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ABSTRACT

Background: Short-wave ultraviolet light (UV-C) is known to have the ability to render bacteria inert. We theorized that using UV-C in
a continuous fashion at the room level would not only lower the amount of bacteria circulating in the air, but also lessen the amount

of bacteria found on surfaces in the same space.

Methods: We set up field trials at three hospitals (Texas, Nevada, and Massachusetts) where we tested air and surface for bacteria,
installed continuous UV-C products at the room level, and then tested air and surface again.

Results: In all cases, airborne bacteria was reduced between 79 and 91% over pre-installation values. Most surfaces also showed
reductions in bacteria from 48 to 69%, although we report one incident of an increase of 288%.

Conclusion: The data indicate that using active air UV-C technology at the room level reduces the bioburden in the air and on
surfaces, including in occupied spaces. Hospitals should consider implementing active UV-C technology to improve air quality.
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INTRODUCTION

An early publication on the effectiveness of ultraviolet light on
bacteria is from 1877, when two British scientists noticed
that Pasteur’s solution, when placed in lead-covered test
tubes, grew innumerable bacteria, while the same solution

in unshielded test tubes placed in sunlight, did not (1).

Since then, many studies have demonstrated that UV rays

are a powerful way to render bacteria inert, beginning with
Coblentz in 1922 (2) and Sharp in 1939 (3).

It has been known for decades that many diseases, such as
tuberculosis and influenza, are spread via airborne and/or droplet
transmission. More recently, studies have shown that pathogens
thought to be spread through direct contact can also become
aerosolized. Roberts et al. demonstrated that Clostridium difficile
(C. diff.) spores could be disseminated through the air (4) as
did Best et al. (5). Li et al. reviewed 40 studies to show a strong
association between building ventilation and the transmission of
airborne disease (6). Eames et al. wrote similarly, but with a tighter
focus on hospital acquired infection (HAI), including methicillin-
resistant Staphylococcus aureus (MRSA) (7). Nazaroff’s discussion
of indoor bioaerosol dynamics lays out how the airflow in a space
moves particulate matter, including microbes (8).

Knowing that disease could be spread through the air, and
that short-wave ultraviolet (UV-C) can render pathogens inert, it is
logical that the medical community would turn to UV-C to reduce

the amount of bacteria circulating in the air. Bolton and Cotton
discussed how UV disinfection worksin general (9) and Boyce
discussed specific technologies for using UV-C in hospitals (10).
Rutala et al. studied how UV-C worked at the room level to
eliminate bacteria (11).

Over the decades, several approaches to UV-C were
developed. These methods included using UV-C as part of the
water filtration system, using it in the HVAC system, and using it as
a stand-alone, mobile product. Each method has some things to
recommend it, in terms of effectiveness, ease of use, and cost, but
also each one has drawbacks, including these same factors and,
in the case of the mobile unit, the necessity for training as well as
the requirement that the space to be treated be unoccupied. Reed
provided an excellent historical perspective (12) and Memarzadeh
et al. concluded that ultraviolet germicidal irradiation (UVGI) is a
useful addition to the disinfection toolbox (13).

The potential for surfaces to hold onto microbial contaminants
despite standard cleaning methods is clear. Hospodsky et al. noted
that an important source of airborne materials is a result of human
activity, such as entering a room, which resuspended particles
from surfaces (14). Our study was designed to examine the effect
of using UV-C at the room level on the amount of bacteria in the
air, and whether cleaning the air would have a positive effect on
surface bacteria.
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METHODS

Environmental studies were conducted at an acute-care hospital
in Massachusetts (Hospital A), an acute-care children’s hospital
in Texas (Hospital B), and an acute-care hospital in Nevada
(Hospital C). In each case, the study materials and methodology
were the same. Baseline air and surface samples were taken,
UV-C units were installed, and several weeks after that, air

and surface sampling were repeated, and before-and-after
results compared.

Baseline microbiologic sampling for the studies was
accomplished by collecting air samples onto trypticase soy agar
with blood (TSA) plates (Hardy Diagnostics, Santa Maria, CA).
The sampler works by pulling air in through a perforated cover.
The air impacts the agar plates, which are coated with blood.
The cells that land on the plates start to reproduce and form
colonies. These colonies are counted (raw CFU). This number is
adjusted using a standard method for the probability that more
than one viable particle was pulled though a single sampling hole
and merged with other particles on the plate to produce a single
colony. This adjustment is the correction hole factor.

Multiple samples were taken from each location.
Representative areas sampled included next to the bed, at
the window, near the linen cart, at the nightstand and near
the window.

Air samples were collected with SAS 180 samplers (BioScience
International, Rockville, MD). All air samples were run at 1000L
(approximately five and a half minutes), and air was collected o
onto 90 mm sampling plates. As plates were collected, they . i 1R
were packed in coolers with gel packs, then packaged with :
gel packs and shipped overnight to an independent laboratory
(Antimicrobial Test Laboratories (now Microchem Laboratories), i
Round Rock, TX). it 7

Surface samples of 25 cm? were collected directly onto the 14 i
Rodac sampling plates, using a straight downward motion to

insure the sampling plate contacted the surface with sufficient
pressure to collect the sample. Plates were then refrigerated and
prepared for overnight shipping to the lab. For surface bacterial
sampling, TSA with Lecithin and Tween plates were used.
Multiple samples were taken from each location.
Representative areas sampled included the bed rails, the over-
bed table, keyboards and chair arms. All plates were refrigerated FIGURE 2. UV-C unit installed
and prepared for overnight shipping to the same independent
lab. At the lab, all plates were incubated at 30 = 2° C for
5-7 days, after which they were evaluated. Total colony forming
units (CFUs) were recorded for each specimen.
In each study location, after pre-installation sampling
was complete, UV-C units (VidaShield™; American Green
Technology, South Bend, IN) were installed. Each unit contained
a fully shielded UV-C bulb housed atop a standard 2 x 4 ceiling
light fixture. A 59 watt shielded UV lamp produced 15 watts
of high output ultraviolet-C energy at a wavelength of 253.7
nanometers. Because the radiation chamber where the UV lamp
is housed is enclosed and the air passes through the chamber,
there is little to no distance from the lamp to the air that passes
directly over the lamp. At its furthest point, the span is 6 inches.
Each unit holds four small fans (similar to those in a desktop
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computer) that create differential pressure to continuously
draw air into the system at 50 cubic feet per minute. On

the way to the irradiation chamber, the air passes through

a MERV 6 filter to remove dust and large particulates and
then, once treated, the cleaned air is pushed back into the
room. The intake and exhaust baffles are set at a 30-degree
angle, which moves the air in a pattern that avoids repeatedly
recirculating the same air. The fans draw air into the unit at

a rate of 50 CFM. When operating continuously, the unit
theoretically will treat a volume of air equivalent to an 8'

x 10'x 10" (800 cubic feet) room four times per hour. The
UV-C portion of the units run continuously, 24/7 whether
the overhead room light is on or off. The units available for
test were with no downlight, fluorescent/LED downlights and
LED array downlights. Units were installed following each
facility’s infection control risk assessment (ICRA). Once the
units were operational all areas were reopened for normal
use. The product used in this study is requires only minimal
maintenance (an annual bulb and filter change), easily
performed by existing facilities services staff.

For a variety of hospital operational reasons, after
intervals of 228, 35, and 70 days (for Hospitals A, B, and C),
the sampling was repeated. The same materials were used
and the same methodology was followed. The same lab
performed all testing. The intervals were counted from the
day of the first unit installation. Room availability dictated the
speed of installation and post-installation testing.

RESULTS

It is well established that UV-C is effective at treating the air.
Therefore, results showing that airborne bacteria counts would
be lower at the room level post-installation were expected.
Because the air would be cleaner after UV-C treatment, we
also anticipated a reduction in bacteria on surfaces, which we
found in most cases.

By trialing continuous UV-C air purification technology in
geographically distinct areas we hoped to discover its efficacy
when implemented at the room level. In every case, the
amount of airborne bacteria was greatly reduced, and in most
cases, surface bacteria was also reduced.

Hospitals reported that healthcare-associated odors
were diminished considerably. This was especially evident at
Hospital C, where foul odors had been a constant in the closed
unit psychiatric holding area, but also mentioned at Hospital A.
We believe that cleaning the air with active UV-C technology
not only reduced the number of CFUs present, but also
resolved odors. This may be due, at least in part, to the UV-C
acting on the biological nature of the odors.

DISCUSSION
Hospodsky et al. documented human occupancy as the major
source of indoor airborne bacteria but observed that the skin,
nasal and hair that is shed becomes not only airborne but also
settles on surfaces (14). Huang et al. explored the likelihood
that a hospital patient could acquire antibiotic-resistant bacteria
from someone who had been in the room before (15). Mitchell
et al. expanded by performing a meta-analysis on the same
topic. They noted the use of UV-C lighting fixtures as a way
to reduce the likelihood of a future patient acquiring infection
from a prior room occupant (16). King et al. studied surface
contamination as a result of airborne disposition of bacteria.
They found that small particle bioaerosols are spread with no
correlation between surface area of contaminants and distance
from the source (17).

Schabrun and Chipchase identified healthcare equipment
as a significant source of nosocomial infections (18). Otter
et al. agreed that contaminated surfaces are implicated in
transmission of pathogens, and further called out UV-C as a
disinfection technique with improved efficacy over conventional
methods (19). Dumford identified portable hospital equipment

TABLE 1: Mean airborne bacteria correction hole factor CFUs pre- and post-installation

Study location M(?an CFU.s Mgan CFU§ Change Stude.nt’s t-test,
pre-installation post-installation one-tailed p value
Hospital A ICU 167 37 -79% 0.0305
Hosp. A OR Breakroom 472 92 -81% 0.0264
Hospital B patient room 599 55 -91% 0.0002
Hospital C 6 bed psych unit 439 88 -80% 0.0234

All facilities had significant reductions in airborne bacteria with 24/7 operation of the shielded UV-C ceiling unit.

TABLE 2: Mean surface bacteria correction hole factor CFUs pre- and post-installation

Study location M?an CFU.s Me.an CFU§ Change Stude.nt’s t-test,
pre-installation post-installation one-tailed p value
Hospital A ICU 45 19 -57% 0.0049
Hosp. A OR Breakroom 120 62 -48% 0.2922*
Hospital B patient room 25 97 +288% 0.0104
Hospital C 6 bed psych unit 115 36 -69% 0.0288

*This p value due to small sample size

Most facilities had significant reductions in surface bacteria after implementing UV-C at the room level.
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as holding reservoirs of C. diff. (20) and Stiefel et al.
investigated surfaces as a source of MRSA contamination
(21). Shiomori et al. demonstrated that making the bed
of a patient with MRSA dispersed MRSA into the air in
significant amounts for at least fifteen minutes (22).

Kramer, Schwebke and Kampf looked at how long
pathogens can survive on surfaces (23). Acinetobacter
spp. survived up to five months, C. diff. up to five months,
Escherichia coli up to 16 months, and Staphylococcus
aureus, including MRSA, up to seven months. Jawad et al.
pointed out that the relative humidity in a space impacts
the survival of Acinetobacter spp. and concluded that the
bacteria can be transferred from surfaces not only by moist
vectors but also by dry ones (24).

It is clear from the literature that bacteria in the air and
on surfaces poses a risk to patients, visitors, and staff. Our
study showed that using UV-C at the room level reduced
the bio burden of the air, and, in most cases, of that
on surfaces.

In our study, Hospital B had a very large percentage
increase (+288%) in surface bacteria post-installation
although the actual numbers weren’t extreme (25, 97).

We attribute this to the fact that the study room had been
terminally cleaned before pre-installation samples were
taken. The pre-installation samples were taken in a cleaned,
unoccupied and closed room. The post-installation samples
were taken in the room after a patient on isolation had
occupied the room and had not been terminally cleaned

at the time post-installation samples were taken. This

result demonstrates the importance and efficacy of surface
cleaning as part of the entire infection control process.

Limitations: A limitation of this study is the location of
study sites in fully functioning operational facilities. We
had no control over people opening and closing doors
thereby affecting airflow into and out of the room, how and
how often surfaces were cleaned, as well as the consistent
cleaning procedures and the number and types of patients
who occupied the spaces. Room furnishings were not
identical, nor were layouts. Most patient rooms tested
were occupied by patients or work areas were functioning
as intended and in use by staff. These variables may have
affected the results. A second limitation is the decision to
study total bacteria CFUs, and not specific pathogens, fungj,
or viruses. Because the study was in live environments,
and not in a lab, we had no control over the number and
types of pathogens that might be present. Because the
hospital environment is dynamic and we did not seed
the environment with any given pathogen we used total
bacteria load as a surrogate for all pathogens. This approach
might be seen as similar to using a biological indicator in a
steam sterilizer to ensure hospital equipment and supplies
are properly sterilized for use on patients. When the
equipment is cleaned and wrapped and sterilized it would
be hard to test every potential pathogen, but an indicator
helps provide a level of assurance that the equipment is
ready for use.

CONCLUSIONS

The data clearly demonstrate that using active air UV-C
technology at the room level reduces the bioburden in the
air and improves indoor air quality. In addition, the majority
of the facilities had reduced surface bacteria in areas where
continuous UV-C air purification at the room level was
operational. Hospitals should consider adding active air
UV-C technology at the room level to decrease airborne
and surface microorganisms and improve indoor air quality.
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