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Background: Manual cleaning and disinfection of the operating room (OR) environment may be inad-
equate due to human error. No-touch technologies, such as pulsed-xenon ultraviolet light (PX-UV), can
be used as an adjunct to manual cleaning processes to reduce surface contamination in the OR. This article
reports the cumulative results from 23 hospitals across the United States that performed microbiologic
validation of PX-UV disinfection after manual cleaning.
Methods: We obtained samples from 732 high-touch surfaces in 136 ORs at 23 hospitals, after manual
terminal cleaning, and again after PX-UV disinfection (n = 1464 surface samples). Samples were enumer-
ated after incubation, and the results are reported as total colony-forming units (CFU).
Results: The average CFU after manual cleaning ranged from 5.8 to 34.37, and after PX-UV, from 0.69 to
6.43. With manual cleaning alone, 67% of surfaces were still positive for CFUs; after PX-UV disinfection,
that number decreased to 38% of all sampled surfaces—a 44% reduction. When comparing manual clean-
ing to PX-UV, the reduction in CFU count was statistically significant.
Conclusion: When used after the manual cleaning process, the PX-UV device significantly reduced con-
tamination on high-touch surfaces in the OR.

© 2018 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. All rights reserved.

BACKGROUND

Current literature demonstrates that manual cleaning and dis-
infection of the operating room (OR) environment may be
inadequate.1 Human error inherent in the manual cleaning process
results in only half of the surfaces in the OR environment being dis-
infected throughout the day, with the remaining surfaces having
persistent contamination with pathogenic organisms. In the inpa-
tient environment, these residual pathogens have the potential to
increase the risk of infection transmission from contaminated sur-
faces to patients who inhabit the room during their hospital stay.2,3

In fact, the direct relationship between surfaces contaminated with
pathogens and increased risk for infection acquisition has been re-
peatedly demonstrated in the inpatient environment.4-6 Similar
evidence of this relationship is emerging for ORs.

A review of literature demonstrates that possible residual con-
tamination in ORs may contribute to surgical site infections (SSIs),
which are one of the most prevalent hospital-acquired infections
(HAIs), representing 22% of all HAIs.7,8 There is evidence that the
environment plays a role in the transmission of SSIs.9 Figure 1 shows
a proposed mechanism for how pathogens move from contami-
nated surfaces to the patient or the sterile field, leading to the
development of an infection. In essence, residual contamination left
on surfaces across the OR after manual cleaning can be disturbed
and aerosolized by movements of staff members or equipment prior
to or during the surgical procedure.11 These aerosolized particles
can then settle onto sterile instruments or the sterile field, onto high-
touch surfaces leading to hand contamination, or into the surgical
wound itself. Even small movements, such as the surgeon bending
at the waist, have been shown to significantly increase the level of
aerosolized particles contaminating the sterile surgical field.12 The
recommended number of air exchanges per hour (>15) in the OR
may be inadequate to capture all aerosolized organisms efficient-
ly. A recent study of SSI risk factors found that settle plates placed
in an undisturbed OR overnight produced 15 CFU/ft2 per hour, but
the CFU levels drastically increased to 300-400 CFU/ft2 per hour when
OR personnel were present.13 Edmiston et al. found that air samples
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taken adjacent to the operative field showed growth of both patho-
genic and opportunistic organisms.14 The relationship between air
and surface contamination, and surgical site contamination, has also
been demonstrated in more recent research.15 The presence of patho-
gens on surfaces has been shown to increase the contamination rates
of healthcare workers’ hands, both bare and gloved.16,17

One method to interrupt this cycle of aerosolization and recon-
tamination is to reduce the burden of residual pathogens remaining
on environmental surfaces through the use of mobile no-touch
disinfection technologies, such as ultraviolet (UV) light disinfec-
tion systems and hydrogen peroxide vapor systems. Reducing the
initial bacterial load on surfaces reduces the amount of bacteria
available to be aerosolized and redistributed throughout the patient
room and OR. Association for periOperative Registered Nurses
guidelines currently state that emerging no-touch technologies
may be considered as an adjunct to terminal manual cleaning
processes, but additional research is needed.18 One type of UV
system using pulsed-xenon ultraviolet (PX-UV) light has demon-
strated efficacy beyond manual disinfection alone in the acute
care inpatient setting19-21 and could serve the same purpose after
terminal manual OR cleaning.

As part of the product selection process, hospitals interested in
implementing PX-UV disinfection in the OR perform microbio-
logic validation to test the effectiveness of no-touch disinfection as
an adjunct to manual cleaning. The purpose of this article is to report
on the cumulative results of this validation process from 23 hos-
pitals across the United States.

MATERIALS AND METHODS

Study sites

Facilities included in this study are from a convenience sample of
hospitals that elected to conduct microbiologic validation of PX-UV
disinfection systems as a part of their product selection process. We
collected data from 23 facilities with 136 ORs. The 23 facilities in-
cluded 22 short-term acute care facilities and 1 ambulatory surgical
center. The short-term acute care hospitals range from 106 to 844
licensed beds (median = 336) and 5 to 30 ORs (median = 12). We ana-
lyzed 732 high-touch surface samples after manual terminal cleaning,
and after PX-UV disinfection, for a total of 1464 data points.

Manual disinfection processes

Cleaning staff performed routine terminal manual cleaning at the
end of the day using standard disinfectants and following current
protocols at each of the study hospitals. To prevent any changes in

normal cleaning behaviors, assurance was given to cleaning staff that
the environmental testing results would be non-punitive.

PX-UV disinfection process

The PX-UV device uses a xenon flash lamp technology to
produce pulses of intense, broad-spectrum germicidal UV light
(200-320 nm) of short duration.22 Prior to use, terminal manual
cleaning removes visible contamination and residual surface protein
load, allowing for optimal UV efficacy. The PX-UV system is placed
in the room at the head of the OR bed. For the initial setup,
equipment and carts are maneuvered to reduce shadowing and to
optimize direct line-of-sight exposure. The device is activated
through the user interface and set to run a complete cycle. Once
this cycle is complete, the system is placed on the opposite side of
the bed and run for another complete cycle (see Fig 2). Generally,
ORs under 400 square feet will require 5-minute cycles, and ORs
larger than 400 square feet will require 10-minute cycles, to
account for differences in proximity to high-touch surfaces and
equipment.

Sampling methods

All samples were collected using 25-cm2 tryptic soy agar Rodac
plates (Hardy Diagnostics, item number P34). To avoid sampling the
same physical area twice, the post-manual cleaning samples were
taken from the left-hand side of the sampled surface, and the post-
PX-UV disinfection samples were taken from the right-hand side.

Fig 1. Proposed mechanisms for dispersal of environmental contaminants across the surgical field. Image from Simmons et al.10

Fig 2. Placement of PX-UV disinfection system for terminal cleaning of operating
rooms
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Flat surfaces were sampled by pressing the plate firmly against the
surface, and non-flat surfaces were sampled using the roll plate tech-
nique. All samples were immediately returned to the laboratory and
incubated for 48 hours at 36° C. Samples were enumerated after
incubation, and the results were reported as total colony-forming
units (CFU) per plate. Plates with growth that were too numerous
to count (TNTC) after manual cleaning and after PX-UV were as-
signed a value of 200 (TNTC = 200).

Ethics approval

Each hospital in this study went through their institutional review
board (IRB) protocol. It was determined that the activities of this
study were part of quality improvement and thus exempt from full
IRB review.

Statistical methods

Due to the skewed distribution of the CFU data, we used statis-
tical methods to handle non-normal data. Our post-hoc power
analysis indicated sufficient power for all 3 analyses (power > 0.90,
assuming alpha = 0.05). We conducted 3 different analyses using
the final CFU count for each plate:

1) To examine the difference in mean CFUs after standard termi-
nal clean and after PX-UV disinfection, we used a Wilcoxon
matched-pairs sign rank test. We made comparisons for all sur-
faces combined and individual surfaces with more than 30
samples collected in each arm. P-values less than .05 were con-
sidered statistically significant.

2) To examine the fraction of samples with more than 15 colo-
nies that decrease below 15 colonies after PX-UV, we counted
the number of samples that grew 15 or more colonies after
manual cleaning. From this subset of samples, we identified how
many had fewer than 15 colonies after PX-UV. Previous re-
search using quantitative methods defined a “significant”
threshold as the presence of ≥15 CFU/plate.23 We made com-
parisons using a chi-square test for all surfaces combined and
individual surfaces with more than 30 samples collected in each
arm. P-values less than .05 were considered statistically
significant.

3) To examine the difference in detectable (positive/negative) CFUs
after standard terminal clean and after PX-UV disinfection, we
made comparisons using a chi-square test for all surfaces com-
bined and individual surfaces with more than 30 samples
collected in each arm. P-values less than .05 were considered
statistically significant.

RESULTS

The most sampled surfaces were the anesthesia machine
(n = 294), nurses documentation station (n = 280), back table
(n = 272), OR table (n = 246), and supply cabinet doors (n = 222).
These 5 surfaces collectively represent 80% of all samples taken for
this study. The remaining 20% of surfaces came from various equip-
ment (see Table 1). Statistically significant decreases (P < .05) in CFU
were observed for all 3 analyses. Statistical results are summa-
rized for individual surfaces where more than 30 samples were
collected in each arm (anesthesia machine, nurses documentation
station, back table, OR table, and supply cabinet doors) and for all
combined surfaces.

For the first analysis, concerning overall reductions in CFU on
high-touch surfaces, the reduction after PX-UV ranged from 64%
(nurses documentation station) to 96% (OR table). The percent re-
duction on each surface appears to be directly related to the distance

of the surface from the PX-UV disinfection system. The surface closest
to the PX-UV system for both disinfection cycles was the OR bed,
which also had the greatest reduction in CFU. The back table, an-
esthesia machine, and supply cabinet doors were in close proximity
to the PX-UV system for a single disinfection cycle and received a
second dose of UV light at a greater distance during the second dis-
infection cycle. This slight decrease in the dose of UV light
corresponds with the lower reduction in CFU—91%, 87%, and 85%,
respectively. Finally, the nurses documentation station was the great-
est distance from the PX-UV system for both cycles and had a CFU
reduction of only 64%. Despite this variation in reported reduc-
tions across different surfaces, all the reductions were statistically
significant (See Table 2).

It has been reported that as few as 15 CFU may provide an in-
fectious threshold of contamination.3 When considering this
threshold as a minimum necessary load for transmission of infec-
tion, 17% of surfaces pose a threat of infection transmission after
manual cleaning. The results of the second analysis suggest that there
is a risk for direct transmission from the surface to the patient after
manual cleaning (see Table 3). However, PX-UV further reduced the
number of surfaces with >15 CFU by 86%.

The results from the third analysis showed that with manual
cleaning alone, 67% of surfaces were still positive for any CFU (see
Table 3). After disinfection with a PX-UV system, the number of sur-
faces with any contamination decreased to 38% of all surfaces—a
44% reduction from manual cleaning.

DISCUSSION

Our results show that over half of the surfaces were still
positive for CFUs after terminal manual cleaning; however, after
PX-UV disinfection, there was a significant reduction in the number
of surfaces with any contamination. This finding is important
because the presence of any pathogen at any concentration may
pose a transmission risk to patients.3 Although there was some
variation in the number of CFU recovered on different surfaces,
the reported CFU reductions were statistically significant across
all surfaces when comparing PX-UV disinfection to manual clean-
ing alone.

The reported differences in CFU number by surface correspond
with previous research on how UV dose and distance between the
UV lamp and surface affect the efficacy of UV disinfection systems.24,25

Only 1 previous laboratory study found no difference between direct
and indirect UV light for disinfection; however, that study used

Table 1
Operating room (OR) surfaces sampled

Surfaces sampled
No. Samples after manual

disinfection
No. Samples after

PX-UV disinfection

Anesthesia machine 147 147
Nurses documentation station 140 140
Back table 136 136
OR table 123 123
Supply cabinet doors 111 111
Cautery device 22 22
OR bed controls 21 21
OR light 11 11
PYXIS 11 11
Olympus cart 3 3
Sink handle 3 3
Bair hugger 1 1
Equipment cart 1 1
IV pole 1 1
Mayo stand 1 1
Total 732 732

PX-UV, pulsed-xenon ultraviolet light.
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inoculated coupons in a laboratory setting.26 Regardless of the UV
technology (continuous or pulsed-xenon), UV efficacy depends on
the distance and orientation to the surface being disinfected.10 The
Inverse Square Law states that the doubling of the distance between
the UV light and surface will quadruple the time required for
disinfection.10 This implies that using multiple positions with
minimal distances from all surface areas will maximize the effi-
ciency and efficacy of UV room disinfection.10,25 Our findings suggest
that using 2 positions with the PX-UV device can reduce the number
of surfaces with any contamination further than manual cleaning

alone, even when the device is varying distances from high-touch
surfaces. The OR contains delicate surgical instruments that may
be cosmetically damaged by UV light. For example, damage of hos-
pital equipment (e.g., degradation and discoloration) has been
reported with prolonged exposure to mercury-based UVC light
devices.27 The PX-UV device uses pulses of high-intensity UV light
that hit surfaces with less than a second of UV “on-time” for a
5-minute cycle.

This study had both limitations and strengths. First, we did not
speciate the environmental samples to determine whether the CFUs

Table 2
Summary statistics for all surfaces sampled and the percent reduction in total colony-forming units (CFU)

Surface process Total CFU Average CFU Max Min SD

Anesthesia machine After manual disinfection 1802 12.26 200 0 34.88
After PX-UV disinfection 231 1.57 59 0 5.43
Percent reduction 87%
P-value <.0001

Nurses documentationstation After manual disinfection 2531 18.08 200 0 43.40
After PX-UV disinfection 900 6.43 200 0 25.64
Percent reduction 64%
P-value <.0001

Back table After manual disinfection 2190 16.10 200 0 44.52
After PX-UV disinfection 195 1.43 28 0 3.93
Percent reduction 91%
P-value <.0001

OR table After manual disinfection 1987 16.15 200 0 47.36
After PX-UV disinfection 85 0.69 12 0 1.79
Percent reduction 96%
P-value <.0001

Supply cabinet doors After manual disinfection 644 5.80 107 0 13.86
After PX-UV disinfection 98 0.88 21 0 2.45
Percent reduction 85%
P-value <.0001

Remaining surfaces* After manual disinfection 2578 34.37 200 0 62.55
After PX-UV disinfection 179 2.39 25 0 4.82
Percent reduction 93%
P-value N/A

Combined Total After manual disinfection 11732 16.03 200 0 42.67
After PX-UV disinfection 1688 2.31 200 0 11.91
Percent reduction 86%
P-value <.0001

Note: The maximum CFU was 200 (TNTC > 200).
OR, operating room; PX-UV, pulsed-xenon ultraviolet light; N/A, not applicable—statistical comparisons not made for surfaces with fewer than 30 samples collected per
arm; SD, standard deviation; TNTC, too numerous to count.
*Remaining surfaces with fewer than 30 samples collected per arm: cautery device, OR bed controls, OR light, PYXIS, Olympus cart, sink handle, Bair hugger, equipment
cart IV pole, and Mayo stand.

Table 3
The number and percent of surfaces with >15 colony-forming units (CFU) and any CFU after manual disinfection and after pulsed-xenon ultraviolet light (PX-UV) disinfection

Surface
No. (%) of surfaces with >15 CFU

after manual disinfection
No. (%) of surfaces with >15 CFU

after PX-UV disinfection % Reduction P-value

Anesthesia machine 23 (16%) 2 (1%) 91% .001
Nurses documentation station 29 (21%) 10 (7%) 66% <.0001
Back table 19 (14%) 2 (1%) 89% <.0001
OR table 17 (14%) 0 (0%) 100% <.0001
Supply cabinet doors 9 (8%) 1 (1%) 89% .001
Remaining surfaces* 28 (37%) 3 (4%) 89% N/A
Combined Total 125 (17%) 18 (2%) 86% <.0001

Surface
No. (%) of surfaces with any CFU

after manual disinfection
No. (%) of surfaces with any CFU after

PX-UV disinfection % Reduction P-value

Anesthesia machine 98 (67%) 61 (41%) 38% <.0001
Nurses documentation station 112 (80%) 63 (45%) 44% <.0001
Back table 84 (62%) 46 (34%) 45% .005
OR table 70 (57%) 34 (28%) 51% .007
Supply cabinet doors 77 (69%) 40 (36%) 48% .002
Remaining surfaces* 53 (71%) 33 (44%) 38% N/A
Combined Total 494 (67%) 277 (38%) 44% <.0001

N/A, not applicable—statistical comparisons not made for surfaces with less than 30 samples collected per arm; OR, operating room.
*Remaining surfaces with fewer than 30 samples collected per arm: cautery device, OR bed controls, OR light, PYXIS, Olympus cart, sink handle, Bair hugger, equipment
cart IV pole, and Mayo stand.
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were pathogenic bacteria commonly associated with SSIs. Second,
we did not examine the threshold for transfer of contamination via
aerosolization. The CFU per surface area determined in this study
may not represent the true infectious dose in the OR. For example,
colonized or infected patients have a higher concentration of con-
tamination than the surrounding environment, and many of the
patients’ natural infection barriers have already been breached.3 The
choice of 200 as the cutoff for TNTC might have prevented us from
showing more of a decrease in CFU after PX-UV since the starting
point was small; for example, the reduction of 650 to 60 CFU is larger
than 200 to 60 CFU. We did not have information on the specific
disinfectants that hospitals used, and the manual cleaning was not
standardized across hospitals. Although this is a limitation, our goal
was to show that PX-UV improves environmental bioburden re-
gardless of the manual cleaning process followed. Last, we did not
sample the OR floors, which are likely contaminated prior to manual
cleaning and PX-UV.

This study had several key strengths. The large number of samples
provide stronger conclusions regarding the effectiveness of PX-UV
in reducing environmental contamination in an OR setting. Addi-
tionally, this study demonstrated PX-UV efficacy across a large cross-
section of hospitals, each with varying levels of persistent
environmental contamination on multiple surfaces after standard
manual cleaning practice. The ability to demonstrate efficacy at dif-
ferent levels of routine cleaning thoroughness suggests a strong
implication for practice. For example, PX-UV could supplement the
manual cleaning process to provide assurance of clean surfaces for
patients and healthcare workers.

Chemical-free cleaning using no-touch disinfection technolo-
gies is currently not included in the standard guidelines due to
insufficient evidence showing that reductions in environmental con-
tamination translate to lower SSIs. Research suggests that the
relationship between contamination of the OR environment and in-
creased risk of infection acquisition may be due to a variety of factors:
1) duration of time the patient is in the OR; 2) total number of pa-
tients in the OR each day; 3) scheduling of known infected patients
for the end of the day; and 4) complexity of the perioperative
environment.8 Some research suggests that disinfection with PX-
UV after manual cleaning can reduce SSIs.28,29 However, the
complexity of the perioperative area makes it challenging to isolate
the effect of the OR as the source of contamination that led to the
acquisition of an infection. Patients may experience potential en-
vironmental contamination in the preoperative area while waiting
for surgery, as well as in the post-anesthesia recovery area. Our find-
ings suggest that implementation of no-touch disinfection
technologies to supplement manual cleaning of the OR could further
reduce the environmental bioburden. To our knowledge, OR disin-
fection efficacy has never been evaluated from the lens of infectious
thresholds. While limited knowledge exists regarding what this con-
tamination level may be, we attempted to estimate how PX-UV may
prevent the spread of infections from high-touch surfaces. From our
point of view, this method of analysis is far more practical than de-
termining an average percent reduction or reduction in positive
surface contamination after manual cleaning practices. For these
reasons, we encourage future studies to identify what level of dis-
infection is needed to prevent environmental transmission of
infection.

CONCLUSIONS

The cumulative results from 23 hospitals across the United States
provide robust evidence that PX-UV improves OR surface disinfec-
tion beyond standard manual cleaning practice alone. Our results
indicate, through multiple analysis interpretations, that PX-UV can

serve as a useful adjunct for maintaining high-touch surface clean-
liness during nightly OR terminal cleaning practice.
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