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How can we
kill airborne and surface viruses
IN occupled spaces?

We already know how to kill every kind of microbe...

Ultraviolet light Visible L: Infrared




Conventional germicidal UV
can’t be shined directly onto occupied locations




Conventional germicidal UV
can’t be shined directly onto occupied locations
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What we’d really like i1s a UV wavelength that will Kill bacteria
and viruses, but can be shined directly onto occupied locations

VISIBLE LIGHT

| Conventional UV
254 nm

WAVELENGTH (MNM)




Mean wavelength-dependent UV absorbance coefficients,
averaged over published measurements for eight commmon proteins

w
o
|

N
o
]

—
o
|

Aqueous I

Lipid

Mucoaqueous
layer

Mean absorbance coefficient (ml / mg x cm)

(@)

200 220 240 260 280 300
UV wavelength (nm)



Far-UVvC Light

F" |Is it safe?

¥ Does it work?




Far-UVC Safety

It's the biophysics
Many studies, both at Columbia and elsewhere, human
skin models, human skin, mouse skin, mouse eyes
There Is an existing national and international safety
regulatory framework
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Far-uVvC safety studles
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60 Week Exposure Safety Study

100 SKH-1 hairless mice exposed
8 hrs / day to graded high doses
of 222-nm far-UVC light

50 weeks into the study:
No skin lesions, no eye issues




Long Term Hairless Mouse Study

222 nm excimer lamps with high-wavelength filter

Dalily doses of:
— 500 mJ/cm?
— 250 mJ/cm?
— 125 mJ/cm?

8 hours per day
5 days per week
Automated on/off
60 weeks total
Custom mouse cages




Hairless albino SKH-1 mice

12 males, 12 females per fluence
(total 96 mice)

60 week study:
= Regular exams during study
= Currently in week 48

Skin and eyes examined for g _—
DNA lesions and abnormal pathology
at end of study



Eye Exams: Detalls

— Dally for the first week
— Weekly for the next 3 weeks
— Bimonthly for the next 2 months

— Monthly thereatfter:

Slit lamp biomicroscopic exams of the anterior segment
of each eye (ocular adnexa, limbus, cornea, iris and lens). Before study, Aug 2019

Assess inflammation, neovascularization, intraocular pressure,
abnormal cell growth, and corneal and lens transparency

* As of week 48:
No UV related eye pathology vs controls

Typical screening image



Are mice a good model for
far-UuVvC light safety in humans?

* (Central to the biophysical rationale for
the safety of far-UVC light is the shielding
effect of the stratum corneum for skin
and of the tear layer for the eyes

* So the key determinant of the relevance
of the mouse models to human safety is
the relative thickness (mouse vs. human) EEUEUNREInET)
of the stratum corneum and the relative
thickness (mouse vs human) of the
ocular tear layer

thickness

Ocular tear layer
thickness




222 nm Kr-Cl Excimer Lamps:
Higher wavelength contaminants and filtration

No filters
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Human Skin Safety with filter

Human Skin Safety without Filter

Photodermatology, Photoimmunology & Photomedicine

Exploratory clinical trial on the safety and
bactericidal effect of 222-nm ultraviolet C

ORIGINAL ARTICLE irradiation in healthy humans

The effect of 222-nm UVC phototesting on healthy
volunteer skin: a pilot study
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“At low doses.... The source was
capable of inducing both erythema and
CPD formation in human skin ”

“The back of the subject was irradiated
with 222 nm UVC at 5-500 mJ/cm? and
the induced erythema was evaluated....
All subjects experienced no erythema at

1ands 1s now common in healthcare and
lv. the use of such antiseptics will present
d allergic dermatitis. Me: 1
yproaches are under investigation.
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. This study aimed to investigate the safety of 222-
45 skin sterilization effect in healthy volunteers.

Methods

This trial was cted on 20 healthy volunteers. The back of the subject was imadiated
with 222-nm < at 50-500 mJ/cm?, and the induced erythema (redness of skin) was eval-
uated. Subsequently, the back was irmadiated with a maximum amount of UVC not causing
erythema, and the skin swabs before and after the irradiation were cultured. The number of
colonies formed after 24 hours was measured. In addition, cyclobutene pyrimidine dimer
(CPD) as an indicator of DNA damage was measured using skin tissues of the nonirradiated
and irradiated regions.

Results
All subjects experienced no erythema at all doses. The back of the subject was imadiated at
500 mJ/cm?, and the number of bacteral colonies in the skin swab culture was significanthy

decreased by 222-nm UVC imadiation. The CPD amount produced in the imadiated region
was slightly but significantly higher than that of the non-iradiated region.

PLOS OME | hitpa-iidoi.ong/ 10,1371 joumalpone 0235848  August 12, 2020




Far-UVC efficacy studies

222 nm Inactivation of
aerosolized H1N1 influenza virus
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Far-UVC efficacy studies

Far-UVC 1nactivation of aerosolized coronaviruses
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Far-UVC light (222 nm) efficiently
and safely inactivates airborne
human coronaviruses

Manuela Buonanno, David Welch, Igor Shuryak & David J. Brenner™

A direct approach to limit airborne viral transmissions is to inactivate them within a short time of
their production. Germicidal ultraviolet light, typically at 254 nm, is effective in this context but, used
directly, can be a health hazard to skin and eyes. By contrast, far-UVC light (207-222 nm) efficiently

kills pathogens potentially without harm to exposed human tissues. We previously demonstrated that a8 - I -

222-nm far-UVC light efficiently kills airborne influenza virus and we extend those studies to explore Based O n th e H COV O C43 res u Its ) CO ntl n u O US far UVC
far-UVC efficacy against airborne human coronaviruses alpha HCoV-229E and beta HCoV-0C43. Low . . . .

doses of 1.7 and 1.2 mJjcm? inactivated 99.9% of aerosolized coronavirus 229E and OC43 = eXpOS ure in oCCu p 1€ d p u b I IC I Ocatl ons a-t th € curre nt

As all human coronaviruses have similar genomic sizes, far-UVC light would beeXpectetto

similarinal:t'wat'lunefﬁciencyagainstotherhuman:oronavirusesincludingSARS-CuV-lBasen regl_”atory exposure Ilmlt (3 m\chmZ/hour) WOUId I'ESU“: |n

the beta-HCoV-OC43 results, continuous far-UVC exposure in occupied public locations at the current

regulatory exposure limit (~3 mJ/cm?fhour) would result in ~90% viral inactivation in ~8 minutes, 95% ~90% V”'al |naCt|Va‘t|On |n ~8 m|nutes’ 95% |n ~11 m|nutes’

in ~11minutes, 99% in ~16 minutes and 95.9% inactivation in ~25 minutes. Thus while staying within

current regulatory dose limits, low-dose-rate far-UVC exposure can potentially safely provide a major 99% |n ~16 mantes and 999% Inactlvatlon |n ~25 mlnutesﬂ

reduction in the ambient level of airborne coronaviruses in occupied public locations.

Buonanno et al 2020
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Major Article

Effectiveness of 222-nm ultraviolet light on disinfecting SARS-CoV-2
surface contamination
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Key Words: Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes coronavirus dis-
COVID-19 ease 2019 (COVID-19), has emerged as a serious threat to human health worldwide. Efficient disinfection of
Environmental contamination surfaces contaminated with SARS-CoV-2 may help prevent its spread. This study aimed to investigate the in
Disinfection vitro efficacy of 222-nm far-ultraviolet light (UVC) on the disinfection of SARS-CoV-2 surface contamination.
Far-UVC Methods: We investigated the titer of SARS-CoV-2 after UV irradiation (0.1 mW/cm?) at 222 nm for 10-300
seconds using the 50% tissue culture infectious dose (TCIDsg). In addition, we used quantitative reverse tran-
scription polymerase chain reaction to quantify SARS-CoV-2 RNA under the same conditions.
Results: One and 3 mJ/cm? of 222-nm UVC irradiation (0.1 mW/cm? for 10 and 30 seconds) resulted in 88.5
and 99.7% reduction of viable SARS-CoV-2 based on the TCIDsq assay, respectively. In contrast, the copy num-
ber of SARS-CoV-2 RNA did not change after UVC irradiation even after a 5-minute irradiation.
Conclusions: This study shows the efficacy of 222-nm UVC irradiation against SARS-CoV-2 contamination in
an in vitro experiment. Further evaluation of the safety and efficacy of 222-nm UVC irradiation in reducing
the contamination of real-world surfaces and the potential transmission of SARS-CoV-2 is needed.




Ongoing developments

Airborne transmission animal models to better
understand the influence of environmental factors

Ferrets

Syrian Hamsters
Humanized (ACE2) mice
Guinea pigs for influenza




Ongoing developments

Understanding wavelength specific risks
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Ongoing developments

Understanding wavelength specific risks

Newport 1000 Xe light source, UV enhanced Cornerstone 260 1/4 m UV-Vis Monochromator



Some future developments for far-UVC light

Installing and testing far-UVC lights:
Demonstration projects
Real world projects

A demonstration project at the New York Presbyterian Hospital
Gamma Knife Facility




Where and how could far-UVvC light be used?

-

In any indoor situation where people are coming
close together.... Restaurants, food preparation
facilities, hospitals, nursing homes, dental clinics,
buses, trains, planes, train stations, offices,
schools, shops,, theaters, gyms....
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