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Background: Mobile ultraviolet C (UV-C) room decontamination devices are widely used in health
care facilities; however, there is limited information on the perceptions of patients, health care
workers (HCWs), and environmental services staff (EVS-staff) regarding their use for environmental
decontamination.
Methods: An anonymous questionnaire was administered to participants in 4 medical/surgical units of a
tertiary care hospital where UV-C devices were deployed for a 6-month period. Survey questions
assessed perceptions regarding the importance of environmental disinfection, effectiveness of UV-C
decontamination, willingness to delay hospital admission in order to use UV-C, and safety of UV-C
devices.
Results: Questionnaires were completed by 102 patients, 130 HCWs, and 47 EVS-staff. All of the HCWs
and EVS-staff and 99% of the patients agreed that environmental disinfection is important to reduce the
risk of exposure from contaminated surfaces. Ninety-eight percent of the EVS-staff, 89% of the HCWs,
and 96% of the patients felt that the use of UV-C as an adjunct to routine cleaning increased confidence
that rooms are clean. Ninety-four percent of the EVS-staff, 85% of the HCWs, and 90% of the patients
expressed a willingness to delay being admitted to a room in order to have UV-C decontamination com-
pleted. Seventy-nine percent of the EVS-staff, 76% of the HCWs, and 86% of the patients had no concerns
about the safety of UV-C devices.
Conclusions: Patients, HCWs, and EVS-staff agreed that environmental disinfection is important and that
UV-C devices are efficacious and safe. Educational tools are needed to allay safety concerns expressed by a
minority of HCWs and EVS-staff.
© 2019 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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BACKGROUND

Hospital-acquired infections (HAIs) contribute significantly to
morbidity and mortality, with approximately 75,000 people dying
from HAIs each year in the United States.1 HAIs also have a significant
financial impact, as annual costs have been estimated to range from
$10 billion to $45 billion.2,3 Many of the HAI-causing pathogens,
including the more lethal multidrug resistant organisms (MDROs),
can survive in the health care environment for days and weeks and
contribute to further transmission and contamination.4 Over the past
few years, hospitals have employed multiple interventions to disin-
fect patient rooms, including the use of no-touch technologies such
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as ultraviolet C (UV-C) light irradiation and vaporized/aerosolized
hydrogen peroxide.5

UV-C light decontamination of hospital rooms has been studied as
a potential intervention to reduce the incidence of HAIs. Previous
studies have demonstrated a significant reduction of pathogens in air,
on surfaces, and on instrumentation after UV light decontamina-
tion.6,7 A fewmore recent studies have demonstrated that implemen-
tation of UV light technology in hospital settings has been associated
with a significant reduction in HAIs, including MDROs such as Clos-
tridium difficile and vancomycin-resistant Enterococcus.8,9

Despite the beneficial impacts of UV light technology on infection
control, skepticism remains among patients, health care workers
(HCWs), and environmental services staff (EVS-staff) regarding the
efficacy and safety of UV light technology as a means of decontamina-
tion. Some of this skepticism is in part related to challenges associ-
ated with implementing a UV device in a hospital’s cleaning
protocol.10 A study published in 2018 found that daily UV-C decon-
tamination was acceptable to most patients; only 17% of patients and
25% of HCWs did not agree that UV-C light helps protect against infec-
tions.11 As hospitals nationwide continue to implement UV-C decon-
tamination protocols as part of terminal cleaning, it is critical for the
health care community to have a clearer understanding of how indi-
viduals perceive its safety and efficacy in order to address some of the
challenges associated with its implementation.6 We conducted a pro-
spective study to evaluate the perceptions of patients, HCWs, and
EVS-staff regarding UV-C light as a method of room decontamination
in hospitals using survey tools.

METHODS

The study was approved by the institutional review board of the
Cleveland Clinic with a waiver for written informed consent. All par-
ticipants were provided with a study information sheet and were
informed that they could withdraw from the study at any time.

Study participants and setting

The study was conducted from October 2015 to March 2016, cor-
responding to a 6-month period in which UV-C decontamination was
being used as part of a randomized controlled trial to determine if
adjunctive use of UV-C decontamination in patient rooms reduces
rates of HAIs, including C difficile infection. All HCWs (nursing person-
nel, ancillary staff, physicians) and EVS-staff working on the 4 medi-
cal/surgical units on which the UV-C devices were deployed at
Cleveland Clinic were eligible to participate. Similarly, all patients
admitted to the 4 medical/surgical units were eligible to participate
in the survey. All surveys were administered by research staff not
involved with direct patient care. Willing survey participants were
interviewed by research staff via an anonymous, self-completed
questionnaire in order to gain insight on their perspectives regarding
the use of UV-C light for hospital room decontamination. No identi-
fiers linked respondents to their responses, and all participants were
assured of confidentiality. Each participant was only surveyed once,
and there was no financial incentive to complete the survey.

UV-C decontamination devices

UV-C decontamination was performed as part of terminal dis-
charge cleaning using 2 commercially available devices: Clorox
Healthcare Optimum-UV Enlight System (The Clorox Company; Oak-
land, CA) and Pathogon UV Disinfection System (Steris Corporation;
Mentor, OH). During the period when UV-C was used, tent cards
were placed in patient rooms noting that the room was disinfected
with an automated device using light and providing a picture of the
device, as described previously.8 Before the survey was administered,
patients were informed about the use of UV-C devices for cleaning
their rooms. EVS-staff and HCWs were made aware of the UV-C devi-
ces at staff and group meetings before the start of the study. The cycle
time for each of the devices was determined by the manufacturer and
was based on the size of the room and configuration.

Survey

The survey instrument was developed based on literature review
and interviews with experts in the field of infection control. We
piloted the survey on 5 HCWs from another institution by soliciting
their input and feedback. Each survey was limited to 4 questions, and
subjects were asked to answer using a 5-point Likert scale: “strongly
agree,” “agree,” “neutral” (neither agree nor disagree), “disagree,” or
“strongly disagree.” No additional information was collected from
any of the participants.

EVS-staff and HCWs were asked their opinions regarding the fol-
lowing items:

1. It is important that hospital rooms be cleaned well to reduce the risk
that patients will pick up an infection from contaminated surfaces.

2. Using an ultraviolet light device in addition to routine cleaning
gives me more confidence that patient rooms are safe for patients.

3. I am willing to delay having rooms ready to receive new admis-
sions by one-half hour in order to have ultraviolet light disinfec-
tion completed.

4. I don’t have concerns about the safety of the ultraviolet light device.

Patients were asked their opinions regarding the following items:

1. When I am in the hospital, it is important that my room is cleaned
well before I am admitted to reduce the risk that I will pick up an
infection.

2. Knowing that my room was disinfected with an ultraviolet light
device in addition to routine cleaning gives me more confidence
that it is clean.

3. I would be willing to delay my room being available for one-half
hour in order to have ultraviolet light disinfection completed.

4. I don’t have any concerns about the safety of the ultraviolet light
device.

Data analysis

Descriptive analysis was performed using OriginPro 9.1 (OriginLab
Corporation; Northampton, MA). For each of the questions, the per-
centage of patients, HCWs, and EVS-staff expressing a preference was
calculated.

RESULTS

A total of 279 participants completed the survey, including 102
patients, 130 HCWs, and 47 EVS-staff. One patient and one EVS-staff
refused to participate in the survey. All participants completed the
full survey, and there was no missing data. With regard to the impor-
tance of hospital rooms being cleaned prior to the patient being
admitted to reduce the risk of infection from contaminated surfaces,
100% of EVS-staff and HCWs and 95% of patients strongly agreed; 4%
of patients agreed and 1% neither agreed nor disagreed (Fig 1A).

When asked whether the addition of a UV-C light device in addi-
tion to routine cleaning gives more confidence about hospital rooms
being safer, 79% of patients, 65% of HCWs, and 89% of EVS-staff agreed
strongly; however, less than 10% of HCWs and 2% of patients and
EVS-staff neither agreed nor disagreed (Fig 1B).

On the question about the willingness to delay patient room avail-
ability by one-half hour to complete UV-C light disinfection, 61% of



Fig 1. Opinions of patients, environmental service staff, and health care workers on (A) whether or not cleaning hospital rooms prior to patient admission reduces the risk of infec-
tion from contaminated surfaces; (B) whether or not adding an UV-C light device to routine cleaning gives more confidence about hospital rooms being safer; (C) whether or not
they would be willing to delay patient room availability by one-half hour to complete UV-C light disinfection; and (D) not having any concerns about the safety of the UV-C decon-
tamination device. EVS-staff, environmental service staff; HCWs, health care workers; UV-C, ultraviolet C.
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patients, 65% of HCWs, and 81% of EVS-staff strongly agreed, and 29%,
13%, and 20% agreed, respectively. However, about 2% of patients and
5% of HCWs disagreed, and an additional 2% of HCWs strongly
disagreed (Fig 1C).

On the question relating to not having any concerns about the
safety of the UV-C device, 57% of patients, 54% of HCWs, and 66% of
EVS-staff strongly agreed, and 29%, 13%, and 22% agreed, respectively.
However, 5% of patients, 5% of HCWs, and 6% of EVS-staff disagreed,
and 2% of patients and 3% of HCWs strongly disagreed (Fig 1D).
DISCUSSION

In a tertiary care hospital, we found that a majority of patients,
HCWs, and EVS-staff perceived the use of UV-C light decontamination
as beneficial in preventing infection. Furthermore, when weighing
the potential delay in room turnover time against the potential bene-
fits of UV-C light for terminal room decontamination, most patients,
HCWs, and EVS-staff agreed that the potential benefits of UV-C light
outweigh the operational concerns. Similarly, a majority of partici-
pants agreed that UV-C light technology does not bear any significant
safety concerns.
Our findings are consistent with a previous study in demonstrat-
ing that most patients have a favorable view of UV-C light technology.
The perception that UV-C might contribute to a culture of safety is
significant, as prior research has demonstrated a strong correlation
between patients’ engagement in and satisfaction with their care and
patient-reported safety assessments.12 Indeed, Isaac et al13 identified
a significant relationship between the frequency of HAIs at a hospital
and patients’ perceptions of a clean and quiet hospital environment
on Hospital Consumer Assessment of Healthcare Providers and Sys-
tems assessments. Increased patient awareness of hospital disinfec-
tion and decontamination procedures against HAIs can potentially
improve patient engagement and satisfaction and make the use of
UV-C more acceptable. To increase patient awareness of the UV-C
decontamination procedures in our study, tent cards were placed in
hospital rooms informing patients that the room was disinfected
with an automated UV-C light device and showing a picture of
the device.

We also found that a vast majority of patients, HCWs, and EVS-
staff agreed that they would be willing to accept a one-half hour
delay due to the use of UV-C light for terminal room decontamina-
tion. Although the average usage time of UV-C light is around
33 minutes, a prior study did not find a difference in average
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emergency department waiting times when UV-C light was used and,
in fact, estimated a direct cost savings of over $1.2 million in 1 year at
a single community hospital.14,15

Although most patients, HCWs, and EVS-staff in our study felt that
UV-C light technology did not pose a safety concern, a minority of
people did not feel that UV-C light was safe. Of note, some partici-
pants in prior studies have reported the presence of a strong odor in
rooms after UV-C light decontamination, which can be confusing and
concerning to patients and staff members. One study found that 5% of
patients refused UV-C light on the basis of the odor, and another
noted that 53% of nurse managers reported complaints from staff
concerning odor when UV devices were being used.11,15 The odor
may contribute to how patients, HCWs, and EVS-staff perceive the
safety of UV-C light technology, especially if the reason for the odor is
unclear to them. A potential solution to this concern is to provide
education to patients and staff members, which has been shown to
reduce complaints from patients and staff regarding the odor follow-
ing the use of UV devices.15 The role of education is further supported
by a study evaluating EVS-staff members’ perspectives on disinfec-
tion; 27% of the EVS-staff expressed often or always worrying that
cleaning products may be harmful to them, and 72% reported an
interest in further education on safety and infections.16 By promoting
safety protocols and educational tools for patients and staff
while using UV light technology, we can minimize risk and allay
safety concerns.

Major strengths of our study include that our findings are consis-
tent with and build upon previous literature. Our study included a
relatively large participant population of patients, HCWs, and EVS-
staff. The study was designed with a clearly identified population of
interest and included diverse recruitment strategies to minimize
sampling error. Finally, the study utilized a simple, user-friendly sur-
vey design to minimize measurement error. On the other hand, our
study has several limitations. First, surveys were administered by an
interviewer in person, which introduces the risk of interviewer
effects on the participant. Second, our study occurred at a large, ter-
tiary care center during the course of a randomized controlled trial
when significant resources were invested in the use of UV-C light dis-
infection strategies, meaning that some of our findings may not be
generalizable to other hospital settings, and participants’ perceptions
may have been influenced by the concurrent study. In addition, the
study utilized convenience sampling, which may impact the ability of
the study population to be compared to the general hospital popula-
tion. Another potential limitation is that our surveys focused on the
beliefs of individuals but did not directly assess the knowledge of par-
ticipants.

CONCLUSIONS

Our study found that a vast majority of patients, HCWs, and
EVS-staff believe that UV-C light technology is helpful in preventing
infections. This result was further supported by the finding that most
participants were willing to delay room turnover by one-half hour to
allow the use of UV-C light to decontaminate the rooms. These results
are encouraging for hospitals considering the use of UV-C light to
reduce the risk of HAIs and, specifically, MDROs. Additionally, a
majority of patients, HCWs, and EVS-staff considered UV-C light to be
safe. Through continued education and clear safety protocols, we can
continue to address safety concerns and improve perceptions of UV-C
light technology. Further studies are necessary to clarify the impact
of various strategies on the perception of UV-C light as a means of
decontamination in hospitals.
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