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Abstract

Objective: To evaluate a fixed UV-C light emitting device for its antimicrobial effectiveness in the disinfection of
distinct surfaces and its antifungal effectiveness on air quality in the hospital environment.

Methods: This quasi-experimental study was conducted in a hospital inpatient unit, in which a six-stage
air Biosampler (Andersen®) was used for air analysis. In the evaluation of surfaces, three suspensions of
microorganisms (Acinetobacter sp. multidrug-resistant, Escherichia coli, and KPC-producing Klebsiella
pneumoniag) were used to contaminate the environment. In both evaluations, pre- (control) and post-activation
of UV-C light (test) collections were made.

Results: In the air evaluation, an important reduction was observed in the colony count after irradiation with
UV-C light, and pathogenic or toxigenic fungi were not found in either of the two moments. Regarding the
disinfection of surfaces, no bacterial growth was observed after the application of UV-C light, showing 100%
bacterial inactivation under the tested conditions.

Conclusion: The use of fixed UV-C light emission technology was effective and can be considered a promising
intervention for hospital surface disinfection protocols.

Resumo

Objetivo: Avaliar a eficacia antimicrobiana de um dispositivo fixo emissor de luz UV-C na desinfeccdo de
diferentes superficies do ambiente hospitalar e sua eficacia antiflingica na qualidade do ar.

Métodos: Estudo quase-experimental realizado em uma unidade de internagdo hospitalar, que utilizou o Bioamostrador
de ar Andersen® de seis estagios para andlise do ar; e na avaliagdo das superficies, utilizaram-se trés suspensdes de
microrganismos (Acinetobacter sp. MDR, Escherichia coli e Klebsiella pneumoniae produtora de KPC) para contaminar
0 ambiente. Para ambos foram feitas coletas pré (controle) e pés-acionamento da luz UV-C (teste).

Resultados: Na avaliagdo do ar houve uma redugéo importante da contagem de colénias apos a luz UV-C
e nédo foram encontrados fungos patogénicos ou toxigénicos em nenhum dos dois momentos. Em relagéo
a desinfecgéo das superficies, nenhum crescimento bacteriano foi observado apos a intervengéo da luz,
demonstrando 100% de inativacdo bacteriana nas condicdes testadas.

Conclusdo: A utilizagdo da tecnologia com emissdo de luz UV-C fixa foi eficaz e pode ser considerada uma
intervengao promissora para protocolos de desinfecgdo de superficies hospitalares.

Resumen

Objetivo: Evaluar la eficacia antimicrobiana de un dispositivo fijo emisor de luz UV-C para la desinfeccion de
diferentes superficies del ambiente hospitalario y su eficacia antifungica en la calidad del aire.
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Métodos: Estudio cuasi experimental realizado en una unidad de internacion hospitalaria, en que se utilizd el biomuestreador de aire Andersen® de seis
etapas para el andlisis del aire. En el andlisis de las superficies, se utilizaron tres suspensiones de microorganismos (Acinetobacter sp. MDR, Escherichia coli
y Klebsiella pneumoniae productora de KPC) para contaminar el ambiente. En ambos se tomd una muestra antes (control) y después de accionar la luz UV-C

(prueba).

Resultados: En el andlisis del aire hubo una reduccion importante del recuento de colonias después de la luz UV-C y no se encontraron hongos patégenos ni
toxigénicos en ninguno de los dos momentos. Con relacion a la desinfeccion de las superficies, no se observo ningun crecimiento bacteriano después de la
intervencion de la luz, lo que demuestra un 100 % de inactivacion bacteriana en las condiciones analizadas.

Conclusion: El uso de la tecnologia con emisién de luz UV-C fija fue eficaz y puede ser considerada una intervencion prometedora para protocolos de

desinfeccion de superficies hospitalarias.

Introduction

Hospital surfaces and equipment can be considered
vehicles of contamination and thus potential sourc-
es of infection.”) Various microorganisms can be
present in areas close to the patient and survive for
long periods in these places, making them integral
parts of the chain of transmission of healthcare-as-
sociated infections (IRAS/ HAIs).?

This reinforces the hypothesis that apparently
clean sites become true reservoirs of multidrug-re-
sistant (MR) pathogens when cleaning is negli-
gent.!” There is evidence of a 120% increase in the
possibility that patients who later occupy the same
unit will also be colonized and/or infected by these
pathogens.?

Cross-transmission of diseases caused by MR
pathogens can occur through direct or indirect con-
tact. Air is part of the pathophysiology of respirato-
ry diseases that are transmitted through droplets or
aerosols. Systems of ventilation, climatization, flow,
and filtration of the air and negative pressure inter-
fere with the capacity and speed of microorganisms
to spread in the environment reducing airborne
contamination.®

Hospital hygiene, understood as cleaning and
disinfection of hospital surfaces and the air, is a
preponderant factor in the dynamics of health and
illness of individuals in the healthcare environment.

This statement agrees with the main assump-
tions that Florence Nightingale considered essen-
tial: “pure air and water, efficient drainage, cleanli-
ness, and light”.®

As for air quality, clinically important filamen-
tous fungi may be present in this environment
causing invasive fungal diseases with high mortal-
ity rates.
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Early detection of these pathogens, identifi-
cation of patients at risk, as well as prevention
measures, and transmission control, are essential
measures that should be prioritized in healthcare
areas.”

In this scenario, the use of technological innova-
tions, with “touchless” techniques to sanitize the en-
vironment in these areas, appears to overcome ob-
stacles related to traditional methods, which alone
do not meet current demand. The use of ultraviolet
radiation is highlighted.©®”

Ultraviolet light matches electromagnetic radia-
tion with a wavelength in the range of 100-400 nm
(or frequencies of 7.5x10' - 3.0 x10'® Hz), which
can be divided into three categories: UV-A, UV-B,
and UV-C.®

The wavelength of UV-C, which was first de-
scribed in 1910, is the shortest of the highest energy
portions of the UV spectrum and has been estab-
lished as an antimicrobial range for nearly a centu-
ry. It can damage the DNA and RNA of microor-
ganisms through the formation of thymine and/or
thymidine dimers, thus impairing the transcription
and preventing the replication of microbial DNA,
i.e., it inactivates viruses and bacteria.®

This germicidal light has several applications,
including air and water purification, food and bev-
erage protection, and sterilization of sensitive tools
such as medical instruments.®

However, factors such as the structure of the
surface interfere with its effectiveness and affect
the quality of disinfection: the decontamination of
smooth and hard surfaces is the one that presents
the most satisfactory results. The accumulation of
dirt and organic matter also alters the germicidal ac-
tion, as they can absorb ultraviolet photons before
they reach active bacteria and viruses.!?



The distance between the fixed surface and the
source of UV radiation is another relevant aspect,
i.e., the greater the distance between the UV light
source and the surface, the smaller the effect of de-
contamination.V

Therefore, the objective of the present study was
to evaluate a fixed UV-C light emitting device in
terms of antimicrobial effectiveness in the disinfec-
tion of surfaces and antifungal effectiveness in the

air quality of the hospital environment.

Methods

This was a before-and-after quasi-experimental
study, distributed in three phases (Figure 1) and de-
veloped in a federal university hospital located in
the city of Rio de Janeiro, in the period August-
December 2021.

The medical and surgical clinical unit, which is
used as a cohort sector of patients with the microbi-
ological diagnosis of enterobacteria resistant to car-
bapenem antimicrobials, ERC (and has the physical
structure of individual rooms) was the scenario cho-
sen for the intervention. Six different fixed surfaces
were considered eligible for the intervention phase:

feeding table, bedside table, mattress, bedside
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rail, closet door, and electronic bed control panel.
Surfaces considered high-touch and made with ma-
terials of different porosities were inclusion crite-
ria. Surfaces with loss of continuity were excluded.
A UV-C emitter composed of 11, 15, and 36 W
lamps (18, 4, and 2 lamps, respectively) that emit
electromagnetic waves in the UV-C range (254 nm)
was the system subjected to efficacy testing. The set
of lamps and ballasts was manufactured according
to the standard international norm (ISO 15,858,
published in 2016) and imported by the company
that owns the technology. The compact and fixed
design makes the technology innovative as it pro-
poses to minimize the areas where the light cannot
reach the fixed hospital surfaces (shadow areas).

Procedures of data collection and intervention

Phase 1 began with the evaluation of the most suit-
able places to install the UV-C emitting lamp sys-
tem, to reduce the occurrence of shadow areas as
much as possible. For this purpose, a computer pro-
gram (RTS - Rio AS) determined the lamp assembly
positions through a mathematical model based on
the architectural plan of the room. Before the sys-
tem was installed, the engineers and programmers
of the device manufacturer visited the site to assess
the conditions of the electrical system, the type of

Study of the physical structure of the room using a

. ion of the archi | plan
It e using a mathematical model

Installation of UVC lights in the room

PHASE 1
Before intervention

‘ Contamination of surfaces with contaminated suspensions

Activation of UVC light

PHASE 2

Operationalization of the study
Intervention

To evaluate a
L . Analysis if samples in the fixed UV-C light
C P
of samples in surfaces (CONTROL) ‘ microbiology laboratory ‘ emitting device
for antimicrobial
. . > Analysis if samples in the efficacy in
Collection of air (CONTROL) ‘ microbiology laboratory ‘ disinfecting
| different
surfaces in
the hospital

environment and
antifungal efficacy
in reducing fungi
present in

Before and after
comparison

Collection of samples in contaminated surfaces (TEST)

PHASE 3
After intervention

Collection of air (TEST)

hospital air.
Analysis if samples in the
-" microbiology laboratory ‘
N ‘ Analysis if samples in the ‘

microbiology laboratory

Figure 1. Operationalization of the study
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Figure 2. The physical floor plan of the unit eligible for the test and the installed UV-C light system

material used in civil construction, and the layout
of the existing furniture in the room.

Based on this information, a new calculation
was performed for the most suitable places to pose
the lamp system, given the structural limitations of
the unit and the layout of the furniture (Figure 2).

Phase 1 (2™ part) comprised the contamination
of eligible hospital surfaces and the collection of air
samples in a room previously sanitized by the out-
sourced cleaning team according to the institution-
al routine. To contaminate surfaces, gram-negative
microorganisms (Acinetobacter sp. multidrug-resis-
tant; Escherichia coli, and carbapenem-producing
Klebsiella pnewmoniae) obtained from clinical ma-
terial cultures (stored in the bacteria “library” of
the microbiology sector of the hospital) were used.
12 The referred pathogens were chosen because
of their high association with infections related
to health care in the institution and in the world.
In addition, they are part of the scope of action
of the Contingency Plan for Infections caused by
Multiresistant Microorganisms in Health Services
(PLACON-RM) as published by the National
Health Surveillance Agency (2021).1%

All microorganisms were prepared in suspen-
sions (0.5 McFarland scale) and diluted again in
physiological solution to reach a 1:10 ratio and
obtain a dilution equivalent to 107 UGC/CFU/ml,
recommended as a standard suspension by quality
manuals for microbiology laboratories. Controlled
contamination of predetermined surfaces (area: ~64
cm?) was performed using gloves and sterile gauze.
After the bacterial suspensions had dried, sampling
from each contaminated surface (control sample)
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was performed using a moistened (0.9% saline
solution) sterile swab.

The choice of the microorganism suspension
applied to a given surface occurred randomly with
blinding of the CCIH and microbiology teams.

As for air collection, samples were obtained us-
ing the 6-stage Andersen® Biosampler (Andersen;
Thermo Fisher Scientific, Inc; Waltham, MA, USA;
air collection capacity: 28.3 1/min). Each stage of
the air sampler was filled with a glass Petri dish (90 x
15 mm) containing agar (2% Sabouraud-Dextrose).

Phase 2 comprised the activation of the UV-C
light system. The system remained on at different
times to disinfect the surfaces (15 min) and the
air (50 min). We emphasize that the windows and
doors remained closed before and after the collec-
tion to avoid contamination and compromise of the
test. The choice of study time was determined by
the device manufacturer.

The use of light technology was restricted to the
non-occupation of the room, with manual control,
handled only by the researchers to minimize any
risk to patients and professionals. In addition, the
tests were performed on different days so that any
interference between tests could not occur.

In phase 3, the collection of test samples was
carried out on surfaces and air. Pre-moistened saline
swabs were used to collect samples from the sur-
faces. The control and test swabs were sent to the
microbiology laboratory where they were processed
in thioglycolate broth (72 h; oven: 35 °C). At the
end of the incubation, the turbid broths were plated
on blood agar plates and incubated (24 h; 35 °C) to

obtain bacterial colonies.



In the qualitative analysis, the reduction of mi-
croorganisms can be visually observed in the culture
medium. In addition, quantitative analysis was per-
formed to count the colony-forming units in the
turbid broths using the automated Vitek 2 identifi-
cation system (Biomerieux).

In the identification of fungi, the macro and
micromorphological parameters were taken as a ba-
sis. We emphasize that subcultures were only per-
formed when consistent characteristics of clinically
relevant fungi (such as Aspergillus, Fusarium, mu-
cormycosis agents, and other potentially pathogenic
fungi) were observed.!?

The count of bacterial colonies found on surfac-
es (before and after the application of UV-C irradia-
tion) was analyzed in the Excel program (Wilcoxon
test) since the sample was small and unpaired. The
percent and log,, CFU reductions of colonies were

calculated as follows:

Percent Reduction = (B - A) x 100
B
Log,, CFU reduction = Log , (B-A) CFU
Where:
A = Number of viable microorganisms
B = Number of viable microorganisms after irradia-

tion with UVC light

As for the air test sample, the same collection
technique used in phase 2 (duration: 30 min) was
applied. After this time, the glass Petri plates con-
taining agar (Sabouraud-Dextrose 2%) were sent
to the mycology unit, where they remained sealed
and incubated (30° C) in a Biochemical Oxygen
Demand oven (BOD) for a period of up to 30 days.
19 Fungal growth was monitored daily, and colo-
nies were counted weekly. For subcultures, pota-
to-dextrose agar (DIFCO), Czapek agar (DIFCO),
lactrimel agar, oat agar, and malt extract agar were
used.

In the development of the study, the ethical
principles recommended by the National Health
Council (Resolution 466/12) and the SQUIRE 2.0
guidelines were respected. We emphasize that this
study is part of a larger project on mapping the hy-
giene of beds approved by the Ethics Committee on
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Research with Human Beings (Federal University
of Rio de Janeiro; CAAE: 48271421.3.0000.5238;
opinion 4.931.444).

Results

In general, the effectiveness of bacterial killing by
the UV-C device on surface samples was greater
when compared to air samples, as the elimination
of microorganisms on surfaces was complete and
its reduction in the air was substantial. The average
count of bacterial colonies tested was significantly
reduced after UV-C irradiation (15 min; 107 CFU
vs. 0 CFU; p=0.005). Turbidity was not observed in
the test broth, showing a highly effective disinfec-
tant effect for multiresistant Gram-negative entero-
bacteria (Figure 3).

Control

Figure 3. Flasks containing broth with turbidity (control) and
without turbidity (test)

However, all control broths turned cloudy; after
growth on a blood agar plate, they were submitted
for identification to confirm the presence of the
impregnated microorganism (control). The culture
media of the test samples did not pass through the
quantitative analysis step, as none of the cultures
of the tested surfaces showed turbidity after irradia-
tion with UV-C light (Table 1).

As for the air quality assessment, the results were
presented in log (CFU/m?), in which an important
reduction was observed in the tested conditions.
A reduction from 38 to 4 CFU/m3 (90%) global

mycological colonies occurred after irradiation with
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Table 1. Analysis of contaminated surfaces and air after UV-C
irradiation

Surfaces Phase | Phase Ill Reduction
and air Microorganisms before UV-C  After UV-C  percentage
(CFU) (CFU) (%)

Bed control Acinetobacter sp. 107 CFU/mL 0 (zero) 100

Feeding table multidrug-resistant  107cF/mML 0 (zero) 100

Bed side rail KPC-type 107 CFU/mL 0 (zero) 100
carbapenemase-

Bedside table producing E. coli 107 CFU/mL 0 (zero) 100

Mattress KPC-type 107 CFU/mL 0 (zero) 100
carbapenemase-

Closet door producing K. pneumoniae 107 CFU/mL 0 (zero) 100

Air Global mycological 38 CFU/m3 4 CFU/ m3 89.5

colonies
Air Mycological agents of NI NI

interest *

NI: not identified; * Aspergillus, Fusarium, mucormycosis agents, and other pathogenic fungi

UV-C light. We also emphasize that no mycologi-
cal agent of interest, i.e., with pathogenic potential,
was isolated before and after applying UV light,
reflecting parameters of environmental normality.
The minimum time required for effectiveness in re-
ducing total pathogens in the air was not obtained
in this study.

Discussion

This study evaluated the effectiveness of a UV-C
light-emitting device on air quality and disinfection
of different types of fixed surfaces. The results ob-
tained suggest that its use is an important strategy to
reduce and/or eliminate microorganisms present in
the healthcare environment. Therefore, its applica-
tion to improve the terminal hygiene of beds and op-
erating rooms as a tool to reduce the transmission of
pathogens, should be incorporated as one of the main
measures to prevent healthcare-related infections. The
findings agree with those of other studies that showed
the effectiveness of UV light emitting devices when
compared to the usual cleaning process, as their use
provided a greater reduction in the bacterial log when
compared to the traditional cleaning method.*7-2?
The study points out that the technology stud-
ied can reduce by 100% microorganisms such as
Pseudomonas, multi-resistant Acinetobacter, MRSA,
and VRE, including mycobacterium abscesses and

Aspergillus fumigatus.">
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However, even with findings similar to those
shown in this present study, the use of UV light is
considered an adjuvant method; its use dissociat-
ed from mechanical cleaning is not recommended.
This statement is based on the justification of re-
duction in technology effectiveness in shaded areas
(bed rails, closets, control panel).®"?

Reduction in the emission capacity of UV-C
rays in bedrooms or living rooms with large archi-
tectural dimensions is another justification for lim-
iting their use as the main method to disinfect hos-
pital surfaces. In these places, moving the device to
different strategic points for a given time is required
to ensure that all surfaces are processed.”!

However, the fixed UV-C light device used
in the present study offers installation driven by a
mathematical model as an advantage; it uses the
physical layout of the environment and allows shad-
ow areas to be almost eliminated thus increasing its
effectiveness.

In addition to the ability to eliminate microor-
ganisms from fixed surfaces in care units, improve
air quality by reducing mycological colonies, and
provide a reduction in shadow areas, the innovation
of this device is also related to the fact that a pro-
fessional to mobilize the equipment every period of
use is not necessary.!”

The failure to remove dirt or stains by UV-C
light observed in this study is one of its limitations;
this agrees with other studies and may be associat-
ed with a reduction in its efficacy potential; thus,
further comparative investigations involving such
conditions are suggested.!>??

In this study, the germicidal efficacy of UV-C
light was proven by culturing samples collected
from surfaces previously contaminated with strains
of epidemiological importance and subjected to
irradiation, as in other studies that used the same
microbiological identification method to prove its
effectiveness.?>??

In addition to the inactivation of nosocomi-
al pathogens, such as multidrug-resistant bacteria,
our study showed that UV-C light is an excellent
fungicidal agent to reduce these microorganisms
in the air, contributing to improve air quality and
control emerging pathogens such as in the inactiva-



tion of strains of coronavirus.?? Such effects of the
UV-C light had already been demonstrated for the
Influenza virus with positive intervention results in
preventing aerial transmission of the person-to-per-
son infection.®’

The evidence that healthcare professionals often
colonize the transient microbiota on their hands or
gloves when touching contaminated surfaces is al-
ready known. This leads to the spread of pathogens
by hands or equipment that comes into contact
with such surfaces.'9

According to this chain of cross-transmission
that exists in the hospital environment, frequent
and adequate cleaning and disinfection of highly
touched surfaces have become fundamental parts
of microbiological control in these places."® Such
practice aims not only to remove dirt and organic
matter from surfaces when carried out in critical en-
vironments but also to significantly reduce the mi-
crobial load when specific chemicals are used."**”

However, the use of specific products validat-
ed by regulatory agencies is necessary, within the
appropriate technique of movement, direction, and
friction by a well-trained team so that these results
are achieved.¢2)

As this is a human intervention process, prob-
lems of dilution and toxicity of disinfectant solu-
tions, inadequate action time on surfaces, unsatis-
factory and superficial techniques are still observed,
favoring the insertion of new technologies of envi-
ronmental disinfection methods.?"??

The fixed technology for emitting UV-C light
used to improve air quality and disinfect hospital
surfaces has also shown to be more advantageous
compared to traditional cleaning methods, as it is
a method that leaves no residue, does not require
ventilation after use, does not cause toxicity when
manipulated by the professional, still being ecolog-
ically correct. 2% Therefore, it can be an excellent
addition to existing hygiene protocols.

As mycological agents of interest were not
found at any of the two moments before and after
irradiation of UV-C light, a new collection at an-
other moment is suggested. Testing different times
of light use versus action on different types of sur-
faces, roughness, texture, and position in the envi-
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ronment will be interesting to evaluate disinfectant
effectiveness on other surfaces.

Conclusion

The results suggest that the use of technologies
with fixed UV-C light emission is effective in
reducing the potential microbial load on differ-
ent types of existing surfaces in hospitalization
rooms. It can therefore be considered a promis-
ing intervention for disinfection as well as to im-
prove air quality in hospital environments. It can
reach long distances and shaded areas relative to
mobile equipment or UV light towers commonly
used for this purpose.
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