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ABSTRACT

Background: The disinfection of portable medical equipment (PME) is a significant challenge in healthcare settings, creating the potential for transmission of healthcare-
associated infections (HAIs). A LightStrike Disinfection Pod (LDP) has been developed using UV reflective material, that when paired with pulsed-xenon ultraviolet light

(PX-UV) disinfection, allows for a full 360-degree disinfection of PME.

Methods: A selection of PME underwent sampling using contact plates before and after exposure to PX-UV disinfection in the LDP. All studied items were manually cleaned

using disinfectant wipes not more than four hours before PX-UV disinfection.

Results: A total of 414 colonies were counted across 50 contact plates prior to PX-UV exposure in the LDP. Only 46 colonies were counted across 50 plates after exposure,

resulting in an 88.89% reduction in total bioburden on PME tested.

Conclusion: This study proves the efficacy of LDP paired with PX-UV in disinfection of PME when used as a supplement to manual cleaning. LDP can help to address
challenges with disinfection of shared patient care equipment and, therefore, can support efforts aimed at reduction of healthcare associated infections.
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INTRODUCTION

Healthcare-associated infections (HAIs) are a serious patient
safety concern that may significantly increase patient length
of stay, decrease quality of life and impact hospital morbidity
and mortality. According to some estimates, about 220,000
patients contract HAls and more than 8,000 die in Canadian
hospitals every year [1]. Numerous studies have demonstrated
that environmental contamination plays a significant role in
the transmission of HAIs [2-4]. While significant progress has
been made to improve terminal cleaning compliance of high-
touch surfaces within patient rooms, cleaning and disinfection
of portable medical equipment (PME) remains a significant
challenge [5-6]. Research has shown that inadequately cleaned

equipment may play a significant role as a vector for the
transmission of HAls between patients [7-9]. PME includes
“orphan” equipment and devices that, rather than being tied

to specific patients, are meant to be shared by nursing staff
among multiple patients on the unit consecutively. Common
examples of PME include computers on wheels, patient vitals
machines and intravenous infusion (IV) pumps. This type of
equipment is considered non-critical according to the Spaulding
classification system and does not require high-level disinfection
or sterilization after each use, which is usually performed at
centralized reprocessing units. Non-critical equipment requires
low-level disinfection, which is typically done manually in patient
care areas using wipes containing detergent and disinfectant
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products. There is evidence indicating that manual cleaning

is often inadequate with up to a half of hospital surfaces

left uncleaned following the routine terminal room cleaning
[10]. One of the ways to address this gap is to use additional
disinfection methods such as ultraviolet light (UV) disinfection.

One of the types of UV disinfection technology used in
health care settings is pulsed-xenon ultraviolet (PX-UV) light,
which has well-documented biocidal properties [11, 12]. Like
other similar technologies, PX-UV disinfection has very limited
penetrating capacity and is not very effective on heavily soiled
surfaces. Considering this, it is generally not used alone but as a
supplement to manual decontamination.

A LightStrike Disinfection Pod (LDP) has been developed
with UV reflective material that, when paired with a PX-UV
disinfection device, will allow for full 360-degree disinfection of
PME. The LDP is meant to be used routinely for PME disinfection
on PX-UV implemented hospital units to further minimize the
risks of HAI transmission routes. The purpose of this study is to
evaluate the efficacy of LDP on microbiological contamination
of PME within the real-world hospital setting.

METHODS

PME for testing was chosen based on how common it is used
in hospital settings as well as its size and ability to stand alone
either on wheels or legs, so it could be placed inside of LDP. It
consisted of transport chairs, walkers, commode chairs, oxygen
carts, tray tables, vitals machines, and IV pumps. PME items
were sampled from the clean equipment storage area in one of
the largest hospitals in Fraser Health Authority region of British
Columbia, Canada. All items were cleaned with disinfectant
wipes as per the regular hospital protocol prior to placement

in the storage area. The cleaning protocol requires the use of
0.5% ready-to-use accelerated hydrogen peroxide wipes for all
PME except for IV pumps, for which 5,000 ppm bleach wipes
are employed. The time between manual cleaning and PX-UV
disinfection was kept to a minimum and did not exceed four
hours to reduce the impact of natural bacterial decay over
time on the study results. Sampling and LDP disinfection were
performed on two of each item except for tray tables of which

only one item was sampled. Prior to exposure, PME were
sampled in various high-touch locations utilizing tryptic soy agar
(TSA) contact plates (25 cm? Hardy Diagnostics, Santa Maria,
CA). PME were then exposed to PX-UV inside the LDP for five
minutes. After the cycle was completed, PME were sampled
again in areas adjacent to the original sample as testing exactly
the same area is not recommended for contact plates. A total
of 50 pre-exposure and 50 post-exposure samples were taken
across all PME. Contact plates were allowed to incubate at 36°
Celsius in aerobic conditions for 48 hours before being counted.
The results were reported as colony forming units (CFU) per
contact plate.

The total CFU counts as well as percent reduction in mean
contamination following LDP disinfection was calculated for all
PME types. Because of the non-parametric data distribution,

a Wilcoxon rank-sum test was used. Statistically significant
reduction in contamination was determined by a p-value less
than 0.05. Statistical analysis was done using Stata (version 17.0;
Stat Corp LLC, College Station, TX).

The ethics waiver was obtained from Fraser Health Research
Ethics Board as this evaluation did not constitute research
involving humans.

RESULTS
A total of 414 colonies were counted across contact plates
prior to PX-UV exposure in the LDP. After exposure only 46
colonies were counted, resulting in an 88.89% reduction in
total bioburden. Percent reductions can be seen for each PME
in Table 1. An example of the samples before and after PX-UV
disinfection from one of the surfaces is provided in Figure 1.
After determining sample non-normality, a Wilcoxon matched
pairs sign rank test was performed on total counts, as well as
by PME. PME that had less than 10 samples were combined,
for statistical purposes, into one group labeled “Other”. The
Wilcoxon test indicated that out of a total of 50 different pairs,
the pre-exposure counts were greater than the post exposure
in 40 cases, equal to in nine cases, and less than in one case.
The p-value was <0.00001, indicating that the total reduction in
bioburden was statistically significant.

Table 1: Percent Reduction of Colony forming Units by PME type combined

PME (# of samples)

Before CFU Count*

After CFU Count* % Reduction

Transport Chair (6) 34 1 97.06
Walker (6) 92 24 73.91
Commode Chair (10) 25 2 92.00
Oxygen Cart (4) 73 8 89.04

Tray (2) 33 0 100.00

Vitals Machine (12) 75 10 86.67
IV Pump (10) 82 1 98.78

All PME combined (50) 414 46 88.89

* Total CFU for all samples
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Additionally, all PME categories with 10 or more samples
(commode chair, IV pump, vital machine), and the remaining
grouped category (other) showed significant reductions.

The detailed results by each surface sampled can be found
in Appendix 1.

DISCUSSION
The results of this study, which is the first of its kind in Canada,
indicate that exposure to PX-UV light in the LDP as a supplement
to regular manual cleaning can significantly reduce the
bioburden present on portable medical devices. It is important
to mention that there are no universally accepted standards
for the allowable levels of microbial contamination of hospital
surfaces. One study proposed 2.5 CFU/cm? for total aerobic
colony counts and <1 CFU/cm? for “indicator” organisms, such
as methicillin-resistant S. aureus, as the threshold above which
the risk of HAl is increased [13]. Our results for manual cleaning
are below the proposed level for total aerobic colony counts.
However, there is no evidence from real-world studies showing
that meeting the proposed thresholds reduces HAI rates.

Our findings confirm the results of a similar evaluation
conducted in Michigan in 2019, which found 93% reduction
in the number of recoverable bacteria on PME after PX-UV
disinfection using LDP [14]. Conventional application of
PX-UV light for equipment disinfection involves placing PME
in a separate room where multiple UV disinfection cycles are
employed to achieve proper exposure. The key benefit of
using LDP is in its ability to ensure 360-degree exposure with
a single disinfection cycle, which significantly increases the
amount of UV irradiation delivered to target surfaces, thus
improving the effectiveness of disinfection. Boyce et al. showed
that the log reduction in C. difficile counts from exposure to
UV-C light drops from >2-3 to 1-2 to zero when the object is

placed at 90° angle, 0° angle and in shaded area relative to
the emitting UV-C device, respectively [15]. In addition, the
use of LDP may potentially save valuable staff time required
for PX-UV disinfection, as multiple cycles would be needed
without LDP to ensure all surfaces are properly exposed.
Also, finding a spare room to perform UV disinfection can

at times be very challenging as many Canadian hospitals
often operate at 100% capacity. Given a relatively small
footprint of LDP, it can be easily installed in hallways or

large rooms without significant impact on workspace and
workflow. Another potential application of this technology

is disinfection of patient beds and stretchers. Due to safety
restrictions, PX-UV disinfection must be performed in
unoccupied rooms, which limits its application in multi-bed
patient rooms. The size of the existing LDP would need to be
increased to accommodate a patient bed, an issue that needs
to be explored further.

The main limitation of this study was the fact that its
scope was limited to examining the efficacy of LDP in
reducing bacterial contamination of PME without assessing
its impact on the rate of healthcare associated infections,
which is a subject for future research. Also, the study did
not measure the impact of LDP on levels of contamination
of some epidemiologically important pathogens commonly
responsible for HAls such as methicillin-resistant
Staphylococcus aureus, C. difficile, carbapenem-resistant
organisms and others.

However, the study proves the efficacy of LDP paired
with PX-UV in disinfection of PME when used in addition to
regular manual decontamination. Its application can help
busy hospitals that face increased congestion and space
challenges to find creative solutions to improve disinfection
of shared patient care equipment.
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