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This study evaluated the use of pulsed-xenon ultraviolet (PX-UV)
room disinfection by sampling frequently touched surfaces in van-
comycin-resistant enterococci (VRE) isolation rooms. The PX-UV
system showed a statistically significant reduction in microbial load
and eliminated VRE on sampled surfaces when using a 12-minute
multiposition treatment cycle.

Infect Control Hosp Epidemiol 2011;32(3):000-000

Microbial contamination of surfaces in patient rooms has
been well documented.' Patients admitted to a room in which
the previous occupant was colonized or infected with a path-
ogen requiring contact precautions have been shown to have
an increase in the risk of acquiring that pathogen in intensive
care units.’> The risk of vancomycin-resistant enterococci
(VRE) acquisition increased if environmental room cultures
were positive for VRE before patient admission.” Numerous
studies have shown that various types of enhanced cleaning
methods can reduce the risk of acquiring multidrug-resistant
pathogens that cause healthcare-associated infections (HAIs)
and/or colonization."*

UV irradiation in the spectrum between 200 and 320 nm
deactivates microorganisms.” Portable pulsed-xenon UV (PX-
UV) germicidal irradiation produces broad-spectrum UV ir-
radiation, including large amounts of energy in the germicidal
spectrum (200-320 nm),® by using a xenon gas flashlamp. It
has been shown to be effective in deactivating a variety of
pathogens, including endospores of Clostridium difficile, veg-
etative bacteria, and viruses.®

The purpose of this study was to compare the use of a PX-
UV disinfection system to the standard room terminal clean-
ing process and to assess (1) the level of room microbial
contamination before and after applying each method and
(2) the degree to which hospital operations (ie, room turn-
around time) were affected by the use of each approach.

METHODS

Study setting and sampling. This comparative study was con-
ducted at a large comprehensive cancer center from January
to March 2010 and was approved as a nonhuman-subject,

quality-improvement study by both infection control and ma-
terials use subcommittees. At the time of terminal cleaning,
a research team went into 12 rooms, each approximately 14
m* with a separate bathroom, in which a patient had been
under contact isolation for VRE infection or colonization for
at least 2 days before discharge and took environmental sur-
face samples. These samples were tested to determine bacterial
heterotrophic plate counts (HPCs) and the presence of VRE.
The frequently touched (high-touch) surfaces sampled in-
cluded bed rails, tray tables, chair arms, telephones, cabinets,
intravenous infusion poles, door handles, remote controls,
toilet seats, bathroom handrails, and computers.

Three different sampling strata of high-touch surfaces were
used in 4 rooms each to determine the effectiveness of PX-
UV in uncleaned and cleaned environments: (1) 14 samples
from high-touch surfaces were obtained before manual clean-
ing and after PX-UV treatment, (2) 14 samples from high-
touch surfaces were obtained after standard terminal room
cleaning was completed, and (3) 7 samples from high-touch
surfaces were obtained before cleaning, after standard ter-
minal cleaning, and after UV treatment.

Description of the device. The PX-UV device (Xenex
Healthcare Services) contains a flashlamp operating at 2
Hz with an output of at least 24 W. It is approximately
48 x 40 x 100 cm and runs on 120 V. The flashlamp retracts
into a heavy-duty case for wheeled transport by 1 person.
The PX-UV device contains a UV feedback sensor for dose
assurance, a 4-button control panel, a 30-second countdown,
a remote control, and a door interlock. The PX-UV has been
tested in independent laboratories against 22 organisms, in-
cluding C. difficile endospores, methicillin-resistant Staphy-
lococcus aureus, VRE, and Acinetobacter baumannii. The PX-
UV device used is a certified “green” technology (Practice
Greenhealth).

Room cleaning and disinfection protocols. The standard
terminal cleaning for VRE isolation rooms was performed
according to hospital guidelines, took approximately 30
minutes, and included the use of germicide (Wexcide; Wex-
ford Labs). The PX-UV device was placed in 3 positions in
the room and was run for 4 minutes in each position.

Environmental testing procedure. Samples from high-
touch surfaces were taken using sterile swabs dipped in sterile
1:10 dilute Dey/Engley Neutralization Broth (BD) on a 6.5-
cm’ area for 30 seconds while using firm pressure. The swab
samples were placed in 15-mL sterile centrifuge tubes filled
with 5 mL of the neutralization and transport medium. These
tubes were placed in a cooler on ice and shipped by overnight
courier to Antimicrobial Test Laboratories (ATL), an inde-
pendent contract microbiology laboratory in Round Rock,
Texas. ATL was blinded to all sample identifiers until results
had been reported. Samples were held at 4°C + 2°C at the
laboratory until plated within 4-24 hours of receipt to de-
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TABLE 1.
(HPCs), According to Room Cleaning Status
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Comparison of Vancomycin-Resistant Enterococci (VRE) Detection and Bacterial Heterotrophic Plate Counts

No. (%) of samples HPC, CFU/cm®

No. of
Room status samples  VRE positive HPC positive ~ Mean (range)  Median (IQR)
Before cleaning 75 17 (23.3) 57 (78.1) 33.0 (0-328.6) 6.2 (0.8-9.3)
After standard terminal cleaning 91 4 (8.2) 58 (63.7) 27.4 (0-968.7) 1.5 (0-9.3)
After pulsed-xenon ultraviolet treatment 75 0 (0) 27 (36.0) 1.2 (0-14.7) 0 (0-1.5)
termine bacterial HPCs. HPC analysis was conducted by plat- REesuLTs

ing the samples on R2A agar and incubating at room tem-
perature for 5 days. VRE analysis was conducted by plating
the samples on tryptic soy agar (TSA; BD) supplemented with
10 pg/mL vancomycin and incubating at 36°C + 1°C for 48
hours. After aliquots were removed for quantitative plating,
the collection tubes themselves were incubated for 24 hours
at 36°C £ 1°C and then resampled and qualitatively tested
for VRE by streaking a sample on TSA supplemented with
vancomycin, as described above. Presumptive VRE isolates
(after quantitative and/or qualitative analyses) were con-
firmed to be enterococci on the basis of a positive Gram stain
with typical morphology and a negative catalase test result.
Then, isolates’ vancomycin resistance was determined by
Kirby-Bauer disk diffusion testing by using 1- and 30-ug
disks.’

Hospital operational data. Time studies were conducted
using a stopwatch to determine the time needed for PX-UV
room treatment and for transport of the device within the
hospital.

Statistical methods. Data were entered and analyzed using
Stata (Statacorp). Descriptive statistics were calculated for
HPC, VRE, and operational data. Because of the nonnormal
distribution of the data, a nonparametric test, the Wilcoxon-
Mann-Whitney test, was used to analyze the HPC data by
room disinfection status.

TABLE 2.

Two hundred thirty-nine samples were obtained from 21 sur-
faces from 12 rooms from which patients with VRE colo-
nization and/or infection were discharged. The mean HPC
for before cleaning, after cleaning, and after UV treatment
was 33.0, 27.4, and 1.2 CFU/cm?, and the number of VRE-
positive surfaces was 17 (23.3%), 4 (8.2%), and 0 (0%), re-
spectively (Table 1). Of the 18 VRE samples that were analyzed
quantitatively, the mean VRE count was 19.5 CFU/cm’ (range,
0.3-155.0; median, 40 [interquartile range, 0.8-27.1]). The
Wilcoxon-Mann-Whitney test showed that if HPC was used
as an outcome, each disinfection stage showed a statistically
significantly improvement over the prior stage (Table 2).

The total time from when hospital dispatch called for room
cleaning to when the room was ready for the next patient
admission was 18 minutes and 48 seconds, with the total in-
room time of 15 minutes following standard terminal
cleaning.

DISCUSSION

The study shows that use of PX-UV is more effective than
standard manual room terminal cleaning in reducing the
room’s microbial burden and reducing levels of known path-
ogens. We found statistically significantly lower HPCs and no
VRE in rooms after PX-UV treatment, suggesting that the

Impact of Standard Cleaning and Pulsed-Xenon Ultraviolet (PX-UV)

Disinfection on Room Bacterial Heterotrophic Plate Count (HPC)

No. of HPC mean,
Room status samples CFU/cm’ z P
Comparison 1 2.638 .0083
Before cleaning 73 33.0
After standard terminal cleaning 91 27.4
Comparison 2 6.430 <.0001
Before cleaning 73 33.0
After PX-UV treatment 75 1.2
Comparison 3 4309 <.0001
After standard terminal cleaning 91 27.4
After PX-UV treatment 75 1.2
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risk to the next occupant from environmental contamination
is correspondingly lower.

Our data show that the PX-UV disinfection system tested
for the study is quick enough to be integrated into daily
hospital operations without adversely affecting patient
throughput.

Our study was not designed to address the impact of PX-
UV treatment on HAI risk. Nevertheless, the clinical signif-
icance of improved room disinfection can be inferred from
previous studies where enhanced room-cleaning protocols
were used.”® It would be reasonable to assume that the PX-
UV device, by significantly reducing room microbial contam-
ination, would similarly (if not more markedly) improve pa-
tient safety and reduce HAI risk. However, prospective studies
are needed to translate these promising environmental mi-
crobiological data into documentation that the PX-UV device
can reduce HAI and colonization rates.
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