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Executive summary

Hospital associated infections (HAIs), refer to infections or colonizations (or both)
contracted by patients during their stay at the hospital, which were not present or developing
at the time of admission. HAls are a frequent complication during care delivery and impart a
significant clinical and economic burden on the healthcare system. The standard approach for
reduction and prevention of HAls involves an array of interventions, one of which includes
decontamination of patient rooms through manual cleaning and disinfection. However,
evidence indicates that manual cleaning may be insufficient, resulting in residual contamination
of environmental surfaces. Portable no-touch or non-manual disinfection (NMD) devices are
proposed to supplement manual cleaning and disinfection procedures for patient rooms and
shared spaces.

In British Columbia (BC), NMD technologies are not uniformly adopted within hospitals.
Further, previous reviews undertaken by the Canadian Agency for Drugs and Technologies in
Health (CADTH) indicate that there is insufficient evidence to support the adoption of these
technologies. However, considering the existing limited use of NMDs in BC, a more localized
review was done to determine if sufficient evidence exists to warrant proceeding to a full
health technology assessment (HTA) regarding the adoption of NMD system:s.

The present study was instigated to update the review conducted by CADTH in 2018 and
to evaluate local evidence using portable NMD technologies. The purpose of this study was to
review and summarize clinical and economic evidence on portable light and gaseous-based

NMD devices and to determine if there is sufficient evidence to pursue a full HTA on this topic.
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A systematic literature search was implemented in Embase and MEDLINE and limited to
studies published between January 2018 to July 2019. Local stakeholders were also contacted
to identify any BC-specific evidence of effectiveness of NMD technologies. Representatives
from two health authorities were invited to provide any unpublished studies, and information
on any province-specific evidence of effectiveness of NMD technologies from ongoing field
evaluations. All included studies were assessed for methodological quality and risk of bias. The
primary outcome of interest was to evaluate the impact of NMD technologies on the rate of
HAIls and identify any evidence on the cost-effectiveness of NMD technologies.

Thirteen studies were included in the final review; no new studies evaluating gaseous-
based NMD devices were identified. Three study reports based on a previously implemented
intervention were identified through local stakeholder engagement, however, no new
references or unpublished evidence on ongoing field evaluation was received. Overall, the
study findings regarding the clinical effectiveness were inconsistent and the evidence was rated
as low quality and only one study evaluating the cost-effectiveness of ultraviolet NMD
technology was identified.

Given the heterogeneity of the included studies, and high risk of bias associated with
the study outcomes, a definitive conclusion regarding the clinical effectiveness of portable NMD
ultraviolet technologies could not be made. Therefore, at present there is insufficient evidence
regarding the clinical effectiveness of portable light-and-gaseous-based NMD devices to
proceed to a full HTA. Further research, accounting for local manual cleaning practices, with a
robust study design is warranted to better understand the effectiveness of these technologies

in practice.
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Chapter 1 Background and Problem

1.1 Purpose of this Literature Review

The purpose of this literature review is to summarize evidence on the economic and
clinical effectiveness of non-manual disinfection (NMD) systems. This review focused on
ultraviolet light-based and gaseous-based NMD technologies.

This report includes evidence on the clinical effectiveness of NMD technologies in
addition to manual cleaning and disinfection methods for prevention of hospital associated
infections (HAI) compared to conventional manual cleaning and disinfections methods alone. In
Canada, the Canadian agency for drugs and technologies in health (CADTH) and health quality
Ontario (HQO) have previously reviewed NMD systems. (1-4) A CADTH review in 2015 suggests a
more localized review for individual hospitals is warranted to help inform an appropriate decision
regarding the adoption of NMD systems. (4) In addition, a Vancouver-based (Vancouver Coastal
Health Authority) example concludes that Ultraviolet—-C (UV-C) disinfection systems are a
successful adjunct to manual cleaning in reducing environmental bioburden while noting that
such a system must be carefully chosen for any specific facility. (5) Additional reviews for NMD
technologies in other jurisdictions in BC, such as Fraser Health Authority, are ongoing.

This review focused on updating the 2018 CADTH rapid response review (2), while
refining the search to only include light and gaseous-based NMD technologies, and to include
evaluations undertaken by local health authorities in British Columbia (BC).

1.2 Policy Question and Research Objectives

The pretext in BC indicates that NMD technologies are not uniformly adopted within

hospitals. Presently, there is some adoption of NMD technologies in BC, but the type of
11
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technology and its use varies across health authorities. However, reviews undertaken by CADTH
and other provincial organizations (i.e. HQO) indicate that there is insufficient evidence to
support the adoption of these technologies. The present study was instigated as local health
care professionals expressed interest and nominated NMD technologies to be reviewed by the
Health Technology Assessment Committee (HTAC) in order to have province-specific
conclusions and highlight trials in BC using portable UV-C technologies. This first phase of work
was commissioned by HTAC to provide BC-specific context and include any new evidence for
NMD technologies to determine if a full health technology assessment (HTA) would add value
for decision-making purposes regarding the use of NMD technologies in BC.

1.2.1 Primary Policy Question or Decision Problem to be Answered in this Review

e Isthere any new evidence that establishes the clinical effectiveness of portable light
and gaseous-based NMD technologies for reducing and preventing rates of HAIs?
e Ifyes, is the evidence sufficient to pursue a full HTA on this topic?

1.2.2 Primary Research Questions to be Answered in this Review

e What is the clinical effectiveness of portable light- and gaseous-based NMD systems
for infection prevention in hospital and healthcare facilities?
1.3 Background Information
HAls, also referred to as nosocomial infections, refer to colonization or infections
contracted by patients during their stay at the hospital, which were not present or developing
at the time of admission. (6) In Ontario, colonizations or infections that occur within 48-72

hours of a hospital admission or 10 days after discharge can be classified as a HAI. (7) However,
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this classification is not standardized across Canada, and in BC the lookback period (i.e., days
post discharge) can vary across health authorities.

Environmental surfaces contaminated with microorganisms (including bacteria, viruses
and fungi) have been implicated in HAls. Antimicrobial drugs such as antibiotics are available to
treat infections; however, antimicrobial resistance limits the effectiveness of available
treatments and increases the importance of prevention of HAls. (8)

Clostridioides difficile infection (CDI), vancomycin-resistant enterococci (VRE),
methicillin-resistant Staphylococcus aureus (MRSA) and carbapenemase-producing organisms
(CPO) are among the most common HAls. (9, 10) HAls include both infections and colonizations
by these microorganisms, where CD can cause infections while MRSA, VRE and CPO can include
both colonizations and infections. Infections resulting from these bacteria lead to serious illness
and are associated with a prolonged hospital stay, hospital readmission and in some cases
death. (11)

These microorganisms survive on surfaces or medical equipment, where they can be
transmitted to patients via direct contact with contaminated environmental surfaces or from
staff and visitors who may act as carriers. However, it has been estimated that up to half of
HAIls can be prevented. (12) HAI prevention and control measures may vary depending on the
health care setting, type of infection, and susceptibility of patients (e.g., burn or transplant
patients). However, some general prevention measures include but are not limited to: Spatial
separation, hand hygiene practices, architecture and layout of health care facilities, antibiotic
prophylaxis (e.g., for burn patients), cleaning and disinfection of environmental surfaces and

medical devices. (13, 14)

13
© Centre for Clinical Epidemiology and Evaluation | Vancouver Coastal Health Research
Institute



Therefore, implementation of best practices can significantly reduce the risk of some
colonizations or infections (8), with protocols for cleaning of hospital surfaces, equipment and
proper hand hygiene, essential to prevent the spread of HAls.

1.3.1 Burden of HAI

HAls are a frequent complication during care delivery and impart a significant clinical
and economic burden on the healthcare system. Based on data from 1995 to 2010, Canada had
one of the highest national prevalence of HAls at 11.6%, compared to other developed
countries, which range from 3.6% (in Germany) to 12% (in New Zealand). (15) With one in nine
hospital patients contracting HAls, each year in Canada there are over 220,000 cases of HAls,
where 8000 to 12,000 of cases result in death. (9, 16, 17)

Given the high burden of HAls, several surveillance programs have been established to
estimate and track rates of antimicrobial resistance infections or colonizations. The Canadian
Nosocomial Infection Surveillance Program (CNISP) is a collaborative effort between several
agencies, which aim to identify trends at both a national and regional level, and inform
infection prevention and control programs. In Canada, the Public Health Agency of Canada
(PHAC) monitors and reports the number of new cases of HAIl antimicrobial resistant organisms
annually. (18)

At the national level, CDI rates in acute care facilities have fallen from 6.03 per 10,000
patient days in 2012 to 3.85 per 10,000 patient days in 2017 across Canada. (18) Over the same
time period (2012-2017), the overall rate of MRSA infections increased from 2.80 cases per
10,000 patient-days to 3.17. However, the rate of MRSA infection acquired within healthcare
facilities was reduced by 6%, from 1.74 cases per 10,000 patient-days in 2012 to 1.65 cases in

14
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2017. The rate of VRE infections increased for the first time from 0.26 infections per 10,000
patients-days in 2016 to 0.34. Lastly, the rate of carbapenemase producing Enterobacteriaceae
(CPE) infections among hospitalize patients has remained at 0.03 infections per 10,000 patient-
days since 2012. (18)

In BC, the Provincial Infection Control Network (PICNet), health authorities and related
agencies have established surveillance programs for HAls in acute care facilities. In 2017/2018,
among participating facilities there were 8,479 acute care beds, 446,117 acute care admissions
and a total of 3,119,299 inpatient days. (19) Over the same time period, within participating
facilities there were 1,104 new cases of CDI, 1,447 new cases of MRSA and 134 new cases of
CPO. (19) More specifically, the rate of CDI and MRSA per 10,000 inpatient day was 3.8 (95% Cl:
3.6-4.0) and 4.6 (95% Cl: 4.4-4.9), respectively.

Infections resulting from common bacteria associated with HAls can lead to serious
iliness and death. In 2015, the all-cause mortality rate based on data from 61 hospitals across
Canada (monitored at 30 days from diagnosis) among patients with MRSA was found to be 10%.
(20) Moreover, the mortality rate differs between MRSA blood infections and skin infections.
When all-cause mortality is stratified according to the site of infections, the rate among
patients with MRSA blood infections and non-blood infections is 20% and 7% respectively. (20)
However, the overall trend associated with all-cause mortality among patients with MRSA
blood infection shows a reduction of 26% between 2012 and 2016. (18) The attributable
mortality rate in Canada among hospital acquired CDI has also decreased by 30%, from 4.6% in

2012 to 3.2% in 2017. Patients with VRE infections also have significant risk of death, with a
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crude mortality rate of 39% for VRE blood stream infections in 2015. (20) The all-cause
mortality observed among patients with CPE has been 18.3% from 2012 to 2017.

1.3.2 Cost to Treat HAls

Management of patients with HAls is also associated with an increased economic
burden on the healthcare system. (21-23) Based on estimates from 2001, the annual direct cost
of management of HAIs in Canada was estimated to be $1 billion dollars. (24, 25) Costs are
primarily driven by the substantial resources required to manage and treat infected patients.
On average, patients with a HAIl spend an additional five days as inpatients. (26) Although few
cost estimates are available for management of HAls in Canada, in 2005 the direct attributable
cost of MRSA infections was estimated to be between $54 - $110 million; an estimated average
cost of $12,216 per patient. (21) While, the cost of management of VRE infections was
estimated to reach $17,949 per patient. (23)

Further, depending on the infection, patients may require a longer hospital stay. For
example, evidence suggests that patients with MRSA require an average of 26 days of isolation,
in addition to treatment, surveillance and other precautionary measures needed to contain the
infection. (21, 27) Similarly, patients with severe CDI are reported to spend an additional 4.11
days in the hospital. (27) In BC, estimates from a study commissioned by PICNet in 2011,
indicates that acute care facilities incur approximately $300 million for treatment of HAIs each
year. (28) Further, it has been estimated that a 5% reduction in HAI could reduce treatment

cost by $63 million dollars over four years. (28)
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1.3.3 HAI Transmission and Infection Prevention

Pathogens (such as bacteria and viruses) can survive on environmental surfaces for
several weeks and in some cases months. (29) Microorganisms responsible for HAls can be
transferred either directly from an infected patient to an environmental surface and then to a
following patient, or indirectly from a contaminated environmental surface to a hospital
staff/visitor and then to a patient. (30-32) Therefore, environmental surfaces within a
healthcare setting play a key role in transmission of HAls. Environment cleaning is an important
step for infection prevention by reducing the amount of pathogens present, and thus reducing
the risk of infection by disrupting the route of transfer for microorganisms from one
object/person to another. (33) In this context cleaning refers to the physical removal of debris
and foreign agents, whereas disinfections indicate killing (or inactivation) of infectious agents.
(33)

In BC, the network for infection control (i.e. PICNet) has developed best practice
guidelines for environment cleaning within healthcare settings. (34) The guideline provides
recommendations on best practices for environment cleaning infrastructure, including cleaning
and disinfection products, and best practices for different types of manual cleaning (e.g.
general clean, routine daily clean, discharge clean). (34)

Manual cleaning protocols performed by human operators can be complex and require
adherence to protocol to ensure a consistent outcome. When implemented in practice, manual
cleaning and disinfection varies across different acute care facilities. (35) Evidence indicates
that manual cleaning may be insufficient, which results in residual contamination of
environmental surfaces. (36-39) The problems observed with conventional cleaning and
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disinfection is related to the reliance on human operators to first ensure adequate cleaning
before application of disinfectants, followed by the proper selection, preparation and
application of disinfection agents and sufficient contact time. (40, 41)

To account for some of the challenges observed in implementing manual cleaning and
disinfection of health care facilities, no-touch or NMD systems have been identified as
technologies that may help supplement standard cleaning and disinfection procedures to
reduce the risk of HAls.

1.4 Overview of Technologies Under Assessment

In addition to standard cleaning and disinfection procedures, no-touch or NMD systems
have been identified as a technology that may help reduce the risk of HAls. No-touch systems
refer to portable or fixed technologies that do not require the direct manual application or
removal of disinfectant agents to environmental surfaces. (42) Portable systems can be moved
throughout a facility for use, while fixed systems are those which are built into the room (e.g.,
wall-mounted) or built into the heating, ventilation and air conditioning (HVAC) systems.

A variety of NMD technologies are available, including: Hydrogen peroxide vapor or mist
(43, 44), ultraviolet light (e.g., mercury bulb, pulsed xenon), high-intensity narrow-spectrum
light (45, 46), fogging (47), ozone gas (48, 49), superoxide water (48), and steam vapor. (50, 51)
Among available NMD technologies, the use of ultraviolet light and hydrogen peroxide are the
most common systems in use and studied.

An overview of portable ultraviolet light and hydrogen peroxide technologies is

presented below.
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1.4.1 Ultraviolet Irradiation
In Canada, two types of portable ultraviolet devices are approved: (1) devices that emit UV-C
through a mercury bulb (Figure 1.1) and (2) devices that use a pulsed Xenon UV light (Figure 1.2).
Ultraviolet light is a form of electromagnetic radiation that can kill microorganisms at specific
wavelengths (between 200 to 320 nm) by destroying chemical bonds of genetic material. (52)
UV-Clight is the highest energy type of ultraviolet light (wavelength between 200 to 270
nm) (53), and has been used in healthcare settings to destroy both airborne
microorganisms and those on environmental surfaces. (54)

Devices emitting ultraviolet light work by using germicidal lamps that produce a high-
intensity UV-C light. UV-C destroys the DNA of bacteria, viruses and other microorganisms, thus
preventing them from multiplying and causing infections. (55) Ultraviolet disinfecting devices
that use mercury bulbs, emit a continuous dose of UV-C at a strong narrow band of UV-C
spectrum (e.g., wavelength of 254nm). The lamps (i.e., Xenon lamps) used in pulsed Xenon
ultraviolet devices, produce pulses of light at a broader spectrum, which includes both UV-C
and UV-B (wavelengths of 200—-320 nm).

To disinfect rooms, portable ultraviolet emitting devices are placed in the room and
activated remotely for a prescribed time. The rooms must be vacated and surfaces must be in
direct sight of ultraviolet light emitted for decontamination. The recommended length of time
for decontamination varies between devices and manufacturers; on average the time required
to disinfect one room is estimated at 15-30 minutes for pulsed Xenon UV devices and between

15-35 minutes for mercury UV-C devices. (1, 56) In the new models of the mercury bulb devices,
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sensors are placed throughout the room, measuring the amount of UV energy that is reflected

back to the device. This information is used by the device to provide a precise and lethal dose of

UV-C required for room disinfection from a single position. (56)
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Figure 1.2 An Example of a Pulsed Xenon UV device

Ultraviolet Device Costs

The purchasing cost of UV disinfecting devices from two leading manufacturers range
from $89,500 USD (including a 1-year warranty) for mercury UV-C devices and $102,300 USD,
(including a 4-year warranty) for pulsed Xenon UV devices. (1) However, the use of these
devices also includes the additional costs of a healthcare aid to move patients, dedicated
environmental personnel to operate the device, and maintenance cost of the device.

1.4.2 Hydrogen Peroxide Systems

Hydrogen peroxide systems are a gaseous-based system used for disinfection of
environmental surfaces and include: (1) aerosolized hydrogen peroxide (aHP) systems and (2)
vaporized hydrogen peroxide (VHP) systems. Both systems have been used to eradicate common
HAIls (including MRSA, CDI and VRE) and shown to be effective against bacteria, viruses and
spores through destruction of the cell wall (Figure 1.3). (57, 58)

The aerosolized system uses a 5%-6% hydrogen peroxide solution and generates aHP
using pressure or ultrasonic nebulization. (59-61) The aerosolized droplets are emitted into an
enclosed space through a one-way nozzle. The vaporized system produces a 30%-35% hydrogen
peroxide vapors (HPV) generated by heat. The HPV is also released into an enclosed space
through a high velocity air system to ensure an even distribution within the enclosure. (62, 63)
Both systems are computer controlled and can deliver aHP or vHP in rooms remotely. The
automated machines ensure even distribution of hydrogen peroxide concentration throughout

the room and monitor gas concentration, temperature and relative humidity. Following exposure
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an aeration unit converts the hydrogen peroxide into oxygen and water. The estimated time for

the decontamination process using hydrogen peroxide systems is between three to five hours.

Figure 1.3 An Example of a Hydrogen Peroxide Device

1.4.3 Potential Limitations of NMD Technologies

Both hydrogen peroxide and ultraviolet disinfection systems require manual cleaning to
be completed prior to use of both systems, and have demonstrated a reduction in bacterial
burden when implemented in conjunction with manual cleaning. However, the effectiveness of
each NMD technology is influenced by several factors as outlined below.

Hydrogen peroxide systems require approximately 4 times longer for room
decontamination when compared to 30 minutes required for manual cleaning. (64) In addition,

during operation this system poses a health and safety risk to patients and staff, requiring
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complete enclosure of the space with HVAC systems shut off. (52, 58) Repeated exposure to
hydrogen peroxide also causes erosion of surfaces and medical equipment. (52) Lastly, different
materials (e.g., soft furnishings) and positioning of the devices can influence the effectiveness
of hydrogen peroxide systems.

The germicidal effectiveness of ultraviolet systems is also affected by several factors.
Namely, pre-cleaning of visibly soiled surfaces is required as ultraviolet light is absorbed by
organic material. (65) Further, appropriate positioning of the device is a key consideration as
the ultraviolet light intensity is affected by the distance and angle of target surfaces. Ultraviolet
devices also have destructive effect on surfaces (e.g., plastics, fabrics and paint) upon repeated
exposure. (52, 58) Additional factors that could influence the effectiveness ultraviolet light
systems include: surface material, temperature and relative humidity, exposure time, type of
microorganism and wavelength of ultraviolet light. (54, 66)

Although environmental services staff will need initial training to operate these devices,
a noted advantage of mobile NMD technologies is their ease of use, and minimal need for special
training of environmental services personnel, versus the training required for manual disinfection
of environmental surfaces. However, regardless of the technology, the additional effort required
to prepare the room for non-manual disinfection is significant.

Some challenges identified based on a local implementation of a UV-C disinfection
relates to staffing, training, and room turnover times. (67) A noted practical limitation
associated with use of both ultraviolet and hydrogen peroxide disinfection systems relates to
settings where disinfection of a shared patient room is required. For both NMD technologies

the room must be vacant during the implementation of the disinfection procedure, and the
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presence of other patients in the room poses a logistical challenge. To account for this, effective
and timely coordination between medical staff and environmental cleaning services staff is

required, to allow for use of NMD devices in shared patient rooms.
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Chapter 2 Methods

2.1 Literature Search

An updated literature search was performed to determine the clinical effectiveness and
identify evidence on the cost-effectiveness of portable light- or gaseous-based non-manual
disinfection systems for infection prevention in healthcare facilities. An information specialist
developed the search strategy. The search strategy used in a previously published CADTH rapid
response in 2018 was used to guide the development of an updated search strategy. (2) To
ensure the search captured the NMD technologies of interest they were also reviewed by a
clinical expert.

The literature search was implemented in Embase and MEDLINE and the search was
limited to studies published between, January 2018 to July 2019. A targeted review of two
CADTH rapid response reviews on NMD technologies was also performed.

The final search strategy, including all search terms is presented in Appendix A.

2.2 Call to Local Stakeholders

Representatives from two local health authorities were contacted to inform locally
implemented standard manual cleaning practices. In addition, stakeholders were invited to
provide any additional unpublished references, and information on any province-specific
evidence of effectiveness of NMD technologies from ongoing field evaluations of NMD
technologies. Through local stakeholder engagement 3 study reports on a previously
implemented intervention was identified. However, no new references or unpublished

evidence of ongoing field evaluations were received.
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2.3 Literature Screening

One reviewer conducted the initial screening of title and abstract, and obtained the full
text of studies that were eligible for a full-text review. Full text articles found to meet the
inclusion criteria listed in Table 2.1 were selected for inclusion in the study. The study flow was
summarized using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) diagram (see Figure 3.1).

2.3.1 Inclusion Criteria

The inclusion criteria are presented in Table 2.1.

Table 2.1. Inclusion Criteria

Patient . .
Population Intervention Comparators Outcomes Study design
NMD techniques that ° Staerard manual
incorporate: cleaning Rates of HAIs * Systematic reviews
procedures (e.g., CDI, VRE, * Health technology
ight- MRSA
Hospital or light-based systems i, intervention ) assessments
healthcare (e-g., UV-light) * Randomized
facility rooms * Gaseous-based controlled trials
systems (e.g., Cost- ¢ Quasi-experimental

No comparator .
hydrogen peroxide * P effectiveness studies

vapour) outcomes ¢ Economic evaluations

NMD: Non-manual disinfection; HAI: Hospital associated infection; CDI: Clostridioides difficile infection; MRSA:
methicillin-resistant Staphylococcus aureus; VRE: vancomycin-resistant enterococci; UV: Ultraviolet

2.3.2 Exclusion Criteria

e Studies that did not meet the selection criteria listed in Table 2.1;
e Non-English-language publications;
e Abstract/conference proceedings;

e Letters and commentaries.
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2.3.3 Data Extraction and Quality Assessment

One reviewer extracted data using a standardized form in Microsoft Excel on study
characteristics, clinical and economic outcomes. Data pertaining to study setting, design, length
of follow-up, NMD device used and disinfection protocols for manual disinfection were
abstracted. In addition, information on other infection control measures was collected. Study
outcomes collected include: number of HAI cases, infection rates, and incident rate ratio (IRR),
where appropriate. Extracted data were crosschecked for errors.

All included studies were assessed for methodological quality and risk of bias. Risk of
bias for individual studies was completed using study design-specific tools. Effective Practice
and Organization of Care (EPOC) tool for randomized trials, controlled before-after and
interrupted time-series studies was used. (68) The National Heart, Lung and Blood Institute
quality assessment tool was used for before-after studies with no control group. (69) The
AMSTAR-2 checklist was used to assess the quality of systematic reviews. (70)

2.3.4 Data Synthesis

The included studies were summarized qualitatively. The study characteristics of full text
articles that met the inclusion criteria were summarized in tables. Rate of HAls were
summarized by microorganism were possible. Rate ratios of HAIs between NMD technologies
and manual disinfection were taken as reported or calculated from data reported in the study.

2.3.5 Subgroup Analysis

No subgroup analysis was planned.
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Chapter 3 Results

3.1 Literature Search Results

The combined search of MELDLINE and Embase identified 197 studies. Hand search of
previous CADTH reviews (2, 71), identified four studies and request to local stakeholders
generated 3 additional studies. (72-74)

After the preliminary screening of title and abstracts, one duplicate was identified and
174 studies, which did not match the inclusion criteria, were excluded. A total of 29 studies
were eligible for full text review, 13 of which were included in the review. Among the 13
studies, ten studies evaluated clinical outcomes (73-82), one study evaluated economic
outcomes (72), and two studies reported both economic and clinical outcomes (1, 83). In the
following sections, the evidence identified from the included studies is presented as clinical

evidence (Section 3.2) and economic evidence (Section 3.4).
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Figure 3.1 PRISMA Diagram of Study Selection
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Previous assessment of identified studies

Of the thirteen studies included in this review, all studies identified through the updated

database search were previously captured in either the 2018 or 2019 CADTH rapid response

reviews (Table 3.1). Further, the three studies identified through hand search of the 2018

CADTH review had been evaluated in the HTA conducted by HQO in 2018. The studies identified

via stakeholders (i.e., studies conducted by Fraser Health) (72-74), are the only studies that

have not been identified and reviewed previously.

Table 3.1 Overview of The Previous Assessment of Included Studies

Method of
identification in
present study

Author, year

Previous Reviews

CADTH CADTH HQO
2018 (2) 2019 (71) review (1)

Raggi et al., 2018 (83)

X X

Updated database ~ Anderson et al., 2018 (84) X
search (MEDLINE,  Brite et al., 2018 (78) X
Embase; Date: Jan  Marra et al., 2018 (75) X X
2018-Jul 2019) HQO, 2018 (1) X X NA
Sampathkumar et al., 2019 (82) X
Hand search of 2019
CADTH Rapid Pavia et al., 2019 (80) X
response
Hand search of 2018 Pegues et al., 2017 (81) X X
CADTH Rapid Haas et al., 2014 (79) X X
response Anderson et al., 2017 (76) X X
call to local Fraser Health, 2017 (74)
stakeholders Fraser Health, 2018 (72)

Fraser Health, 2019 (73)

CADTH: Canadian Agency for Drugs and Technologies in Health; HQO: Health Quality Ontario
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3.2 Clinical Evidence

3.2.1 Summary of Included Studies

Overall, thirteen studies met the inclusion criteria and were included in the final review.
A summary of the study characteristics of the included studies is presented in Appendix B
(sections B.1, B.2, and B.3). The included studies which evaluated clinical outcomes comprised
one systematic review (75), one HTA (1), two randomized trials (76, 84), three interrupted time-
series studies (73, 78, 81) [two of which included controls (73, 81)], two controlled before-after
studies (74, 82), three before-after studies without a control. (79, 80, 83)

The NMD technologies in all included studies were light-based UV disinfection
technologies; none of the studies evaluating hydrogen peroxide systems met the inclusion
criteria. Overall, few studies evaluating hydrogen peroxide systems were identified in the
updated review and among the studies that did use this system the primary reason for
exclusion was by intervention and study outcomes.

Among the ten primary studies included, five evaluated mercury UV-C devices (76, 80,
81, 83, 84), and five studies evaluated pulsed Xenon UV devices. (73, 74, 78, 79, 82)

Study setting, target rooms and timing of disinfection

Eight of the identified studies were conducted within hospitals in the USA, while three
were based on a study implemented in BC, Canada. Of the two reviews identified: authors in
the USA conducted the systematic review, and authors from Ontario, Canada conducted the
HTA. Four studies evaluated the use of the device in all hospital units, while the remaining
studies were limited to specific units within the hospital (e.g., vulnerable units, units of

leukemia and lymphoma patients, etc.), see Appendix B, sections B.1 and B.2.
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The systematic review and HTA evaluated studies conducted within a hospital setting,
targeting patient rooms (after discharge or transfer) in units ranging from intensive care unit
(ICU) and non-ICU units. In the primary studies included, there was considerable variation
across the included studies with respect to the rooms targeted for UV disinfection. In two
studies the UV devices were used primarily in rooms of patients on contact precautions (76,
81), four studies included rooms within the targeted units (74, 78, 80, 82), and two studies used
the device in ICU, operating rooms, in rooms of long-term stay patients, or areas with high
prevalence of infections. (79, 83) Lastly, two studies (73, 77) were secondary analyses of two
included studies (i.e., Anderson et al., 2017 (76) and Fraser Health., 2017 (74)), where both
evaluated the impact of the intervention on all patients admitted to the hospital.

The timing of UV disinfection was mainly after patient discharge or transfer. However, in
the study implemented by Fraser Health (74), a cyclical unit deep clean of all rooms was
implemented with the sequence repeated for the duration of the intervention (i.e., 6 months).
Similarly, in another study that was restricted to toddler units, a rotating schedule was
implemented, where the target rooms were cleaned 2-3 times per week. (80)

Manual cleaning and disinfection procedure

All the included studies reported the use of either bleach and/or quaternary ammonium
disinfectants. Quaternary ammonium disinfectants were used in four studies (76, 78-80), and
bleach was specifically used for CDI in four studies. (76, 78, 81, 82) In one study the cleaning
disinfectant used was not stated. (83) Lastly, in one study a bleach-based solution was used for
all rooms except for daily cleaning of rooms with pediatric patients. (79)

UV disinfection procedure
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In all studies, UV disinfection was evaluated as an adjunct to standard manual cleaning.
Both the HTA and systematic review also evaluated the use of UV devices in conjunction with
manual cleaning. In the HTA, studies were separated according to the type of UV technology
used (i.e., mercury UV-C and Pulsed Xenon UV). Overall, the number of UV disinfection cycles
reported ranged from 1-7 cycles, and duration per cycle reported was between 5-8 minutes
(see Appendix B, section B.3). Of the included studies, five evaluated mercury UV-C devices (76,
80, 81, 83, 84), and five evaluated pulsed Xenon UV devices. (73, 74, 78, 79, 82) with the
exception of the randomized trial (76), where the duration was 30 min-55 min (77), the
duration of disinfection cycles reported was similar between studies using mercury UV-C
devices and those that used the pulsed Xenon UV devices. Additional process measures
reported during UV disinfection included, opening drawers and cabinets, exposing high touch
objects (e.g., remote controls, telephones), as wells as changing linens and curtains.

3.2.2 Summary of Study Outcomes

Reviews

The HTA and systematic review have been previously summarized and evaluated in an
updated CADTH response review in 2019; these findings are presented in Table 3.2 and Table
3.3, respectively.

In both the HTA and systematic review the rate of HAl was the primary outcomes
investigated, including rates of CDI, MRSA, VRE and other MDROs. In the HTA given the
heterogeneity observed in the study design, setting, interventions and outcome measures, a
guantitative data synthesis was not conducted. Therefore, the authors were not able to make
conclusions regarding the effectiveness of UV disinfection technology. In the systematic review,
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although clinical heterogeneity was observed in the included studies a quantitative synthesis of
the data was conducted using a meta-analysis approach; where all the included studies (except
for one) evaluated infections, and not colonization, as the outcome. To address the
heterogeneity observed, subgroup analysis based on hospital type, compliance and monitoring
and CDI rates was carried out. The authors of the systematic review concluded that the UV
disinfection technology might be effective in prevention of CDI and VRE. The authors also
evaluated the evidence on hydrogen peroxide vapor systems and CDI, and found no statistically

significant reductions in the pooled analysis (Table 3.3).
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Table 3.2 Summary of Results: HTA

HQO, 2018 (1)

Mercury UV-C Devices

Pulsed Xenon UV Devices

Combined HAI and
colonization
relative rate:

One cluster RCT (low quality evidence)
RR (95% CI) =0.70 (0.55 to 0.98); P = 0.036

One pre-post study (very low-quality evidence)
RR (95% CI) = 0.66 (0.45 to 0.96); P =0.03

Three pre-post studies (very low-quality evidence)
RR (95% ClI) = 1.17 (0.50 to 2.76); P =0.72

RR (95% CI) = 0.71 (0.55 t0 0.91); P =0.01

RR (95% CI) = 0.80 (0.73 to 0.88); P < 0.001

One cluster RCT (low quality evidence)
RR (95% CI) = 1.0 (0.57 to 1.75); P = 0.997

Six pre-post studies (very low quality evidence)
RR (95% ClI) = 0.37 (0.02 to 6.89); P =0.51
RR (95% Cl) = 0.59 (0.41 to 0.86); P = 0.005

(
D RR (95% Cl) = 0.43 (0.24 to0 0.77); P = 0.005
Two pre-post studies (very low-quality evidence) RR (95% Cl) =0.78 (0.61 to 1.01); P =0.06
RR (95% CI) = 0.49 (0.26 to 0.94); P =0.03 RR (95% Cl) = 0.83 (0.7 t0 0.97); P = 0.02
RR (95% CI) = 0.54 (0.27 to 1.09); P = 0.08 RR (95% Cl) = 0.47 (0.26 to 0.86); P = 0.015 versus 1
year prior
One cluster RCT (low quality evidence) . . .
Three pre-post studies (very low-quality evidence)
[0 = . p=
MRSA RR (95% C1) = 0.78 (0.58 to 1.05); P = 0.10 RR (95% Cl) = 1.26 (0.34 to 4.75); P = 0.75
One pre-post study (very low-quality evidence) RR (95% Cl) = 1.20 (0.75 to 1.91); P = 0.45
9 = .p=
RR (95% CI) = 0.99 (0.35 to 2.08); P = 0.98 RR (95% ClI) = 0.73 (0.58 to 0.92); P = 0.007
One cluster RCT (low quality evidence)
RR (95% ClI) =0.41 (0.15t0 1.13); P =0.08 Two pre-post studies (very low-quality evidence)
VRE RR (95% Cl) = 0.50 (0.27 to 0.91); P =0.02

One pre-post study (very low-quality evidence)
RR (95% CI) = 0.88 (0.45 to 1.71); P=0.70

RR (95% Cl) = 0.82 (0.70 to 0.95); P = 0.002

© Centre for Clinical Epidemiology and Evaluation | Vancouver Coastal Health Research Institute



HQO, 2018 (1)

Mercury UV-C Devices

Pulsed Xenon UV Devices

Other HAl rates:

- One RCT found no cases of multidrug-resistant
Acinetobacter infection or colonization after both
treatment and control (low quality evidence)

- One pre-post study found reductions in relative rates of
infection with Acinetobacter baumanni or Klebsiella
pneumonia after treated with UV-C disinfection, but the
difference did not reach statistical significance (very low-
quality evidence)

- One pre-post study found that pulsed xenon
disinfection significantly reduced Class | surgical site
infection, but not Class Il surgical site infection (very
low-quality evidence)

- One pre-post study found no significant difference in
any other HAl rates including VAP, CAUTI, CLABSI (very
low-quality evidence)

Author’s
Conclusions:

“We are unable to make a firm conclusion about the effectiveness of this technology on HAls given the very low
quality of evidence” p.3

HAI: Hospital associated infections; CD: Clostridioides difficile; VRE: Vancomycin-resistant Enterococcus; MRSA: Methicillin-resistant Staphylococcus aureus; UV:

Ultraviolet; HQO: Health Quality Ontario
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Table 3.3 Summary of Results: Systematic Review

Marra et al., 2018 (75)

UV light no-touch technology (UV-C and PX-UV)

- Overall (11 studies): RR (95% Cl) = 0.64 (0.49 to 0.84); 1> = 0%; P = 0.0010
- Subgroups based on baseline C. difficile infection rates:
High (6 studies): RR (95% Cl) = 0.60 (0.43 to 0.86); 1> = 37%; P = 0.005
Low (5 studies): RR (95% Cl) = 0.70 (0.17 to 2.90); 1> = 0%; P = 0.63
- Subgroups based on study design:
Controlled trials (2 studies): RR (95% Cl) = 0.65 (0.26 to 1.62); 1> = 79%; P = 0.35
CD Non-controlled trials (9 studies): RR (95% Cl) = 0.58 (0.41 to 0.83); 1> = 0%; P = 0.003
- Subgroups based on types of hospital:
Academic hospitals (3 studies): RR (95% Cl) = 0.58 (0.37 to 0.91); 1> = 7%; P = 0.02
Community hospitals (7 studies): RR (95% Cl) = 0.48 (0.30 to 0.77); 1> = 0%; P = 0.002
- Subgroups based on studies reporting compliance rates:
Yes (7 studies): RR (95% Cl) = 0.71 (0.52 to 0.96); I> = 0%; P = 0.03
No (4 studies): RR (95% CI) = 0.48 (0.28 to 0.81); I> = 0%; P = 0.006

VRE - Overall (4 studies): RR (95% Cl) = 0.42 (0.28 to 0.65); 12 = 0%; P < 0.0001
HPV no-touch technology
CD - Overall (5 studies): RR (95% Cl) = 0.52 (0.15 to 1.81); I?=0%; P = 0.3

“Ultraviolet light no-touch disinfection technology may be effective in preventing C.

Author’s Conclusions:
uthor's Lonclusions difficile infection and VRE infection” p.20

HPV: Hydrogen peroxide vapor; CD: Clostridioides difficile; VRE: Vancomycin-resistant Enterococcus; UV: Ultraviolet
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Randomized trials

The results presented in Table 3.4 are the primary (Anderson et al. 2017) and secondary
analysis (Anderson et al. 2018) of a cross over cluster-randomized trial using a mercury UV-C
device. In the primary analysis of the this study the rate of HAls (defined as rate of infection
plus colonization) was estimated for patients exposed to target rooms, while in the secondary
analysis the hospital-wide rate of HAIs (also defined as rate of infection plus colonization) was
evaluated.

Results from the primary analysis indicate that the addition of mercury UV-C
disinfection to standard non-bleach manual cleaning protocols (i.e. Reference group:
Quaternary ammonium disinfectant except for CD, for which bleach was used), led to a 30%
relative rate reduction of combined HAIs among patients exposed to target rooms, when
compared to standard cleaning alone. While, the rate ratio observed with the addition of UV-C
disinfection to a bleach-based manual disinfection was less effective than all the other
interventions considered; 0-91 (95% Cl: 0-76 to 1-09); p= 0-303). A similar trend was observed
when the results are evaluated by individual microorganisms. The results from the primary
analysis also found a non—statistically significant relative reduction in hospital-acquired MRSA
colonization or infection rates when UV-C disinfection was added to the non-bleach manual
cleaning protocol.

In the secondary analysis, a non-statistically significant difference in risk of hospital-
wide HAIs between the standard disinfection versus mercury UV-C disinfection plus standard
disinfection was found (a relative rate reduction of 11%). When results were evaluated by

individual microorganisms, the hospital-wide risk of CDI was significantly reduced with the
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addition of UV-C disinfection to standard non-bleach manual disinfection, while a non-
significant increase in the risk hospital-wide MRSA was observed. Similar to the results
observed in the primary analysis, in this hospital-wide evaluation, the rate ratio in the mercury
UV-C to plus bleach manual cleaning study arm was higher than all the other intervention

groups.
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Table 3.4 Randomized Trials: HAI Rate for UV Disinfection Plus Manual Disinfection Versus Manual Disinfection Alone

. Manual Disinfection ® UV + Manual Disinfection Bleach UV + Bleach
Author, Organisms - - - :
Year included Rate* Rate Ratio (95% Rate* Rate Ratio (95% Cl); Rate* Rate Ratio (95% Cl); Rate* Rate Ratio (95% Cl);
Cl); p value® p value® p value® p value®
. 0-89 (0-79 to 1-00); 0-92 (0-79 to 1-08); 0-99 (0-89 to 1-11);
Combined 1.81 1.72 p= 0-052 1.75 p= 0-32 1.74 p= 0-89
MRSA 5 66 063 1-08 (0-89 to 1-30); 0.59 0-97 (0-76 to 1-24); 058 1-00 (0-87 to 1-14);
Anderson p=0-42 p=0-82 p=0-97
etal., VRE 0.32 Reference 032 0-56 (0-:31 t00-996); 0.46 0-87 (0-65 to 1:17); 0.45 1-28 (0-94 to 1-73);
2018 (78) p=0-048 p=0-35 p=0-11
MDR
Acinetobacter® 0.02 0.01 0-10(-0-07 to 0-28) 0.01 0-07 (-0-12 to 0-26) 0.01 0-10 (—0:07 to 0-28)
0-89 (0-80 to 0-99); 0-91 (0-75 to 1-10); 0-97 (0-84 to 1-12);
CD 1.01 0.91 b= 0031 0.88 b= 0-32 0.89 b= 0-68
: 0-70 (0-50 to 0-98); 0-85 (0-69 to 1-04); 0-91 (0-76 to 1-09);
Combined 5.13 3.39 p= 0-036 4.16 p= 0116 4.56 p= 0-303
MRSA 503 365 0-78 (0-58 to 1-:05); 4.82 1-00 (0-82 to 1-21); 4.69 0-97 (0-78 to 1:22);
Anderson p=0-104 p=0-967 p=0-819
etal,  VRE 6.34 Reference 294 041(015t0113); 319 043(0:19t01:00); 390 036(0:18t00-70);
2017 (70) p=0-084 p=0-049 p=0-003
MDR
Acinetobacter® 0.00 0.00 NA 10.24 NA 0.00 NA
Che© - - - 3.16 Reference 3.04 1-0(0:57t0 1.75);

p=0-997

CD: Clostridioides difficile; VRE: Vancomycin-resistant Enterococcus; MRSA: Methicillin-resistant Staphylococcus aureus; MDR: Multidrug-resistant; UV:
Ultraviolet
“Rate per 1000 patient days; Cases include both hospital-associated colonization and infection
@ Quaternary ammonium disinfectant except for CD, for which bleach was used
bBased on adjusted intention-to-treat analysis.

¢for CD manual disinfection was completed using bleach; Reference group was the Bleach group only, different from other organisms

4 No models were created for multidrug-resistant Acinetobacter baumanii given the few numbers of outcomes observed in each study group
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Interrupted time-series

Three studies estimated the impact of addition of UV disinfection on HAI rates using an
interrupted time-series design (Table 3.5). Two studies conducted this with a control arm that
was defined as “acute care facilities that were not part of the intervention (73), or hospital units
that did not participate in the study (81)”. Of the three studies, only one found a significant
association between reduction of CDI rates and implementation of UV disinfection. (81)

In the study by Brite et al., which did not have a control group, the addition of UV
disinfection to routine manual cleaning of patient rooms was not effective in significantly
reducing acquisition of CD and VRE (which included colonization or infection). (78) This study
was restricted to stem cell transplant patients. In the analysis conducted by Fraser Health, the
combined rate of HAI at a facility level was evaluated. In this analysis a reduction was observed
in combined infection rates (-6.42 cases per 10,000) after the cleaning program was started,
however this was not statistically significant (p=0.35). (73) This is likely due to small sample size
and the short duration (i.e., 6 months) of the trial.

Table 3.5 Interrupted Time-Series: HAI Rate for UV Disinfection Plus Manual Disinfection
Versus Manual Disinfection Alone

. *
Author, Year Qrganlsms : Rate - IRR (95% Cl); p value
included  Baseline Intervention
Level change: 0.51 (0.13 to 2.11); P =
Brite et al., .356
2018 (78) b 141 1.1l Trend change: 1.08 (0.89 to 1.31); P =
413
Level change: 1.34 (0.37 t0 4.80); P =
.652
VRE 3.02 3.66 Trend change: 0.96 (0.81 to 1.14); P =
.625
Pegues et al., CD- 3.03 5 99 Adjusted: 0.49 (0.26—0.94); P =.03°
2017 (81) intervention ) ) Unadjusted: 0.75 (0.55-1.04)
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Organisms Rate*

Author, Year . - - IRR (95% Cl); p value
included  Baseline Intervention
Adjusted: 0.63 (0.38 to 1.06); P=.08?
CD-control - 0.58 0.67 Unadijusted:1.16 (0.91 to 1.51); p=.95
Level change: -6.42 cases per 10,000 (-
Fraser Health., Combined- 19.70 to 6.87); p=.35°
2019 (73) Intervention i i Trend change: 0.82 cases per 10,000 (-
1.99 to 3.64); p=.57°
Level change: 0.76 cases per 10,000 (-
Combined- 8.63 to 10.15); p=.872
Control i i Trend change: -0.75 cases per 10,000 (-

2.74 t0 1.24); p=.46°
CD: Clostridioides difficile ; VRE: Vancomycin-resistant Enterococcus
@ Based on adjusted interrupted time-series analysis
“Rate per 1000 patient days

Controlled before and after

Two controlled before after studies evaluated the impact of the addition of pulsed
Xenon UV devices to standard manual disinfection (Table 3.6). In the study by Sampathkumar et
al., a quasi-experimental design using three units for the intervention (two hematology and
bone marrow transplant [BMT] units and one medical-surgical unit) and three similar units as
control units was implemented. (82) This study found a reduction in the rate of CD and VRE
infections after the intervention, and the rate observed was significantly different than the
infection rates in the control units.

In the study conducted by Fraser Health (74), overall there was a reduction in rates of
HAIs within the intervention facilities, when compared to the same period in the previous year.
The rates of MRSA and CD infections in the non-target units were also reported. However, as
the target units used for this intervention were selected because of the high-observed rates of
HAI and willingness to participate, by definition the non-target units are not appropriate
comparators.
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Table 3.6 Controlled Before and After Studies: HAI Rate for UV Disinfection Plus Manual Disinfection Versus Manual Disinfection

Alone
Groups . Pre-Intervention During-intervention
Author, Year (Control/Interve Organisms Cases Cases
e included (n) Patient days Rate” P value (n) Patient days Rate P value
Intervention oD 59 27,707 2.13 0.17 10 8,958 1.12 0.03
Sampathkumar . 48 18,405 2.61 ' 15 5,219 2.87 '
etal., 2019 ) b
82 Intervention 35 13,686 2.56 4 4,085 0.98
(82) VRE 0.00 0.02

Control 65 14,129 4.60 13 4,000 3.25
Intervention-ARH 27 23,276° 1.16 - 20 21,978° 0.91 -
Intervention-BH 53 21,9922 2.41 - 30 21,1272 1.42 -
Intervention- 35 24,4767 1.43 ; 27 23,077° 1.17 ;
RMH MRSA
Control-ARH 18 31,0342 0.58 - 12 29,268° 0.41 -
Control-BH 25 40,9842 0.61 - 23 38,333° 0.60 -

Fraser Health, Control-RMH 7 9,589° 0.73 - 0 0 -

2017 (74) Intervention-ARH 16 23,188° 0.69 - 9 21,9512 0.41 -

Intervention-BH 35 22,013° 1.59 - 15 21,127° 0.71 -
Intervention- 12 24,4907 0.49 ; 25 23,1482 1.08 ;
RMH CD
Control-ARH 8 27,586° 0.29 - 4 25,000° 0.16 -
Control-BH 29 38,6672 0.75 - 9 36,0002 0.25 -
Control-RMH 3 8,824° 0.34 - 1 9,091° 0.11 -

CD: Clostridioides difficile ; VRE: Vancomycin-resistant Enterococcus; MRSA: Methicillin-resistant Staphylococcus aureus; ARH: Abbotsford Regional Hospital;

BH: Burnaby Hospital; RMH: Ridge Meadows Hospital

“Rate per 1000 patient days

2 Patient days were not reported in the study and were calculated

bBelieve there is an error in the paper; the number here represents a calculation based on the numbers reported
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Uncontrolled before and after

Among the three uncontrolled before-after studies identified (Table 3.7), one was
conducted in a pediatric facility and evaluated the impact of introducing the technology on the
rate of hospital associated viral infections. The results of this study demonstrated a significant
reduction in the rate of viral infections, after the implementation of a mercury UV-C device.
(80) In the study by Haas et al, which evaluated the use of pulsed Xenon UV devices, a relative
rate reduction in both the combined and individual organisms was observed. (79) Lastly, in the
study by Raggi et al, the rates (defined as infection or colonization) pre- and post-intervention
were compared, and the overall HAIl incidence rate was reduced. (83)

Although these studies demonstrate a reduction in the rates of infection after the
implementation of ultraviolet devices, the findings are limited since the underlying trend (i.e.,
pre-intervention phase) that could have contributed to the outcomes was not accounted for in

the evaluation.
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Table 3.7 Uncontrolled Before and After Studies: HAI Rate for UV Disinfection Plus Manual Disinfection Versus Manual
Disinfection Alone

Pre-Intervention

During-intervention

Author, Organisms Rate Ratio (95% Cl)/
Year included Cases (n) Patient days Rate* Cases (n) Patient days Rate* P value
Combined 313 64,262 4.87 245 62,242 3.94 p=.007
AB 22 647062 0.34 10 62,500° 0.16 p=.03
Raggiet p 73 62,9312 1.16 76 62,2952 1.22 p=.36
al'i;_,gls MRSA 91 64,0852 1.42 61 62,2452 0.98 p=.02
PA 83 64,341° 1.29 70 60,345° 1.16 p=.22
VRE 44 64,7062 0.68 28 62,2222 0.45 p=.05
Pavia et Viral
al., 2018 % 73 9,418 7.75 41 9,387 437  0.56(0.37 to 0.84); p =.003
(80) infections
Combined 1320 494,382° 2.67 749 350,0002 2.14 0.80 (0.73-0.88); p<.001
Haas et VRE 443 492,222° 0.9 257 352,0552 0.73 0.82 (0.70-0.95); p=.002
al., 2014 CD 390 493,671° 0.79 228 350,769°2 0.65 0.83 (0.70-0.97); p=.02
(79) MRSA 224 497,778° 0.45 116 351,5152 0.33 0.73 (0.58-0.92); p=.007
MDRO 260 500,0002 0.52 148 352,381°2 0.42 0.81 (0.66-0.98); p=.04

AB: Acinetobacter baumannii; KP:Klebsiella pneumoniae; PA: Pseudomonas aeruginosa CD: Clostridioides difficile ; VRE: Vancomycin-resistant Enterococcus;
MRSA: Methicillin-resistant Staphylococcus aureus; MDRO: Multidrug-resistant organism
“Rate per 1000 patient days

@ Patient days were not reported in the study and were calculated
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3.3 Quality Assessment

The quality assessment of all included studies is summarized in Appendix C.

The quality of both the HTA and systematic review had been recently appraised in the
2019 CADTH rapid response. (71) Therefore, a second appraisal was not conducted in this study
(see Appendix C, Section C.1). Generally, it was found that both studies used the appropriate
research question and implemented a comprehensive search strategy. Further, both studies
described the included studies in sufficient detail and used appropriate techniques in assessing
the risk of bias in the studies included. The following was not reported in the studies: a list of
excluded studies, source of funding for the included studies, whether review methods were
established in a protocol. Overall, the methodology in the HTA was found to be more detailed
and comprehensive, than the systematic review.

In the primary analysis of the randomized trial (76), adequate random sequence
generation, similar baseline characteristics, and selective outcome reporting were explicit with
a low risk of bias. However, the study was at risk of selection bias due to the absence of
allocation concealment, and detection bias in the absence of blinding of outcome assessment.
In the secondary analysis (77), there was also a lack of clarity regarding the incomplete
outcome data during the study, which increases the possibility of attrition bias in the observed
estimate (see Appendix C, Section D.1).

The additional studies, with the controlled before and after design, demonstrated a high
risk of bias. A primary concern was due to the lack of clarity regarding the comparability of the
study groups (both in terms of patient characteristics and baseline outcome measures), prior to

the implementation of the intervention. Further, the risk of contamination was unclear in both
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studies. Overall, these studies had a high risk of selection and performance bias (see Appendix
C, Section D.1).

Among the studies with a before-after design that conducted an interrupted time-series
analysis (73, 78, 81) , the outcome was at a high risk of confounding by other events during the
study periods. However, as the study outcomes (i.e., rates of HAI) were an objective measure,
the intervention was not likely to have an impact on the data collection (see Appendix C,
Section D.2).

All of the additional uncontrolled before-after studies had a clearly stated objective.
However, two of the studies did not specify the eligibility criteria. (79, 80) Further, blind
outcome assessment and loss to follow-up was not accounted for in all three studies. Overall,
these studies were at high risk of attrition bias. Further, with the before-after studies design in
the absence of a control or appropriate statistical methods to account for confounding
variables, it is unclear if the study outcomes observed can be attributable to the intervention
implemented. Thus, these studies are at a high risk of detection bias (see Appendix C, Section

D.3).
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3.4 Economic Evidence

3.4.1 Summary of Included Studies

Overall, three studies were identified that reported economic evidence. (1, 72, 83)

Raggi et al. conducted a cost savings analysis. The estimated hospital cost savings was
determined by the difference in expected versus observed HAI patient stays. (83) Using this
approach, 56 fewer HAI patient stays was estimated in the intervention period versus the pre-
intervention period (n = 241 versus n = 185). This translated into a reduction of total length of
stay by 739.3 patient days during the intervention period with an estimated total cost savings of
$1,219,878 USD. The mean cost saving per patient was estimated at $3,355.74 USD. (83)

In the HTA conducted by HQO, an economic literature search was implemented to
identify published economic evidence for portable ultraviolet light devices as an adjunct to
standard environmental cleaning. (1) The outcomes of interest included incremental cost-
effectiveness ratio, incremental costs, and incremental effectiveness. However, the search did
not identify any economic evaluations of ultraviolet disinfection devices for cleaning within a
hospital. Furthermore, within the same HTA a primary economic evaluation was not conducted,
as the clinical evidence was considered very low-quality evidence. However, the authors did
conduct a budget impact analysis (BIA) from the perspective of an Ontario hospital to estimate
the cost of using portable ultraviolet disinfecting devices as an adjunct to standard
environmental cleaning. Based on this analysis the 5-year budget impact was estimated to be
$586,023 CAD for Xenon bulb UV devices and $634,255 CAD for mercury UV-C devices
(assuming 2 devices per hospital); first-year costs were driven by purchasing the devices, while
costs in subsequent years was due to maintenance and operation of the devices. The results
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were sensitive to the following; number of devices purchased, frequency of use during daytime,
and staff time required per use.

Lastly, an economic assessment was conducted by Fraser Health to evaluate the cost-
effectiveness of adopting a portable ultraviolet NMD technology as an adjunct to standard
manual environmental cleaning protocol that is currently used within Fraser Health. (72) An
overview of this study is provided in Table 3.8. To achieve this objective, a retrospective cost
analysis (CA), cost-benefit (CBA), and cost-effectiveness (CEA) analyses were carried out. The
clinical effectiveness was informed by a study conducted by Fraser Health (included in this
review; (74)), which examined the impact of pulsed Xenon UV devices on HAl rates in three trial
sites over a six-month period (Nov. 2016—May 2017). The components included to estimate
costs were the cost of the device, operation of the technology, cost associated with MRSA and
CDl infections. The costs were estimated for both a purchase and lease option of the device.
The cost data estimated from the CA was used in both the CBA and CEA.

The CBA estimated the total monetary benefit delivered by implementing the NMD
technology over six months. The monetized benefits were estimated as the number of HAI
cases (included CDI and MRSA cases) avoided due to the technology (i.e., number of HAI
avoided), multiplied by the incremental cost of that HAI. The results of this CBA indicate that
the implementation of this technology over the six-month trial period, delivered between
$165,194 CAD (device lease option) and $414,905 CAD (device purchase option) of cost benefit.

In the CEA, four measures of effectiveness were defined: 1) the number of CDI cases

avoided, 2) the number of MRSA infection cases avoided, 3) a combination of the number of
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CDI cases plus MRSA infection cases avoided, and 4) the number of bed-days avoided. The CEA
was conducted for both the purchase and lease options. Overall, the results of this analysis are:
e Expenditure per one CDI case avoided: $10,171 (purchase option) and $12,604
(lease option)
e Expenditure per one MRSA case avoided: $29,301 (purchase option) and $36,310
(lease option)
e Expenditure to avoid one bed-day: $620 (purchase option) and $768 (lease
option)

Several limitations associated with this evaluation are noted. Namely, the outcomes
used to reflect the benefits associated with the implementation of the technologies were
restricted to CDI and MRSA cases. Thus, the potential impact of this intervention on other HAI
was not captured in this evaluation. Further, the results of this analysis are only generalizable to
the three facility where the trial was implemented, and any deviation from the protocols
implemented at these facilities could impact the findings. The authors acknowledge the
uncertainty associated with estimation of the incremental cost of care. This uncertainty relates
to the difficulty in accurately estimating the cost of care for non-infected individuals. Lastly,
some limitations are noted due to the before-after trials design used to estimate the clinical
effectiveness of the ultraviolet technology. A primary assumption in using a before-after study
design is that any change in the HAI rates observed are due to the intervention. However, the
change in rates observed could be influenced by other factors such as different patient

characteristics, environmental cleaning practices, or other infection prevention programs
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implemented during the study period. The authors tried to address this bias by evaluating the

rates observed in non-trial sites.

Table 3.8 Study Characteristic of Economic Evaluations

Overview of study characteristics

Author, Year

Fraser Health, 2018 (72)

Setting

3 FH acute care facilities (Abbotsford Regional Hospital [ARH],
Burnaby Hospital [BH], Ridge Meadows Hospital [RMH])

Study Design

A retrospective Cost Analysis (CA)
Cost-Benefit analysis (CBA)
Cost-Effectiveness Analysis (CEA)

Perspective

Fraser Health Authority

Population Patients in target rooms
intervention PX-UV + Manual deep clean
comparator Manual deep clean
Data was collected from past Fraser Health reports, the trial
evaluation, and published literature; CBA and CEA were conducted
Costs using purchasing and leasing costs as well as two different costs for
CDl infection. (device cost + UV Operator cost + Health Care Aide
cost)
HAI cost avoidance of the technology was measured using the
Outcomes number of HAls avoided, and multiplying the number of cases of

each HAI avoided by the incremental cost of that HAL.

CBA: Avoided HAI costs [(# of CDI cases avoided x incremental cost
of a CDI case) + (# of MRSA infection cases avoided x incremental
cost of an MRSA infection case)

CEA: Number of HAl avoided; Number of bed days avoided

Time horizon

6 months; trial duration

Discounting None

Data sources for . -
.. Controlled before-after study conducted in 3 acute care facilities

clinical data

Uncertainty

Sensitivity analysis was performed to determine the range of costs
avoided across multiple CDI costs and methods of technology
procurement
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Chapter 4 Conclusion and Implications

The updated review carried out in this study did not identify any new evidence that
established the clinical effectiveness of portable light and gaseous NMD technologies. Further,
no studies, which evaluated the clinical effectiveness of hydrogen peroxide NMD technologies,
were identified. Therefore, the assessment of evidence in this review was restricted to
ultraviolet technologies. Overall, given the heterogeneity of the studies, and high risk of bias
associated with the study outcomes, a definitive conclusion regarding the clinical effectiveness
of portable NMD ultraviolet technologies could not be made at this time. Some aspects that
contribute to this finding include an absence of a robust study design (e.g., study follow-up,
appropriate allocation concealment, large sample size, appropriate outcome assessment),
variability in manual cleaning protocols required prior to use of NMD technologies, and
evidence to inform how logistical challenges may limit the effectiveness of NMD technologies in
practice.

Among the 13 studies included in this review the evidence in nine of those studies had
been previously critically reviewed and evaluated by CADTH (71) and HQO (1). In both reviews
the quality of the evidence was considered low. Assessment of this evidence in the present
analysis was consistent with conclusions made by CADTH and HQO.

The highest quality evidence identified, was from the only known randomized trial
(BETR study; NCT01579370) conducted to evaluate the effectiveness of portable ultraviolet
technology. The primary analysis of this trial has been previously reviewed by HQO, and the

evidence was rated as low quality. More specifically, several factors have been noted that limit
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the clinical relevance of this study, and its use as evidence of clinical effectiveness in a full HTA
of portable ultraviolet disinfections systems.

First, the outcomes reported in this study are based on a combined rate of infection
and colonization. This is an important consideration, since evidence suggests that a small
percentage of microorganism colonization of MDROs and CD lead to infections. (85-88) Thus, in
the absence of a subgroup analysis, the impact of this technology on the rates of HAls (i.e.,
eventual infections) remains uncertain. Second, in the review conducted by HQO it was noted
that the primary analysis of this trial was restricted to evaluation of patients that are
subsequently admitted to the target rooms. Hence, information regarding hospital-wide spread
of infections through indirect contact was not captured. Since the review by HQO, the
secondary analysis of this trial was published and the impact on hospital-wide rates of HAls
were evaluated. This study was included and evaluated in the present study.

In the secondary analysis of the BETR study, all microbial cultures, which represented
both colonization and infections were considered in the outcome analysis. Therefore, the first
limitation that was noted in the primary analysis was not addressed. In addition, the limitations
associated with the study design which reduced the quality of the evidence also remained
consistent (e.g., selection and performance bias due to inadequate allocation concealment).
Also, the results from this analysis found no significant difference in the hospital-wide risk of
target organism acquisition between standard disinfection and the enhanced terminal
disinfection strategies with UV. Notably, the results from this trial suggest that the addition of

UV disinfection as adjunct to bleach may have a detrimental effect on the risk of infection. (77)
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Overall, given the heterogeneity of the evidence identified it was not possible to
synthesize the data quantitatively. The variability observed in the identified studies also limits
the generalizability of the study outcomes. Namely, most of the studies identified were
conducted in the USA, and the settings in which the NMD technology was implemented varied
across the studies. This included the type of hospital (e.g., community hospital, tertiary care
facility), hospital units (e.g., pediatric, oncology, hematology) and target rooms (e.g., operating
room, all rooms or rooms of patients with contact precautions). Furthermore, different studies
used different types of ultraviolet devices (mercury UV-C vs. pulsed Xenon UV technology), with
various numbers of UV disinfection cycles and duration.

Another important factor, which limits the generalizability of the study findings is the
heterogeneity of the specific manual disinfection protocols that precedes the implementation
of NMD technologies within hospitals. Therefore, the outcomes from studies where ultraviolet
technology was implemented as an adjunct to manual cleaning cannot be compared reliably.
Given these limitations, and the dependency of the effectiveness of these technologies on local
manual cleaning practices, previous CADTH rapid response reviews have suggested conducting
a more localized review (i.e., within individual hospitals). (4)

Therefore, in addition to the previously evaluated evidence, results from a locally
implement study by Fraser Health Authority was included and assessed. In this study the
addition of a pulsed Xenon UV device to manual cleaning practices, in three Fraser Health
facilities associated with high rates of HAls (CDI and MRSA) was found to reduce rates of MRSA
by 24% and CDI by 36%, when compared with the same period in the previous year. (74)

However, this trial employed a before-after study design, which limited any conclusions
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regarding the study findings, as it was not possible to evaluate the impact of underlying trends,
which could influence the rates of HAI observed during the intervention. To account for this
limitation a secondary analysis of this intervention was conducted using a controlled
interrupted time-series analysis. In this analysis the impact on the combined rate of HAIs was
evaluated at each trial site, and was found to be statistically non-significant: -6.42 cases per
10,000 (95%Cl: -19.70-6.87; p=.35). (73)

It should be acknowledged that due to the nature of the topic under investigation some
aspects of a robust study design are challenging to implement in practice. Notably, it is difficult
to conceal the allocation of intervention, as the intervention itself is a physical piece of
instrument that needs to be move in and out of the room. An additional challenge relates to
protection against contamination bias, where the control/non-intervention group is exposed to
the intervention indirectly. This can occur through a temporary change in manual cleaning and
disinfection practices by personnel, which does not reflect everyday practice. Lastly, an
important challenge in studying the effectiveness of such interventions, relates to the human
factors involved in conducting both the manual cleaning and deployment of the UV-C devices.
Although protocols are developed to ensure consistency, it is difficult to account for differences
that may arise due to variations manual cleaning (and room preparation) habits of individuals
that carry out the cleaning.

In summary, germicidal effectiveness of both ultraviolet and hydrogen peroxide
technologies against a wide range of microorganisms on environmental surfaces has been
established in a number of studies. (52-54, 57, 58) However, the findings from the present

study and other reviews of the evidence indicate that the downstream impact of these
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technologies in reducing the rates of HAI observed is unclear. In the absence of robust evidence
that supports the clinical effectiveness of portable light-and-gaseous-based NMD devices, at
present there is uncertainty around the effectiveness of these technologies in practice.
Therefore, completion of a full HTA would have considerable limitations at this time. Further
research conducted locally, which accounts for some of the limitations noted in the available
evidence could help inform the effectiveness of these technologies in practice, and to identify
factors that may be limiting their effective implementation within hospitals. A targeted search
of ClinicalTrials.gov identified two studies which could inform the questions posed in this study.
The studies include:

e “Ultra Violet-C Light Evaluation as an Adjunct to Removing Multi-Drug Resistant

Organisms (UVCLEAR-MDRO) (UVCLEAR-MDRO)” (NCT02605499). The results of

this study are pending (Study closed February 2018, no results posted).
e “Pulsed UV Xenon Disinfection to Prevent Resistant Healthcare Associated
Infection “(NCT03349268). The estimated primary completion date is May 2022.
With the limitations of previous studies noted, and the importance of considering local

manual cleaning protocols to inform the effectiveness of these technologies, the Ministry of
Health may wish to consider supporting further research conducted locally, which includes:
Sufficient follow-up, larger sample size, appropriate outcome assessment (i.e. Primary outcome
definition and blinding of outcomes assessors) and consistent manual cleaning protocols, while
evaluating factors that may hinder the downstream impact of these technologies in reducing

the rates of HAI observed.
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Search Strategies
A.1 MEDLINE
Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed

Citations, Daily and Versions(R) <1946 to July 03, 2019>
Search Strategy:

1 ((nonmanual* or non-manual* or no-touch or automated or automatic or air or
airborn or vaporiz*) adj3 disinfect*).ti,ab,kf. (496)

2 ultraviolet rays/ or hydrogen peroxide/ (128498)

3 high-intensity narrow-spectrum.ti,ab,kf. (10)

4 HINS.ti,ab,kf. (50)

5 hydrogen peroxide.ti,ab,kf. (51396)

6 hydroperoxide.ti,ab,kf. (9187)

7 fogging.ti,ab,kf. (454)

8 UVG.ti,ab,kf. (19)

9 UVGL.ti,ab,kf. [Ultraviolet germicidal irradiation] (63)

10 Ultraviolet C.ti,ab,kf. (520)

11 Ultra-violet C.ti,ab,kf. (9)

12 UV-C.ti,ab,kf. (1338)

13 UVC.ti,ab,kf. (1732)

14 (vaporized adj3 peroxide).ti,ab,kf. (35)

15 VHP.ti,ab,kf. [vaporized hydrogen peroxide ] (195)

16 ((ultraviolet or ultra-violet or UV or LED or light) adj3 (germicide or germicidal or
irradiation or irradiate or disinfect*)).ti,ab,kf. (33015)

17 or/1-16 [Non-manual disinfection] (179868)

18 Hospitals/ or hospital units/ or hospital departments/ or health facilities/ (112508)

19 (hospitals or hospital or clinic or clinics or ward or wards or ICU or NICU or PICU or
operating room* or operating theater* or operating theatre* or ER or emergency room* or
triage or waiting room* or inpatient* or in-patient* or inhospital of healthcare facilit* or health
care facilit* or LTCF or LTC or healthcare-associated or healthcare-acquired).ti,ab. (2897775)

20 Nursing homes/ or homes for the aged/ or long term care/ (59082)

21 or/18-20 [Healthcare facilities] (2992438)

22 and/17,21 (4209)

23 exp Environmental Microbiology/ (109610)

24  Fomites/ (389)

25 (surface or surfaces or fomite or fomites or floor* or table* or tile* or chair* or
door knob* or bed* or wall or walls or room or rooms or furniture or furnishing* or equipment
or washbasin* or toilet* or sink*).ti,ab. (1894517)

26 or/23-25 [Surfaces] (1988460)
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27
28
29

and/17,21,26 (770)
Cross infection/ or infection control/ or disinfection/ (80549)
(cross infection or cross infections or hospital infection or hospital infections or

nosocomial infection or nosocomial infections or contaminant or contaminants or
contamination or hospital epidemiology).ti,ab. (165426)

30

((transmission or transmissible or infectious) adj2 (disease or diseases or infection

or infections)).ti,ab. (90341)

31
32

decontamination/ or disinfectants/ (16697)
(disinfect™® or steriliz* or sterilis* or decontaminat* or pathogen control or

decontaminant™ or germicide*).ti,ab. (68080)

33
34
35
36
37
38
39
40

(infection* adj2 prevent*).ti,ab. (21955)

or/28-33 [Infection control] (388839)

and/17,21,34 (694)

27 or 35 (1029)

limit 36 to yr="2018 - 2019" (130)

limit 37 to English language (128)

comment/ or editorial/ or letter/ or news/ (1920636)
38 not 39 (123)
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A.2 Embase

Database: Embase <1974 to 2019 July 03>
Search Strategy:

1

((nonmanual* or non-manual* or no-touch or automated or automatic or air or

airborn or vaporiz*) adj3 disinfect*).ti,ab,kw. (500)

O oo NOYUL B~ WN

R R R R R R R R
NoOuUubhWNRO

18

high-intensity narrow-spectrum.ti,ab,kw. (16)
HINS.ti,ab,kw. (63)

hydrogen peroxide.ti,ab,kw. (61416)
hydroperoxide.ti,ab,kw. (10685)

fogging.ti,ab,kw. (514)

ultraviolet radiation/ (81287)

hydrogen peroxide/ (88053)

(vaporized adj3 peroxide).ti,ab,kw. (56)
VHP.ti,ab,kw. [vaporized hydrogen peroxide ] (262)
UVGL.ti,ab,kw. [Ultraviolet germicidal irradiation] (96)
UVG.ti,ab,kw. (28)
UVGL.ti,ab,kw. [Ultraviolet germicidal irradiation] (96)
Ultraviolet C.ti,ab,kw. (576)
Ultra-violet C.ti,ab,kw. (15)
UV-C.ti,ab,kw. (1468)
UVC.ti,ab,kw. (2152)
((ultraviolet or ultra-violet or UV or LED or light) adj3 (germicide or germicidal or

irradiation or irradiate or disinfect*)).ti,ab,kw. (33327)

19
20
21
22
23
24

ultraviolet rays.ti,ab,kw. (966)

ultraviolet irradiation/ (14047)

or/1-20 (220410)

health care facility/ (65607)

exp hospital/ (1054305)

(hospitals or hospital or clinic or clinics or ward or wards or ICU or NICU or PICU or

operating room* or operating theater* or operating theatre* or ER or emergency room* or
triage or waiting room* or inpatient* or in-patient* or inhospital of healthcare facilit* or health
care facilit* or LTCF or LTC or healthcare-associated or healthcare-acquired).ti,ab. (4312875)

25
26
27
28
29
30
31

nursing home/ (49522)

home for the aged/ (10596)

long term care/ (122021)

or/22-27 [Healthcare facilities] (4735610)
21 and 28 (8028)

environmental microbiology/ (343)
fomite/ (434)
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32 (surface or surfaces or fomite or fomites or floor* or table* or tile* or chair* or
door knob* or bed* or wall or walls or room or rooms or furniture or furnishing® or equipment
or washbasin* or toilet* or sink*).ti,ab. (2509719)

33  or/30-32 [Surfaces] (2510095)

34 and/21,28,33 (1501)

35 cross infection/ (18692)

36 infection control/ (80210)

37 disinfection/ (24313)

38 (cross infection or cross infections or hospital infection or hospital infections or
nosocomial infection or nosocomial infections or contaminant or contaminants or
contamination or hospital epidemiology).ti,ab. (203476)

39 ((transmission or transmissible or infectious) adj2 (disease or diseases or infection
or infections)).ti,ab. (125888)

40 (disinfect® or steriliz* or sterilis* or decontaminat® or pathogen control or
decontaminant* or germicide*).ti,ab. (77226)

41 (infection* adj2 prevent*).ti,ab. (28905)

42 or/35-41 [Infection control] (493967)

43 and/21,28,42 (1318)

44 34 or 43 (2079)

45 limit 44 to yr="2018 - 2019" (265)

46 limit 45 to English language (263)

47 editorial/ or letter/ or note/ (2360136)

48 46 not 47 (257)

49 limit 48 to conference abstract status (69)

50 48 not 49 (188)

51 remove duplicates from 50 (187)

52 PubMed.cr. (611225)

53 51 and 52 (24)

54 limit 51 to ("pubmed/medline" or publisher) (20)

55 53 or 54 (27) [Possible Duplicates]

56 51 not 55 (160)
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Characteristics of Included Studies

B.1 Characteristics of Included Systematic Reviews

First Author, Objectives, Types and Numbers of

Publication Primary Studies Included, Quality Characteristics Interventions; Length of Outcomes
Year, Country, Assessment Tool, Databases and Application
Funding Search Date
Objectives: To evaluate the effectiveness and Hospital type: UV devices: pulsed Xenon UV Healthcare-acquired
budget impact of portable UV light surface Community, light, Mercury UV-C radiation infections:
disinfecting devices for reducing hospital academic, military, - CD, VRE, MRSA
associated infections. acute care, long-term Intervention: UV devices used as - Other MDROs
care adjunct to standard hospital
Included studies (n=10): 1 RCT, 1 ITS, 8 before- room cleaning and disinfection
after Intervention site: (i.e., manual cleaning) &
Patient rooms in the compared with manual cleaning
Quality assessment: Risk of Bias tool for RCTs, ICUs and non-ICUs done in the control groups or in
EPOC tool for non- RCTs & ITS studies. The the period before the
HQO, 2018 National Heart, Lung and Blood Institute quality Year of intervention: interventions

(1) assessment tool for before after studies with no
control groups. The GRADE framework was used
to evaluate the quality of the body of evidence
for each outcome on the basis of the following
considerations: risk of bias, inconsistency,
indirectness, imprecision, publication bias,
magnitude of effect, and dose response
gradient.

Canada

Funding: Public

Databases: MEDLINE, EMBASE, Cochrane Central

Register of Controlled Trials, Cochrane Database
of Systematic Reviews, HTA, NHSEED, DARE, and
CINAHL

Search date: Inception to January 23, 2017

2011 to 2014

Length of application:

- RCT: 7 months for each
strategy

- Non-randomized studies:
Before: 3 months to 3
years

After: 3 months to 27
months
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First Author,
Publication
Year, Country,
Funding

Marra et al.,
2018 (75)

USA

Funding: VA
Health Services
Research and
Development
award

Objectives, Types and Numbers of

Primary Studies Included, Quality

Assessment Tool, Databases and

Search Date

Objectives: To determine the impact of no-touch
disinfection methods to decrease health-care
associated infections.

Included studies (n=20):

- 13 studies on UV light (1 CT, 1 RCT, 11 before-
after) published from 2013 to 2017

- 7 studies on HP vapor (1 prospective cohort, 6
before-after) published from 2008 to 2016

Quality assessment: Published tool with items
on: sample representatives, bias and
confounding, description of the intervention,
outcomes and follow-up, and statistical analysis.
Items are scored 1 to 4, with 4 being highest
quality. Reviewers assessed the scores and
provided an overall statement such as
“completely adequate”, “partially adequate”,
“inadequate, not stated or impossible to tell” or

“not applicable”.

Databases: PubMed, CINAHL, CDSR, DARE and
EMBASE

Search date: Inception to April 2017

Characteristics

Hospital type:
Community, academic,
military, acute care,
long-term care

Intervention site:
Patient rooms in the
ICUs and non-ICUs

Year of intervention:
- UV light: 2011 to
2014

- HP vapor: 2005 to
2012

Interventions; Length of
Application

NMD devices:

- Type of UV light: pulsed Xenon
UV light, UV-C radiation (mercury
bulb)

- HP vapor disinfection

system

Interventions:

NMD devices used as adjunct to
standard hospital room cleaning
and disinfection (i.e., manual
cleaning) and compared with
manual cleaning done in the
control groups or in the period
before the interventions

Length of application: NR

Outcomes

Healthcare-acquired
infections:
- CD, VRE

HQO: Health Quality Ontario; ITS: Interrupted time-series; CT: Controlled trial; RCT: Randomized controlled trial; HP: Hydrogen peroxide; UV: Ultraviolet; CD:
Clostridioides Difficile ; VRE: Vancomycin-resistant Enterococcus; MRSA: Methicillin-resistant Staphylococcus aureus; MDRO: Multidrug-resistant organisms;
CINAHL: Cumulative Index to Nursing & Allied Health Literature; DARE: Database of Abstracts of Reviews of Effects; NHSEED: National Health Service Economic
Evaluation Database; HTA: Health Technology Assessment; ICU: Intensive care unit
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B.2 Characteristics of Included Primary studies

Author, . . . Hospital Units . .. .
Year Hospital Type Study Design Length of Follow-Up NMD device Evaluated Timing of Disinfection Target Rooms
Secondary analysis of
9 hospitals Anderson et al., 2017
Anderson (tertlary,_ . . 28 months; [April, Mercury UV-C After discharge or (76);_A" patients
etal., community, and Randomized trial 2012, to July, 2014] (Tru-D) All transfer admitted to a study
2018 (84) Veterans Affairs), ! v hospital during the
148-950 beds BETR study period
were considered
. Single-patient rooms
Anderson (gt:rotisaprltals 24 months; from which patient
y,. . . Each hospital used Mercury UV-C After discharge or with contact
etal, community, and Randomized trial each strategy for 7 (Tru-D) Al transfer recautions is
2017 (76)  Veterans Affairs), months &y Zischar ed o
148-950 beds &
transferred
Cyclical unit deep clean
Before: 25 months of all rooms (including Secondary analysis of
ime- ion: i i ., 201
Fraser - Int(lerrupted tlme Intervention: 7 PX-UV (Xenex  Intervention: Al ancillary rooms) inall Fraser Hea/lth ,2017
Health., All FH facilities series study with months LightStrike®) Units at tareet sites target units; The (74); All patients
2019 (73) control Follow-up: 14 & & " sequence was repeated  admitted to trial site
months for six months at each were considered
facility
BMT unit; (25
inele-
Brite et bzgznst”rf;ms) of Interrupted time- Before: 19 months PX-UV (Xenex After discharge or All single patient
al., 2018 P . P Washout: 1 month Healthcare BMT unit transfer; daily patient rooms in BMT unit
a 474-bed series study . . .
(78) . After: 12 months Services) bathroom cleanings after discharge
tertiary-care
cancer center
M V-C R f i
Pegues et Interrupted time- erc.ury v Inpatient units of . ooms o patler?ts on
. . . Before: 12 months (Optimum-UV . After discharge or contact precautions
al., 2017 Tertiary care, 789  series study with leukemia and .
(81) control After: 15 months Clorox lvmohoma patients transfer for CD, Second priority
Healthcare) ymp P for MRSA and VRE
Private rooms with
Sampathk Tertiary care 2 hematology and private toilets (A few
umar et . v Controlled before- Study period: 6 PX-UV BMT units & 1 After discharge or double rooms in the
hospital . . . . .
al., 2019 after study months (Xenex) medical-surgical transfer Medical-surgical unit
(2059 beds) . . .
(82) unit of the intervention

arm)

© Centre for Clinical Epidemiology and Evaluation | Vancouver Coastal Health Research Institute

71



Author,

Hospital Type

Study Design

Length of Follow-Up

NMD device Hospital Units

Timing of Disinfection

Target Rooms

Year Evaluated
Rotating schedule
(patient rooms: 2-3
Pavia et M UV-C treat t k
avia e Children hospital Controlled before- Before: 12 months ereury . reatments perweex, Patient rooms and
al., 2019 (97 beds) after stud After: 12 months (Clorox Toddler unit Common areas: were Common areas
(80) v ’ Healthcare) treated daily 3 times
per week, excluding
holidays)
3 FH acute care
facilities Vulnerable Units: Cvclical unit deep clean
Fraser (Abbotsford units with highest o}/all rooms in aITtar et Single and multi-
Health Regional Hospital ~ Controlled before- Before: 6 months PX-UV rates of CDI & units: The sequence & at?ent rooms
Y [ARH], Burnaby after study After: 6 months (Xenex) MRSA (ARH: 5 units; ! q . pat ’
2017 (74) . . was repeated for six ancillary rooms
Hospital [BH], BHI: 6 units; RMH: 5 months at each facilit
Ridge Meadows units) ¥
Hospital [RMH])
Inpatient rooms from
non-ICU units,
including telemetry,
medical-surgical, and
. oncology, with
. . . . After discharge or
Raggi et Commumty Before-after study Before: 12 months Mercury UV-C Al un|t§, excluding transfer; OR & ER nonstar\dérd
al., 2018 hospital maternity and transmission
(no control) After: 12 months (Skytron) ] rooms were treated .
(83) (377 beds) nursery units precautions had
weekly -
second priority. Non-
ICU inpatients rooms
with standard
precautions had last
priority.
Daily in the operating
rooms; weekly in the
dialysis unit; all burn .
Haas et Tertiary care unit discharges. Upon Operating rooms;
. . Before-after study Before: 30 months PX-UV ) long-stay patients;
al., 2014 academic medical (no control) After: 22 months (Xenex) All request for rooms of high prevalence of
(79) center (643 beds) ' long-stay patients or for gh p

discharges in units with
high prevalence of
MDRO/CD

MRDO/CDI; burn unit

BMT: Bone marrow transplant; PX-UV: Pulsed Xenon UV; UV: Ultraviolet; OR: Operating room; ER: Emergency room; FH: Fraser Health; ICU: Intensive care unit;
CDI: Clostridioides difficile infection; MRSA: Methicillin-resistant Staphylococcus aureus; MDRO: Multidrug-resistant organism
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B.3 Disinfection Protocols for NMD Technologies and Manual Disinfection of Hospital Rooms

NMD Protocol

Study Number of  Number of Cycl Manual Cleaning Other Infection Control
Author, Y umber of Cycles .
MG LT design Devices per Room Length of Cycle Additional Process Disinfectants Measures in Hospital
. (Minutes) Measures
(Location)
Precautions for CD;
Anderson et Randomized 9 (1-4 per 1 (center, near Until §uff|C|ent Opened drawers & CD: hypochlorite Staff training for aII.
al., 2018 (84) trial hospital) bathroom) dose is detected cabinets; Staff training (bleach) Other rooms: protocols; standardized
v (30-55 min) (77) ! quaternary ammonium Room monitoring with
pH pens
Precautions for CD;
Anderson et Randomized 9 (1-4 per 1 (center, near Until §uff|C|ent Opened drawers & CD: hypochlorite Staff training for aII.
al., 2017 (76) trial hospital) bathroom) dose is detected cabinets; Staff training (bleach) Other rooms: protocols; standardized
v (30-55 min) (77) ! quaternary ammonium Room monitoring with
pH pens
same as
Fraser Health., ITS with Fraser same as Fraser same as Fraser Same as Fraser Health, same as Fraser Health,
2019 (73) control Health, Health, 2017 Health, 2017 2017 2017
2017
Discharge cleaning: Automated data log &
g_ . . & estimated compliance  CD: hypo-chlorite Used ATP
. 3 (2 positions, 1 in . .
Brite et al., . 5 by (1) energy emitted solution (bleach). measurements to assess
ITS NR bathroom); Daily . . - .
2018 (78) . minutes/position & (2) duration of Other rooms: quaternary  evenness of cleaning on
bathroom cleaning: . - - .
1 cleaning (Minimum 5 ammonium compound high touch surfaces
minutes per position).
1 Ch tains; UV
Pegues et al., ITS with (seco'nd 3 (foot of bed & 8 anged curtains; U Hospital-wide CD
added in . " metrics reported; Staff  CD: Bleach . . .
2017 (81) control near bathroom) minutes/position L interventions 2 yrs prior
follow-up) training
Opened drawers, Hematology and BMT
inet her high its: Bleach leach
cabinets & other hig ur_nts E?C & bleac Rates of hand hygiene,
touch objects (e.g. wipes (daily & at . . .
Sampathkumar 3 cycles (2 . isolation compliance, &
Controlled o . 5 remote, telephone discharge) o .
etal., 2019 N positions, 1 in . " antimicrobial usage
before-after minutes/position  and blood pressure
(82) bathroom) . . . . were followed on all the
cuffs) positioned Medical-surgical units: units
appropriately & Bleach (known CD
flipped rooms)
Pavia et al., Controlled 1 il(lir:r::(?rtr:]srsvci)m); 5 Device was placed on Quaternary ammonium NR
2019 (80) before-after minutes/position  each side of the bed disinfectants

additional bed
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NMD Protocol

Study Number of ~ Number of Cycl Manual Cleaning Other Infection Control
Author, Y C " umber of Cycles - o ) 8
HENOL T8N gesign Devices per Room Length of Cycle  Additional Process Disinfectants Measures in Hospital
. (Minutes) Measures
(Location)
Linens & curtains
replaced for each
privates 15-20 120 cvele; pater
Bathrooms: 1 minutes prep
Private: 3 Semi-private: 20- movement
Fraser Health., Controlled 3 (1 per R . ’ precautions; Patients
2017 (74) before-after  facility) Semi-private: 4 25 minutes on Airborne Bleach
3-beds: 5-6 3-beds: 30-35 .
. Precautions were not
4-bed: 6-7 minutes moved from their
4-bed: 35-40
minutes room, & were not
UVGI-disinfected
during patient stay
No changes to standard
terminal disinfection
Raggi et al Before-after protocols. Additionally
" tud NR NR NR NR NR ) !
2018 (83) study (no there were no changes
control) . .
in the transmission
precautions or disease
Used ATP
measurements to
Adult patient rooms: monitor cleaning; use of
Bleach-based (sodium checklists for discharge
hypochlorite 0.55%); cleaning; randomized
Pediatri i : le-blind trial of
Before-after 3 (1 bathroom; 2 _ . ediatric patient roc?ms double b_lr_1d ria q
Haas et al., L 6 minutes (time was also dependent on Quaternary ammonium chlorhexidine bathing
study (no 2 position in the .
2014 (79) room size) compound; contact was conducted on a
control) room)

precautions rooms & all
discharge cleaning:
Sodium hypochlorite
0.55% disinfectant

single unit; weekly
intensive cleaning of
occupied rooms in high-
risk units during the
pre-UVD and UVD
periods.

ITS; Interrupted time-series; UVD: Ultraviolet disinfection; CD: Clostridium difficile; NR: Not reported
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Quality Assessment of Included Studies

C.1 Quality Assessment of Systematic Reviews (As reported by 2019 CADTH rapid response report (71))

Ll Marra et
AMSTAR 2 Checklist (70) Quality al., 2018 (75)
Ontario (1) v

1. Did the research questions and inclusion criteria for the review include the
components of Yes Yes
PICO?
2. Did the report of the review contain an explicit statement that the review
methods were established prior to the conduct of the review and did the report No No
justify any significant deviations from the protocol?
3. Did the review authors explain their selection of the study designs for inclusion Yes Yes
in the review?
4. Did the review authors use a comprehensive literature search strategy? Yes Yes
5. Did the review authors perform study selection in duplicate? Unclear Unclear
6. Did the review authors perform data extraction in duplicate? Unclear Unclear
7. Did the review authors provide a list of excluded studies and justify the No No
exclusions?
8. Did the review authors describe the included studies in adequate detail? Yes Yes
9. Did the review authors use a satisfactory technique for assessing the risk of bias

S . . . . Yes Yes
(RoB) in individual studies that were included in the review?
10. Did the review authors report on the sources of funding for the studies
. . . No No
included in the review?
11. If meta-analysis was performed did the review authors use appropriate NA Ves
methods for statistical combination of results?
12. If meta-analysis was performed, did the review authors assess the potential
impact of RoB in individual studies on the results of the meta-analysis or other na No
evidence synthesis?
13. Did the review authors account for RoB in individual studies when Ves No
interpreting/ discussing the results of the review?
14. Did the review authors provide a satisfactory explanation for, and discussion Ves No

of, any heterogeneity observed in the results of the review?
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Health

AMSTAR 2 Checklist (70) Quality . Mza(:;; ?;5)
Ontario (1) v

15. If they performed quantitative synthesis did the review authors carry out an

adequate investigation of publication bias (small study bias) and discuss its likely NA Yes

impact on the results of the review?

16. Did the review authors report any potential sources of conflict of interest, No Yes

including any funding they received for conducting the review?
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Risk of Bias Assessment of Included Studies

D.1 Risk of Bias*: Randomized Controlled Trials and Controlled Before-After studies

Anderson et al., Anderson et al., Sampathkumar et al., Fraser Health.,
2017 (76) 2018 (84) 2019 (82) 2017 (74)

Random sequence generation Low Low High High
Allocation concealment High High high high
Baseline outcome measurements similar High Unclear high high
Baseline characteristics similar Low Unclear High high
Incomplete outcome data low Unclear High unclear
Knowledge of the allocated interventions

. Unclear Unclear low low
adequately prevented during the study
Protection against contamination Low Low unclear unclear
Selective outcome reporting Low Low Low low
Other risks of bias high high high high

* Effective Practice and Organization of Care (EPOC) tool for randomized trials and controlled before-after studies was used (68)

D.2 Risk of Bias: Interrupted Time Series Studies

Pegues et al., 2017 Fraser Health., 2019 Brite et al., 2018

(81) (73) (78)
Intervention independent of other changes High High High
Shape of the intervention effect pre-specified Low Low Low
Intervention unlikely to affect data collection Low Low Low
Knowledge of the allocated interventions adequately prevented during Low Low Low
the study
Incomplete outcome data adequately Low Unclear Low
Selective outcome reporting High Low High
Other risks of bias High High High

* Effective Practice and Organization of Care (EPOC) tool for interrupted time-series studies was used (68)

77
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D.3 Risk of Bias* Among Uncontrolled Before-After Studies

Haas et al., 2014 (79) Raggi et al., 2018 (83) Pavia et al., 2019 (80)

Clearly Stated Objective Y Y Y
Pre-specified Eligibility Criteria N Y N
Representative Patients Y Y Y
All Eligible Patients Enrolled N N N
Calculated Adequate Sample Size N NR N
Intervention Described and Delivered Y Y Y
Pre-specified, Valid Outcome Measure Y Y Y
Blind Outcome Assessment N N Unclear
Loss to Follow-Up Accounted for NR NR Unclear
Statistical Methods Appropriate Y Y Y
Multiple Outcome Measurement Times N N Y
Appropriate Group-Level Analysis Y Y Y

*Risk of bias assessed using modified version of National Institutes of Health National Heart, Lung and Blood Institute’s quality assessment tool
for before-after (pre-post) studies with no control group (69)
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Excluded Studies

Author, year

Reason for
exclusion

Notes

Cabral et al., 2019

Intervention

Note: this was a summary there was not intervention for outcomes to be evaluated

Resendiz et al., 2019

Intervention

UV-C device was not portable

Weber et al., 2019 Outcomes Outcomes do not include actual HAI rates
Donskey et al., 2019  Outcomes Study does not report outcomes on the actual HAI rates
Zeber et al., 2018 Outcomes Outcomes is restricted to bacterial bioburden
Cobrado et al., 2018 Outcomes Outcome was bioburden on environmental surfaces
Study did not evaluate impact on HAI rates; instead the outcomes was focused on evaluating impact
Yang et al., 2019 Outcomes y . P g1mp
on bacterial cultures
Study evaluated impact of UV-C device on "textiles", however outcomes was focused on evaluation of
Smolle et al., 2018 Outcomes )
bioburden and NOT HAI rates
Mustapha et al., . .
5018 P Outcomes Outcomes was focused on evaluation of bioburden and NOT HAI rates
Simmons et al., 2018 Outcomes Outcomes was focused on evaluation of bioburden and NOT HAI rates

Heredia-Rodriguez
etal., 2018

Intervention

Device used is an Air sterilizer, thus not focusing on "environmental surfaces"

Bearman et al., 2018

Intervention

Allen et al., 2019

Outcomes

Outcome was reduction in colony forming units (CFU) of bacteria

Turner et al., 2019

Intervention

Outcomes were evaluated after implementation of a bundle of intervention (which included UV-C),
therefore unable to attribute outcomes to UV-C

Frakking et al., 2018

Intervention

Intervention implemented as part of a bundled approach, therefore unable to attribute outcomes
NMD

Ide et al., 2019

Outcomes

Outcome was focused on bacterial load
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