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ABSTRACT

Purpose: Far-UVC light (200-235nm) is a new antimicrobial technology proposed for use in
occupied spaces. In contrast to conventional germicidal UV light (254 nm), theoretical considerations
and emerging safety data suggest that the decreased penetration depth of shorter wavelength
far-UVC light causes less damage to vulnerable eye and skin tissue. This study examined the ocular
effects of chronic far-UVC exposure in hairless, immune-competent SKH-1 mice after long-term
exposure.

Methods: Over 66weeks, five days/week, eight hours/day, 48 each male and female mice were
exposed to high (400mJ/cm?), medium (130mJ/cm?), low (55mJ/cm?), or no (0mJ/cm?) far-UVC
(222nm) light. Visual acuity and contrast sensitivity was determined using optokinetic methods, slit
lamp examinations were made of the anterior segment, and intraocular pressure was determined.
Analysis of corneal images quantified the extent of corneal neovascularization.

Results: No significant differences in visual acuity, contrast sensitivity, intraocular pressure, or corneal
neovascularization were observed between unirradiated animals and exposure groups. All groups,
including unexposed controls, exhibited some degree of corneal neovascularization. Male mice had
significantly lower visual acuity and contrast sensitivity than females. Stratified by gender, there was
no exposure condition-based difference in contrast sensitivity. These findings were consistent
whether each animal’s eyes were averaged. or if all eyes were assessed individually.

Conclusion: There was no relationship between far-UVC dose and visual acuity, contrast sensitivity,
ocular pressure, or corneal neovascularization. Female mice had significantly higher visual acuity
and contrast sensitivity. No ocular pathologies were observed, even at 400mJ/cm?, substantially
above the recently enacted ACGIH safety threshold of 160mJ/cm? for 222nm ocular exposures.
More sensitive or detailed corneal examinations, longer daily exposures, or higher far-UVC doses,
may be useful to define thresholds for human eye safety.
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Introduction relevance to the Covid-19 pandemic, doses below 1.0m]J/cm?
were reported to inactivate 90% of two airborne human corona-
viruses’ whilst 12.4m]J/cm? inactivated 99.7%.!° Other studies
with SARS-CoV-2 on surfaces or in solution reported similar
efficacies.!** Far-UVC light is also bactericidal, reducing levels

of common hospital-borne infections such as Escherichia coli,

The high incidence of iatrogenic infection in healthcare set-
tings,' as well as the morbidity and mortality associated with
community-acquired respiratory pathogens,? emphasize the
need for disinfection technology that can be used while a
room is occupied. The COVID-19 pandemic has heightened

awareness of the potential use of far-UVC (200-235nm)
light technology to reduce risk for infection by airborne
pathogens while, at the same time, limiting damage to
human tissue* Unlike conventional 254nm germicidal
lamps, which can penetrate more deeply into skin and eye
tissue, 222nm far-UVC has a smaller penetration depth.>
Far-UVC light has been shown to reduce airborne influenza
and norovirus concentrations substantially”® Of particular

Staph aureus, and Pseudomonas aeruginosa ten-fold at doses
ranging from 2 to 17mJ/cm*'® All of these exposure levels are
well below the ACGIH Threshold Limit Value for eye exposure
of 160mJ/cm?* over an 8-hour period,' but higher doses may be
necessary to inactivate hardier microbial pathogens.”® Notably,
effective fungicidal levels for far-UVC exposure have been
reported to be around 467 mJ/cm? well above the occupational
limit.!* A better understanding of potential adverse ocular
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outcomes at these higher doses is therefore needed to establish
evidence-based dose limits for far-UVC light to ensure eye safety.

Acute, high dose skin exposure studies using human volun-
teers did not observe erythema with doses up to 500m]J/cm?,
and in one case study, a single subject was exposed to
18,000m]J/cm? without ill effect.!”'®* However, with no natural
human exposure to far-UVC, chronic far-UVC exposure stud-
ies are limited to experimental animal models. Earlier work
from our laboratories demonstrated the skin safety profile of
chronic far-UVC exposure in a SKH-1 hairless albino mouse
model. We reported no UV-induced skin pathology, weight
change, or overall mortality.!” The current manuscript reports
the results of comprehensive, periodic ocular examinations in
this same chronically exposed murine cohort.

A large body of epidemiological, experimental animal, and
human clinical research indicates serious risk for ocular pathol-
ogies following UVC (254nm), UV-B, or UV-A-exposure,
including photokeratitis, pterygium, pinguecula, photophobia,
cataract, and macular degeneration.*?! In addition to patholog-
ical changes, these conditions are also often associated with
visual deficits in acuity or contrast sensitivity.?> In contrast, only
one study assessed visual deficits associated with chronic (one
year), low-dose far-UVC irradiation.?

Studies evaluating ocular effects or potential eye patholo-
gies arising from far-UVC exposure in human volunteers uti-
lized either acute exposures’*?*® or low-dose chronic or
prolonged exposures.?*?* Pitts exposed a small number of par-
ticipants to various wavelengths of light in the conventional
UVC and far-UVC range. A photokeratitis threshold of 8 m]/
cm? was reported after exposure to 245-255 waveband con-
ventional germicidal UVC. In comparison, participants exhib-
ited photokeratitis following exposure to 10 mJ/cm? 215-225nm
waveband light, and after exposure to 13mJ/cm? 225-235
waveband light.?* A recent paper, however, suggested that the
far-UVC induced photokeratitis thresholds were overestimated
due to uncertainties introduced by stray-light (out-of-pass-band)
spectral radiant energy, permitting higher wavelengths to
damage the cornea.”

In a prolonged exposure study over three consecutive
five-hour days, Kousha et al®® found no change in self-reported
ocular discomfort or eye dryness in students exposed to far-UVC
light from ceiling-mounted lamps in the room they were work-
ing. Exposure intensity varied by participant position, with most
receiving less than 20mJ/cm? and no participant receiving more
than 50m]J/cm? measured at the top of the head. No measure-
ments were made to ascertain actual eye doses. In another
study, six physicians, five of whom wore glasses, spent a mean
of 6.7h/week in an office illuminated with ceiling-mounted
far-UVC lights.”® The authors calculated a maximum theoretical
far-UVC exposure of 6.4m]J/cm? as the daily dose theoretically
received by a 170cm subject staring at the lamp for eight hours.
As the subjects only spent an average of one hour per day in
the room, the authors suggested the daily eye dose maximum
was well under 2.8mJ/cm? Not unexpectedly, periodic slit lamp
examination revealed no signs of acute keratitis, corneal erosion,
conjunctival hyperemia, lid skin erythema, pterygium, cataract,
or lid tumors in any subjects. Most recently, an acute exposure
study reported no evidence of photokeratitis, hyperemia, change
in visual acuity, or any other evidence of ocular damage after
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five subjects were exposed to between 22.5 and 75m]J/cm? over
a two to six-hour period.”®

Several studies have examined the effects of far-UVC
exposure on the eyes of rats and mice following very high
intensity exposure for short periods of time,*?* or only a
single exposure.’® One study evaluated three day per week
exposure over 10weeks.?! Most ocular safety studies in ani-
mal models focused on pyrimidine dimer formation as the
main outcome without examining visual function or other
physiological endpoints reflecting underlying ocular cell
damage. The approaches in the animal studies assumed that
far-UVC induced damage would be similar to that seen after
254nm light exposure, where cyclo-pyrimidine dimer forma-
tion is the main form of DNA damage and of the most
health concern. Notably, the authors of these studies did not
report any far-UVC dose-related morphological or histologi-
cal changes in the animal’s corneas.

The current manuscript details, for the first time, quantitative
determinations of vision, including acuity and contrast sensitiv-
ity, in a murine model of chronic far-UVC exposure. We also
detail abnormal corneal morphology in the SKH1 mouse model,
including significant corneal neovascularization. This observa-
tion may provide new insights into the molecular mechanisms
underlying the Hr gene defect that characterizes the SKHI1
strain. We conclude that under the experimental conditions uti-
lized, far-UVC did not result in significant visual deficits or
anterior segment structural changes.

Methods
Animals and far-UVC exposure

48 male and 48 female mice (SKH1-Elite Mouse 477; Charles
River Labs, Wilmington, MA) were exposed to one of four
far-UVC light exposure conditions for eight hours per day 5days
per week over 66weeks (12 male and 12 female mice per con-
dition) between noon and 8pm. The four groups included high
(400mJ/cm?), medium (130mJ/cm?), low (55mJ/cm?), and unex-
posed (0OmJ/cm?) per 8h. Our earlier publication provides a
detailed description of the experimental conditions, dosimetry,
and lamp setup.'® Briefly, 8-week-old SKH-1 mice were placed in
35x35cm acrylic cages covered with wire mesh that allowed 79%
direct light transmission. KrCl excimer microplasma lamps
(Eden Park Ilumination, Eden Park, IL) with optic filters to
limit off-peak emissions provided light exposure over 8h, 5days
a week for 66weeks. The average intensity in each condition was
confirmed with calibrated radiation-sensitive film (OrthoChromic
Film OC-1 (Orthochrome Inc., Hillsborough, NJ)).*2

All protocols were approved by the Columbia University
Institutional Animal Care and Use Committee (IACUC) and
were consistent with those approved by the American
Association for Accreditation of Laboratory Animal Care
(AAALAC), and the ARVO Statement for the Use of Animals
in Ophthalmic and Vision Research.

Optokinetic testing

Optokinetic acuity and contrast sensitivity tests were performed
using a Cerebral Mechanics (Alberta, Canada) OptoMotry©



1066 (&) P.C.ARDENETAL.

system as previously described.**** Briefly, at periodic intervals,
mice were placed into a square enclosure surrounded by
4-monitors displaying a rotating pattern of white and gray lines
at a given spatial frequency. Head rotation, indicative of track-
ing, was observed by an overhead video camera. Tracking in the
direction of pattern rotation within the first second of presenta-
tion was counted as a positive detection of the grid pattern. The
highest spatial frequency that a mouse could successfully track
determined acuity. To assess contrast sensitivity, the grid density
was set at 0.064 cycles/degree and the contrast between the
white and gray lines was incrementally decreased to quantify the
contrast sensitivity threshold for each eye.

Experimenters were blind to the exposure conditions of
mice during optokinetic testing, slit lamp exams and intra-
ocular pressure measurements.

Ocular pressure

After 66weeks of chronic exposure, animals were euthanized
by CO, asphyxiation with death confirmed by cervical dislo-
cation. Prior to euthanasia, animals were anesthetized by
ketamine/xylazine (100mg/kg, 20mg/kg respectively) and
intraocular pressure quantified by a Tonolab© tonometer
using a disposable iCare probe. Pressure measurements for
each eye were made in quadruplicate and averaged.

Neovascularization

Periodically, non-dilated images of each eye were documented
using a Nikon FS-3 Zoom Photo Slit Lamp and PixelLink
(Nikon, Tokyo, Japan) PL-B872CU camera. Image area of the
cornea within the contour of the iris was isolated and manually
marked by an evaluator denoting vasculature, opaque deposits,
and out of focus areas of the image that could not be assessed.
(Figure 1) Marking was done using the Sketchbook (Sketchbook,
Inc. San Francisco, CA) application on a Samsung Galaxy Tab S6
Lite. Evaluators were blind to condition and sex of the animals
being assessed. Total image size minus areas that could not be
assessed due to glare or poor image focus was calculated to
determine total analyzable area. The number of pixels marked as
vasculature or opaque deposits as a percentage of total analyzable

area was calculated for each cornea. Images were analyzed using
the opensource software ImageJ2 with additional Fiji plugins.

Statistical analysis

Comparisons across exposure groups were made using linear
regression between average 8h exposure dose in mJ/cm? and the
continuous outcome of interest. Between-sex differences were
assessed using a two-tailed student’s t-test. Each analysis was
conducted on each animal’s eyes averaged together. Additional
sensitivity analysis was conducted with each eye analyzed sepa-
rately to increase the detection of unilateral changes. All statisti-
cal analyses were conducted in R Studio v12.2022.12.0.

Results
Visual acuity

There is no published data on the average lifespan of SHK-1
mice, but the survival curves previously published by our
group suggest far shorter life expectancy than that reported
for wild type mice such as pigmented C57BL/6 or albino
BALB/c."” Thus, due to mortality, only 73 of 96 animals
were assessed for visual acuity at the end of the 66-week
study (37 males, 36 females).

There was no significant difference in visual acuity
between treatment conditions, as demonstrated by linear
regression between acuity and exposure dose (F=0.0942 on
1 and 71 DE p=0.7598) (Figure 2). Visual acuity was sig-
nificantly higher amongst females than males (p<0.0001,
95%CI= 0.0469¢/d to 0.0941c/d). Eleven mice did not
demonstrate tracking behavior in one direction, indicating
unilateral vision loss. Across exposure conditions, the num-
ber of animals with a unilateral lack of tracking was one in
the low exposure condition, six in medium exposure condi-
tion, and two in the high exposure condition. All animals
who displayed a unilateral lack of tracking were males.

Contrast sensitivity

Contrast sensitivity was significantly higher in females com-
pared to male animals (95%CI: 0.223 - 5.051, p=0.0331)

Figure 1. Process of vasculature analysis. A) Original image of animal’s eye with extensive neovascularization and deposition. B) The photograph was cropped to
eliminate normal iris stromal vasculature from image analysis. C) An evaluator blind to condition and sex of each animal annotated the cornea. The number of
pixels occupied by vasculature (green) and opaque deposition (red) were measured. Analyzable area was measured by the total number of pixels in the cornea

image minus areas where glare or lack of focus prevent assessment (blue).



(Figure 3). Due to time constraints, to maintain treatment
schedules, female mice in the medium exposure group were
not evaluated for contrast sensitivity. Collapsing sexes within
each group, contrast sensitivity did show a significant effect
of exposure group (F=2.827, df = 1 (N=57), p=0.0473).
Pairwise t-tests demonstrated that the only significant
between group differences were seen between the medium
exposure group and each other group (Supplemental
Table 1). When stratified by sex, there was no effect of
group on contrast sensitivity in male (F=2.297, df = 1
(N=37), p=0.1386) or female animals (F=1.252, df = 1,
(N=20), p=0.278).

Figure 2. Average visual acuity as assessed by optokinetic testing by sex
(male-blue, female-red, combined-black) and by far-UVC exposure condition
(unexposed control, low, medium and high dose).

Figure 3. Average contrast sensitivity as assessed by optokinetic testing by sex
(male-blue, female-red, combined-black) and by far-UVC exposure condition
(unexposed control, low, medium and high dose). Contrast sensitivity for female
mice in the medium exposure condition was not assessed.

Corneal neo-vascularization

A total of 83 eyes across 54 different animals were of suf-
ficient image quality to be analyzed. Of the corneas
assessed, 72 showed some degree of vascularization, and 46
showed variable amounts of subepithelial deposition/haze.
Only 7 corneas showed no sign of either pathology. Typical
images of corneal neovascularization and accompanying
subepithelial deposits are shown in Figure 4. Corneas
exhibited variable numbers of vessels that originated at the
limbus and extended into the stroma from any quadrant.
While some were relatively straight and few in number
(Figure 4(A)), others showed bifurcations, tortuous paths,
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or looped back towards their origin (Figure 4(B)). In some,
but not all cases, dark, irregular stromal deposits of
unknown nature appeared in the general vicinity of the
vasculature but was not always coincident with the vessels
themselves (Figure 4(C)). The variety in their presentation,
number, depth, and location made them more difficult to
assess individually, separate and apart from any overall
measures of opacity. There was no significant difference
between dose groups in total vascularized area as a per-
centage of total analyzable area of each cornea (F=0.5608,
df = 3, (N=84), p=0.2046) (Figure 5). The total opaque
area, including the stromal deposits, as a percentage of
total analyzable area of each cornea was found to have no
significant difference between dose groups (F=1.976, df =
3, (N=84), p=0.1244). There was a very weak association
between greater total opaque area and lower visual acuity
(R?=0.0984).

Male mice were found to have a statistical trend towards
higher percent vascularized area than female mice (95%Cl=
-1.351% to 2.048%, p=0.0851). Male mice were found to
have a significantly higher percent area covered in opaque
deposits than female mice (95%CI = 5.669% to 18.2728%,
p=0.0003).

Intraocular pressure

Intraocular pressure did not differ between exposure groups
(F=0.7517, df = 1, (N=65), p=0.3892), or between sexes
(95%CI= -0.967 to 2.098, p=0.464) (Figure 6). Following
optokinetic testing but prior to euthanasia, 8 animals died
before they could have their ocular pressures assessed (5
males, 3 females).

Discussion

The normal visual activity of SKH-1 mice is poorly character-
ized as this murine model is primarily used in dermatological
research. The findings of significant, progressive corneal neovas-
cularization and opaque stromal deposits in unexposed control
animals is a novel finding that may offer clues to other unre-
ported functions of the Hr gene. The nature and origin of the
opaque deposits are unclear and future histopathological studies
may be informative. One possibility is that they represent coag-
ulated blood from leaky vessels in the stroma. No corneas
exhibited deposits in the absence of any corneal neovasculariza-
tion. Curiously, SKH-1 corneal neovascularization was briefly
noted 30years ago in a paper describing subepithelial corneal
neovascularization in immunodeficient nude (nu/nu) mice, but
no images were provided.*® No follow-up studies or mechanistic
investigations of this phenomena in SKH-1 mice have been
published. A mechanistic explanation for corneal neovasculariza-
tion in nu/nu mice was later explored in an orthotopic trans-
plantation study between normal BALB/c and nude mice,
reporting putative increases in angiogenic activity in corneal
epithelium and accompanying decreases in anti-angiogenic fac-
tors in the corneal stroma, but this observation was not extended
to the SKH-1 strain.*® Because the same phenomena was noted
in immune-incompetent nude mice and immune-competent
SKH-1 mice, the authors speculated that corneal
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Figure 4. Typical images of undilated SKH-1 mouse eyes with extensive corneal neovasculature seen across all exposure groups. A) Eye with relatively few numbers

of vessels and no accompanying stromal deposits; B) Eye with both loopback and tortuous vessels and deposits; C) Eye with a small number of vessels but a large
opaque area of stromal deposition.

Figure 5. Average percentage of total corneal area covered by vasculature or opaque haze. Separated by sex and exposure dose.

neovascularization in hairless mice was not immune mediated, Nevertheless, more detailed immunohistological study of
but rather reflected other unknown genetic factors in both far-UVC exposed corneas could reveal cellular features of
strains. That hypothesis is supported by the lack of an observed inflammatory responses in the cornea or conjunctiva that were
inflammatory dose-response between corneal neovascularization not observed by slit lamp exam. To our knowledge, no other
and far-UVC exposure observed in the current study. studies that have explored the relationship between the SKH-1



genotype and corneal neovascularization and this manuscript is
the first to publish corneal images of SKH-1 mice.

Across all outcome measures evaluated, there was no signifi-
cant effect of far-UVC exposure on visual acuity, contrast sensi-
tivity, ocular vascularization, or intra-ocular pressure (Table 1).
The only outcome that showed a significant effect of exposure
was the significantly reduced contrast sensitivity seen in the
medium exposure group, however, this difference vanished when
stratified by sex indicating that sex was the confounder driving
the difference. The medium exposure condition was also unique
in that only male animals were evaluated for contrast sensitivity.
Since females had significantly higher contrast sensitivity than
males, we tested if the apparent exposure group difference was
instead driven by between-sex differences. When the contrast
sensitivity of only the male animals was compared across expo-
sure conditions, there was no longer a significant difference
between groups (F=2.755, df = 3 (N=37), p=0.0579). This
comparison indicates that there was no effect of dose on con-
trast sensitivity.

The proportion of corneal area covered by neovasculariza-
tion and/or opaque deposits demonstrated a similar pattern
as that noted for acuity and contrast sensitivity; with differ-
ences seen between sexes but not exposure groups. Male
mice had on average 3.62% of their corneal surface vascular-
ized compared to 2.82% in female mice, a trend, but not a
statistically significant difference. The association between
visual acuity and proportion of corneal area opacified by
vasculature or haze was very weak, but this is consistent

Figure 6. Average ocular pressure as assessed in quadruplet by tonometry.
Grouped by sex (male-blue, female-red, combined-black) and by far-UVC expo-
sure condition (unexposed control, low, medium and high dose).
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with findings in humans, which have not shown a consistent
relationship between vascularization and visual acuity.”

Since the effect size of unilateral ocular changes may have
been diminished in a single animal by averaging values for
both eyes, a sensitivity analysis was also done in which each
eye was evaluated independently. The findings were consis-
tent with the findings seen when both eyes from each ani-
mal were averaged together. As with the analysis of both
eyes averaged together, the only significant difference
detected was in the contrast sensitivity measure. In both
cases, the difference was no longer seen when the analysis
was stratified by sex, indicating that contrast sensitivity dif-
ferences were confounded by sex. It is not clear why male
SKH-1 mice have a deterioration in both contrast vision and
visual acuity relative to females, but this might reflect here-
tofore unreported sex-related ocular differences in this strain.
One possibility that may be explored in future studies using
ERG measures and retinal histopathology is that there could
be sex-based differences in retinal function. Sex-based dif-
ferences in retinal function have been reported in both mice
and rats*®* Other sex-based differences (e.g. in dermal
thickness) have been reported in this strain.** While SKH1
mice are deficient in Hr expression due to aberrant splicing,
reports suggest that these mice express 8.5% of the normal
full-length Hr transcript,.*! However, it is not clear if there
are differences in expression related to sex.

The overall findings of this study support the ocular
safety of far-UVC light under the exposure conditions and
doses reported. Nevertheless, the observation that some mice
were unable to track in one direction but not the other
raises a potential note of caution. Nine male mice did not
demonstrate tracking behavior in one direction, indicating a
unilateral lack of vision (low = 1; medium = 6; high = 2).
This effect was not seen in the females tested and in none
of the unexposed mice of either sex. In human populations,
unilateral vision loss is more common than bilateral visual
loss.*? Eye pathologies frequently occur unilaterally, with the
contralateral eye developing ocular issues many years later,
and in some cases not demonstrating pathology at all.*
Future studies may clarify this observation.

There are a few limitations of this study. Several mice in
each cohort died over the course of the 66-week exposure
prior to testing visual acuity, contrast sensitivity, or intraoc-
ular pressure, reducing study power somewhat. Furthermore,
our original report on skin damage detailed variability
between cages based on position in relation to the overhead

Table 1. Average values and standard error of the mean for each outcome measure. The dose is averaged over an 8-hour exposure.

Group Dose (mJ/cm?) Sex Acuity (c/d) Contrast Sensitivity ~ Ocular Pressure (psi)  Cornea % Area Vascularized Cornea % Area Deposits
Control 0 Both 0.249+0.015 10.56 +0.93 10.14+0.84 2.33%+0.66% 20.59%+5.37%
Male 0.225+0.018 10.93£1.00 11.40+1.40 1.99%+0.56% 26.77%+6.32%
Female  0.284+0.018 10.03+1.85 8.71+0.52 3.19%+1.98% 5.13%=5.13%
Low 55 Both 0.247+0.018 10.03+£0.86 10.69+1.00 4.17%=0.69% 13.76%+3.88%
Male 0.190+0.018 8.89+0.71 8.90+0.64 5.32%=0.83% 16.35%=+5.08%
Female 0.297+0.016 11.05+£1.47 12.25+1.63 2.20%+0.82% 9.31%=6.03%
Med 130 Both 0.248+0.013 5.73+£1.63 10.69+0.59 3.09%+0.44% 7.45%+2.88%
Male 0.202+0.015 5.73+1.63 11.55+0.91 2.96%+0.60% 7.60%+4.45%
Female  0.289+0.008 N/AN/A 9.92+0.71 3.22%+0.68% 7.31%=+3.88%
High 400 Both 0.243+0.014 9.58+1.31 9.62+0.69 3.38%+0.38% 12.38%+2.38%
Male 0.224+0.023 8.15+1.53 8.16+0.32 4.20%=0.76% 21.11%=3.90%
Female 0.261+0.014 13.14+1.61 11.07+£1.19 2.65%+0.46% 4.51%+1.86%
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light source. Additionally, some mice were observed to hud-
dle together during the daylight exposure times, which may
have attenuated each individual mouse’s ocular far-UVC
exposure somewhat. Nevertheless, video recordings during
exposures and our reported far-UVC film measurements
provide some confidence in our estimates of far-UVC expo-
sure. We have begun designing a follow-up experiment with
improved lamp designs, far-UVC exposures during noctur-
nal hours, periodic fluorescein slit-lamp examinations, and
post-mortem corneal histology measures to expand upon
these initial findings.

Therapeutic drugs and medical devices are always associ-
ated with some degree of risk, and regulatory and public
approval hinges upon benefits greatly outweighing downside
health concerns. The COVID-19 pandemic has greatly
amplified the value of being able to disinfect the air in occu-
pied spaces. At the same time, there is a tremendous need
to reduce the high morbidity and mortality associated with
community and hospital-acquired infections. This study’s
conclusion that chronic exposure to far-UVC light did not
induce functional changes in vision or intra-ocular pressure
and did not elevate the background incidence of corneal
neovascularization bodes well for the safety of the technol-
ogy. Nevertheless, further study is needed to better define
potential biological markers of far-UVC damage to deter-
mine evidence-based exposure limits.** Our laboratories are
engaged in assessing a variety of biochemical, molecular, and
cellular damage endpoints that can be used to reliably deter-
mine functional upper limits for far-UVC damage in human
eye tissue so that engineering controls can be employed to
maximize anti-microbial efficacy while limiting human
adverse health concerns.

This study was designed to quantify functional changes in
vision in a murine model of chronic far-UVC exposure.
Although far-UVC exposure may penetrate the tear film and
cause damage to the outer layers of the corneal and con-
junctival epithelium,* the findings herein suggest minimal
clinically significant impact on vision, at least for the physi-
ologic and functional endpoints evaluated in this study
under these defined exposure conditions.
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