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Abstract

Background: Hospital environment in patient care has been linked on healthcare-associated infections (HAI). No
touch disinfection technologies that utilize pulsed xenon ultraviolet light has been recognized to prevent infection
in contaminated environments. The purpose of this study was: 1) to evaluate the effectiveness of pulsed-xenon
ultraviolet light (PX-UV) disinfection for the reduction of bacteria on environmental surfaces of Hospital General
Enrique Garcés, and 2) to evaluate the in-vitro efficacy against multi-drug resistance microorganisms.

Methods: This was a quality-improvement study looking at cleaning and disinfection of patient areas. During the
study, a total of 146 surfaces from 17 rooms were sampled in a secondary 329-bed public medical center.
Microbiological samples of high-touch surfaces were taken after terminal manual cleaning and after pulsed xenon
ultraviolet disinfection. Cleaning staff were blinded to the study purpose and told clean following their usual
protocols. For positive cultures PCR identification for carbapenemase-resistance genes (blaKPC, blaIMP, blaVIM, and
blaNDM) were analyzed and confirmed by sequencing. The total number of colony forming units (CFU) were
obtained and statistical analyses were conducted using Wilcoxon Rank Sum tests to evaluate the difference in CFU
between terminal manual cleaning and after pulsed xenon ultraviolet disinfection.

Results: After manual disinfection of 124 surfaces showed a total of 3569 CFU which dropped to 889 CFU in 80
surfaces after pulsed xenon disinfection (p < 0.001). Overall, the surface and environmental contamination was
reduced by 75% after PX-UV compared to manual cleaning and disinfection. There were statistically significant
decreases in CFU counts of high touch surfaces in OR 87% (p < 0.001) and patient rooms 76% (p < 0.001). Four
rooms presented serine carbapenemases blaKPC, and metallo beta-lactamases blaNDM, blaVIM, blaIMP. confirmed
by PCR and sequencing. The in-vitro testing with endemic strains found that after five minutes of pulsed xenon
ultraviolet exposure an 8-log reduction was achieved in all cases.

Conclusion: This study is one of the first of its kind in an Ecuador Hospital. We found that pulsed-xenon ultraviolet
disinfection technology is an efficacious complement to the established manual cleaning protocols and guidelines
in the significant reduction of MDRO.
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Background
Healthcare-associated infections (HAIs) are an import-
ant public health threat due to the high rate of morbidity
and mortality [1]. In Latin America countries, HAIs
caused by microorganisms where the treatment options
are limited can significantly prolong the hospital length
of stay and increase healthcare costs [2, 3]. The fight
against multidrug-resistant microorganisms (MDROs)
offers only short-term solutions due to the high capacity
for resistance and dissemination [4]. However, new pre-
vention strategies may provide a more effective solution
for combating infections caused by MDROs.
The role of healthcare workers in the transmission of

microorganisms from patient to patient is well docu-
mented, however, there is growing evidence that high-
touch surfaces are a significant source for transmission
of pathogens that lead to HAIs. [5, 6] Consistent clean-
ing and disinfection of high-touch surfaces may prevent
HAIs. In order to maintain effectiveness, manual clean-
ing and disinfection procedures require constant educa-
tion and supervision of the environmental service (EVS)
personnel [7]. Chemical disinfectants with or without
detergents are a standard way to improve surface hy-
giene in clinical and hospital areas, but there is variation
in the way EVS staff use and apply chemical disinfec-
tants. For example, EVS staff may not be trained on the
types of dilutions required for different surfaces or on
the order of application to avoid cross-contamination.
Additionally, EVS staff may have time constraints that
do not allow for chemicals to have the proper dwell time
on surfaces. The use of chemical disinfectants also pre-
sents occupational health risks for EVS staff that use
them [8]. Due to these limitations of chemical disinfec-
tants for manual cleaning, no-touch systems for disinfec-
tion and environmental decontamination are being
considered the standard of care. One type of no-touch
disinfection system uses pulsed-xenon ultraviolet light
(PX-UV) to generate germicidal wavelengths of light
(200-280 nm), which has shown to be 95 to 99% effective
in eliminating hospital pathogens, including MDROs,
from high touch surfaces and has been associated with
significant reductions in HAIs [9–16].
The objective of the present study was to 1) evaluate the

effectiveness of the PX-UV system, in the reduction of
bacteria on environmental surfaces of Hospital Enrique
Garcés after routine terminal manual cleaning and disin-
fection and after PX-UV disinfection, and 2) assess the in-
vitro efficacy against multi-drug resistant microorganisms.

Methods
This quality-improvement study for disinfecting environ-
mental surfaces was conducted at the Enrique Garcés
General Hospital in Quito, Ecuador. The hospital is a
second-level public hospital with 329 beds and 33

specialties (clinics, surgical, gynecological, obstetric) that
provides ambulatory, in-patient, and emergency services
for the diagnosis, treatment, and recovery of patients.
We received approval for the study from the hospital’s
Institutional Review Board (IRB) and was conducted in
an empty patient room, and no patient’s data was in-
volved in any way.
Onsite visits included meetings with the care manage-

ment team, heads of service, microbiology laboratory,
and nursing. In addition, 17 hospital rooms were sam-
pled: 4 OR (21 surfaces), 8 rooms ICU (57 surfaces), 2
rooms Internal medicine (10 surfaces), Neo-ICU (34 sur-
faces), Neo-Infectology (12 surfaces) and microbiology
lab (2 samples).
Once the rooms were identified, communication

channels were created with chief nurses to notify staff
for sampling and disinfection after patient discharge.
Hospital cleaners performed terminal manual cleaning
and disinfection using a 2500 ppm (0.25%) chlorine dis-
infectant for 20 min according to the hospital protocol.
Cleaning staff were blinded to prevent any changes in
cleaning practices.
Microbiological samples were taken using trypticase

soy agar (TSA) contact plates with 5 mm diameter
(Hardy Diagnostics, P-34, Santa Maria, CA). We
followed the manufacturer’s instructions for sampling
surfaces, for flat surfaces pressure method was used
and for curved surfaces the rolling plate technique was
used to ensure sampling of the entire area. Microbio-
logical samples were taken after terminal manual clean-
ing and after pulsed xenon ultraviolet disinfection on
adjacent surfaces.
The PX-UV disinfection was deployed for one five-

minute cycle in the bathroom, two five-minute cycles in
individual patient rooms, and two 10-min cycles in oper-
ating rooms. The contact plates were incubated for 48 ±
4 h at 35 ± 2 °C. The counts of individual colonies were
made after 24 and 48 h of incubation under photo-
graphic record. For positive cultures, the strains recov-
ered by surface were recorded by room location and
PCR identification for carbapenemase resistance genes
blaKPC, blaIMP, blaVIM, and blaNDM were explored
using primers described elsewhere [17] and confirmed
by sequencing.
Frequencies and the total number of colony forming

units (CFU) were obtained after terminal manual clean-
ing and after PXUV-C disinfection, in aggregate and by
surface location. Each colony, regardless of color or
morphology was recorded for heterotrophic mesophilic
bacteria counts. We made comparisons for all surfaces
per operating and patient rooms and statistical analyses
were conducted using Wilcoxon Rank Sum tests using
RStudio V1.1.463 (RStudio Inc.). p-values less than .05
were considered statistically significant.
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For the in-vitro study, endemic strains to the hospital
were used; S. aureus (MRSA), E. faecium (Van B), Pseudo-
monas aeruginosa (VIM), and Klebsiella pneumoniae
(KPC) were selected. After having a 24-h pure colony, di-
lutions were made in saline solution of 108, 106, 104 and
102 for subsequent inoculation, swabbing the surface of
the agar completely with a standardized concentration of
CFU according the Kirby Bauer method in Mueller Hin-
ton agar in duplicate. The petri dishes with and without
lids were exposed to PX-UV disinfection at one meter for
one five-minute cycle. Petri dishes were then incubated at
35 ± 2 °C with the results read after 24 h.

Results
A total of 146 surfaces from 17 rooms were sampled
after manual cleaning and disinfection, and after PX-UV
disinfection (internal medicine, ICU, operating rooms,
neonatology, obstetric center, and microbiology labora-
tory units). After manual disinfection 124 surfaces
showed a total of 3569 CFU, which dropped to 889 CFU
in 80 surfaces after PX-UV disinfection. Overall, the
surface and environmental contamination was reduced
by 75% (p < 0.001) after PX-UV compared to manual
cleaning and disinfection. There was statistically signifi-
cant reduction of CFU counts on operating rooms 87%

Table 1 Summary statistics for OR Room and Patient Rooms (ICU, Internal Medicine and Neonatology) from all surfaces sampled

Service (n = 16) Total CFU Mean ± SD Median (Min-Max)

OR Room (n = 4) After manual disinfection 76 3.61 ± 2.67 3 (0–8)

After PX-UV 11 0.52 ± 0.93 0 (0–3)

Percent reduction 87%

Wilcoxon signed rank 164

p-value < 0.001

Patient Room (n = 12) After manual disinfection 3488 28.36 ± 56.54 10 (0–487)

After PX-UV 877 7.13 ± 22.73 1 (0–230)

Percent reduction 76%

Wilcoxon signed rank 5135

p-value < 0.001

PX-UV pulsed-xenon ultraviolet light, CFU colony form units

Fig. 1 Average in CFU of High Touch Surfaces of patient rooms. On the horizontal axis are the surfaces sampled, and the vertical axis is
expressed average of Colony counts units (CFU). °Other surfaces: external air duct, workbench, curtain, sink, door handle, soap dispenser, bath rail,
bathroom sink, shower faucet, bathroom switch, bedside table, table
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(p < 0.001) and patient rooms 76% (p < 0.001). (Table 1,
Fig. 1, Fig. 2).
Before PX-UV disinfection, 17 rooms contaminated

with aerobic bacteria were screened for carbapenamase re-
sistance genes. According to the PCR amplification, four
rooms presented: serine carbapenemase blaKPC, and
metallo beta-lactamases blaNDM, blaVIM, blaIMP. con-
firmed by PCR and sequencing (Table 2). The data ob-
tained for in-vitro testing with MDROs with the presence
of resistance genes showed a high bactericidal efficacy in
all four strains. After five minutes of PX-UV exposure an
8-log reduction was achieved in all cases (Table 3).

Discussion
It is now recognized that the environment bioburden plays
a significant role in the transmission of HAIs. Overall, our
results provide strong evidence that the hospital environ-
ment is a major reservoir that contributes to the risk of
HAIs. The presence of bacteria in different high touch
surfaces in OR and patient rooms is similar with other
studies that show that bacteria can persist in hospital

locations and equipment [12, 13, 18]. In this study, we re-
port the presence of carbapenemase resistance genes
blaKPC, blaNDM, blaVIM, blaIMP in the environment of
internal medicine and neonatology before PX-UV
disinfection. This contaminated high touch surfaces may
contribute to the transmission of MDROs with carbapene-
mases which have been previously reported in clinical
cases in Ecuadorian hospitals [4, 19, 20].
Our findings suggest that the use of PX-UV disinfec-

tion significantly reduced environmental contamination
by 75% beyond manual cleaning alone. The high per-
centage of reduction of microbial bioburden propose
that no-touch disinfection technologies are an important
adjunct to the manual cleaning process of hospital envir-
onment [9, 12, 15, 16, 21]. The surfaces properly disin-
fected with an adequate hand hygiene compliance is
recommended to prevent the transfer of pathogens to
healthcare workers hands that has been shown to play a
significant role in the acquisition of HAIs [22].
The in-vitro study carried out with MDROs also

showed that one 5-min cycle is sufficient to eliminate

Fig. 2 Total CFU on High Touch Surfaces of OR. On the horizontal axis are the surfaces sampled, and the vertical axis is expressed number of
Colony counts units (CFU)

Table 2 Carbapenemase detection in different locations of Hospital

Service Location Carbapenemase Allele

Internal Medicine MI702 metallo-β-lactamase IMP-15, NDM-1

Neonatology Neo UCI metallo-β-lactamase IMP-5, VIM-53

serine carbapenemase KPC-2

Neo Infectology metallo-β-lactamase VIM-2

Internal Medicine MI706 metallo-β-lactamase IMP-15, VIM-2
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bacteria under laboratory conditions. These data are im-
portant for implementing no-touch disinfection tech-
nologies to enhance terminal manual cleaning and
disinfection after every patient discharge.
Our findings are important for the development of ap-

propriate disinfection protocols in hospital settings using
PX-UV to prevent HAIs. However, there is no published
research on the implementation of no-touch disinfection
technology in a Latin American healthcare system. To
our knowledge, this is the first study in Ecuador to
evaluate the effectiveness of the PX-UV system in the re-
duction of bacteria present on environmental surfaces
from a Hospital of Quito-Ecuador.
Limitations of the study include that was conducted at

a single hospital site, and the rooms sampled may not be
representative of other hospitals in Ecuador. We only
collected samples from a small sample of operating
rooms (n = 4) and patient rooms (n = 12). This study was
not designed to assess the impact of hospital-acquired
infections. Our study had strengths, including the variety
of MDROs tested in-vitro and the results obtained are
similar to bioburden decrease seen in hospitals studies
of U. S and United Kingdom.

Conclusion
This study provides evidence that the addition of pulsed
xenon UV-C light is an efficacious complement to the
established manual cleaning protocols and guidelines of
hospitals. We believe that the addition of pulsed xenon
UV-C light to the disinfection protocols of the hospitals,
can reduce enormously the human errors that the trad-
itional method entails. The deployment of pulsed PX-
UV devices is feasible in Ecuador and Latin America
countries based on these results which demonstrate both
the inadequacy of manual cleaning and the ability of the
technology to improve the environment. The speed at
which this technology is adopted will depend on effect-
ive surveillance systems for HAIs and incentives, such as
those launched in the United States to improve the qual-
ity of patient care. Future studies are needed to evaluate
the economic, clinical, and institutional impact of PX-
UV on prevention and control of HAIs.
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