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We found that ultraviolet-A (UV-A) light exposure resulted in a modest reduction in recovery of methicillin-
resistant Staphylococcus aureus (MRSA), Candida auris, bacteriophage MS2, and bacteriophage Phi X174, but
not Clostridioides difficile spores, on steel disk carriers. Four hours of UV-A exposure from a ceiling light fix-
ture resulted in a significant reduction in pathogenic microorganisms recovered from in-use medical equip-
ment. These findings suggest that UV-A could be useful as a means to provide continuous low-level
decontamination of surfaces in health care facilities.
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Contaminated environmental surfaces are an important source
of transmission of health care−associated pathogens.1 Unfortu-
nately, performance of manual cleaning and disinfection is often
suboptimal. Automated room decontamination devices such as
ultraviolet-C (UV-C) light devices can be effective as an adjunct to
routine cleaning.1 However, UV-C room decontamination devices
cannot be used when people are present and re-contamination
occurs quickly after device operation.2 Thus, there is a need for
effective approaches that provide continuous and safe decontami-
nation of surfaces while people are present.

Ultraviolet-A (UV-A) light at 365-nm wavelength has been shown
to have antimicrobial activity against pathogens such as Escherichia
coli and Candida albicans.3-6 In contrast to UV-C, UV-A is present in
sunlight and in modest doses may be safe for use when people are
present.3 A commercial UV-A light fixture that is intended for use in
health care settings is currently in development. In the current study,
we examined the efficacy of UV-A light in reducing microorganisms
on carriers and on portable medical equipment.
METHODS

Description of test devices

The test devices were provided by Current, powered by GE (Cleve-
land, OH). For initial laboratory testing, we used a benchtop device
(62£ 20£ 29 cm) with a diffused array of light-emitting diodes (LEDs)
producing UV-A light at 365-nm wavelength with carriers placed 14 cm
from the diffusing optic. The intensity of light output by the LED was
adjustable up to a maximal irradiance of 30 W/m2 at the location of the
carriers. For the assessment of efficacy in reducing contamination on
portable equipment, a light fixture, emitting both LED-generated UV-A
light at 365 nm and visible light, was placed at a typical ceiling height of
3 m from the floor. This light fixture was a prototype of the product
being commercially developed as a continuous decontamination system.

The ceiling light fixture was set to provide irradiance of »3 W/m2

at 2 m from the UV-A source. At this setting, the irradiance at 1 and
3 m from the UV-A source was »8 and »2 W/m2, respectively. Based
on standards provided by the International Electrotechnical Commis-
sion (IEC) and the International Commission on Illumination (IEC
standard 62471:2006), lamps or lighting systems that do not meet
hazard thresholds of 10 W/m2 irradiance for near UV (315-400 nm)
and 0.001 W/m2 weighted irradiance for actinic UV (weighted
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function >200-400 nm, peaking at 270 nm) are not considered a pho-
tobiological hazard to humans.7 The UV-A continuous decontamina-
tion system is configured such that the maximum continuously-
allowable near UV irradiance of 10 W/m2 is reached at a distance of
approximately 85 cm from the light source, or 215 cm from the floor.
At this distance, the weighted actinic UV irradiance is 0.094 W/m2,
which is less than the actinic hazard limit. The actual irradiance that
an individual would be exposed to in practice is less than these val-
ues, as the body of even a very tall individual would not protrude
215 cm above the floor, and the irradiance at the eye (where it is
important for consideration of ocular hazards) would only reach
these levels if the individual was looking directly at the light source
with their eyes positioned at this height. According to the manufac-
turer, exposure to the UV-A output delivered by the light source for
up to 8 hours per day provides less near and actinic UV irradiance
than the IEC defined limits. Therefore, the light source can be consid-
ered to pose no photobiological hazard when operated for up to
8 hours per day in occupied rooms. In areas that are not occupied or
intermittently occupied, the light source could be run continuously.
Efficacy in reducing microorganisms on steel disk carriers

Using the benchtop device, we tested the efficacy of UV-A light in
reducing recovery of microorganisms using a modification of the
American Society for Testing and Materials standard quantitative car-
rier disk test method (ASTM E-2197-02).8 The test organisms
included 1 strain each of methicillin-resistant Staphylococcus aureus
(MRSA) (a clinical isolate with pulsed-field gel electrophoresis type
USA400), Clostridiodes difficile spores (American Type Culture Collec-
tion number 43598), Candia auris (Centers for Disease Control and
Prevention strain 0381), the enveloped virus bacteriophage Phi X174
(ATCC 13706-B1), and the nonenveloped virus bacteriophage MS-2
(ATCC 15597-B1). The bacteriophages were propagated in E coli as
previously described.9 A total of 10 mL aliquots of the organisms in 5%
fetal calf serum were inoculated onto 20-mm steel disk carriers,
spread to cover the surface area, and air dried. The carriers were
exposed to 3 W/m2 of UV-A for 4, 8, or 24 hours, resulting in a total
dose of 4.32£ 103, 8.64£ 103, or 2.59£ 104 J/m2, respectively; for
Fig 1. Efficacy of ultraviolet-A light at 3 W/m2 in reducing pathogens inoculated on steel d
MRSA, methicillin-resistant Staphylococcus aureus; PFU, plaque-forming unit.
the C difficile spores, only the 24-hour exposure was included. The
disks were processed as previously described and log10 colony-form-
ing unit (CFU) or plaque-forming unit (PFU) reductions were calcu-
lated by comparing recovery from UV-A-exposed carriers versus
untreated controls for each experimental time point that differed
only in lack of exposure to the UV-A light source. For each organism,
triplicate samples were tested.
Efficacy in reducing pathogens on portable medical equipment

We examined the efficacy of the ceiling light fixture in reducing
contamination of 32 items of in-use portable medical equipment
from medical wards. Equipment included Doppler ultrasound
machines, glucometers, wheelchairs, electrocardiogram machines,
workstations-on-wheels, and bladder scanners. Three or more of
each type of equipment were tested. No manual cleaning or disinfec-
tion was performed prior to UV-A exposure. Items of equipment were
placed under the ceiling light fixture at 2 meters from the UV-A light
source with an exposure time of 4 hours; the 4-hour exposure time
was chosen to minimize disruption of work on the study wards as the
devices were being used for clinical care. Moistened rayon swabs
were used to sample one-half of the surface area of the equipment in
direct line of light exposure before UV-A exposure and the other half
after UV-A exposure. The swabs were vortexed in 1 mL of phosphate-
buffered saline and dilutions were plated on selective and nonselec-
tive media for recovery of MRSA, vancomycin-resistant enterococci,
gram-negative bacilli, and total bacterial counts.10 The microbiologist
processing the cultures was blinded to whether samples were col-
lected with or without UV-A exposure. The Fisher exact test was used
to compare proportions of contamination among groups. The Wil-
coxon signed-rank test was used to compare the mean numbers of
colonies recovered for treated versus untreated equipment.
RESULTS

At an irradiance of 3 W/m2 there was a progressive reduction in
recovery of the vegetative microorganisms over 24 hours in compari-
son to untreated controls (Fig 1). After 8 hours of exposure to UV-A,
isk carriers. Error bars indicate SEM. C auris, Candida auris; CFU, colony-forming unit;



Fig 2. Percent recovery of pathogenic microorganisms from in-use medical equipment
before versus after exposure to ultraviolet-A light from the ceiling light fixture for 4 hours.
The asterisk indicates P < .05. Error bars indicate SEM.MRSA, methicillin-resistant Staphylo-
coccus aureus; UV-A, ultraviolet-A; VRE, vancomycin-resistant enterococci.
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MRSA and MS-2 were reduced by >1 log10 CFU or PFU, whereas Can-
dida auris was reduced by 0.7 log10 CFU. Phi X174 was reduced by
only 0.6 log10 PFU over 24 hours. C difficile spores were not reduced
or minimally reduced after 24 hours of exposure to UV-A at 3 W/m2

(0-0.2 log10 CFU reduction).
Pathogenic microorganisms, particularly MRSA, were frequently

recovered from in-use medical equipment (Fig 2). UV-A exposure from
the ceiling light fixture for 4 hours resulted in a significant reduction in
the frequency of recovery of 1 or more pathogens from the equipment
(11 of 30, 37% vs 3 of 30, 10%; P = .03). There were no significant reduc-
tions in the frequency of recovery of the individual pathogens (P ≥ .09).
The mean CFU of total aerobic bacteria recovered from the equipment
on nonselective plates and of MRSA were significantly reduced after
UV-A exposure (P < .01). Themean CFU of vancomycin-resistant entero-
cocci and gram-negative bacilli were reduced after UV-A exposure, but
the differences were not statistically significant.

DISCUSSION

We found that UV-A light exposure resulted in modest reductions
of MRSA, C auris, bacteriophage MS2, and bacteriophage Phi X174 on
steel disk carriers after several hours of exposure. In addition, 4 hours
of UV-A exposure from a ceiling light fixture resulted in a significant
reduction in the frequency of recovery of pathogenic microorganisms
and in counts of total aerobic bacteria and MRSA on in-use medical
equipment. These findings suggest that UV-A could potentially be
useful in health care settings to provide continuous low-level decon-
tamination of surfaces.

If UV-A light is used in health care settings when people are present,
safety will be an important consideration. High levels of exposure to
UV-A have been linked to development of skin cancer, cataracts, and
premature aging of skin (ie, wrinkle formation). As noted previously,
the anticipated levels of exposure to UV-A during an 8-hour period in
an occupied room would be in a range that would not be considered a
photobiological hazard to humans. According to the manufacturer, a
person exposed to the maximum irradiance of the UV-A light system at
85 cm from the light source for 8 hours would receive total near and
actinic UV-A doses equivalent to direct mid-day sunlight exposures of
2 hours and 17 minutes and 2 minutes and 40 seconds, respectively. If
UV-A light were restricted to areas or times when people are not pres-
ent or only intermittently present (eg, equipment rooms, unoccupied
patient rooms, or operating rooms), the UV-A light could be operated
continuously without a time limit.

Our study has some limitations. We tested a limited number of
organisms and only tested 1 strain of each organism. Additional test-
ing is needed with other pathogens. We do not have an explanation
for the fact that the enveloped bacteriophage Phi X147 was reduced
to a lesser degree than the nonenveloped bacteriophage MS2. Further
studies are needed with other enveloped and nonenveloped viruses.
We did not compare the efficacy of UV-A with other continuous
decontamination approaches such as high-intensity visible light.
Finally, we did not examine the potential for use of adjunctive
approaches to enhance UV-A. There is evidence that UV-A killing
may be enhanced by benign compounds such as organic acids and
the photocatalytic compound titanium dioxide.5,6

CONCLUSIONS

We found that UV-A light exposure resulted in modest reductions
of vegetative microorganisms, but not C difficile spores on steel disk
carriers, and reduced recovery of pathogenic bacteria from in-use
medical equipment. Further studies are needed to examine the effi-
cacy of UV-A in health care settings.
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