Suppression of Airborne Viral Epidemic Spread by UVC light barriers
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ABSTRACT

The use of light for sterilization is very well known in the scientific literature. However, the recent pandemic
outbreak and the antimicrobial resistance question drew attention to this topic: to design new light sources for
preventing viral epidemic spread is of utmost importance, as an alternative use of chemicals and drugs. Here
we present the preliminary ex vivo studies aiming at verifying the potential of new UVC light sources as
barriers to the spread of airborne viruses and bacteria. The emitted light is at very short wavelengths (around
220 nm): optical penetration in biological media is limited to a few micrometers, thus preventing the possible
damages to the skin and the cornea; the absorption of RNA/DNA shows a minimum at 230 nm, increasing at
shorter wavelengths. In this study we optimized a UVC commercial excimer lamp to design a light barrier. The
sterilization efficacy has been tested in vitro in cultured Staphylococcus aureus, Pseudomonas aeruginosa
and in Sars-Cov-2. The results point out a strong antimicrobial effect (>99.9% bacteria reduced) at 015
mJ/cm? (corresponding to 1 minute treatment time @0.25 mW/cm?). The designed prototype can thus be
proposed as a light barrier for preventing contamination, reducing the risks for human beings.
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1. INTRODUCTION

The use of light for sterilization is very well known in the scientific literature and in the common popular use
[1]. However, the recent pandemic outbreak and, before this, the antimicrobial resistance problem, drew
attention to this topic: the possibility to use new light sources to support prevention of viral epidemic spread is
of utmost importance nowadays, as an alternative use of chemicals and drugs [2].

The use of UVC light has been proposed in recent years for the environmental sterilization, but its application
has been limited because of possible irreversible damage to human beings accidentally exposed to these
wavelengths [1],[3]-[8].

Recently, commercial lamps emitting at UVC wavelengths shorter than 254 nm were proposed in the market.
It has been observed that the optical penetration depth in biological media is very short (a few micrometers) at



wavelengths shorter than 230 nm, thus preventing the possible damages to the skin and the cornea. At the
same time the absorption of RNA/DNA shows a minimum at 230 nm, but it increases at shorter wavelengths.
This spectral range has thus been investigated in view of a possible application for environmental sterilization.
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The virucidal effects of light in the wavelength range around 220 nm has been demonstrated in vitro in recent
years [10]- [13]. In this work we present the design of a prototype used to sterilize the airborne virus and
bacteria, spread in small droplets (diameter <40um) in air. Its antimicrobial effects in selected bacteria and
viruses are demonstrated in in vitro experiments.

2. MATERIAL AND METHODS

2.1 Excimer lamp

Excimer lamps used in the experiments were produced by Ushio (model Care 222). The emitting elements
are small quartz tube filled with the KrCl mixture and excited by a capacitive discharge. The lamp emits
prevalently at 222 nm, also due to a short pass filter set on the output window, that cuts off the emission at
wavelength > 240 nm. An image of the lamp is shown in the Figure 1. The UV intensity emitted by the lamp is
about 4.5 mW/cm? as measured just in contact with the output window. The measurement was carried out
with a UV extended photodiode power meter Thorlabs model S120VC. The output of the lamp was found
very stable (variation <3%) even after some tens of hours of operation.
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Figure 1. Image of the Ushio 222 lamp. The output window has a size of 44 x 59 mm.
2.2 Testing antiviral activity

All tests were performed using African green monkey kidney cells (Vero-E6) and titrated amounts of the
SARS-CoV- 2/Human/ITA/PAVIA10734/2020 of Wuhan lineage (full sequence available on GISAID,
accession no. EPI_ISL_568579, and GeneBank, accession no. M527178.1). Viral titer was calculated from
the cytopathic effect (CPE) induced through limited dilution of the viral stock and using the Spearman-Karber
method. Titer of viral stocks produced were expressed by Median Tissue Culture Infectious Dose tissue/ml
(TCID50/ml). Tests were carried out using 108 TCID50/ml. To assess the antiviral activity of the lamp, virus
suspended in PBS1x was plated in 12 well plate, 250ul for each well; samples were irradiated at 222 nm
respectively for 2, 5 and 10 min. At the end of irradiation the viral supernatant were recovered and titred by
using the Spearman-Karber method. Not irradiated virus was used as negative control.

2.3 Testing antibacterial activity

Four strains (2 S. aureus and 2 P. aeruginosa strains) were selected as representatives of clinically relevant
bacterial pathogens; wild-type reference strains and strains of clinical origin harbouring relevant antibiotic
resistance mechanisms (e.g., carbapenem and oxazolidinones resistance enzymes) were included (Table 1).
Strains (inoculum size ca. 1x108 - 5x108 CFU/ml) were irradiated using the excimer lamp at 222 nm at a
fluence of 7.6, 15.2 and 30.4 mJ/cm?2. Viable cell counts were used to estimate photokilling activity.



3. RESULTS

The preliminary designed prototype shows a strong antiviral effect at 7.5 mJ/cm? (Figure 2).

log TCID50

CTRL 7.48 18.7 37.4 mJicm?

Figure 2. Antiviral effect of the lamp. The log of viral titer was plotted versus the energy density (i.e. 2, 5 and
10 minutes treatment time). Already after 2 minutes of irradiation, a reduction of the viral titer of about 4
logarithms compared to the negative control, is pointed out. Data are statistically significant (***pvalue
=0.0001).

The preliminary designed prototype shows a strong antibacterial effect (more than 99.9% bacteria reduction,
corresponding to a 3-log decrease in viable cells counts) at around 15 mJ/cm? dose. Photokilling activity was
comparable in both the tested bacterial species, including antibiotic resistance strains of clinical origin (Figure
3).

Table 1. Features of the bacterial strains selected for photokilling activity testing.

Isolate Species Resistance phenotype? Resistance genes®
ATCC 29213 Staphylococcus aureus Wild-type reference strain

4250 Staphylococcus aureus LINR cfr, poxtA

ATCC 27853 Pseudomonas aeruginosa Wild-type reference strain

14-048 Pseudomonas aeruginosa CARBAR blavim-2

a CARBAR: resistance to carbapenems; LINR: resistance to oxazolidinones.
b When available, resistance genes variants were reported. cfr, poxtA: oxazolidinone resistance genes, blaviv-e2:
carbapenem resistance genes.
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Figure 3. Photokilling of bacterial strains at different UV light fluences.



4. CONCLUSIONS

The preliminary ex vivo studies point out a high antimicrobial efficacy of commercial UVC excimer lamps.
They were used to design a prototype that can be used as a light barrier to prevent the spread of airborne
viruses and bacteria. The emitted light is at very short wavelengths (around 220 nm): its optical penetration in
biological media is very short (a few micrometers), thus preventing the possible damages to the skin and the
cornea; the absorption of RNA/DNA shows a minimum at 230 nm, thus increasing at shorter wavelengths.
The device can thus be used in the future as a tool for decontamination of environments even in presence of
human beings.
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