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Purpose :

This protocol will attempt to substantiate the claim the
TRU-D is able to deliver doses of UVC in a predictable
manner to areas of relative shadow in patient care areas
sufficient to achieve at least a three log reduction of
Staphylococcus aureus bacteria.

Background :

Nosocomial, or hospital acquired, infections are common,
costly, and sometimes lethal. The nature of bacteria ac-
quired in the hospital setting differs significantly from
bacteria found in a community setting primarily in their
resistance to antibiotic therapy.

Historically, staphylococci, pseudomonads,
and Escherichia coli have been the nosocomial
infection troika; nosocomial pneumonia, surgi-
cal wound infections, and vascular access-related
bacteremia have caused the most illness and death
in hospitalized patients; and intensive care units
have been the epicenters of antibiotic resistance.
Acquired antimicrobial resistance is the major
problem, and vancomycin-resistant Staphylococ-
cus aureus is the pathogen of greatest concern.
The shift to outpatient care is leaving the most vul-
nerable patients in hospitals. Aging of our pop-
ulation and increasingly aggressive medical and
surgical interventions, including implanted for-
eign bodies, organ transplantations, and xeno-
transplantation, create a cohort of particularly

susceptible persons. Renovation of aging hospi-
tals increases risk of airborne fungal and other
infections.1

Significant morbidity, mortality, and costs are associated
with these infections. Many factors contribute to these
dangerous infections. Most notably are the overuse of an-
tibiotics and poor personal hygiene such as hand washing.
Abundant evidence exists, however, that the hospital en-
vironment itself contributes to the problem by harboring
virulent strains of bacteria, fungi, and viruses, and that
many methods commonly used are ineffective and may
actually spread contaminants. Additional need exists for
remediation of biological contamination, both accidental
and as a result of acts of war or terrorism.

Other attempts to eradicate surface contaminates from the
hospital setting have varied greatly in strategy and suc-
cess. These have ranged from antiseptic soaps to fumiga-
tion with formaldehyde gas. Additionally, many surfaces
such as keyboards, television sets, and monitoring con-
trols are difficult if not impossible to decontaminate with
liquid disinfectants without harming the electronics.

There are limited ways to eradicate microbes from areas
of concern. Heating certainly is the standard method of
achieving sterility of instruments but is not practical on
large areas. Chemical disinfection is and will continue
to be of use; however, as stated before, it is of limited
success and usefulness on a large scale. Specifically, gas
disinfection has been found to be time consuming, haz-
ardous to workers, and environmentally unwise2. Topical
antiseptics are problematic for several reasons including
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the concern that they may actually induce antibiotic resis-
tances and thus may be adding to the problem of resis-
tant strains. Ionizing radiation will kill in adequate doses
but is hazardous and highly regulated. It is also difficult
to contain in areas not specifically designed for such use
such as x-ray suites. Certain wavelengths of non-ionizing
electromagnetic radiation are also microbiocidal. It is this
method of bacterial kill that is the subject of the present
study.

Based upon the interaction with biologic material, ultra-
violet light is categorized into three bands, UVA (400-315
nm), UVB (315-280 nm), and UVC (280-100 nm). UVC
is the most microbiocidal bandwidth and is the type gener-
ated by the TRU-D. Ultraviolet (UV) light has been stud-
ied for disinfection and sterilization since the 1930’s3. Re-
cently, the widespread availability of low to medium pres-
sure mercury bulbs has led to the development of devices
that use UVC (also called UVGI) to decontaminate water
supplies. At this time commercially available units exist
for water sterilization, for air duct decontamination, and
for the reduction of airborne bacteria via upward pointing
light sources.

UVC differs significantly from other forms of ultraviolet
light in both its hazardous potential for human exposure
and its germicidal activity. This quality also limits dam-
age to human tissue to surface skin and the eyes. Short-
term exposure causes superficial burns, however, long-
term exposure is highly carcinogenic. The properties that
make UVC most microbiocidal also make it highly toxic.

The microbiocidal effect of ultraviolet irradiation on bac-
teria and viruses is primarily due to the formation of
pyrimidine dimers from thymine and cytosine, primar-
ily thymine, in a photochemical reaction initiated by the
absorption of photons4. Such dimers inactivate resident
DNA and RNA. With spores, it is postulated that UVC ex-
posure results in the formation of lethal photo-products.
The deactivation rate is complicated by the presence of
genetic repair mechanisms resident in many if not all mi-
croorganisms.Viruses primarily utilize the repair mecha-
nisms of host cells.

Microbiocidal dose is a product of intensity and time.
Shorter times and greater intensity appear most effective
by shortening the time allowed to effect repair of damaged
genetic material. In intense exposures thermal damage by

preferential absorption also plays a part in the microbio-
cidal effect of UVC. Sterilization of relatively small ob-
jects can be achieved quickly with intense exposure and
is actually less destructive to certain materials than either
chemical disinfection or heat.5,6

Several factors affect microbiocidal efficacy. Encapsula-
tion, species-specific variations in transmission of light
through cell membranes, species-specific repair activ-
ity, multi-layered colonies, temperature, and humidity
may affect apparent lethal levels. Viruses tend to be
more sensitive to UV damage than bacteria, and UV has
been shown to be equally effective against some viral
pathogens.7,8,9

To date, there are no published efforts to use UVC to
decontaminate or disinfect larger areas such as operat-
ing rooms in a controlled and measured manner. The re-
cent availability of appropriate bulbs as well as significant
safety concerns regarding worker exposure to UVC likely
contribute to the lack of efforts to use UVC outside of
self-contained or low-powered systems.

Interest in the possibility of using UVC to decontaminate
or even sterilize work areas led to the building of the first
prototype of this device in 1997. A patent pending has
been in place for the subsequent variations of the device
since September 19, 2000, and includes the device and
variations thereof as well as the method of area steriliza-
tion. The first prototype used a UVC light source and
motion detectors only. Initial tests were surprisingly suc-
cessful with sterilization of bacteria from surfaces directly
exposed to the irradiation. It became obvious, however,
that some areas would not receive direct exposure from
the lamp array. Methods of delivering adequate doses
of UVC to these areas of relative shadow were explored.
The idea developed that measuring doses that are reflected
from walls and other enclosing surfaces would be a reli-
able, replicable, and controllable way to deliver adequate
doses to areas not in direct line of sight of the device. This
led to the development of a control mechanism to measure
reflected doses and predict delivery of energy into areas of
relative shadow. Since that time, other studies have been
discovered that have observed the effect of germicidal ac-
tivity in areas of relative shadow.10

The TRU-D in present use is a mobile, automated room
sterilizer or decontamination device. Stationary units
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would use the same techniques and strategy and could be
built into the room itself. A stationary version of the pro-
totype is a part of the original patent application.

The TRU-D is positioned in a room, such as an operat-
ing room or intensive care unit or an suspected to be con-
taminated. A wireless remote control is used to activate
the device. For an initial interval after actuation, motion
detectors sense movement, to assure that personnel have
evacuated the space to be decontaminated. Subsequently,
banks of mercury bulbs activate and generate intense lev-
els of UVC. After the bulbs are activated, an array of UVC
sensors scan the room, and determine the darkest area, or
the area reflecting the lowest level of UVC back to the
sensors. An on-board CPU in the device calculates the
time required to obtain a lethal dose of UVC reflected
back from darkest area. The TRU-D transmits the cal-
culated dose of UVC, as well as other monitoring infor-
mation, to the remote control where it is displayed to the
user. Once a lethal dose has been reflected to all the sen-
sors, the unit notifies the user and shuts down. By relying
on reflected doses rather than direct exposure, the TRU-D
is able to sterilize or decontaminate all surfaces within the
room that are within view of an exposed wall or ceiling.
The pathogenic bacteria in the room have been effectively
eliminated. While it is possible to contaminate a surface
that is not reached by the TRU-D for decontamination, in
practical use the surfaces that are subject to contamination
are also readily reached by the TRU-D for decontamina-
tion.

The dosing time is species dependent. Vegetative organ-
isms can be eradicated in some rooms, even in areas of
relative shadow, in less than ten minutes11. Spore form-
ing organisms may take several hours. The device adapts
itself to practically any size or configuration of rooms.
In some situations, more than one unit will be required
to decontaminate a large or geometrically complex space.
Also, additional remote sensors can be attached for spe-
cial situations where concern exists that the permanently
attached sensors may provide inadequate information to
predict germicidal levels of UVC. These sensors may be
connected to the device via a data cord and placed in the
area of greatest concern. The device then will be able to
measure levels to this area and therefore assure adequate
dosing of UVC.

Power output from the TRU-D is approximately 3000
mW/cm2 at one meter and is believed to create the great-
est amount of UVC that can be generated from a single
twenty-amp circuit. Greater intensity can be generated in
spaces with special, higher amperage circuits or by the use
of multiple units drawing from separate electrical circuits.

Upon completion of the cycle, the unit has decontami-
nated all the exposed surfaces within the room, including
the primary shadows such as the back or wall side of all
rails, cabinets that are not against the wall, and tables. In
initial trials, actual sterility was achieved for most relevant
surfaces. Trials of the TRU-D in actual operating rooms,
endoscopy suites, and exam rooms as well as simulated
trials have been performed. At direct exposure from two
meters, the unit is able to reduce colony counts of com-
mon hospital pathogens by a minimum of 99.9% in one
minute and achieved sterilization of most bacteria species
in less than 10 minutes. Spore-forming microorganisms
have been tested and proven sensitive to this technique.12

Also, the ability of UVC to render bacteria inactive varies
when tested on different materials. In general, the less
porous and more reflective materials are easier to decon-
taminate. 11,12

The TRU-D self monitors microbiocidal levels. Reflected
doses of UVC are measured, and the device remains ac-
tivated until appropriate levels are received. This ensures
that areas in relative shadow and not in direct line of sight
with the unit are sterilized or decontaminated. Also, the
unit can be set to deliver whatever dosing is required to de-
contaminate against a particular suspected species. Again,
while species specific variations exist regarding sensitiv-
ity to UVC, there are no organisms identified to date that
are completely resistant to sufficient doses.

Without adequate safety features, daily use of intense
UVC is dangerous and impractical. Since in actual use the
mobile version of the TRU-D should not have power ap-
plied until it is ready to use, the TRU-D generates a voice
alarm immediately when power is delivered. The voice
alarm changes to reflect the mode of the device at what-
ever cycle it is in at the time. During the decontamina-
tion cycle the TRU-D repeats the verbal warning to keep
clear of the room and to not attempt to look into the area
being decontaminated. The device has motion detectors
that assure the room is vacant of personnel prior to acti-
vation and will deactivate the unit at any segment of the
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cycle when motion is detected. Hard-wired plugs on the
unit are available for additional door, window, or other
entry monitoring devices that special situations may dic-
tate. If the TRU-D loses two-way communication with
the remote control it also shuts down and sounds an au-
dible alarm.Closed-loop, redundant safety circuits assure
that no single electronic failure can result in the unit stay-
ing activated.

The present test is to determine the dose of UVC required
to inactivate Staphylococcus aureus Information derived
in this test will be used in subsequent studies to provide
dosing information entered into the algorithm used by
the TRU-D device when an anthracis contamination of an
area is suspected.

Protocol :

Materials

• Staphylococcus aureus in a solution of 106 bacilli
per milliliter of 0.5 McFarland solution.

• Plate spreaders.

• Aluminum plates measuring 1276 cm2

• Contact culture plates with 1 cm2 grid markings

• TRU-D device.

• Radiometer calibrated to measure within the germi-
cidal range of C-band ultraviolet light and calibrated
according to NIST traceable standards.

Method

Step 1 : Bacterial Challenge Inoculum

Staphylococcus aureus bacteria in a .5 McFarland solu-
tion was prepared by the Care Alliance Microbiology staff
for use in the trial. The solution was prepared on the
day of the trial. Serial dilutions in physiological saline
was performed to achieve a final solution of 106 CFU per
milliliter. Two milliliters of the solution was placed on

the test surface and the control surface. Cell spreaders
were then be used to spread the solution evenly across the
surfaces. As drying occurred, the solution was repeatedly
spread on the surfaces. Total drying time was 45 minutes,
which included the time used to spread the solution.

Step 2:

The treatment room to be used measures 14 x 13 feet with
a ceiling height of nine feet. The contaminated surface
shall be placed a treatment room attached to the back of
an exam chair, not in direct line of sight of the TRU-D.
Contaminated surface shall therefore receive UVC dosing
only by reflection from within the room and not directly
from the bulbs. Three squares of the test grid and three
squares of the control surface shall be randomly selected
and cultured prior to any treatment of the test room. The
TRU-D shall be placed in the room in compliance with the
TRU-D User Manual. In order to confirm proper function
of the device, the TRU-D shall be monitored by remote
camera array and by positioning in the room at least two
NIST traceable UVC sensors. An identical contaminated
surface for each site shall be set aside in an area not ex-
posed to UVC and used as a control. Serial dilutions shall
also be done and plated to confirm the actual concentra-
tion of organisms in the stock suspension as well as to
confirm the recovery method.

Step 3:

Using safety protocols described in the TRU-D User Man-
ual, the TRU-D and the radiometer are activated. The
TRU-D shall stay active until 10% of the previously deter-
mined doses of UVC are applied to the room, confirmed
by the on-board sensor array, and displayed to the opera-
tor. 1

Contact culture plates shall be used to recover organisms
from the test and control surfaces. The TRU-D shall then
be reactivated until the device indicates that it has de-
livered what is predicted to provide sufficient energy to
achieve a three to six log reduction of organisms. After

1According to previous tests, the decontaminating value has been
determined to be 22,000 mW/S cm2
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deactivation of the TRU-D, cultures shall again be taken
fro each site and the control surfaces. This procedure
will be repeated at intervals when the TRU-D indicates
it has delivered 150%, 200%, and 300% of the predicted
adequate dose. At each interval, contact culture plates
shall be applied to randomly selected spaces following the
manufacturer’s instructions for quantitative measurement
of surface contamination. No surface area shall be cul-
tured more than one time. At each interval, cultures shall
also be taken from the unexposed control surfaces.

Step 4:

Contact plates shall be incubated for 24 hours. Culture
results shall be evaluated by direct enumeration and shall
be reported as colonies per plate and extrapolated to the
number of colonies per test surface area of 1276 cm2. The
results shall be analyzed for variability of results at a sin-
gle exposure level between the types of surfaces tested.
In addition, the average between the two plates for each
level shall be plotted to display the rate of kill of microor-
ganisms for each dose level compared to colony counts
obtained from the untreated control surface. The measure
of success of the TRU-D shall be expressed as its ability
to deliver and predict levels of UVC adequate to achieve
at least a three log reduction of viable organisms when
compared to the control surfaces.

Results:

1. Record colony-counts enumerated from contact
plates at determined levels

2. Record TRU-D reflected doses

3. Report : Raw Data from 12/1/2001

% Pre-
dicted/Reflected

Dose

Colony Count
Test Room 1

Colony County
Test Room 2

Colony County
Control 1

Colony County
Control 2

10/ 1 1 500-1000 500-1000
100/ 0 0 500-1000 500-1000
200/ 0 1 500-1000 500-1000
300/ 0 0 500-1000 500-1000

Conclusion :

1. The TRU-D was able to achieve at lease a 4 log re-
duction in Staphylococcus aureus by reflection only
in this treatment room in 9 minutes and 59 Seconds.

2. The TRU-D on board monitoring system predicted
an appropriate exposure to occur in 16 minutes.

Comments :

The TRU-D is purposefully programmed to over expose
rather than under expose the areas being treated. It does so
by measuring reflected levels to the device itself that log-
ically is the longest distance light must travel within the
area. It is possible that developing historical information
in multiple settings may allow the algorithm used by the
device to lessen the exposure time and still provide ade-
quate dosing of UVC to appropriate areas. Measurements
were taken from other areas of the examination room si-
multaneous to this trial. They included (see photos) the
microscope facing away from the TRU-D and the surface
of the cabinet. All surfaces measured intensities greater
than the area behind the chair where the test surfaces were
placed.
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