volume of 12 pL, with 3 pL of TagMan fast virus 1-step master mix
(Applied Biosystems), 800 nM of the primers (Exxtend), 400 nm of the
probe (Thermo Fischer), and 6 pL of the sample diluted 100-fold in
RNAse-free ultrapure water. The reaction cycle was performed using
StepOne 7500 RT-PCR equipment (Applied Biosystems) and consisted
of 1 cycle at 25°C for 10 min and 1 cycle at 95°C for 2 min followed by 45
cycles at 95°C for 5 s and 60°C for 30 s. Samples were analyzed in
duplicate, and the wells containing water in place of samples were
assessed as negative reaction controls. The copy number was obtained
from a standard curve performed with different known concentrations of
the SARS-CoV-2 E gene cloned into the pGEM vector and corrected for
the dilution factor. The original E gene template was kindly provided by
Dr. Marcio Chaim Bajgelman (CNPEM, Brazil) (data not published).

3. Results
3.1. UV-C irradiation device

We built a UV-nontransparent acrylic box with the Care222 Filtered
Far UV-C Excimer Lamp 12 W B1 module (Ushio) (Fig. 1A) to perform
the virus irradiation experiment. We also built a second similar device to
perform control assays with a regular UV 254 nm low-pressure mercury
lamp (data not shown). The box contained a mobile platform adjusted
for the sample to receive the appropriate irradiation intensity (mW/
cm?). In addition, a chronometer was connected to the device to control
the irradiation time to obtain the planned irradiation dose (mJ/cmz).
First, we characterized the irradiation spectrum of both lamps by using a
luminometer, confirming the emission peak at the desired wavelengths
(222 nm in Fig. 1B, data not shown for UV 254 nm). Notably, it was
confirmed that Care222 did not have significant emission above 222 nm,
precisely above 240 nm up to 400 nm, with the peak at ~222 nm cor-
responding to 98% of the total emission in this range.

Additionally, we used suitable radiometers to measure the irradiance
intensity at marked areas on the platform. The diameter of the probes
used in each radiometer was equivalent to that of the petri dish (35 mm)
used in the assays, so the obtained value was an integration of the
equivalent area (222 nm in Fig. 1C, data not shown for UV 254 nm). The
measured irradiation intensity at different distances from the lamp was
fitted in a first-order exponential equation (Fig. 1D).

3.2. Lethal dose of UV-C radiation at 222/254 nm for 99.99 % SARS-
CoV-2 inactivation in different liquid vehicles

To obtain the lethal dose of UV-C at 222 nm and 254 nm required to
inactivate 99.99% of SARS-CoV-2 in solution (LDgg 99), the viral stock
was serially diluted in cell culture media (DMEM), phosphate buffered
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Fig. 1. UV device built for the assays. (A) UV device built for 222 nm irradiation assays with the features described. (B) Light emission spectra of the KrCl excimer
lamp; inset showing the intensity between 240-400 nm. (C) Irradiation intensity distribution along the seven 35 mm petri dish positions used for the assay, at 7.5 cm
from the bottom of the lamp; each circle delineates the circumference of the dish. (D) Irradiation intensity variation as a function of the distance from the lamp at the

central position is shown in (C).

saline (PBS), or pooled donor-derived human saliva and irradiated at the
desired UV doses. The nonirradiated virus was used as the negative
control. The virucide effect of UV-C was evaluated by two methodolo-
gies (Fig. 2A), plaque-forming unit (PFU) and median tissue culture
infectious dose (TCIDsp), and the viral titer was given as PFU/mL and
TCIDso/mL. The virus incubation induced the death of Vero cells and
morphological alterations in the nuclei, mainly condensation (Fig. 2B).
This information was used to measure the cytopathic effect. Viral titers
were used to calculate the surviving fraction (S), defined as the irradi-
ated virus’s viral titer divided by the nonirradiated virus’s viral titer
(NI). S values were plotted against the irradiation dose values, and a 1-
phase exponential adjustment (setting the plateau at 0) was performed.
The exponential equation obtained was used to calculate the LDgg g9
values of UV radiation at 254 nm and 222 nm based on the values of k
(inactivation rate) and YO (S when X (dose) = 0) obtained. The decay
rate k and LDgg g9 for each condition are displayed in Table 1. LDgg g9
values are presented in Table 2. To account for UV absorption by the
vehicle used in the assay, we measured this value for the different so-
lutions (Fig. 2C), and we used it to calculate the effective irradiation
dose.

4. Discussion
In this study, we used two methodologies (TCID50/mL and PFU/mL)

for calculating the infective viral titer of SARS-CoV-2 to determine the
radiation exposure dose (mJ, /cmz) of UV 254 nm and UV 222 nm, which

led to a 99.99% loss of infective capacity of virus diluted in liquid cul-
ture medium, in PBS, and human saliva. Using the PFU/mL values as a
reference, we discovered that the LDgg 99 values for UV 254 nm and UV
222 nm were 8.8 mJ/cm? and 106.3 mJ/cm?, respectively, for SARS-
CoV-2 diluted in DMEM. However, when the virus was diluted in
human saliva, a dose of 2417.7 mJ/cm? at 222 nm was necessary for
99.99% inactivation of the virus, while only 10.4 mJ/cm? of UV 254 nm
was required for the same effect. Curiously, it was recently published
that saliva inactivate viruses from the Coronaviridae family (as HCoV-
0C43) [31]. Applying absorption correction factors for the culture me-
dium and saliva [32,33], the calculated effective LDgg g9 of 222 nm was
9.3 mJ/cm? and 318.4 mJ/cm? SARS-CoV-2 when diluted in DMEM or
saliva, respectively. Accordingly, in PBS, which has negligible absorp-
tion at 222 nm, only 5.9 mJ/cm? UV 222 nm was required for 99.99 %
viral clearance. Since the effective LDgg g9 of UV 222 nm on virus diluted
in saliva was approximately thirty times higher than the values obtained
for the virus diluted in PBS, we speculated that components of the saliva
might be protecting the virus from irradiation, probably in ways other
than just by attenuating the UV 222 nm intensity. A recent work using
artificial saliva and the Feline Infectious Peritonitis Virus showed no
interference of the vehicle with UV 222 nm action, which may be
explained by the composition of the artificial solution [34].

It was reported that the low concentrations observed in low
contamination environments (multiplicity of infection, MOI = 0.05), the
mean concentration found in sputum from COVID-19 patients (MOI =
5), and the concentration found in the sputum of terminally ill COVID-
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Fig. 2. Scheme of the experimental approach used and vehicle UV absorption. (A) In step 1, the viral solution distributed in a 35 mm petri dish was irradiated
with the UV 222 or 254 nm lamp or was untreated for the appropriate times. In step 2, the irradiated solution was serially diluted. Then, serial dilutions were
inoculated into a 96-well (up to 10~>) or 24-well (up to 107>) plate in Vero cells for one hour. After this process, viral solutions were removed, and the cells were
incubated for the indicated times (step 3). Cells were evaluated by microscopy or visually inspected (step 4) for detection and calculation of the cytopathic effect or
the ability to form plaques at different dilutions, respectively (step 5). (B). Representative bright-field images and Hoechst staining showing cells incubated with virus
or untreated. (C) 222 nm and 254 nm light absorption values from a 1 mm path length (liquid column equivalent to the one obtained with 1 ml in a 35 mm petri dish)
were measured for the different vehicles used for virus dilution: PBS 1X, DMEM (Media), dermal media (Media without — w/o — phenol red), saliva and centrifuged
saliva. Virus stock (in DMEM) was mixed with saliva at different proportions (* saliva/media 10/1 v/v; ** saliva/media 20/1 v/v).

19 patients (MOI = 1000) require different doses of 254 nm UV radiant
exposure for viral inactivation [35]. As an example of the effect of viral
concentration on the demanded lethal dose, UV254 nm doses lower than
4 mJ/cm? lead to complete virus inactivation at MOI = 0.05. In contrast,
doses > 16.7 mJ, /cm? are required to inactivate the virus at MOI = 1000
[36]. Furthermore, it is known that the sputum of patients with
COVID-19 has, on average, 7 x 10° genomic copies/mL, with a maximum
of 2.35x10° copies/mL [37]. Since our assays were carried out in viral
solution with 2x10° PFU/mL (~1.7x10° genomic copies/mL), our
studies reveal irradiation doses for 99.99% viral annihilation at physi-
ologically relevant viral concentrations.

Based on these results and the conditions of our experimental setup
(15 cm away from a straight irradiation direction from a 15 W lamp in a
UV nontransparent chamber), we can state that exposing a viral solution
of 2x10°/mL diluted in saliva would require 6 minutes of UV 254 nm
irradiation and 25 minutes of 222 nm irradiation for 99 % viral inacti-
vation. We provide the lethal dose equation for other calculations and

the k and Yy constant values (Table 1). In addition, we provide the
equation that explains the intensity irradiation as a function of the lamp
distance (Fig. 2C-D) measured approximately 90 degrees from the center
of the lamp.

Recent work showed that doses of 1.7 and 1.2 mJ/cm? UV 222 nm
inactivated 99.9% of aerosolized alpha coronavirus HCoV-229E and
beta HCoV-OC43, respectively [38]. Another work revealed that 1 and 3
mJ/cm? 222 nm UV irradiation resulted in 88.5 and 99.7 % reductions
in viable SARS-CoV-2 (TCIDs-based). In this study, the viral solution
was allowed to dry on a surface and then was irradiated, although in-
formation about the initial vehicle of the virus was not provided [39].
Plaque infectivity assays demonstrated an effective DMEM-diluted
SARS-CoV-2 LDgg of 1.6 mJ/cm? of UV 222 nm [33]. Curiously, an
inactivation of up to 99.99 % of SARS-CoV-2 was achieved with a dose of
less than 8 mJ/cm? with the virus diluted in DMEM [40]. The value
found by Jung et al. [40] is very close to what we obtained when the
effective dose was calculated (after discounting media light absorption)
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Table 1

Values of k (inactivation rate) and Y, were obtained with irradiation with 222
nm or 254 nm lamps and two different methodologies used to calculate virus
titer. The results represent fitted values + standard deviation (SD) from 2-4
biological replicates.

Inactivation rate, k (cm?/mJ)

PFU/ml TCIDso/ml
A Vehicle k SD k SD
254 nm DMEM 1.0 0.1 0.91 0.07
Saliva 0.88 0.07 0.72 0.07
222 nm DMEM 0.087 0.009 0.05 0.01
Saliva 0.004 0.002 0.0004 0.0002
PBS 1X 1.6 0.4 1.4 0.2
Yo
PFU/ml TCID50/ml
A Vehicle Yo SD Yo SD
254 nm DMEM 1.00 0.04 1.00 0.03
Saliva 1.000 0.003 1.000 0.007
222 nm DMEM 1.00 0.03 1.0 0.1
Saliva 1.0 0.2 1.0 0.2
PBS 1X 1.0 0.1 0.99 0.08
Table 2

LDgg 99 Was obtained with the two different methodologies used for virus titer
calculation. The results are presented as the calculated values with 95% confi-
dence interval (CI) values from 2-4 biological replicates. Importantly, the
effective dose calculations considered the 222 nm and 254 nm light absorption
values.

LDgg,99 (CI 95%), mJ/cm? Effective LDgg g9 (CI 95%),

rnJ/cm2
A Vehicle PFU/mL, TCIDso-PFU/ PFU/mL, TCIDso-PFU/
95% CI mL, 95% CI 95% CI mL, 95% CI
254 DMEM 8.8 (10.4 - 10.2 (11.2 - 5.6 (6.5 - 6.4 (7.0-5.8)
nm 7.3) 9.1) 4.6)
Saliva 10.4 (11.4 - 12.8 (14.2 - 7.0 (7.7 - 8.7(9.6-7.4)
9.0) 11.0) 6.1)
222 DMEM 106.3 176.8(259.8- 9.4 (10.6 15.6 (22.9 -
nm (120.0 - 117.6) -8.1) 10.4)
92.1)
Saliva 2417 (6070 20658 (38310 277 (695 2368 (4391 —
-1127) -13183) -129) 1511)
PBS 1X 5.9 (8.2- 6.7 (8.3-5.3) 5.8(8.1- 6.5(8.1-5.2)
4.0) 3.9)

or when the virus was diluted in PBS.

In this study, we explored the effect of irradiation on SARS-CoV-2
diluted in human saliva. To the best of our knowledge, this is the first
time that the effect of natural human saliva as a vehicle fluid was
evaluated for UV 222 nm irradiation of SARS-CoV-2. Saliva comprises a
variety of electrolytes, including sodium, potassium, calcium, magne-
sium, bicarbonate, and phosphates. In addition, proteins, such as en-
zymes, immunoglobulins, and mucins, and nitrogenous products, such
as urea and ammonia, are also found in saliva [41]. Mucins serve to
clean, aggregate or even bind to oral microorganisms. In this sense,
saliva components highly absorb far-UV-C light due to specific chemical
groups found amply in the components cited [42]. Of all vehicles tested
in this project, however, DMEM was the vehicle with the highest UV
absorption at 222 nm.

Respiratory fluids are expected to contain salts, proteins (mucins),
and lung surfactants, and a study of the enveloped virus ¢6 labeled with
fluorescent lipids and mucin showed that viruses in a droplet do not
associate with mucins [43]. Thus, the interaction of the SARS-CoV-2
virus with components of saliva and airborne respiratory fluids may
be different, and the viral inactivation capacity of 222 nm light will vary
significantly between these two vehicles. Furthermore, respiratory
droplets have microscopic dimensions (< 1 pm) and, therefore, a very
small optical path of UV light absorbing medium, which may potentiate
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the action of the light [44,45].

It is known that people become infected with SARS-CoV-2 through
exposure to respiratory fluids carrying the infectious virus [4,46].
Exposure occurs through the inhalation of very fine respiratory droplets
and aerosol particles; the deposition of respiratory droplets and particles
on exposed mucous membranes in the mouth, nose, or eyes by direct
splashes and sprays; and by touching mucous membranes with
contaminated hands. In this sense, we believe that it is essential to
evaluate the ability of lamps to inactivate the virus in its primary means
of contamination: aerosol drops in a formulation of respiratory fluids. To
this end, given the dangerousness of SARS-CoV-2, studies should be
carried out with murine coronavirus variants, which are not dangerous
to humans, from the beta coronavirus genus MHV, a virus recently
shown to be a suitable study model to mimic SARS-CoV-2 [47]. In fact,
factors such as the presence of encapsulation and the size of genetic
material (and whether it is single or double-stranded) are the factors that
will influence the dose required for viral inactivation.

5. Conclusions

e Our studies of UV 222 nm inactivation of SARS-CoV-2 diluted in

different vehicles showed the following:

A dose of 2417 mJ/cm2 UV 222 nm is required for 99.99% virus

inactivation when viruses are diluted in natural human saliva, while

a dose of only 10.4 mJ/cm2 of UV 254 nm is necessary to reach the

same effectiveness.

After applying correction factors to account for the saliva UV 222 nm

absorption and other light interferences, the effective LD99.99 of 222

nm is 318.4 mJ/cm2.

These results highlight that, due to the differences in the energy of

both wavelengths and the consequent differences in their capacities

to interact with molecules of the solution, a higher dose of UV 222

nm will be necessary to achieve the same effectiveness as that of UV-

C 254 nm when viruses are present in complex solutions, such as

saliva.

Since the effective LD99.99 of UV 222 nm on virus diluted in human

saliva was still almost 30 times higher than the values obtained for

the virus diluted in PBS, we speculated that components of the
human saliva might protect the virus from irradiation, probably in
ways other than just by attenuating the UV 222 nm intensity.

e Our findings indicate that UV 222 nm is not the best option for
sterilizing surfaces containing saliva contaminated with SARS-CoV-
2, compared to UV 254 nm. Although UV 222 nm is significantly
attenuated in virus diluted in saliva (with a liquid column of ~1
mm), it will be worth studying the effect of this irradiation on a
surrogate model of SARS-CoV-2 aerosolized in respiratory fluids to
evaluate the effectiveness of this wavelength in such conditions.
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There is no appendix or supplementary data in this manuscript.
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